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        Nanoparticle therapy offers new hope for prostate cancer patients
        Prostate cancer is the second leading cause of cancer death among American men. A recent study, conducted by researchers from the University of Virginia, Mount Sinai, the University of Michigan, the University of Texas and others, has demonstrated the clinical success of a new nanoparticle-based, laser-guided therapy for prostate cancer treatment.

      

      
        Adaptive ferroelectric materials show promise for energy-efficient supercomputing
        Researchers have revealed an adaptive response with a ferroelectric device, which responds to light pulses in a way that resembles the plasticity of neural networks. This behavior could find application in energy-efficient microelectronics.

      

      
        Researchers achieve tunable coherent population trapping in a double quantum dot system
        A research team has achieved coherent population trapping (CPT) in a semiconductor double quantum dot (DQD) system.

      

      
        The corners where atoms meet may provide a path to new materials for extreme conditions
        How can we engineer materials that are stronger and lighter? What about new materials for extreme conditions, such as in jet engines and spacecraft? The answer, says Fadi Abdeljawad, an associate professor of materials science and engineering in Lehigh University's P.C. Rossin College of Engineering and Applied Science, might be hidden in the infinitesimally tiny regions, or boundaries, where atoms in crystals come together.

      

      
        Diamond bonding technique could improve both quantum and conventional electronics
        Synthetic diamond is durable, inert, rigid, thermally conductive and chemically well-behaved--an elite material for both quantum and conventional electronics. But there's one problem. Diamond only likes diamond.
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                Wavelength of 810 nm is optimal for energy absorption/excitation of the nanoshells (orange) compared to hemoglobin (red) and water (blue). The nanoshells are approximately 150 nm in diameter, which is 46 times smaller than a red blood cell (RBC). NIR indicates near-infrared. Credit: Journal of Urology (2024). DOI: 10.1097/JU.0000000000004222
            
        

    


Prostate cancer is the second leading cause of cancer death among American men. A recent study, conducted by researchers from the University of Virginia, Mount Sinai, the University of Michigan, the University of Texas and others, has demonstrated the clinical success of a new nanoparticle-based, laser-guided therapy for prostate cancer treatment.



										      
																					The research is published in the Journal of Urology.

The study, which involved 44 men with localized prostate cancer, used gold nanoshells in combination with magnetic resonance imaging (MRI) and ultrasound fusion--an advanced technique that enhances MRI data--to precisely target and eliminate cancerous prostate tissue.

Gold nanoshells are tiny particles, thousands of times smaller than a human hair, that can be engineered to strongly absorb specific wavelengths of light and generate heat. In this case, gold nanoshells were designed to accumulate in the tumors, allowing for highly targeted near-infrared laser treatment that heats and destroys the cancerous tissue while sparing surrounding healthy cells.

This innovative method, called nanoparticle-directed focal photothermal ablation, successfully eliminated cancerous cells in 73% of patients after 12 months, as confirmed by negative biopsies in the treated areas. Importantly, the treatment was able to achieve these results while preserving key functions, including urinary and sexual health, and without observed side effects, marking a significant improvement in the quality of life for patients.

"Our findings represent a major step forward in prostate cancer treatment. This therapy not only effectively eliminates cancerous cells but also preserves key quality-of-life factors, which is a huge win for patients," said Jennifer L. West, Ph.D., Dean of the School of Engineering and Applied Science at the University of Virginia, an author on this paper and inventor of this technology.

"This study showcases the strength of interdisciplinary collaboration," West continued. "Together, we're pushing the boundaries of what's possible in cancer treatment, and it's exciting to be at the forefront of this innovation."


																														
																				
																						More information:
												Steven E. Canfield et al, A Multi-Institutional Study of Magnetic Resonance/Ultrasound Fusion-Guided Nanoparticle-Directed Focal Therapy for Prostate Ablation, Journal of Urology (2024). DOI: 10.1097/JU.0000000000004222
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Adaptive ferroelectric materials show promise for energy-efficient supercomputing
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                Artistic rendering representing light pulses yielding adaptive transformations in nanodomain structures applicable to neuromorphic computing. Credit: Argonne National Laboratory / Haidan Wen
            
        

    


Researchers have revealed an adaptive response with a ferroelectric device, which responds to light pulses in a way that resembles the plasticity of neural networks. This behavior could find application in energy-efficient microelectronics.



										      
																																	"Today's supercomputers and data centers demand many megawatts of power," said Haidan Wen, a physicist at the U.S. Department of Energy (DOE) Argonne National Laboratory. "One challenge is to find materials for more energy-efficient microelectronics. A promising candidate is a ferroelectric material that can be used for artificial neural networks as a component in energy-efficient microelectronics."

Ferroelectric materials can be found in different kinds of information processing devices, such as computer memory, transistors, sensors and actuators. Argonne researchers report surprising adaptive behavior in a ferroelectric material that can evolve step-by-step to a desired end, depending on the number of photons from light pulses striking the material. Working alongside Argonne researchers were scientists from Rice University, Pennsylvania State University and DOE's Lawrence Berkeley National Laboratory.

The paper is published in the journal Advanced Materials.

This team's material is laden with networked islands or domains that are as distinct as oil in water. These domains are nanometers in size--billionths of a meter--and can rearrange themselves in response to light pulses. This adaptive behavior could be used in the energy-efficient movement of information in microelectronics.


																																						
    
     




																																			The team's ferroelectric sample is structured as a sandwich of alternating layers of lead and strontium titanate. Prepared by the Rice University collaborators, this seven-layer sandwich is 1,000 times thinner than a piece of paper. Previously, the team had shined a single, intense light pulse on a sample and created uniform, nanoscale ordered structures.

"This time, we hit the sample with many weak light pulses, each of which lasts a quadrillionth of a second," Wen said. "As a result, a family of domain structures, rather than a single structure, was created and imaged, depending on the optical dosage."

To visualize the nanoscale responses, the team called upon the Nanoprobe (beamline 26-ID) operated by the Center for Nanoscale Materials and the Advanced Photon Source (APS). Both are DOE Office of Science user facilities at Argonne. With the Nanoprobe, an X-ray beam tens of nanometers in diameter scanned the sample as it was exposed to a barrage of ultrafast light pulses.

The resulting images revealed networked nanodomains being created, erased and reconfigured due to the light pulses. The regions and boundaries of these domains evolved and rearranged at lengths of 10 nanometers--about 10,000 times smaller than a human hair--to 10 micrometers, roughly the size of a cloud droplet. The final product depended on the number of light pulses used to stimulate the sample.

"By coupling an ultrafast laser to the Nanoprobe beamline, we can initiate and control changes to the networked nanodomains by means of light pulses without requiring much energy," said Martin Holt, an X-ray and electron microscopy scientist and group leader.


																																			The sample begins with a spiderweb-like arrangement of the nanodomains, and due to the disturbance created by the light pulses, the web breaks down and forms entirely new configurations that work in the service of some desired end in analogy to an adaptive network.

"We have discovered entirely new arrangements of these nanodomains," said Stephan Hruszkewycz, an Argonne physicist and group leader. "The door is now wide open to many more discoveries. In the future, we will be able to test different regimes of light stimulation and observe even more unknown nanodomains and networks."

The power to visualize nanoscale change over time will be greatly improved with the recent upgrade to the APS, promising as much as 500 times-brighter X-ray beams.

With this groundbreaking discovery of time-dependent changes in networked nanodomains, developers are on the path to building adaptive networks for information storage and processing. This advancement promises to create more energy-efficient computing systems.

In addition to Wen, Holt and Hruszkewycz, study authors include Marc Zajac, Tao Zhou, Tiannan Yang, Sujit Das, Yue Cao, Burak Guzelturk, Vladimir Stoica, Mathew Cherukara, John Freeland, Venkatraman Gopalan, Ramamoorthy Ramesh, Lane Martin and Long-Qing Chen.


																																																					
																				
																						More information:
												Marc Zajac et al, Optical Control of Adaptive Nanoscale Domain Networks, Advanced Materials (2024). DOI: 10.1002/adma.202405294
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Researchers achieve tunable coherent population trapping in a double quantum dot system
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                Spectroscopy, energy levels and odd-even effect of DQD system. Credit: Prof. Guo Guangcan's team
            
        

    


A research team has achieved coherent population trapping (CPT) in a semiconductor double quantum dot (DQD) system.



										      
																																	CPT is an important phenomenon of quantum interference, which was first observed in a three-level atom in an optical experiment. In such a three-level system, two states are coupled to a third intermediate state. When the frequency and phase of the driving field are properly tuned, the first two states form a superposition state that decouples from the intermediate state. This superposition state is known as the "dark state" as it does not respond to the probe field, giving rise to intriguing phenomena such as electromagnetically induced transparency.

The dark state has important applications in quantum information processing, but hasn't been well implemented in DQD systems. Unlike the traditional three-level atomic system, the internal structure and dynamics of DQD can realize intrinsic CPT without an external driving field, making it a promising platform for quantum computing.

To implement CPT in the DQD system, the team leveraged the intrinsic properties of the energy levels in Ge and Si systems. Without any driving field, they measured the leakage current through the DQD in the Pauli Spin Blockade (PSB) and observed a significant dip in the current at zero bias, indicating the formation of dark states and the occurrence of CPT. Furthermore, the team demonstrated the ability to selectively create a dark state and the related CPT process by applying a longitudinal drive to the DQD system.


																																						
    
     




																																			The team also delved deeply into the odd-even effect induced by a longitudinal driving field. Researchers observed that when the driving frequency meets certain conditions, the current exhibits enhancement or suppression corresponding to odd or even orders of harmonics.

This phenomenon offers a fresh perspective for understanding and utilizing CPT. Additionally, the team found that the signal intensity and width of CPT can be effectively modulated by adjusting the longitudinal driving field.

The realization of CPT in the DQD system shows that the semiconductor quantum dot system is not only an ideal platform for understanding quantum interference but also a powerful tool for high-precision quantum information processing. This work clearly demonstrates the potential tunability of the longitudinally driven DQD system, paving the way for practical application of semiconductor quantum dot systems in quantum computing.

The findings are published in the journal Nano Letters.

The team was led by Guo Guangcan, Prof. Guo Guoping and Prof. Li Haiou from the University of Science and Technology of China (USTC), collaborating with Researcher Zhang Jianjun from the Institute of Physics of the Chinese Academy of Sciences (CAS).


																																																					
																				
																						More information:
												Yuan Zhou et al, Quantum Interference and Coherent Population Trapping in a Double Quantum Dot, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c01781
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                Credit: Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c02395
            
        

    


How can we engineer materials that are stronger and lighter? What about new materials for extreme conditions, such as in jet engines and spacecraft? The answer, says Fadi Abdeljawad, an associate professor of materials science and engineering in Lehigh University's P.C. Rossin College of Engineering and Applied Science, might be hidden in the infinitesimally tiny regions, or boundaries, where atoms in crystals come together.



										      
																																	Along with his collaborators at the U.S. Department of Energy's Center for Integrated Nanotechnologies (CINT), Abdeljawad is uncovering how those tiny boundaries have such an enormous impact on the characteristics of nanomaterials.

"Atoms come together to form nanocrystals, which are essentially structures about 1/10,000th the width of a human hair," explains Abdeljawad. "Think of these crystals coming together like pieces of a puzzle, or as tiles on a kitchen floor. Billions of these nanocrystals stack on top of each other to form most engineering materials."

According to the researchers, it is the regions where crystals meet that play an outsized role in determining how a material behaves. Recently, the team's work was published in Nano Letters.

The article, "Triple Junction Segregation Dominates the Stability of Nanocrystalline Alloys," explores how tiny features in nanomaterials, known as triple junctions, play a crucial role in maintaining the stability of these materials under high temperatures.


    
    
    
        
        
    
         
             
         

        Credit: Lehigh University
  


Gold in the corners

Nanocrystalline materials have an extremely fine structure, made up of many tiny crystals. This tiny crystal size can make the material stronger. However, keeping these crystals small and stable over time is challenging because they tend to grow, which can weaken the material.

The researchers in this study discovered that the key to maintaining the stability of these materials at high temperatures lies in triple junctions, corners where three of these nanocrystals meet. Imagine the corners of three puzzle pieces coming together.

What the scientists found is that when certain atoms are added to form an alloy, they prefer to occupy sites at these triple junctions. This "chemical segregation" or gathering of atoms at triple junctions helps to keep the grains from growing, thereby preventing the material from losing its strength over time.

This specific study demonstrated that gold atoms carefully placed at triple junctions in a platinum nanomaterial allowed the material to remain stable in conditions of high temperatures.

"By understanding this process," says Abdeljawad, "scientists can design better nanocrystalline alloys. They can choose specific elements that will go to the triple junctions and stabilize the material. This is particularly important for applications where strength and durability at elevated temperatures are key, such as in the aerospace and energy industries."


																																						
    
     




																																			Drawing on the power of teamwork

Abdeljawad, a computational materials scientist at Lehigh, performed large-scale computational studies that predicted these results. To validate the models, the computational team partnered with the Center for Integrated Nanotechnologies (CINT). CINT provides advanced tools and expertise for nanoscale research, enabling cutting-edge studies in materials science, nanofabrication, and nanophotonics for scientific and technological advancements.

"This is an outstanding example of collaborative science," says Dr. Brad Boyce, a senior scientist at CINT and a co-author on this study. "Our ideas for how to engineer novel materials by tailoring features at the nanoscale are maturing as a result of the ability to simulate the complex arrangement of atoms that make up these materials."


																																																					
																				
																						More information:
												Annie K. Barnett et al, Triple Junction Segregation Dominates the Stability of Nanocrystalline Alloys, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c02395
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                Schematics of the plasma-activated bonding of diamond membranes. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-53150-3
            
        

    


Synthetic diamond is durable, inert, rigid, thermally conductive and chemically well-behaved--an elite material for both quantum and conventional electronics. But there's one problem. Diamond only likes diamond.



										      
																																	It's homoepitaxial, meaning it only grows on other diamonds, and integrating diamond into quantum or conventional computers, quantum sensors, cellphones, or other devices would mean sacrificing the diamond's full potential or using large, expensive chunks of the precious material.

"Diamond stands alone in terms of its material properties, both for electronics--with its wide band gap, very best thermal conductivity, and exceptional dielectric strength--and for quantum technologies--it hosts nitrogen vacancy centers that are the gold standard for quantum sensing at room temperature," said UChicago Pritzker School of Molecular Engineering (PME) Asst. Prof. Alex High. "But as a platform, it's actually pretty terrible."

A paper recently published in Nature Communications from UChicago PME's High Lab and Argonne National Laboratory has solved a major hurdle facing researchers working with diamond by creating a novel way of bonding diamonds directly to materials that integrate easily with either quantum or conventional electronics.

"We make a surface treatment to the diamond and carrier substrates that makes them very attractive to each other. And by ensuring we have a pristine surface roughness, the two very flat surfaces will be bonded together," said first author Xinghan Guo, who earned his Ph.D. from UChicago PME in the spring.

"An annealing process enhances the bond and makes it really strong. That's why our diamond can survive various nanofabrication processes. It differentiates our process from simple placement of diamond on top of another material."

With this technique, the team directly bonded diamond with materials including silicon, fused silica, sapphire, thermal oxide, and lithium niobate without an intermediary substance to act as "glue."

Instead of the several-hundred microns thick bulk diamonds typically used to study quantum qubits, the team bonded crystalline membranes as thin as 100 nanometers while still maintaining a spin coherence suitable for advanced quantum applications.


																																						
    
     




																																			Perfect defects

Unlike jewelers, quantum researchers prefer a slightly flawed diamond. By precisely engineering defects in the crystal lattice, researchers create durable qubits ideal for quantum computing, quantum sensing and other applications.

"Diamond is a wide bandgap material. It's inert. In effect, it's very well-behaved and has great thermal and electronic properties," said paper co-author F. Joseph Heremans, who has a dual appointment with UChicago PME and Argonne. "Its raw physical properties tick a lot of marks that are beneficial to a lot of different fields. It was just very difficult to integrate with dissimilar materials until now."
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                A new paper from UChicago PME's High Lab and Argonne National Laboratory shows a novel way of bonding diamonds directly to materials that integrate easily with either quantum or conventional electronics. Here, a transmission electron microscope image shows a nanoscale, 10nm thick diamond film (right side) bonded to sapphire (left side). Credit: Guo et al.
            
        

    



However, as thin diamond membranes were previously difficult to integrate directly into devices, this required larger--but still microscopic--chunks of the material. Paper co-author Avery Linder, a UChicago Engineering fourth-year, compared building sensitive quantum devices from these diamonds to trying to make a single grilled cheese sandwich with an entire block of cheddar.

UChicago PME Asst. Prof. Peter Maurer, a co-author on the paper, works in quantum bio-sensing, using revolutionary quantum techniques to obtain better, more accurate measurements of the working of fundamental biological processes at the micro- and nanoscale.

"Although we have overcome many challenges associated with interfacing intact biological targets with diamond-based quantum sensors, their integration into actual measurement devices, such as a commercial microscope or a diagnostic device, while not losing readout efficiency, has remained an outstanding challenge." Maurer said.

"This new work with diamond membranes bonding that Alex's lab led has gotten around many of these issues and brings us an important step closer to applications."


																																			Sticky diamonds

In diamonds, each carbon atom shares electrons with four other carbon atoms. These electron-sharing bonds, called covalent bonds, create the gem's hard, durable internal structure.

But if there is no other carbon atom nearby to share electrons, this creates what's called "dangling bonds" on lonely atoms looking to partner. Creating a diamond surface full of these dangling bonds allowed the team to bond the nanometer-scale diamond wafers directly to other surfaces.

"You can almost think of it as like a sticky surface, because it wants to be attached to something else," Linder said. "And so basically, what we've done is create sticky surfaces and put them together."

The researchers have patented the process and are commercializing it through the University of Chicago's Polsky Center for Entrepreneurship and Innovation.

"This new technique has the potential to greatly influence the ways we do quantum and even phone or computer manufacturing," Linder said.

High compares the new diamond technique to the advances in complementary metal-oxide semiconductors (CMOS) over the years, from bulky individual transistors in labs in the 1940s to the powerful, tiny integrated circuits filling computers and phones today.

"We're hoping that our ability to generate these thin films and integrate them in a scalable fashion can lead to something like CMOS-style revolution for diamond-based quantum technologies," he said.


																																																					
																				
																						More information:
												Xinghan Guo et al, Direct-bonded diamond membranes for heterogeneous quantum and electronic technologies, Nature Communications (2024). DOI: 10.1038/s41467-024-53150-3
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        Novel superconducting flux qubit can operate without being surrounded by a magnetic field
        A team of computer engineers from the National Institute of Information and Communications Technology, NTT Corporation and Nagoya University have developed what they claim is the world's first superconducting flux qubit that can operate without the need for a surrounding magnetic field.

      

      
        Insulator-to-metal transition achieved in iridate/manganate heterostructures
        A research team has successfully achieved an atomically controlled insulator-to-metal transition in iridate/manganate heterostructures. Their findings were recently published in Nature Communications.

      

      
        Quantum research breakthrough uses synthetic dimensions to efficiently process quantum information
        A new study opens the door to cutting-edge solutions that could contribute to the realization of a system capable of processing quantum information in a simple yet powerful way.

      

      
        Quantum scaling recipe: ARQUIN provides framework for simulating distributed quantum computing system
        One of the most difficult problems with quantum computing relates to increasing the size of the quantum computer. Researchers globally are seeking to solve this "challenge of scale."
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Novel superconducting flux qubit can operate without being surrounded by a magnetic field
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                NbN-based flux qubits and 3D cavity. Credit: Communications Materials (2024). DOI: 10.1038/s43246-024-00659-1
            
        

    


A team of computer engineers from the National Institute of Information and Communications Technology, NTT Corporation and Nagoya University have developed what they claim is the world's first superconducting flux qubit that can operate without the need for a surrounding magnetic field.



										      
																					In their paper published in the journal Communications Materials, the group describes how they used a ferromagnetic Josephson junction to create the flux qubit and how well it performed.

A flux qubit is made using an extremely tiny loop made of a superconductor that allows electrical current to flow either clockwise or counterclockwise, or in a quantum superposition of both directions. Such qubits are used in quantum computer designs via nonlinear inductance of a Josephson junction. Until now, all such flux qubits could only be run when enveloped in a magnetic field.

In this new effort, the research team introduced the use of a ferromagnetic Josephson junction (p-junction) when creating their flux qubit--a move, the team claims, that allows the flux qubit to operate independently. They also claim it allows for the longest lifetime yet for flux qubits. Together, they suggest the improvements could lead to the development of a truly high-performance quantum computer.

Flux qubits were developed after transmon qubits proved problematic due to frequency crowding, resulting in low anharmonicity. Using Josephson junctions resulted in higher anharmonicity but has also been difficult to scale to a usable size because of the big coils needed to induce the magnetic field. The coils also tend to make noise, which has to be muted to prevent introducing errors into the system.

The team found that using a p-junction removed the need for the coils and the noise they produced. It also allows for 180deg phase shifting, which the researchers note, allows the qubit to function independently, where it performs at its best. To create their p-junction, the researchers combined a ferromagnetic Josephson device with previously developed NICT nitride superconducting qubit technology.

Testing so far has shown the new type of qubit was able to demonstrate coherence properties though they were still a little shorter than non- p-junction designs.


																														
																				
																						More information:
												Sunmi Kim et al, Superconducting flux qubit with ferromagnetic Josephson p-junction operating at zero magnetic field, Communications Materials (2024). DOI: 10.1038/s43246-024-00659-1
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Insulator-to-metal transition achieved in iridate/manganate heterostructures
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                (a) In-plane magnetic field-dependent magnetoresistance (MR) of LSMO-LSAT film and 3CIO/20LSMO heterostructure at various temperatures. (b) Evolution of the insulating strength r(150K)/r(300K) with CIO thickness and in-plane lattice parameter a. Dashed line represents where the insulator-to-metal transition occurs. Credit: Hao Lin
            
        

    


A research team has successfully achieved an atomically controlled insulator-to-metal transition in iridate/manganate heterostructures. Their findings were recently published in Nature Communications.



										      
																																	Conductive interfaces in insulator-insulator heterostructures are central to modern electronics. Compared with a band insulator, a correlation insulator typically has a richer phase diagram that even covers both insulating and metallic states by itself. However, a conductive interface in heterostructures composed of two correlated insulators is rarely reported.

In this research, the team investigated the heterostructure of a 5d iridate, CaIrO3 (CIO), and a 3d manganite, La0.67Sr0.33MnO3 (LSMO). While CaIrO3 is a Dirac semimetal and La0.67Sr0.33MnO3 a robust half-metal, both materials can be stabilized into insulating states under the right conditions. This combination forms a platform to explore emerging metallicity at their interface.

The researchers synthesized the heterostructures using a precise deposition method, creating layers with varying thicknesses of CIO and LSMO. Under tensile strain, both materials became insulators, yet the resulting heterostructure exhibited electrical properties that varied depending on the thickness of the CIO layer.



    
        
            [image: An atomically controllable insulator-to-metal transition achieved in strongly correlated insulator heterostructures]
             
                The schematical diagram of the percolation-type insulator-to-metal transition. The conductive path is highlighted by red curves. Credit: Hao Lin
            
        

    



A key finding was the heterostructure's high saturation field, exceeding 30 Tesla at 20 K, much higher than the individual components alone. This suggested the presence of electronic phase separation, where metallic clusters formed a conductive path when subjected to a high magnetic field.


																																						
    
     




																																			The team's investigation also revealed that the insulator-to-metal transition was driven by charge transfer at the interface, a result of the nontrivial percolation effect. By carefully controlling the electronic correlation, they successfully induced the transition in certain heterostructures, specifically at a single unit-cell thickness of CIO.

This research not only provides new insights into the behavior of correlated insulator heterostructures but also highlights their potential in the design of next-generation electronic devices.

The team was led by Prof. Lin Hao from the High Magnetic Field Laboratory at the Hefei Institutes of Physical Science of the Chinese Academy of Sciences, in collaboration with Prof. Chen Kai and Prof. Zhu Hong from the University of Science and Technology of China.


																																																					
																				
																						More information:
												Enyang Men et al, An atomically controlled insulator-to-metal transition in iridate/manganite heterostructures, Nature Communications (2024). DOI: 10.1038/s41467-024-52616-8
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                Illustration of entangled state preparation and quantum interference with the coupled fiber-loop system. Credit: Nature Photonics (2024). DOI: 10.1038/s41566-024-01546-4
            
        

    


A new study opens the door to cutting-edge solutions that could contribute to the realization of a system capable of processing quantum information in a simple yet powerful way.



										      
																																	Their work, just published in the journal Nature Photonics, presents a method for manipulating the photonic states of light in a never-before-seen way, offering greater control over the evolution of photon propagation. This control makes it possible to improve the detection and number of photon coincidences, as well as the efficiency of the system.

The study was co-directed by Professor Roberto Morandotti of Institut national de la recherche scientifique (INRS) in collaboration with teams from Germany, Italy, and Japan.

Unsuspected properties

Central to the research team's experiments is the concept of quantum walks. "The development of the field of quantum computing, which began some twenty years ago, has benefited greatly from the notion of quantum walks, which are known to increase the speed and complexity of computer algorithms," explains Professor Morandotti, whose laboratory is based at the INRS Energie Materiaux Telecommunications Research Centre.

Recently, the scientific community developed another concept: synthetic photonic networks. "This work enables us to use the concept of synthetic photonics dimensions to explore many quantum phenomena at the fundamental level, and to apply them to quantum technologies," explains Stefania Sciara, a post-doc on Morandotti's team and co-author of the study.

The potential of this type of lattice was already known, for example to simulate effects such as parity-time symmetry, superfluidity of light and topological structures, but using conventional technology.

"But despite their potential," she adds, "a synthetic photonic lattice capable of handling quantum states had never been demonstrated."

This is precisely what Morandotti and his team have done. They have discovered a temporal synthetic photonic lattice capable of generating and manipulating quantum states of light (photons), using the concept of quantum walks in simple fiber systems.

"Our team has discovered how to use synthetic photonic lattices to process quantum information, based on the quantum walks of high-dimensional photons entangled in their temporal states," reports Morandotti. "The system doesn't require a lot of resources, as it consists of fiber devices, which are compatible with standard telecom infrastructures."


																																						
    
     




																																			An innovative technique with wide-ranging applications

This breakthrough opens the door to the use of synthetic photonic lattices simplified by the use of quantum walks for quantum information processing.

"Our approach is unprecedented for two reasons," says Morandotti. "It allows better control of the evolution of quantum walks in the time domain, and it makes possible the simultaneous manipulation of classical light and entangled photons. This discovery paves the way for a variety of advanced quantum computing and information protocols on telecom-ready architectures compatible with microprocessor chips."

Several fields of fundamental physics linked to quantum information processing can benefit from the researchers' results, including quantum computing, quantum metrology, and secure quantum communications.

"Our system is entirely based on fiber-optic devices used in the telecommunications field and can be combined with current and future telecommunications infrastructures," says Sciara. "This discovery is proof that it is possible to realize high-performance quantum systems using devices, techniques, and infrastructures that are within reach. It also demonstrates that it is possible to use quantum networks to transmit personal data securely."

The article study was co-authored by Monika Monika, Farzam Nosrati, Agnes George, Stefania Sciara, Riza Fazili, Andre Luiz Marques Muniz, Arstan Bisianov, Rosario Lo Franco, William J. Munro, Mario Chemnitz, Ulf Peschel, and Roberto Morandotti.


																																																					
																				
																						More information:
												Monika Monika et al, Quantum state processing through controllable synthetic temporal photonic lattices, Nature Photonics (2024). DOI: 10.1038/s41566-024-01546-4
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                Dilution refrigerators keep superconducting qubits cold. Credit: Andrea Starr | Pacific Northwest National Laboratory
            
        

    


One of the most difficult problems with quantum computing relates to increasing the size of the quantum computer. Researchers globally are seeking to solve this "challenge of scale."



										      
																																	To bring quantum scaling closer to reality, researchers from 14 institutions collaborated through the Co-design Center for Quantum Advantage (C2QA), a Department of Energy (DOE), Office of Science, National Quantum Information Science Research Center. Together, they constructed the ARQUIN framework--a pipeline to simulate large-scale distributed quantum computers as different layers. Their results were published in ACM Transactions on Quantum Computing.

Connecting qubits

The research team, led by Michael DeMarco from Brookhaven National Laboratory and the Massachusetts Institute of Technology (MIT), started with a standard computing strategy of combining multiple computing "nodes" into one unified computing framework.

In theory, this multi-node system can be emulated to enhance quantum computers--but there's a catch. In superconducting quantum systems, qubits must be kept incredibly cold. This is usually done with the help of a cryogenic device called a dilution refrigerator. The problem is that scaling a quantum computing chip to a sufficiently large size within a single fridge is hard.

Even in larger fridges, the superconducting electric circuits within a single chip become difficult to maintain. To create a powerful multi-node quantum computer, researchers need to not only connect nodes inside of one dilution refrigerator, but also to connect the nodes across multiple dilution refrigerators.


																																						
    
     




																																			Assembling the quantum ingredients

No one institution could carry out the full breadth of research needed for the ARQUIN framework. The ARQUIN team included researchers from Pacific Northwest National Laboratory (PNNL), Brookhaven, MIT, Yale University, Princeton University, Virginia Tech, IBM, and more.

"A lot of quantum research is being done in isolation, with research groups only looking at one piece of the puzzle," said Samuel Stein, quantum computer scientist at PNNL. "It's almost like gathering ingredients without knowing how they will work together in a recipe. When experiments are done on only one aspect of the quantum computer, you don't get to see how the results may impact other parts of the system."

Instead, the ARQUIN team broke down the problem of constructing a multi-node quantum computer into different "layers," with each institution working on a different layer based on their area of expertise.

"It's a huge optimization problem," said Mark Ritter, chair of the Physical Sciences Council at IBM. "The team had to do an in-depth assessment of the field to look at where we were in terms of technology and algorithms, then do simulations to find out where the bottlenecks were and what could be improved."

The ARQUIN framework focused on superconducting quantum devices connected by microwave to optical links. Each institution concentrated on a different ingredient of the quantum computing recipe. For example, while some researchers investigated how to optimize microwave-to-optical transduction, others created algorithms that exploit the distributed architecture.


																																			"Such cross-domain systems research is essential to charting roadmaps toward useful quantum information processing applications and is uniquely enabled by the DOE's national quantum initiatives," said Professor Isaac Chuang of MIT.

For their part of the ARQUIN framework, PNNL researchers including Stein, Ang Li, and James (Jim) Ang designed and built the simulation pipeline and generated the Quantum Roofline Model that connected all the ingredients together--essentially creating a framework for trying out different recipes for future quantum computers.

From his unique vantage point, PNNL physicist Chenxu Liu understands the need for multi-institutional collaborations well. He worked on the ARQUIN framework while he was a postdoctoral researcher at Virginia Tech.

"While each research group had expertise in their portion of the project, no one had a very deep understanding of what all of the other groups within the project were doing," said Liu. "However, each group's work needed to be embedded into the whole pipeline view of the quantum computer in order to make it meaningful."

After compiling the different pieces of the project together, ARQUIN became a framework for simulating and benchmarking future multi-node quantum computers. This marks a promising first step toward enabling efficient and scalable quantum communication and computation by integrating modular systems.


																																						
    
     




																																			Expanding the quantum recipe

Though a functional multi-node quantum computer outlined in the ARQUIN paper has not yet been created, this research provides a road map for future quantum hardware/software co-design.

"Creating a layer-based hierarchical simulation environment--including microwave-to-optical simulation, distillation simulation, and system simulation--was a crucial component in this work," said Li. "It allowed the ARQUIN team to understand and evaluate the tradeoffs between various design factors and performance metrics regarding the complex distributed quantum computing communication stack."

Some of the software products created for ARQUIN have already been used by members of the team for other projects. Many of the ARQUIN authors collaborated on another project, called HetArch, to further investigate different superconducting quantum architectures.

"This is an example of applying the principles of co-design from exascale computing to our ARQUIN/HetArch design space explorations," said Ang.


																																																					
																				
																						More information:
												James Ang et al, ARQUIN: Architectures for Multinode Superconducting Quantum Computers, ACM Transactions on Quantum Computing (2024). DOI: 10.1145/3674151
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Plant fungus provides new drug target for colorectal cancer therapy
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                Credit: Angewandte Chemie International Edition (2024). DOI: 10.1002/anie.202402543
            
        

    


Novel chemical compounds from a fungus could provide new perspectives for treating colorectal cancer, one of the most common and deadliest cancers worldwide.



										      
																																	In the journal Angewandte Chemie, researchers have reported on the isolation and characterization of a previously unknown class of metabolites (terpene-nonadride heterodimers). One of these compounds effectively kills colorectal cancer cells by attacking the enzyme DCTPP1, which thus may serve as a potential biomarker for colorectal cancer and a therapeutic target.

Rather than using conventional cytostatic drugs, which have many side effects, modern cancer treatment frequently involves targeted tumor therapies directed at specific target molecules in the tumor cells. However, the prognosis for colorectal cancer patients remains grim--there is a need for new targets and novel drugs.

Targeted tumor therapies are mostly based on small molecules from plants, fungi, bacteria, and marine organisms. About half of current cancer medications were developed from natural substances.

A team led by Ninghua Tan, Yi Ma, and Zhe Wang at the China Pharmaceutical University (Nanjing, China) chose to use Bipolaris victoriae S27, a fungus that lives on plants, as the starting point in their search for new drugs.

The team first analyzed metabolic products by cultivating the fungus under many different conditions (OSMAC method, one strain, many compounds). They discovered 12 unusual chemical structures belonging to a previously unknown class of compounds: terpene-nonadride heterodimers, molecules made from one terpene and one nonadride unit.


																																						
    
     




																																			Widely found in nature, terpenes are a large group of compounds with very varied carbon frameworks based on isoprene units. Nonadrides are nine-membered carbon rings with maleic anhydride groups.

The monomers making up this class of dimers termed "bipoterprides" were also identified and were found to contain additional structural novelties (bicyclic 5/6-nonadrides with carbon rearrangements).

Nine of the bipoterprides were effective against colorectal cancer cells. The most effective was bipoterpride No. 2, which killed tumor cells as effectively as the classic cytostatic drug Cisplatin. In mouse models, it caused tumors to shrink with no toxic side effects.

The team used a variety of methods to analyze the drug's mechanism: bipoterpride 2 inhibits dCTP-pyrophosphatase 1 (DCTPP1), an enzyme that regulates the cellular nucleotide pool.

The heterodimer binds significantly more tightly than each of its individual monomers. The activity of DCTPP1 is elevated in certain types of tumors, promoting the invasion, migration, and proliferation of the cancer cells while also inhibiting programmed cell death. It can also help cancer cells to resist treatment.

Bipoterpride 2 inhibits this enzymatic activity and disrupts the--pathologically altered--amino acid metabolism in the tumor cells.

The team was thus able to identify DCTPP1 as a new target for the treatment of colorectal cancer and bipoterprides as new potential drug candidates.


																																																					
																				
																						More information:
												Li Feng et al, Identification of Novel Target DCTPP1 for Colorectal Cancer Therapy with the Natural Small-Molecule Inhibitors Regulating Metabolic Reprogramming, Angewandte Chemie International Edition (2024). DOI: 10.1002/anie.202402543
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Plant fungus provides new drug target for colorectal cancer therapy (2024, October 17)
												retrieved 17 October 2024
												from https://phys.org/news/2024-10-fungus-drug-colorectal-cancer-therapy.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-10-fungus-drug-colorectal-cancer-therapy.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists discover fastest degrading bioplastic in seawater

										

    
        
            [image: Woods Hole Oceanographic Institution scientists discover fastest degrading bioplastic in seawater]
             
                A side-by-side microscopic image of cellulose diacetate foam before and after 36 weeks in seawater. The team found that cellulose diacetate foams lost 65-70% of their original mass. . Credit: Bryan James, @Woods Hole Oceanographic Institution
            
        

    


Scientists at the Wood Hole Oceanographic Institution (WHOI) have been working for years to find out what types of plastics have the shortest and longest lifespans in the ocean, and what types of plastic products, like straws and food wrappers, most commonly contribute to plastic pollution.



										      
																																	With more biodegradable materials being developed, like cellulose diacetate (CDA)--a plastic-like polymer derived from wood pulp--researchers are racing to ensure they can replace traditional plastics without causing harm to ocean environments.

Now after years of testing, a new version of CDA was found to be the fastest degrading bioplastic material tested in seawater--and it's a promising replacement for other foam plastic materials, like Styrofoam, which can linger in the environment for many years.

In a paper published in ACS Sustainable Chemistry & Engineering, WHOI scientists Bryan James, Collin Ward, Chris Reddy, Yanchen Sun, and Kali Pate, found that adding small pores--called foaming--to CDA material made it degrade 15 times faster than solid CDA, and even faster than paper.

"What excites me most about this study is its translational nature. This study is the culmination of years of research focusing on understanding the fundamental controls on CDA biodegradation in the ocean," said Ward, senior author on the study. He and the WHOI team partnered with scientists from bioplastic manufacturing company Eastman, who contributed as co-authors, and supplied materials for the study.


																																						
    
     




																																			"We translated the foundational knowledge into the design of a new material that simultaneously meets consumer needs and degrades in the ocean faster than any other plastic material we know of, even faster than paper. It's a great success story in a field that often focuses on the negative aspects of plastic pollution rather than working towards solutions to the problem," Ward added.

The study involved monitoring both foamed CDA and solid CDA in a tank of continuously flowing seawater from Martha's Vineyard Sound, at a specially designed lab at WHOI. The researchers also control the temperature, light exposure, and other environmental variables to mimic the natural marine environment.

"Using continuous flowing seawater tanks enables us to bring the dynamics of the microbially active ocean into the lab. The ocean is continually changing, and it was important that we replicated this environment by replenishing microbes and nutrients, making for a much more environmentally realistic experiment," lead author James explained. After 36 weeks, the team found that the CDA foams lost 65-70% of their original mass.

In a previous study using their dynamic seawater tank, the researchers tested straws made of standard plastic, paper, solid CDA, and foamed CDA, and found that the solid CDA and paper straws reduced in mass the quickest.

Scientists then compared two straws made from CDA, one made from solid CDA and one from foam CDA, and found that the degradation rate of the foam straw was 190% faster than its solid counterpart, resulting in a shorter projected environmental lifetime than the paper straws.


																																			"As a materials scientist and engineer, it's been exciting to demonstrate that foams can be materially efficient, meaning they achieve functionality using the least amount of material possible, reducing cost and many environmental impacts," said James. "In addition, when they are made from biodegradable plastics, they can be one of the least persistent forms of a material."

Replacing Styrofoam plastic and single-use plastics, such as take-away containers that routinely leak into the ocean and are not biodegradable, are one of the most urgent uses for this material, according to the study authors.

Foamed CDA products are already entering the market with Eastman launching a compostable, lightweight tray made of foamed CDA, designed to replace plastic trays used in existing industrial food packaging.

"Partnerships between industry and academia are essential for accelerating solutions to the most urgent global challenges, where academia can provide unique insights, and industry partners can use those insights to develop solutions at scale," said Jeff Carbeck, Vice President of Corporate Innovation of Eastman.

"That is how our collaboration with WHOI works; they significantly broadened our understanding of how our commercial and developmental materials degrade."


																																						
    
     




																																			Carbeck highlighted that this study demonstrates the potential that CDA foam holds in helping address challenges with single-use plastic packaging.

"The properties of foams make them ideally suited for many packaging and insulation applications, and this research shows that foams made of biodegradable materials will rapidly degrade in the marine environment, should they accidentally end up there. Embracing biodegradable materials for consumer goods is a critical step towards preserving our environment, reducing plastic pollution, and fostering sustainability for future generations," he said.

"One of the advantages of teaming with an industry partner is that we can ensure the new technology is scalable. One of the criteria when designing the new material was that it had to be a drop-in, turn-key replacement for Styrofoam goods, meaning that the companies that convert the raw CDA into the biodegradable foam don't have to invest in new equipment," Ward explained.

"Advancing new plastics not made from fossil fuels, are compostable, and don't persist in the environment as pollution, can be a win for consumers and the environment."


																																																					
																				
																						More information:
												Foaming enables material-efficient bioplastic products with minimal persistence, ACS Sustainable Chemistry & Engineering (2024). DOI: 10.1021/acssuschemeng.4c05822
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Biochar nanocomposite enhances detection of acetaminophen and uric acid in urine

										

    
        
            [image: New biochar nanocomposite enhances detection of acetaminophen and uric acid in urine]
             
                A novel material, formed by the hybridization of biomass carbon materials activated by metal ions and cobalt oxide nanosheets, was modified on the GCE and used for the detection of APAP. Credit: Longyi Chen, Xinjiang Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, China
            
        

    


In recent years, the excessive use of acetaminophen (APAP) has become a significant human hazard and social burden. Rapid and automated electrochemical detection has emerged as a crucial method for measuring APAP concentration in human urine.



										      
																																	A recent study explores a novel porous cobalt-derived biomass electrocatalyst material prepared from Elaeagnus angustifolia gum and investigates its electrochemical properties as well as its specific detection capability for APAP. The work is published in the journal Industrial Chemistry & Materials on 18 July 2024.

Acetaminophen (APAP) is a commonly used analgesic and antipyretic drug. Due to misuse, there is an excessive presence of APAP in bodily fluids, leading to significant side effects such as acute liver injury and liver failure. Currently, the methods for detecting APAP in the human body are relatively expensive and complex.

Using natural Elaeagnus angustifolia gum as the base material, a series of treatments including high-temperature calcination are conducted. This material is then activated with ferric chloride to produce a porous natural carbon-based material with a significantly increased specific surface area, which is 2.6 times that of BC.

Based on relevant research, cobalt oxide doping was chosen to enhance conductivity, enabling specific recognition of APAP molecules in urine during selective and sensitive testing for acetaminophen detection. The Ipa of FBC-CoO/GCE modified with cobalt oxide is nearly twice that of FBC/GCE. Compared to traditional liquid chromatography detection methods, it offers faster speed, higher sensitivity, miniaturization, and automation.


																																						
    
     




																																			This study employed natural resources like Elaeagnus angustifolia gum to produce FBC via straightforward preparation steps. By modifying the preparation process, we adjusted the hollowness of cobalt oxide cracked nanosheets, thereby synthesizing APAP sensors with excellent sensitivity. In this study, the uric acid and APAP reaction peaks can be effectively separated and identified within a reasonable physiological concentration range.

Further enhancements can elevate the performance of CoO-FBC/GCE, setting the stage for in-depth research in upcoming projects. These enhancements encompass exploring the biomass activation process, tailoring the size and morphology of cobalt oxide cracked nanosheets, examining the ultrasonic steps and the ratio between biomass carbon and cobalt oxide, refining the alkaline co-precipitation method, and co-doping with other transition elements, all aimed at achieving high-performance sensors.

The research team includes Yihan Zhang, Zehong Gao, Xamxikamar Mamat and Longyi Chen from Xinjiang Technical Institute of Physics and Chemistry, Chinese Academy of Sciences; and Yiliyasi Baikeli from College of Chemistry and Chemical Engineering, Dezhou University.


																																																					
																				
																						More information:
												Yihan Zhang et al, Improved voltammetric discrimination of acetaminophen and uric acid in urine using CoO biochar nanocomposite, Industrial Chemistry & Materials (2024). DOI: 10.1039/D4IM00069B
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                Schematic diagram illustrating the activation and deactivation processes of Co2MnO4 and CoMn2O4 during OER. Co2MnO4 is a) activated by forming Co-Mn oxyhydroxides via CoII(OH)2-CoIII. Credit: Advanced Energy Materials (2024). DOI: 10.1002/aenm.202403096
            
        

    


Conventional catalysts for hydrogen production via water electrolysis usually contain precious metals and are expensive. However, cheaper alternatives have been developed, for example cobalt-manganese catalysts. They have a high activity and are stable over a long period of time.



										      
																					The decisive factor for these characteristics is their manganese content. Why manganese plays this essential role was unknown for a long time, but the mechanism has now been discovered by researchers from the German institutions Ruhr University Bochum, the Max Planck Institutes for Sustainable Materials and for Chemical Energy Conversion, Forschungszentrum Julich and the University of Duisburg-Essen.

They published their findings in the journal Advanced Energy Materials on October 7, 2024.

Combination of different methods was the key to success

By applying an electrical voltage, water can be split into hydrogen and oxygen. The limiting step in this reaction is the oxygen evolution. Thus, researchers are looking for the optimal catalysts for this reaction step.

Cobalt electrocatalysts with a certain geometric structure, the so-called spinel structure, are normally inefficient and not stable over the long term. However, this changes when they are doped with manganese.

The research team used various methods to investigate what exactly happens on the surface of the catalysts during the electrolysis of water. They worked together within the Collaborative Research Center 247 "Heterogeneous Oxidation Catalysis in the Liquid Phase."

"Joining forces with several institutes enabled us to observe the processes at the electrode surface with different methods--and this combination was the key to success," says Professor Tong Li, head of Atomic-Scale Characterization at Ruhr University Bochum.

She is an expert in atomic probe tomography, a method that helps to visualize the spatial distribution of materials atom by atom. The team combined this method with transmission electron microscopy, X-ray fine structure absorption and X-ray photo emission spectroscopy.

The group showed that the manganese dissolves from the cobalt spinel surface during the reaction and then redeposits onto it. "It's like a passenger on a bus who keeps hopping on and off," states Tong Li.


																														
																				
																						More information:
												Biao He et al, Effects of Dynamic Surface Transformation on the Activity and Stability of Mixed Co-Mn Cubic Spinel Oxides in the Oxygen Evolution Reaction in Alkaline Media, Advanced Energy Materials (2024). DOI: 10.1002/aenm.202403096
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Researchers develop database for catalytic bioparts with experimental evidence

										

    
        
            [image: Researchers develop database for catalytic bioparts with experimental evidence]
             
                Graphical Abstract. Credit: Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae844
            
        

    


Catalytic bioparts are fundamental to the design, construction and optimization of biological systems for specific metabolic pathways. A research team from the Chinese Academy of Sciences (CAS) has recently developed a Registry and Database of Bioparts for Synthetic Biology (RDBSB).



										      
																					The research is published in the journal Nucleic Acids Research.

Containing 83,193 catalytic bioparts with experimental evidence, this database is designed and developed to be the first comprehensive resource for catalytic bioparts in synthetic biology.

The functional characterization information of these bioparts is frequently dispersed across multiple databases and literature sources, posing significant challenges to the effective design and optimization of specific chassis or cell factories.

Scientists from the Bio-Med Big Data Center, Shanghai Institute of Nutrition and Health (SINH) of CAS, and their collaborators from CAS Center for Excellence in Molecular Plant Sciences integrated 390,708 catalytic bioparts from various database sources in RDBSB, including 83,193 that have been experimentally validated. Of these, 3,200 experimentally validated catalytic bioparts include curated data on optimum temperature, optimum pH and chassis.

The 83,193 catalytic bioparts contained in the RDBSB offer detailed qualitative and quantitative catalytic information, including critical parameters such as activities, substrates, optimal pH and temperature, and chassis specificity.

The platform features an interactive search engine, visualization tools and analysis utilities such as biopart finder, structure prediction and pathway design tools. It promotes community engagement through a catalytic bioparts submission system to facilitate rapid data sharing and utilization.

"In fact, it has already supported the contribution of more than 1,000 catalytic bioparts so far," said Prof. Zhang Guoqing, leading scientist and corresponding author of this study. "It will significantly enhance the resources available for pathway design in synthetic biology and serve as an essential tool for researchers."


																														
																				
																						More information:
												Wan Liu et al, RDBSB: a database for catalytic bioparts with experimental evidence, Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae844
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Synthetic molecular switch enables 'painting' with natural light

										

    
        
            [image: A synthetic molecular switch lets you 'paint' with natural light]
             
                Researchers at Dartmouth and Southern Methodist University reproduced Edvard Munch's The Scream on a display screen made of liquid crystals (right) controlled by a chiral molecular switch they developed that reflects light in different colors. Credit: Ivan Aprahamian.
            
        

    


Liquid crystals exist in a phase of their own. They can flow like liquids, but because their molecules are arranged in a somewhat orderly way, they can be easily manipulated to reflect light. This flexibility has made liquid crystals the go-to material for energy-efficient phone, TV, and computer display screens.



										      
																																	In a new study in Nature Chemistry, researchers at Dartmouth and Southern Methodist University hint at other applications for liquid crystals that might one day be possible, all powered by natural light. They include liquid crystal lasers, display screens that could be easily printed and erased, and microscopic tags that could be added to bank notes to deter counterfeiters.

At the heart of these fantastical gadgets is a synthetic molecular switch that can trigger shape changes in liquid crystals that allow them to reflect different colors. Designed in the lab of Ivan Aprahamian, a Dartmouth professor of chemistry, the switch is made up of the organic molecule triptycene and a class of compounds called hydrazones that can flip on and off with a pulse of light.

In the study, Aprahamian and his colleagues show that the hydrazones can be attached to triptycene in such a way that the molecule's symmetry breaks, making it chiral. Chiral molecules come in two mirror-image forms that, like our hands, can't be completely superimposed on each other.

When chiral triptycene interacts with a liquid crystal molecule, it sets in motion a chain of events that causes other liquid crystal molecules to fall in line, rearranging themselves in twisted, DNA-like helices.


																																						
    
     




																																			In helical form, liquid crystals reflect ambient light at different wavelengths based on their pitch, or how far apart the coils in their helical structure are spaced; stretching and compressing the helix triggers color changes. In nature, chameleons and cephalopods also take advantage of structural features to instantly blend in with their surroundings without any pigment changes to their skin.

"By increasing or decreasing the pitch of the helical structure, we can control the color it reflects," Aprahamian says. "Think of it as playing an accordion. Instead of compressing and expanding the instrument to control what tone you hear, we use light to control the pitch and the color you see."

The study provides vivid reproductions of Edvard Munch's The Scream and Van Gogh's The Starry Night as proof. The images were produced in Alexander Lippert's lab at SMU with a microscope rejiggered into a mini slide projector.
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                Transmittance spectra and DLP patterning of 5CB doped (S, S)-1 for multi-color image generation. Credit: Nature Chemistry (2024). DOI: 10.1038/s41557-024-01648-0
            
        

    



In a process reminiscent of multi-color screen printing, researchers used the tiny projector to beam light through a series of stencils on a makeshift screen made of liquid crystals doped with chiral triptycene. New colors were added, one by one, by shining the light for varying lengths of time on the part of the screen left exposed by the stencil.

"Once the pattern is painted in, it can stay there for days," says Lippert, a study co-author and associate professor at SMU. "You can also erase it and go back to a blank canvas."


																																			Aprahamian's lab has designed hydrazone switches before, but this version is the first to prove capable of reflecting visible color from a liquid crystal. It is also the first time that a stable, long-lasting multicolored image was projected on a liquid crystal display using a dopant that can switch on and off.

In earlier experiments, Aprahamian tried making the switchable dopant with a chiral molecule called isosorbide. Though liquid crystals would interact with isosorbide and form a helical structure, they did not reflect visible light. At a 2016 conference in Telluride, an MIT chemistry professor suggested to Aprahamian that he give triptycene a try.

Chiral triptycene turned out to be a breakthrough because of how efficiently it's able to transfer chiral information to the liquid crystals, Aprahamian says. Relatively few molecules are needed to marshal a large number of liquid crystals into a new configuration to alter their properties.

"It is known as the sergeant and soldiers' effect," Aprahamian says. "A few chiral 'sergeant' molecules control the properties of a large number of achiral 'soldier' molecules."

The study describes in detail what happens at the molecular level, which can help researchers further investigate liquid crystals for new applications.

"We can now build on this knowledge to create better liquid crystal dopants," says the study's first author, Indu Bala, an assistant professor at the Indian Institute of Technology, Mandi, who worked on the project as a postdoctoral researcher at Dartmouth.


																																																					
																				
																						More information:
												Indu Bala et al, Multi-stage and multi-colour liquid crystal reflections using a chiral triptycene photoswitchable dopant, Nature Chemistry (2024). DOI: 10.1038/s41557-024-01648-0
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        Microbiome studies in humans and zoo animals pave the way for new drug development
        Microorganisms do not just colonize the body of mammals during infections. Billions of microbes can be found on and in healthy humans and animals at any given time, communicating with each other via chemical signals and thus influencing their health.

      

      
        Cryo-electron microscopy sheds light on endothelin signaling mechanisms
        Endothelin is a peptide hormone known for its vasoconstrictive effects. Researchers at University of Tsukuba used cryo-electron microscopy to examine the complex structure of the endothelin receptor and G protein, which are crucial for signal transduction at the cell membrane. This study has clarified the mechanism of signal transduction between cells.

      

      
        Putting out a brain on fire: Researchers map how antibodies bind in rare autoimmune disorder
        Imagine you wake up in a hospital without a single memory of the last month. Doctors say you had a series of violent episodes and paranoid delusions. You'd become convinced you were suffering from bipolar disorder. Then, after a special test, a neurologist diagnoses you with a rare autoimmune disease called anti-NMDAR (Anti-N-methyl-d-aspartate receptor) encephalitis. This is what happened to Susannah Cahalan, a New York Post reporter who would go on to write the best-selling memoir Brain on Fire...

      

      
        Mangrove microbes show potential for breaking down plastics
        A way to select a suite of mangrove bacteria that can transform plastic has been developed that potentially offers a new strategy in the global toolkit of plastic waste cleanup. Researchers have assessed the impact of polyethylene terephthalate (PET) particles and seawater intrusion on the microbiome of mangrove soil and then experimented with an enrichment culture to select a suite of PET-transforming microbes. The research is published in the journal Trends in Biotechnology.

      

      
        GPT-4-based AI agents show promise for detecting antimicrobial resistance
        Researchers at the University of Zurich (UZH) have used artificial intelligence (AI) to help identify antibiotic-resistant bacteria. The team led by Adrian Egli, UZH professor at the Institute of Medical Microbiology, is the first to investigate how GPT-4, a powerful AI model developed by OpenAI, can be used to analyze antibiotic resistance.

      

      
        Higher oxytocin levels linked to reproductive success and better cooperation in house mice
        Researchers have further advanced understanding of social relationships in female mammals, highlighting the critical role oxytocin plays.

      

      
        Protein signaling pathway provides insights into cell migration and cancer metastasis
        The innate immune response is the body's first line of defense against infection, and a successful immune defense takes a village: a combination of physical barriers, chemical attacks, and an army of specialized white blood cells. But maintaining and triggering such a complex operation requires coordination on a much smaller, biochemical level. And at that level, we're talking enzymes and proteins.

      

      
        Pathogenic system found on Providencia rustigianii has virulence gene akin to Salmonella's
        Salmonella and E. coli are well-known bacteria that cause food poisoning, but less understood are species of Providencia, another causative agent of serious symptoms.

      

      
        Plankton balloon to six times their size in newly discovered mode of oceanic travel
        Many plankton journey from the cold, dark depths of our oceans to the surface, only to eventually drift down again into the darkness in a perpetual rhythm. Yet, how single-celled phytoplankton, most of which have no appendages to help them swim, make this pilgrimage has remained a mystery.

      

      
        Biofabrication should be sustainable: Researcher calls for a rethink in current practices
        Miriam Filippi, a researcher in the field of soft robotics working on developing bioinspired artificial muscle tissues, believes we can make human activities more ecologically sound by harnessing the power of living cells for bio-hybrid materials.

      

      
        Marine experts challenge reliability of vessel strike prediction models
        A new study has raised questions about current approaches to predicting the risk of vessel strikes on whales.

      

      
        Artificial nests boost penguin breeding success, but there's no one-size-fits-all design
        Artificial nests can boost the breeding success of endangered African penguins, but different designs are more effective at different colonies, according to a study by an international team of researchers from South Africa and the UK. The findings are published in Ecological Solutions and Evidence.

      

      
        Soil's secret language: Researchers decode plant-to-fungi communication
        Researchers at the University of Toronto have cracked the code of plant-to-fungi communication in a new study published in the journal Molecular Cell.

      

      
        Microbe opens the door to carbon dioxide-driven manufacturing
        RIKEN scientists looking for clues to the origins of life on Earth have discovered a new microbe that may shed light on how organisms first developed on Earth, the search for life elsewhere in the universe and how to improve microbial factories.

      

      
        Cats associate human words with images, experiment suggests
        A small team of animal scientists at Azabu University, in Japan, has found via experimentation that common house cats are capable of associating human words with images without prompting or reward. In their study, published in the journal Scientific Reports, the group tested volunteer cats looking at images on a computer screen to see if they form associations between the images and spoken words.

      

      
        Aquaculture could harm animal welfare or protect it, depending on what species the farms raise
        The global aquaculture industry has tripled in size since the year 2000, with producers raising a mind-boggling diversity of species, from seaweeds and clams to carp, salmon and cuttlefish. Many of these creatures are undomesticated and lead complex and highly social lives in the wild.

      

      
        Humans have near-equal numbers of male and female babies, unlike many other animals--a new genetic study looks for clues
        We know that boys and girls are produced in much the same frequency. But how--and why--is this 1:1 ratio achieved?

      

      
        'Nature markets' may help preserve biodiversity--but they risk repeating colonial patterns of Indigenous exploitation
        As the latest global biodiversity summit gets underway in Colombia, finance for the conservation and restoration of nature is one of the key themes of negotiations.

      

      
        How the invasive spiny water flea spread across Canada, and what we can do about it
        Across the tranquil waters of Canada's vast network of lakes and rivers, a quiet invader is on the move. The spiny water flea, Bythotrephes cederstromii, is a microscopic predator that is forever altering the ecological fabric of aquatic habitats in Canada.

      

      
        Canada's agricultural policies are falling short of health and sustainability goals
        Oct. 16 marks World Food Day, a global initiative drawing attention to the "right to foods for a better life and a better future." However, Canada's food and agricultural policies are falling short of this objective.

      

      
        City microbes surviving on disinfectants, research reveals
        New research shows microbes in our cities are evolving to resist the very cleaners we use to eliminate them. It also identifies novel strains living in Hong Kong that were previously only found in Antarctic desert soil.

      

      
        mRNA vaccines for disease outbreaks can be synthesized in less time with new technique
        In an era where viral outbreaks can escalate into global pandemics with alarming speed, the ability to quickly develop new vaccines has become crucial. However, the speed of vaccine production is limited because the mRNA used in it is partly chemically synthesized and partly synthesized using enzymes, a relatively slow process.

      

      
        Electrophysiology study shows how ant toxin causes extreme pain
        University of Queensland researchers have uncovered the workings of ant venom by measuring electric currents through individual channels in cells to understand how it causes pain.

      

      
        Chickpeas identified as key crop for future food security
        Climate change has a negative impact on food security. An international research team led by Wolfram Weckwerth from the University of Vienna has now conducted a study to investigate the natural variation of different chickpea genotypes and their resistance to drought stress. The scientists were able to show that chickpeas are a drought-resistant legume plant with a high protein content that can complement grain cultivation systems even in urban areas.

      

      
        Few countries have drawn up nature protection plans: UN
        Fewer than 15 percent of countries have submitted plans to slow the destruction of nature ahead of a global biodiversity summit in Colombia, according to a count shared by the United Nations Wednesday.
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Microbiome studies in humans and zoo animals pave the way for new drug development

										

    
        
            [image: Drug discovery within the patient--researchers study microbiomes in humans and zoo animals]
             
                Study set up, metagenomics data and clinical information. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-52598-7
            
        

    


Microorganisms do not just colonize the body of mammals during infections. Billions of microbes can be found on and in healthy humans and animals at any given time, communicating with each other via chemical signals and thus influencing their health.



										      
																																	In two studies published in Nature Communications, researchers from the Helmholtz Institute for Pharmaceutical Research Saarland (HIPS), Saarland University and Saarland University Hospital have now conducted a detailed study of the microbiome, i.e. the totality of all microorganisms, in humans and zoo animals. The aim was to identify starting points for strategies for the treatment and diagnosis of diseases. The HIPS is a site of the Helmholtz Centre for Infection Research (HZI) in collaboration with Saarland University.

The idea of using microorganisms as a source of new active ingredients is not new. Numerous drugs have already been developed on the basis of natural products from bacteria and fungi. These compete for available resources in their natural habitat, such as the soil, and use chemical signals to gain an advantage over their microbial competitors. It is therefore not surprising that a large proportion of the antibiotics available on the market is based on natural products from microorganisms.

An interdisciplinary research team at the HIPS, Saarland University and Saarland University Hospital has set itself the goal of also finding natural products that can be used to treat non-infectious diseases. Instead of looking in the soil, the team searches directly in the bacteria that colonize humans and animals and play a role in the development of diseases. This approach is also a central component of the planned nextAID3 cluster of excellence, which was positively evaluated in a first round by the German Research Foundation (DFG) and whose full proposal was submitted by Saarland University in August 2024.


																																						
    
     




																																			The basis for this large-scale search for new active ingredients were two cohorts: In the "IMAGINE" study, the researchers collected almost 2,000 samples from healthy subjects and patients with various diseases. Since different parts of the microbiome can be affected in different diseases, the researchers examined the microbiome in saliva, dental plaque and stool, as well as in the eye, throat and on the skin.

In a second study, the team examined the microbiome of animals at Saarbrucken Zoo and compared it to the microbiome of animals living in the wild. The aim of this much smaller cohort was to show that the microbiome of animals can also be a potential source of new natural products.

The samples collected in both studies were processed and subjected to a process known as metagenome sequencing. This method allows all the organisms contained in a sample to be genetically identified and their abundance to be determined. If a certain bacterial strain is more or less abundant in the presence of a particular disease, for example, it could potentially be involved in its development or progression.
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                Study setup and data quality. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-52669-9
            
        

    



In the analyzed data, the team, which included bioinformatician Andreas Keller, microbiologist Soren Becker, pulmonologist Robert Bals and pharmacist Rolf Muller, was able to find numerous bacteria for which such a behavior applies. In addition, the researchers were able to use bioinformatics analyses to identify the genetic blueprints (so-called biosynthesis gene clusters) of natural products associated with the diseases under investigation.


																																			"To us, this data is a scientific goldmine. We still have no idea which natural products most of the newly identified gene clusters encode," says Keller, head of department at the HIPS and Professor of Clinical Bioinformatics at Saarland University.

"The data collected is processed in our recently established database ABC-HuMi. This database already contains further data on the human microbiota, which will allow us to discover many new natural products and use them as a basis for drug development."

The pharmacists, biologists and chemists at the HIPS are now called upon to use the digital data to create real natural products. A total of six research groups are currently working on the experimental validation of the 50 most promising gene clusters.

"Knowing the genetic blueprint of a natural product is only the first step. We are now working hard to transfer the blueprints into bacteria that will use them to produce the encoded natural products," says University Professor Muller, head of department and scientific director at the HIPS, who co-initiated the two published studies.

"The data obtained reflect an enormous biodiversity that has not been studied so far. Our next step will be to harness this potential. We are pleased that we can now effectively apply the technologies we have established over the past 15 years for the development of antibiotics to other indications as well."

While the research focus at HIPS is on antimicrobial agents, therapeutics for non-infectious diseases will be developed as part of the PharmaScienceHub. The collaboration platform established between HIPS and Saarland University in 2023 brings together players from academic research and the pharmaceutical industry to accelerate the translation of findings from basic research into medical applications.


																																																					
																				
																						More information:
												Georges P. Schmartz et al, Decoding the diagnostic and therapeutic potential of microbiota using pan-body pan-disease microbiomics, Nature Communications (2024). DOI: 10.1038/s41467-024-52598-7

Georges P. Schmartz et al, Exploring microbial diversity and biosynthetic potential in zoo and wildlife animal microbiomes, Nature Communications (2024). DOI: 10.1038/s41467-024-52669-9
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Cryo-electron microscopy sheds light on endothelin signaling mechanisms

										

    
        
            [image: Elucidating the complex structure of the blood vessel contraction factor endothelin, its receptor protein, and G protein]
             
                Hydrophobic interactions between ETBR and NK1R in the active state. Credit: Communications Biology (2024). DOI: 10.1038/s42003-024-06905-z
            
        

    


Endothelin is a peptide hormone known for its vasoconstrictive effects. Researchers at University of Tsukuba used cryo-electron microscopy to examine the complex structure of the endothelin receptor and G protein, which are crucial for signal transduction at the cell membrane. This study has clarified the mechanism of signal transduction between cells.



										    
																					The human body is composed of approximately 60 trillion cells, which rely on the coordinated exchange of information to maintain normal biological functions. Each cell is surrounded by a membrane that facilitates the transmission of external signals into the cell through receptor proteins.

Despite the clear elucidation of the binding structure of endothelin (ET), a vasoconstrictive peptide hormone, to the endothelin B-type receptor (ETBR) on the plasma membrane, the detailed structure of the ETBR-G protein complex--essential for signal transmission on the membrane--remains unclear. Additionally, the precise mechanism of signal transduction is not yet fully understood.

In a study, published in Communications Biology, researchers utilized cryo-electron microscopy to observe the complex structure of ET, ETBR, and G protein.

A strong binding interaction was revealed between the G protein and ETBR. The study also offered valuable insights into the mechanisms that distinguish types of G proteins and the factors that activate the receptor.

These findings may deepen our understanding of endothelin signaling mechanisms and have practical implications for the development of new drugs based on these structural properties.


																														
																				
																						More information:
												Kazutoshi Tani et al, Structure of endothelin ETB receptor-Gi complex in a conformation stabilized by unique NPxxL motif, Communications Biology (2024). DOI: 10.1038/s42003-024-06905-z
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Putting out a brain on fire: Researchers map how antibodies bind in rare autoimmune disorder

										

    
        
            [image: Putting out a brain on fire]
             
                Cold Spring Harbor Laboratory's Furukawa lab is studying an autoimmune disease called anti-NMDAR encephalitis in collaboration with Professor Christian Geis' team at the University of Jena and the SYNABS research unit in Germany. Here, we see antibodies from a human anti-NMDAR encephalitis patient (purple) binding to NMDARs (green) in a mouse brain. Areas marked red indicate high levels of antibody binding. Additionally, the impact of these antibodies on memory could be assessed using a new system established in collaboration between Furukawa and colleagues at the Max Planck Florida Institute for Neuroscience. Credit: Furukawa lab/Cold Spring Harbor Laboratory
            
        

    


Imagine you wake up in a hospital without a single memory of the last month. Doctors say you had a series of violent episodes and paranoid delusions. You'd become convinced you were suffering from bipolar disorder. Then, after a special test, a neurologist diagnoses you with a rare autoimmune disease called anti-NMDAR (Anti-N-methyl-d-aspartate receptor) encephalitis. This is what happened to Susannah Cahalan, a New York Post reporter who would go on to write the best-selling memoir Brain on Fire: My Month of Madness.



										      
																																	Anti-NMDAR encephalitis can lead to hallucinations, blackouts, and psychosis, says Cold Spring Harbor Laboratory Professor Hiro Furukawa. It mostly affects women ages 25 to 35--the same age at which schizophrenia often presents itself. But what's happening in anti-NMDAR encephalitis is something else.

Furukawa specializes in NMDARs, brain receptors that play a critical role in cognition and memory. "In anti-NMDAR encephalitis, antibodies bind to those receptors and prevent them from working," he explains. As an autoimmune response, the brain becomes inflamed--hence, Brain on Fire.

While some treatments are available, their effectiveness varies depending on symptom severity. New research from the Furukawa lab may explain why. In a recent study, Furukawa and colleagues map how antibodies from three patients bind to NMDARs. The study is published in the journal Nature Structural & Molecular Biology.

The researchers find that the way in which each of the three antibodies binds to NMDARs differs. The discovery marks an important step in gaining a fuller understanding of anti-NMDAR encephalitis, a condition first diagnosed in 2008. Furthermore, it suggests personalized medicine may be critical for treating this disease.
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                Top row: raw and 2D cryo-EM images of a patient's IgG antibody binding to an NMDAR. Bottom: a 3D graphic representation of the binding pattern. Credit: Furukawa lab/Cold Spring Harbor Laboratory
            
        

    



"Distinct binding patterns manifest in different functional regulation levels in NMDARs," Furukawa explains. "This affects neuronal activities. So, different binding sites may correspond to variations in patients' symptoms."


																																						
    
     




																																			Uncovering those correlations could lead to more precise therapeutic strategies. Imagine, for example, that scientists identify several binding sites common among encephalitis patients. Pharmacologists could then design new drugs to target these sites. But that's not all. Personalized medicine could also mean more accurate diagnoses, Furukawa says.

"It's still a rare disease, but it could be misdiagnosed or underdiagnosed. Therefore, we need to spread awareness. Could, for example, some schizophrenic patients have this disease? Could it be caused by antibodies?"

Currently, it's said that anti-NMDAR encephalitis affects one in 1.5 million people. Yet, in time, we may find it's more common than previously assumed. That's a scary thought. However, it could explain why existing psychiatric medicine does not work for some people diagnosed with bipolar disorder and other mental health conditions--a huge revelation for patients as well as the families and therapists who care for them.


																																																					
																				
																						More information:
												Kevin Michalski et al, Structural and functional mechanisms of anti-NMDAR autoimmune encephalitis, Nature Structural & Molecular Biology (2024). DOI: 10.1038/s41594-024-01386-4
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Mangrove microbes show potential for breaking down plastics

										

    
        
            [image: Mangrove microbes to munch on plastic]
             
                Mangrove soils contain bacteria with PET-degrading enzymes capable of breaking down and transforming plastic. Credit: 2024 KAUST.
            
        

    


A way to select a suite of mangrove bacteria that can transform plastic has been developed that potentially offers a new strategy in the global toolkit of plastic waste cleanup. Researchers have assessed the impact of polyethylene terephthalate (PET) particles and seawater intrusion on the microbiome of mangrove soil and then experimented with an enrichment culture to select a suite of PET-transforming microbes. The research is published in the journal Trends in Biotechnology.



										      
																																	Plastic ocean pollution is growing globally at an alarming rate, with plastic fragments found even in deep oceans far from from human habitation. Mangroves are important biodiversity hotspots that offer a range of ecosystem services but are increasingly at risk from many stressors including plastic pollution.

"Mangrove ecosystems are exposed to high levels of plastic and their soils have been reported to contain diverse microbial communities including plastic-active microorganisms," explains Diego Javier Jimenez Avella, a research scientist in the Microbial EcoGenomics and Biotechnology Laboratory (MEGBLab) at KAUST, who led this research project. "So we thought these soils could be a good source of microbes with potential for breaking down plastics. Yet microbial diversity and metabolic activities in mangrove soils are still largely unknown."

Analyzing the collective genomic information of two bacterial consortia showed that some bacterial species have novel enzymes capable of breaking down and transforming PET. The novel bacterial genus Mangrovimarina plasticivorans is a particularly important member of these consortia as it carries two genes that code synthesis of monohydroxyethyl terephthalates hydrolases--enzymes that are capable of degrading a PET byproduct.


																																						
    
     




																																			These results are important as they increase our ecological understanding of PET transformation in nature and describe a novel bacterial genus and enzymes potentially capable of degrading PET. This is also the first time researchers have demonstrated that a bacterial consortia derived from mangrove soils can transform a fossil-fuel-based hydrolyzable plastic.
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                Graphical abstract. Credit: Trends in Biotechnology (2024). DOI: 10.1016/j.tibtech.2024.08.013
            
        

    



"Engineering microbiomes to effectively transform plastics is an exciting research theme in microbiology and biotechnology," explains Jimenez. "It is also a daunting task: bioremediation of microplastics in natural marine ecosystems is challenging due to low effectiveness, problems with scalability, testing, implementation, evaluation and legislation."

The team's approach to designing microbial inoculants and/or enzyme cocktails capable of accelerating PET degradation could be broadly applied using microbial inocula from a range of terrestrial and aquatic ecosystems. This in turn could identify more novel plastic-degrading microbes or enzymes.

"These laboratory-scale findings are a step to addressing plastic pollution and require further research and development--such as optimization and scalability--before they can be practically applied," notes Alexandre S. Rosado, principal investigator at KAUST and leader of the MEGBLab.

Led by KAUST scientists, the research team--a collaboration that began in 2021 with eight institutions in Colombia, Brazil, U.S., Germany, Australia, U.K. and Saudi Arabia--anticipates that broad use of this approach could help the design of efficient microbial consortia targeting plastic transformation both in the laboratory and in large-scale industrial settings.

The team are continuing to investigate the selection of plastic-transforming microbial communities from Red Sea mangroves and enzymatic activity of putative novel PET-degrading enzymes found in this study.


																																																					
																				
																						More information:
												Diego Javier Jimenez et al, Engineering the mangrove soil microbiome for selection of polyethylene terephthalate-transforming bacterial consortia, Trends in Biotechnology (2024). DOI: 10.1016/j.tibtech.2024.08.013
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Mangrove microbes show potential for breaking down plastics (2024, October 17)
												retrieved 17 October 2024
												from https://phys.org/news/2024-10-mangrove-microbes-potential-plastics.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/2024-10-mangrove-microbes-potential-plastics.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



GPT-4-based AI agents show promise for detecting antimicrobial resistance

										

    
        
            [image: AI helps to detect antibiotic resistance]
             
                Kirby-Bauer disk diffusion test of gut bacteria: Paper sheets soaked with antibiotics are placed on a petri dish. The antibiotic concentration decreases with increasing distance. The closer bacteria grow to the test sheets, the more resistant they are (red circles). If the gradients of two different antibiotics meet, their effectiveness can increase (yellow arrows). Credit: University of Zurich
            
        

    


Researchers at the University of Zurich (UZH) have used artificial intelligence (AI) to help identify antibiotic-resistant bacteria. The team led by Adrian Egli, UZH professor at the Institute of Medical Microbiology, is the first to investigate how GPT-4, a powerful AI model developed by OpenAI, can be used to analyze antibiotic resistance.



										      
																																	The researchers used AI to interpret a common laboratory test known as the Kirby-Bauer disk diffusion test, which helps doctors to determine which antibiotics can or can't fight a particular bacterial infection. Based on GPT-4, the scientists created the "EUCAST-GPT-expert," which follows strict EUCAST (European Committee on Antimicrobial Susceptibility Testing) guidelines for interpreting antimicrobial resistance mechanisms. By incorporating the latest data and expert rules, the system was tested on hundreds of bacterial isolates, helping to identify resistance to life-saving antibiotics.

The work was published in the Journal of Clinical Microbiology.

"Antibiotic resistance is a growing threat worldwide, and we urgently need faster, more reliable tools to detect it," says Egli, who led the study. "Our research is the first step toward using AI in routine diagnostics to help doctors identify resistant bacteria more quickly."

The AI system performed well in detecting certain types of resistance, but it wasn't perfect. While it was good at spotting bacteria resistant to certain antibiotics, it sometimes flagged bacteria as resistant when they were not, leading to possible delays in treatment. In comparison, human experts were more accurate in determining resistance, but the AI system could still help standardize and speed up the diagnostic process.

Despite the limitations, the study highlights the transformative potential of AI in health care. By offering a standardized approach to the interpretation of complex diagnostic tests, AI could eventually help reduce the variability and subjectivity that exists in manual readings, improving patient outcomes.

Egli emphasizes that more testing and improvements are needed before this AI tool can be used in hospitals. "Our study is an important first step, but we are far from replacing human expertise. Instead, we see AI as a complementary tool that can support microbiologists in their work," he says.

According to the study, AI has the potential to support the global response to antibiotic resistance development. With further development, AI-based diagnostics could help laboratories worldwide improve the speed and accuracy of detecting drug-resistant infections, helping to preserve the effectiveness of existing antibiotics.


																																																					
																				
																						More information:
												Christian G. Giske et al, GPT-4-based AI agents--the new expert system for detection of antimicrobial resistance mechanisms?, Journal of Clinical Microbiology (2024). DOI: 10.1128/jcm.00689-24
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Higher oxytocin levels linked to reproductive success and better cooperation in house mice
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                Schematic overview of experiments. Credit: Communications Biology (2024). DOI: 10.1038/s42003-024-06922-y
            
        

    


Researchers have further advanced understanding of social relationships in female mammals, highlighting the critical role oxytocin plays.



										      
																																	In research published in Communications Biology, scientists studied communal breeding in house mice and found that higher oxytocin in sisters led to a higher reproductive success and better teamwork. This latest work furthers understanding of social behavior, particularly in female mammals. The paper is titled "Egalitarian cooperation linked to central oxytocin levels in communal breeding house mice."

Female house mice raise their offspring either alone or together with another female in a communal nest. Although partners are very often related, conflict over the amount of care for the communal litter is high and can lead to biases in maternal investments or reproductive success.

This study aimed to describe the role of oxytocin in determining cooperation between sisters and assess if oxytocin concentrations are related to the presence of out-group competitors or limited nest sites for breeding.

Professor Paula Stockley, Mammalian Behavior & Evolution Group, Institute of Infection, Veterinary and Ecological Sciences, University of Liverpool said, "Our research addresses the challenge to better understand social relationships between related individuals. Although such relationships are fundamental to understanding animal sociality, we still lack a clear understanding of the underlying mechanisms as well as the environmental factors determining social behavior, particularly in female mammals.


																																						
    
     




																																			"Oxytocin has been shown to regulate social behaviors in several species but whether oxytocin is also involved in regulating the outcome of communal breeding has to be determined. This latest research is another step closer in finding this out."

In collaboration with Dr. Stefan Fischer, University of Vienna, the study also found that as well as higher reproductive success and better teamwork, sisters with higher oxytocin levels had lower reproductive skew.

Dr. Fischer adds, "Higher oxytocin did not lead to a higher reproductive success when females raised their offspring alone. Surprisingly, we did not find any influence of outgroup competition or the availability of nest sites on oxytocin concentrations.

"By linking fitness consequences of cooperation with oxytocin, our findings have broad implications for understanding the evolution of egalitarian social relationships. Our study highlights the role of oxytocin in regulating cooperation and conflict in social systems, providing broad insight into social system diversity. It also offers potential new insights for understanding both the proximate basis of cooperative behavior and the evolution of diverse social systems.

"More work is now needed to see if our findings are replicated in other social species where individuals cooperate to raise their offspring."


																																																					
																				
																						More information:
												Stefan Fischer et al, Egalitarian cooperation linked to central oxytocin levels in communal breeding house mice, Communications Biology (2024). DOI: 10.1038/s42003-024-06922-y
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Protein signaling pathway provides insights into cell migration and cancer metastasis
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                2'3'-cGAMP binds Rab18 to promote cell migration. Credit: Science Advances (2024). DOI: 10.1126/sciadv.ado7024
            
        

    


The innate immune response is the body's first line of defense against infection, and a successful immune defense takes a village: a combination of physical barriers, chemical attacks, and an army of specialized white blood cells. But maintaining and triggering such a complex operation requires coordination on a much smaller, biochemical level. And at that level, we're talking enzymes and proteins.



										      
																																	An enzyme called cyclic GMP-AMP synthase (cGAS) acts as a preemptive trigger for the immune system response. When foreign DNA, like that of herpes simplex and chickenpox, interacts with cells, the enzyme cGAS produces a molecule called 2'3'-cGAMP. This molecule then binds to another protein called STING, which ultimately enacts the body's innate immune response.

However, researchers including Pengda Liu, Ph.D., and Yu Deng, Ph.D., at the UNC School of Medicine, have long wondered if 2'3'-cGAMP might be interacting with proteins other than STING, and if 2'3'-cGAMP might be playing a role in other cellular activities. A study by the Liu lab has found that this is indeed the case.

The Liu lab found that 2'3'-cGAMP interacts with a small protein called Rab18, which controls specialized fat storage compartments, known as lipid droplets, within cells and aids in cell movement throughout the body.

Their findings, which were published in Science Advances, also offer new insights into 2'3'-cGAMP's role in cell migration and how the newly identified 2'3'-cGAMP/Rab18/FosB signaling pathway could be important in tumor metastasis.

"Our study uncovers a new and unexpected function of 2'3'-cGAMP," said Liu, who is an associate professor in the UNC Department of Biochemistry and Biophysics and a member of UNC Lineberger Comprehensive Cancer Center.


																																						
    
     




																																			"2'3'-cGAMP has been tested to enhance cancer immunotherapy through activating tumor innate immunity. However, our data suggest that 2'3'-cGAMP could also activate Rab18/FosB signaling pathway--but not the well-studied 2'3'-cGAMP/STING signaling pathway--to facilitate cell migration and potentially tumor metastasis. This adds a needed consideration for therapies involving 2'3'-cGAMP."

The Liu lab identified the new 2'3'-cGAMP-binding protein, Rab18, using protein analysis of cells and structural simulations. They then confirmed that 2'3'-cGAMP directly binds to Rab18 and Rab18 to perform its tasks. Researchers also found that Rab18 assists with cellular migration throughout the body. Unregulated cell migration through 2'3'-cGAMP can also help cancer cells spread from a tumor to other parts of the body, called metastasis.

When researchers homed in on 2'3'-cGAMP-induced Rab18 activation, they found that it also triggered FosB, another protein that regulates cell migration. This new information allowed researchers to draw dotted lines between 2'3'-cGAMP, Rab18, and FosB, to form a signaling pathway important in cell migration and tumor metastasis.

The researchers also discovered that low-doses of chemotherapy agents, such as doxorubicin, can activate the cGAS to 2'3'-cGAMP innate immune response, which then drives cell migration through FosB.

However, the Liu lab studied this further, showing that this pro-metastatic effect from 2'3'-cGAMP could be mitigated by lovastatin or other statins, a cholesterol-lowering drug. As part of its mechanisms of action, the drug prevents 2'3'-cGAMP from binding to Rab18.

Next, the Liu lab is looking into obtaining the real structure of the 2'3'-cGAMP/Rab18 complex, as opposed to using structural simulations, for further study. More precisely, the research team wants to know if 2'3'-cGAMP recognizes different protein partners through different mechanisms.

The researchers will also keep looking for additional proteins that might be binding to 2'3'-cGAMP, so that they can learn more about the various roles 2'3'-cGAMP plays in disease.


																																																					
																				
																						More information:
												Yu Deng et al, 2'3'-cGAMP interactome identifies 2'3'-cGAMP/Rab18/FosB signaling in cell migration control independent of innate immunity, Science Advances (2024). DOI: 10.1126/sciadv.ado7024
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Pathogenic system found on Providencia rustigianii has virulence gene akin to Salmonella's

										

    
        
            [image: Providencia rustigianii has virulence gene akin to Salmonella's]
             
                The cytolethal distending toxin gene and type III secretion system found on a plasmid of P. rustigianii. Credit: Osaka Metropolitan University
            
        

    


Salmonella and E. coli are well-known bacteria that cause food poisoning, but less understood are species of Providencia, another causative agent of serious symptoms.



										    
																					Providencia rustigianii, isolated from pediatric gastroenteritis patients, has now undergone whole genome sequencing by a research team led by Osaka Metropolitan University Professor Shinji Yamasaki of the Graduate School of Veterinary Science and the Osaka International Research Center for Infectious Diseases.

The findings were published in mBio.

Members of the team had previously reported that P. rustigianii carries a cytolethal distending toxin virulence gene on its plasmid. Elimination of this gene did not reduce the bacteria's virulence, however.

This time, the whole genome sequencing revealed that P. rustigianii also possesses a virulence factor called the type III secretion system, which bears the highest degree of similarity to the gene found in Salmonella. The type III secretion system was found to be directly involved in cell invasiveness and enterotoxicity, making it a major virulence factor for P. rustigianii.

"Using the pathogenicity gene discovered in this study as an indicator, we plan to create a detection system for pathogenic species of Providencia in wild animals, water, livestock, and food, which can be expected to be useful in investigating natural hosts, sources of infection, and infection routes," Professor Yamasaki said.

"In addition, clarification of the pathogenic mechanism by the type III secretion system is expected to lead to the development of therapies that do not use antimicrobial agents."


																														
																				
																						More information:
												Jayedul Hassan et al, A plasmid-mediated type III secretion system associated with invasiveness and diarrheagenicity of Providencia rustigianii, mBio (2024). DOI: 10.1128/mbio.02297-24
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Plankton balloon to six times their size in newly discovered mode of oceanic travel
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                This photograph shows two big and two little Pyrocystis noctiluca. Credit: Prakash lab / Stanford University
            
        

    


Many plankton journey from the cold, dark depths of our oceans to the surface, only to eventually drift down again into the darkness in a perpetual rhythm. Yet, how single-celled phytoplankton, most of which have no appendages to help them swim, make this pilgrimage has remained a mystery.



										      
																																	In a paper published October 17 in Current Biology, researchers describe a species of bioluminescent phytoplankton, called Pyrocystis noctiluca, that balloons to six times their original size of a few hundred microns.

This massive inflation allows the plankton to journey up to 200 meters toward the ocean's surface to capture sunlight, then sink back, showcasing a unique strategy for long-distance ocean travel.

Phytoplankton are, on average, 5-10% heavier than seawater, meaning that if they want to remain at the surface to photosynthesize, they have to find a way to best gravity.

"We decided to work on things that seemingly have no appendages to swim," says senior author Manu Prakash, a marine biologist and bioengineer at Stanford University.

"What we have discovered in this paper is that these P. noctiluca cells are like little submarines that can control their density so precisely that they can choose where they want to be in the water column."

On a research vessel off the coast of Hawaii, Prakash and a postdoctoral fellow at Stanford University, Adam Larson , one of the first authors on the study, stumbled upon a bloom of P. noctiluca and surprisingly found two very different sizes in their nets.

"It took a while to piece together why until we recorded the videos where we saw the cells doing this massive inflation," says Larson. "It can happen quite suddenly, so if you sleep by the microscope for 10 minutes, you might miss it."



    
    
    
        
        
    
         
             
         

        This video shows dividing Pyrocystis noctiluca. Credit: Larson et al./Current Biology
  

To test what effects this rapid growth might have on the plankton, the research team utilized their novel "gravity machine."

"The gravity machine allows us to see a single cell at subcellular resolution in an infinite water column," says Prakash.


																																						
    
     




																																			"It's a little bit like a Ferris wheel for gerbils or mice but for a single cell. It's the size of a dinner plate and rotates, so the cell doesn't know that it's not climbing or sinking in its own frame of reference."

By altering water pressure and density within the gravity machine, the team can create a virtual reality environment mimicking the ocean's depths. With the machine, the team discovered that inflated cells were less dense than the surrounding seawater, letting them escape the downward pull of gravity and float toward the virtual surface.

Further investigation showed this expansion happens as a natural part of the plankton's cell cycle. Once a single-celled plankton divides into two, an internal structure called a vacuole, a kind of flexible water tank, filters in fresh water, causing the two new cells to massively grow in size.

These two daughter cells, now swelled with the lighter freshwater, sail upward. "What we realized is that this is a very clever way to essentially slingshot in the ocean during cell division," Prakash says.

"So, what happens during normal time? You're making a lot of proteins, you have tons of sunlight, and you make a lot of biomass until you get heavier and you sink. Then, you do cell division in the deeper waters and use inflation to get back to the size of the mother."


																																			The entire cell cycle takes roughly seven days, coinciding with the plankton's vertical pursuit of light and nutrients. "You can then see how this cell cycle could have evolved," says Prakash.

"I think this is the first time we have clear evidence that the cell cycle, which is such a fundamental mechanism of controlling a cell and cell division, is possibly controlled by an ecological parameter."



    
    
    
        
        
    
         
             
         

        This video shows the Pyrocystis cell cycle. Credit: Larson et al./Current Biology
  

With these insights in mind, using a theoretical framework, the team discovered the ecological parameter acting as a fundamental limit driving this evolution.

"All cells experience a gravitational pull downward, and unless they or subsequent progeny fight back, they will sink forever to the bottom of the ocean in a gravitational trap," says postdoctoral fellow Rahul Chajwa, the other first author of the study, also at Stanford University.

Now, using the results from the gravity machine, as well as their ecological and physiological observations, the research team has developed a mathematical framework that could be generalized and applied to all plankton in the ocean.

For future projects, Prakash's lab is looking to uncover hidden mysteries of a vast number of plankton that may use the new biochemistry to regulate density and move up and down the water column.

"We have roughly around 600 species in our Behavioral Atlas right now, and we are systematically measuring all kinds of mechanisms. It's turning out that there are four or five different tricks all co-evolving for this function. I think one of the threads that's really fun is that we have a long list of organisms to study; because there are millions of species that live in the ocean, this is the tip of the iceberg."

Hongquan Li, a graduate student in the Prakash lab, is also an author on the study.


																																																					
																				
																						More information:
												Inflation induced motility for long-distance vertical migration, Current Biology (2024). DOI: 10.1016/j.cub.2024.09.046. www.cell.com/current-biology/f ... 0960-9822(24)01287-9
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                Living cells are multifunctional and ecological materials that promise future technologies in various domains, including robotics. Credit: Miriam Filippi, Soft Robotics Lab, adapted
            
        

    


Miriam Filippi, a researcher in the field of soft robotics working on developing bioinspired artificial muscle tissues, believes we can make human activities more ecologically sound by harnessing the power of living cells for bio-hybrid materials.



										      
																																	Filippi's paper is published in the journal Trends in Biotechnology.

Possible applications range from biomedicine and robotics to civil engineering and environmental protection. Filippi's vision is driven by the fact that biological cells are miniaturized systems in which an incredible multitude of functions are condensed that non-living materials don't have--such as senses, adaptability, biosynthesis, and self-replication.

Fabricating structures using living cells, otherwise known as biofabrication, has long been a subject of fascination for researchers. The term emerged from biomedicine, where 3D printing of organs is widely researched for its potential in the medical treatment of severe human pathologies.

Today, scientists can assemble living cells from mammals to rebuild pieces of tissue in the lab to study biology, to replace parts of the human body that have been damaged and to test drugs.

They can also make animal tissue that we can eat (such as in vitro meat), use cells to detect substances, clean contaminated environments and employ bacteria to close cracks in walls. They can even use cells to build microrobots that nimbly navigate complex environments or to study the motion of living beings without relying on animal experimentation.

Intriguingly, living cells are made of soft, biodegradable components and can autonomously replicate themselves. They extract energy from glucose and other eco-friendly fuels, function silently and with a high degree of energetic efficiency. Thus, borrowing cells from nature is not just a leap forward in technology but a step towards a more environmentally friendly future, as the resulting bio-hybrid systems can perform tasks more efficiently and sustainably than their purely synthetic counterparts.

However, the way in which bio-hybrid systems are produced in the lab generally involves a lot of trial and error, which is resource-, energy- and labor-intensive.

To engineer a tissue, we need to use expensive materials and technologies and to precisely control the environmental conditions that allow the cells to survive, says Filippi. Conventional biofabrication approaches generate a lot of waste and use a huge amount of energy. To unlock the sustainability potential of living materials, we should rethink the way we "biofabricate" by designing more ecologically intelligent and productive processes.


    
    
    
        
        
    
         
             
         

        Bioprinting of perfusable skeletal muscle tissue. Credit: Miriam Filippi and Moritz Hocher / Soft Robotics Lab
  



																																						
    
     




																																			From trial and error to prediction

To make biofabrication sustainable, Filippi says we should refine production processes to make them as effective as possible. Selecting sustainable component materials and applying high-precision, automated fabrication methods can help us limit the amount of resources consumed, waste generated and energy used.

The most efficient approach to making biofabrication green is to select successful protocols before embarking on any activity in the lab. This is where computer simulation can really help. By modeling complex biosystems, researchers aim to predict the outcome of biofabrication processes a priori and identify a winning strategy to make artificial tissue with the desired properties in a few iterations or even at the first attempt.

Machine learning will play a crucial role in handling the difficult simulation of biological complexity. The models obtained will reveal the optimal conditions for successful biofabrication.

Shifting from a process of trial and error to computationally target-optimized approaches is the key to minimizing resource and energy consumption and to creating biosystems that meet pre-defined needs in an efficient and scalable manner.

Filippi's vision for the future

If we manage to use in silico prediction to guide the design and production of biofabricated systems, we can imagine a bio-hybrid future in which buildings can repair themselves, adaptive robots can sense and respond to a complex environment and medical implants can integrate seamlessly with the body--all created through sustainable biofabrication processes.

Filippi believes that by harnessing the power of living materials and using advanced computational techniques, we can responsibly create bio-hybrid systems for a more sustainable and resilient world and enhance the quality of human life while reducing our environmental footprint.


																																																					
																				
																						More information:
												Miriam Filippi et al, Sustainable biofabrication: from bioprinting to AI-driven predictive methods, Trends in Biotechnology (2024). DOI: 10.1016/j.tibtech.2024.07.002
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Marine experts challenge reliability of vessel strike prediction models
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                Whale breaking the surface of the water. Credit: Mads Peter Heide-Jorgensen.
            
        

    


A new study has raised questions about current approaches to predicting the risk of vessel strikes on whales.



										      
																																	Led by researchers at Heriot-Watt University in Edinburgh, Scotland, an international team of scientists compared eight models currently in place to assess and forecast the risk of ships colliding with whales. The study reveals notable inconsistencies in the results across the different models.

The paper, titled "Not all maps are equal: Evaluating approaches for mapping vessel collision risk to large baleen whales", was published Oct 17 in the Journal of Applied Ecology and is part of a wider four-year project.

Most reports of vessel collisions involve large whales but all species can be affected. Globally, strikes are under-reported and can often go undetected, particularly when they involve large vessels. Collisions can result in animals being injured or killed, and vessels may also sustain substantial damage.

Approaches for identifying areas of high collision risk have been used by marine managers and policy makers for more than 20 years to try to understand where vessels are more likely to encounter large marine life and explore where it might be most effective to deploy management measures to reduce the risk of fatal collisions.

Once an area is identified as being of high collision risk, steps such as slowing down vessels and moving them away from areas where there is a high likelihood of them encountering whales are just some of the ways that have been shown to be effective at reducing incidents.


																																						
    
     




																																			For the first time, this study has considered how using different approaches for evaluating strike risk has consequences for areas identified as high risk. The significance of these findings could hold global implications for the management of vessel traffic.

Emily Hague is the lead author and a researcher from the Institute of Life and Earth Sciences at Heriot-Watt University.
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She said, "In this paper, we looked at the different methods that exist to map collision risk and found that they came up with similar, but fundamentally different, predictions. Some approaches identified the same places as being 'high risk,' whereas other models identified quite different locations or sizes of areas.

"These methods have previously been seen as interchangeable, which we show is not necessarily the case."

She continues, "We hope to improve transparency surrounding whale-collision risk mapping, so managers and policymakers know the limitations and strengths of each approach and can consider the best approach and type of data they need for their particular area and requirements."

"We hope this work can contribute to the body of work that is working towards reducing ship strikes to whales, and ultimately aiding their conservation."

The paper compares existing methods for predicting vessel strikes including the most-up-to-date techniques.

The team used the same datasets to compare the outputs of each of the different approaches. These included data on the distribution of the whales in the study area and data on the vessels that were present over a comparable period.


																																			Dr. Lauren McWhinnie, who is an Assistant Professor at Heriot-Watt University and the project lead, explains why there is a need for accurate modeling.
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                Picture of a whale beneath the surface. Credit: Fisheries and Oceans Canada
            
        

    



"The reality is we've got lucky and now have a second chance with these animals after commercial hunting pushed many species to the brink of extinction," she said.

"Fortunately, there are many species now showing signs of recovery but our maritime sector has largely evolved without the presence of large whales in any great numbers. This has meant that we are only now starting to understand how these animals might be impacted by human activities such as shipping"

"In the future, if we want to try and ensure the further recovery of these species, then we need to put in place measures to mitigate against modern-day risks that pose a threat to whale survival. We know that for some populations of whales, vessel strikes are one of the primary threats to their recovery, so we need to be proactive and take the steps needed to protect them."

The authors highlight the importance of careful consideration when deciding upon which approaches are most appropriate to use for predicting vessel collision risk. These choices, the paper explains, have substantial implications on the areas identified by risk maps and could have subsequent implications for management or policy decisions arising from the results.

Emily concludes, "It's important that we use the best available data and models so that we can better inform shipping companies how they can minimize the likelihood of colliding with whales."


																																						
    
     




																																			Vessel strikes are one of the greatest threats to a whale's life. With the number of ships rapidly increasing to keep pace with global demand for goods, the issue is only set to get worse.

However, there is a growing political willingness to take action to protect the oceans and its habitats, with the UN Ocean Decade underway, and the International Maritime Organization (IMO) increasingly working with the shipping industry to ensure heavily trafficked areas do not affect large whales.

The study involved contributions from international researchers, scientists and organizations, including the Wildlife Conservation Society in Canada, the School of Earth and Ocean Sciences at the University of Victoria, the Department of Geography, Environment, and Geomatics at the University of Ottawa, Fisheries and Oceans Canada, the Greenland Institute of Natural Resources, Transport Canada, the School of Biological Sciences and School of Geosciences at the University of Aberdeen, the National Decommissioning Center, and the Department of Geography at the University of Victoria.


																																																					
																				
																						More information:
												E. L. Hague et al, Not all maps are equal: Evaluating approaches for mapping vessel collision risk to large baleen whales, Journal of Applied Ecology (2024). DOI: 10.1111/1365-2664.14794
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Artificial nests boost penguin breeding success, but there's no one-size-fits-all design
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                African Penguin & double-layered ceramic artificial nest. Credit: Lorien Pichegru
            
        

    


Artificial nests can boost the breeding success of endangered African penguins, but different designs are more effective at different colonies, according to a study by an international team of researchers from South Africa and the UK. The findings are published in Ecological Solutions and Evidence.



										      
																																	A new study, led by researchers at Nelson Mandela University, which monitored the breeding success of African penguins for 12 years across South Africa has found that artificial nests outperformed natural nests and increased breeding output by 16.5%.

However, the researchers also discovered that no single style of artificial nest was the most effective across penguin colonies, with each type having strengths and weaknesses. The newly designed, double layered ceramic nests were generally the most effective type of nest compared to earlier designs, but this was not universal.

Professor Lorien Pichegru, at the Institute for Coastal and Marine Research, Nelson Mandela University, and lead researcher said, "The most effective designs of artificial nests were colony-specific, with different colonies facing different threats.

"Penguins at land colonies such as Boulders Beach face threats from mammals, whereas penguins at colonies devoid of vegetation such as Bird Island face sun exposure. Different artificial nest designs were more suited to responding to different threats."

The results show that artificial nests can be an effective conservation measure for African penguins, but because there isn't a one-size-fits all design, colony-specific conservation strategies are required.


																																						
    
     




																																			The continued decline in African penguin numbers means that further conservation action is needed beyond artificial nests, primarily through increasing food availability.

"The main causes of the recent decline in African penguin numbers are poor food availability, oil spills, underwater noise pollution and predation," explained Professor Pichegru. "Biologically meaningful fishing exclusion zones around their major colonies are urgently needed."

African penguins are one of the most threatened seabird species globally and face an extremely high chance of becoming extinct. Populations have declined by 90% in the last 70 years to around 8,500 breeding pairs.

To combat a lack of nesting habitat for these burrowing seabirds, which leaves them vulnerable to predators and extreme weather, artificial nests have been deployed at various colonies in South Africa for over 30 years.

In this study, the researchers looked at the breeding success of African penguins over a 12-year period at the eight largest African Penguin colonies in South Africa. The researchers checked both natural nests and four types of artificial nests weekly from when eggs were laid until chick fledgling or nest failure.

The artificial nests included the newly designed ceramic nests which have slanted roofs and 5cm airgap between layers, A-framed pine plywood nests (the oldest design), cement nests made of a mixture of fiberglass and cement, and fiberglass burrows which mimic the shape of natural penguin burrows.


																																			The researchers warn that breeding success in natural nests may have been slightly underestimated in the study due to the logistical challenges of monitoring them. Natural nests monitored for breeding success are often chosen in accessible areas to reduce disturbance and therefore can be more exposed to weather and predators.

"We also weren't always able to follow the fate of individual birds or breeding pairs closely over multiple years in this study," said Dr. Richard Sherley, a co-author from the University of Exeter.

"That means we can't be certain how much of the benefit we measured comes from the 'best' penguins actively choosing to breed in artificial nests. So, it would also help conservation strategy if we could understand what makes an artificial nest attractive to penguins or not," he added.

Professor Pichegru agreed that future research in this area could make artificial nest designs even more effective. "Understanding the mechanisms by which artificial nests improve breeding success at different colonies could help to improve future artificial nest designs. For instance, is it improved protection from predators, is it decrease heat loads on eggs or something else?"


																																																					
																				
																						More information:
												L. Pichegru et al, Decades of artificial nests towards African penguin conservation--Have they made a difference?, Ecological Solutions and Evidence (2024). DOI: 10.1002/2688-8319.12388
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Artificial nests boost penguin breeding success, but there's no one-size-fits-all design (2024, October 17)
												retrieved 17 October 2024
												from https://phys.org/news/2024-10-artificial-boost-penguin-success-size.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/2024-10-artificial-boost-penguin-success-size.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Soil's secret language: Researchers decode plant-to-fungi communication
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                For the study, Lumba and her fellow researchers investigated why and how fungi respond to SLs. Eighty percent of plants rely on this symbiotic relationship, and enhancing the interaction with beneficial fungi could lead to hardier crops and higher crop yield, reducing the need for fertilizers. This in turn would reduce phosphate runoff into water systems and lower the production of greenhouse gases. Credit: Molecular Cell (2024). DOI: 10.1016/j.molcel.2024.09.004
            
        

    


Researchers at the University of Toronto have cracked the code of plant-to-fungi communication in a new study published in the journal Molecular Cell.



										      
																																	Using baker's yeast, the researchers discovered that the plant hormone strigolactone (SL) activates fungal genes and proteins associated with phosphate metabolism, a system that is key to growth. This insight into how fungi respond to chemical signals at the molecular level could lead to new strategies for cultivating hardier crops and combating disease-causing fungi.

"As we begin to understand how plants and fungi communicate, we will better understand the complexities of the soil ecosystem, leading to healthier crops and improving our approach to biodiversity," says Shelley Lumba, senior author and assistant professor in the department of cell and systems biology at the University of Toronto.

In the soil, plant roots engage with fungi in a silent molecular "language" to direct their structure. When plants release SLs, they signal fungi to attach to their roots, providing phosphates--the fuel plants need to grow, and a major component of most fertilizers--in exchange for carbon.

For the study, Lumba and her fellow researchers investigated why and how fungi respond to SLs. Eighty percent of plants rely on this symbiotic relationship, and enhancing this interaction with beneficial fungi could yield hardier crops, reduce fertilizer use, and minimize phosphate runoff into waterways.


																																						
    
     




																																			In other cases, disease-causing fungi can exploit chemical cues to infect crops, sometimes wiping out entire harvests. Understanding this chemical language could also help block such pathogens.

Due to the complexity of the soil ecosystem, scientists couldn't identify the specific chemicals that encourage beneficial fungi, or the effects of these signals, until now. Lumba and her team cracked the code with baker's yeast, a quieter fungus that has been domesticated by humans for millennia. The easy-going ways of modern strains make them well suited to the lab.

The researchers treated yeast with SLs and observed which genes were turned off and on in response. They found that this chemical signal increased the expression of genes labeled "PHO" that are related to phosphate metabolism. Further analysis showed that SLs function through Pho84, a protein on the surface of yeast that monitors phosphate levels, activating a cascade of other proteins in the phosphate pathway.

The researchers determined that plants release SLs when starved for phosphate, signaling the yeast to change its phosphate uptake.

They found the phosphate response to the SL signal holds true not only for domesticated fungi like baker's yeast but also for wild fungi, specifically the detrimental wheat blight Fusarium graminearum and the beneficial symbiotic fungus Serendipita indica.

"Gene expression as an output from chemical treatment is key to this approach--it identifies the effect of the SL response on fungal growth," says Lumba.

Scientists can use this straightforward method to systematically identify plant-derived small molecules that communicate with fungi. Enhancing the interaction with beneficial fungi could lead to advances in agriculture and mitigate pollution and food insecurity.

"The potential impact of this research can improve the lives of so many," says Lumba. "It's about healthy soil for a healthy planet."


																																																					
																				
																						More information:
												James M. Bradley et al, Modulation of fungal phosphate homeostasis by the plant hormone strigolactone, Molecular Cell (2024). DOI: 10.1016/j.molcel.2024.09.004
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                The Cedars serpentinization site and in situ filtration. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-48185-5
            
        

    


RIKEN scientists looking for clues to the origins of life on Earth have discovered a new microbe that may shed light on how organisms first developed on Earth, the search for life elsewhere in the universe and how to improve microbial factories.



										      
																																	Their research, conducted in the rugged, deep-water-fed springs of northern California, uncovered a microorganism that converts carbon dioxide into other chemicals. This process not only generates energy, but employs a previously unknown metabolic pathway, suggesting novel methods of carbon fixation that may mimic the earliest forms of energy metabolism on our planet.

The findings are published in the journal Nature Communications.

"It's really unusual," says Shino Suzuki, the study's lead author and a microbiologist who heads the Geobiology and Astrobiology Laboratory at the RIKEN Cluster for Pioneering Research in Wako, Japan.

The unusual conditions in which the microorganisms live could be a candidate for the sort of environment in which life on Earth originated, so this new kind of carbon fixation "could represent one of the earliest energy conversion processes of primitive life," says Suzuki. It turns out, it might also be able to be harnessed to boost the microbial manufacturing of chemicals and biofuels.

Life origin clues

The microbe, a type of single-celled life form known as an archaeon, comes from an otherworldly ecosystem called The Cedars. Situated about 150 kilometers north of San Francisco's iconic Golden Gate Bridge, this geological treasure is characterized by bizarre mineral formations caused by certain underground rocks reacting with water.
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                An unusual microbe has been found at an ecological area called The Cedars in California in the United States. The microorganism lives in deep groundwater in the area and produces energy via a highly efficient pathway in which carbon dioxide is converted to an organic molecule called acetate. Credit: RIKEN
            
        

    



This process creates waters that are rich in calcium, hydrogen and methane gas, but lacking in other ingredients typically necessary for life. Life thrives there nonetheless.

About 15 years ago, Suzuki and her collaborators started characterizing microbes in this hostile environment, using advanced genetic sequencing techniques to identify bacteria and archaea within these uncharted realms. They encountered a variety of exotic microbes, each with distinct genomic features and metabolic functions.


																																						
    
     




																																			Some fed on hydrogen, while others consumed dissolved minerals in the alkaline waters. Yet perhaps none was more bizarre--and fascinating--than Met12.

Met12 is an abundant archaeon that lives in the deep groundwaters of The Cedars. Genetic analyses revealed that it is closely related to a group of anaerobic microbes known for their ability to produce methane as a byproduct of their metabolism. And yet, Met12 lacks the genes needed to make methane.

Instead, the microbe relies on an alternative metabolic pathway in which carbon dioxide is converted to an organic molecule called acetate, without any methane released in the process. Notably, it is assisted in this operation through a unique gene called MmcX.

This gene, as Suzuki and her team showed, helps boost the electron-importing capacity of Met12, enabling more robust energy metabolism. This adaptation is critical for the microbe to flourish in terrain such as The Cedars that, at first glance, would appear to be utterly inhospitable to such life.

According to Suzuki, the discovery showcases a form of life adapting to extreme environments in unexpected ways, a finding that could reflect how primitive or even extraterrestrial life arose under the kinds of harsh conditions thought to exist on early Earth or other planets. "This could give some insights into the origin of life," Suzuki says.

When Suzuki, along with collaborators from the United States, Denmark and elsewhere in Japan, first discovered Met12, they didn't believe their own findings. "I doubted myself," Suzuki says. "I thought I had made a mistake."

With only gene sequences available, they had to use a method process to reconstruct the circularized genome of the microbe. Culturing Met12 in the laboratory proved challenging, so they couldn't verify its existence through traditional microbiological methods. Turning to synthetic biology, the researchers had to use creative verification methods to convince themselves that the organism was real.

They inserted the MmcX gene into a rod-shaped bacterium, genetically engineered not to feature electron transfer activity. This tweak helped to rescue the microbe's electron-uptake abilities, even to the point that it surpassed normal levels. With further experimentation, the researchers inferred how Met12 is capable of exploiting these electrons to facilitate energy metabolism, with carbon dioxide as the primary fuel source.
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                Phylogeny and 3D structure of 4-heme c-type cytochrome MmcX of the Met12. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-48185-5
            
        

    





																																			Energetic excitement

The discovery has practical implications. The bacterium in which they enhanced metabolic activity and versatility is commonly used to make biofuels. Using MmcX, Suzuki hopes to improve the efficiency of genetically engineered microbes that rely on electron transfer to help manufacture chemicals and biofuels. Their innovation has led to the filing of a patent for this molecular technology.

The characterization of this archaeon could also aid in carbon sequestration, which is a priority for mitigating emissions to slow the pace of climate change.

The possibilities for innovation don't end with MmcX. Suzuki anticipates further exceptional discoveries will follow from additional exploration of The Cedars and investigation of other unique environments with untapped reservoirs of genetic diversity.

Her team is now searching for extremophile organisms in places such as the Hakuba Happo hot springs in the Japanese Alps, a high-alkaline hot spring hosting similar conditions to The Cedars, and the underwater volcanoes of the world's deepest marine trench, the Mariana Trench, located in the western Pacific Ocean.

"There are a lot more interesting genes that have not yet been uncovered," she says.


																																																					
																				
																						More information:
												Shino Suzuki et al, A non-methanogenic archaeon within the order Methanocellales, Nature Communications (2024). DOI: 10.1038/s41467-024-48185-5
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Cats associate human words with images, experiment suggests
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A small team of animal scientists at Azabu University, in Japan, has found via experimentation that common house cats are capable of associating human words with images without prompting or reward. In their study, published in the journal Scientific Reports, the group tested volunteer cats looking at images on a computer screen to see if they form associations between the images and spoken words.



										    
																					Prior research has shown that cats know when a human is speaking their name--they respond in ways that are different than when hearing other words.

Other experiments have shown that they are able to match photos of people they know to their names. In this new effort, the researchers found that cats may be able to understand many of the words spoken to them.

To find out if cats have the ability to match a word to an object, the research team enlisted the assistance of 31 volunteer adult house cats. Each was given a word test originally designed to learn more about word association in growing human infants. It involves being shown short animations.

While the image is displayed, a nonsensical word is broadcast. Each cat saw two such animations--one was accompanied by the word "keraru," the other "parumo." The videos were played on a loop until the cats looked away.
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                Schematic diagram of the Experiment. Credit: Scientific Reports (2024). DOI: 10.1038/s41598-024-74006-2
            
        

    



After giving each cat a break, each was once again placed in front of the computer screen and the same two animations were shown on a loop. But this time, the spoken words were reversed.

As the cats watched the videos, the researchers watched the cats.

They found that they stared longer when hearing the word than during the original broadcast--some even showed pupil dilation. Both were signs that the cats were confused by the switch-up and were looking intently to find an explanation, evidence that they had associated the words with the images on the computer screen, even in the absence of a reward.

This finding, the team suggests, indicates that it is likely that cats commonly associate words they hear from humans with objects in their environment.


																														
																				
																						More information:
												Saho Takagi et al, Rapid formation of picture-word association in cats, Scientific Reports (2024). DOI: 10.1038/s41598-024-74006-2
																						
																						

																					

                               											
																															 
												  (c) 2024 Science X Network
											 

										                                        
										
										
											 
												Citation:
												Cats associate human words with images, experiment suggests (2024, October 17)
												retrieved 17 October 2024
												from https://phys.org/news/2024-10-cats-associate-human-words-images.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/2024-10-cats-associate-human-words-images.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: aquaculture]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


The global aquaculture industry has tripled in size since the year 2000, with producers raising a mind-boggling diversity of species, from seaweeds and clams to carp, salmon and cuttlefish. Many of these creatures are undomesticated and lead complex and highly social lives in the wild.



										      
																																	The rapid growth in aquaculture means that billions of individual aquatic animals are now being farmed without basic information that could help ensure even minimal welfare standards. Our newly published study shows that these welfare risks are not uniform: Aquaculture is likely to have severe effects on welfare for some species, but negligible impacts on others.

Whenever humans manage animals on a large scale, welfare becomes a concern. As experts on aquatic animals and their welfare, we believe that taking proactive measures to shape the aquaculture industry's growth will be critical for its long-term success.

Complex aquatic lives

In a wide-ranging review of the existing science, we identified seven risk factors in fish and other sea creatures that would be challenging or impractical to accommodate in captivity. They include 1) migratory behavior, 2) solitary social structures, 3) long life spans, 4) carnivorous feeding habits, 5) cannibalism, 6) living at depths of 165 feet (50 meters) or more, and 7) elaborate courtship or involved parental care.



    
    
    
        
        
    
         
             
         

        A cuttlefish tackles a challenge originally designed for human children, demonstrating cephalopods' complex cognitive processes.
  

We researched these characteristics for each of the more than 400 species currently farmed in aquaculture. Our analysis found that many species of fishes, reptiles and amphibians are likely to suffer in aquaculture because they won't be able to engage in their natural behaviors in farmed conditions. The same is true for crustaceans such as lobsters and for cephalopods such as cuttlefish.


																																						
    
     




																																			In contrast, aquatic plants and other invertebrates such as oysters would experience fewer differences between their life in the wild versus in a tank, pond or other aquaculture production system.

We also found that species most at risk are among the most expensive on the market but contribute the least to global production. By shifting toward species whose behaviors and life habits are more compatible with aquaculture, the industry could minimize animal welfare risk while also keeping prices down and production quantities high. In other words, protecting aquatic animal welfare is compatible with producing affordable, nutritious food.

Animal welfare in the water

Research shows that many aquatic animals are intelligent, emotional, curious, highly social and have strong preferences. Like land animals, they can suffer if their needs aren't met.

Consider, for example, the bumphead parrotfish (Bolbometopon muricatum), which is currently farmed in aquaculture. Bumpheads live up to 40 years and travel several kilometers each day in large foraging troops, searching for live coral. On full moons, they come together in the hundreds to spawn and engage in ritual head-bumping contests between the males, like an aquatic version of bison.



    
    
    
        
        
    
         
             
         

        Divers observe a feeding school of bumphead (also referred to as humphead) parrotfish on Australia's Great Barrier Reef.
  

It would be very difficult and expensive to accommodate this species' long life span, large range, complex foraging behavior and dynamic social relationships in the highly restrictive and monotonous environments of aquaculture.


																																			We also found examples of invertebrate animals with similarly elaborate ways of life. One example is the red swamp crayfish (Procambarus clarkii), a comparatively small crustacean that builds elaborate tunnel and chamber systems underground. Females care attentively for their tiny offspring, fanning, cleaning and feeding juveniles for up to four months after they hatch.

In contrast, plant species farmed in aquaculture, such as seaweeds and water spinach (Ipomoea aquatica), are nutritious, protein-rich foods that can be raised without posing direct animal welfare concerns.

In 2021 alone, 56 species were farmed for the first time. By identifying species that may naturally adapt better to life in captivity, aquaculture producers and policymakers can steer their industry toward a more humane future.

This approach is already finding support in the U.S., where Washington and California have banned octopus farming. The states acted partly in response to research showing that octopuses are intelligent, curious, social animals that can solve problems and recognize individual people--qualities that are incompatible with being raised en masse for food.

More research is needed to understand the lives and behaviors of other sea creatures that are currently farmed or targeted for production in the future. Most of these species remain understudied and mysterious, which makes it hard to make informed decisions about whether they are suitable for farming.

Better data could contribute to aquaculture policy, while also boosting public appreciation for the diversity and intricacy of life on a planet that is 70% aquatic.
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We know that boys and girls are produced in much the same frequency. But how--and why--is this 1:1 ratio achieved?



										      
																																	A new paper searches huge human data sets for gene variants that throw the 1:1 sex ratio off balance, and test the biological and theoretical rules of sex ratio.

What produces the 1:1 sex ratio?

Early scientists credited divine providence with ensuring that "every male should have its female".

Of course, we now know that sex chromosomes are the real determiners of sex. Females have two X chromosomes; males have a single X and a male-specific Y.

The Y carries a male-determining gene called SRY, which kickstarts the differentiation of a ridge of cells into a testis. The embryonic testis makes male hormones which direct the embryo to develop as a boy. Without SRY, an alternative pathway is activated that makes an ovary, and the embryo develops as a girl.

The 1:1 ratio results from the way the X and Y chromosomes are doled out in sperm and eggs. Our cells all have two sets of chromosomes that constitute our genome, one set from each parent. A special type of cell division makes sperm and eggs with just a single set of chromosomes, so that a fertilized egg once again has two sets (one set from the sperm and the other from the egg).

So sperm all get a single copy of each chromosome--and just one sex chromosome, either an X or a Y. XX females make eggs with a single chromosome set, all of which carry an X.

When a sperm fertilizes an egg, the sex chromosome the sperm carries determines the sex of the baby. Embryos that receive one X from the mother and another X from the father are destined to be XX girls, and embryos that receive a Y-bearing sperm will develop as XY boys.

So the 1:1 XY ratio in sperm should produce a 1:1 ratio of XX girls and XY boys.


																																						
    
     




																																			Sex ratio variation

But there are lots of exceptions to a 1:1 ratio in the animal kingdom. There are genetic mutations that subvert the orderly segregation of the X and Y, or that preferentially kill male or female embryos.

Why should the sex ratio be stuck at 1:1 anyway? After all, a few males can fertilize the eggs of many females.

Indeed, for many animals, unequal sex ratios are the norm. For instance, the mouse-sized marsupial Antechinus stuartii produces only 32% males, even when assessed at birth (so it's not that male babies die more often).

Many birds have sex ratios far from 1:1, and some show very specific adaptations that make ecological sense. For instance, the second kookaburra chick to hatch, facing a lower chance of survival, is usually a female, the sex most likely to survive.

And there are systems of non-standard sex chromosomes. Polar mammals and strange rodents, for instance, are famous for systems in which a mutant X chromosome quashes SRY to form fertile XY females, or a mutated version of SRY doesn't work. In these species, females predominate, which makes sense for mammals that have to get all their breeding done in a short summer.

Insects take the cake. An extreme case is a kind of mite that produces a ratio of 15 females to 1 male. In many fruit fly species, 95% of sperm carry the X chromosome, so the progeny are largely female.


																																			Why a 1:1 sex ratio in humans? Fisher's principle

So if sex ratio is so malleable, why have humans (and most mammals) gone for a 1:1 ratio? The great British statistician Ronald Fisher proposed that the ratio is self-correcting and will tend to 1:1 unless there are evolutionary forces that select for distortions.

The argument is simple. Given every baby must have a mother and a father, if there is a deficiency in one sex, the parents of the rarer sex will have more grandchildren than parents of the more common sex.

For instance, if males are the rarer sex, parents who by chance produce more sons than daughters will leave more grandchildren than those that produce more daughters than sons. As a result, son-producing genes will get a boost until parity is reached.

So do we see measurable and heritable departures from 1:1 in the family sex ratio of human sons to daughters? What about Fisher's principle--is there any evidence that strong evolutionary effects are constraining the human population sex ratio to be 1:1?

In the new research published this week, researchers Siliang Song and Jianzhi Zhang from the University of Michigan conducted an exhaustive examination of huge human data sets from the United Kingdom and found the answer is an emphatic no. They did identify two genetic variants that affected sex ratio, but these seemed not to be passed on through families.


																																						
    
     




																																			So why do humans obey the 1:1 rule? Is it just statistical artifact, because any one family has relatively so few children that even large departures from a 1:1 ratio get evened out across many families?

Some families have the gene variants to produce more sons than daughters, but other families produce more daughters than sons. Song and Zhang's analysis suggests this high variability is part of the problem for demonstrating any systematic bias.

Another possibility is that humans face special evolutionary constraints. Perhaps the human tendency for monogamy places additional evolutionary pressure on humans to adhere to Fisher's principle in a way that does not apply to other animal species.

Whatever the answer, this paper by Song and Zhang raises many intriguing questions, and will be a stimulus to further research on the longstanding and fascinating question of parity in the human sex ratio.
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												Siliang Song et al, In search of the genetic variants of human sex ratio at birth: was Fisher wrong about sex ratio evolution?, Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2024.1876
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As the latest global biodiversity summit gets underway in Colombia, finance for the conservation and restoration of nature is one of the key themes of negotiations.



										      
																																	Global wildlife populations have shrunk by an average of 73% in the past 50 years, according to the 2024 Living Planet report. Consequently, momentum is growing worldwide to deliver new nature markets, such as biodiversity credits, to unlock new sources of funding.

Basically, nature markets are systems of exchange that match demand for nature regeneration with a supply of nature-positive projects.

But this creates risks, as well as opportunities, for Indigenous peoples. Without due care for data sovereignty, Indigenous communities may lose out yet again.

Nature markets could enable Indigenous peoples to fulfill their duties of guardianship. But such markets could also forge a new form of colonialism, including enclosure and appropriation of habitats and species that Indigenous peoples have traditional connections to.

This can occur overtly through formalization of property rights over species, ecosystems and associated lands or waters. For example, efforts to reduce emissions from deforestation (REDD+) in developing countries have been troubled by instances where Indigenous communities were dispossessed from ancestral lands, alienated from place-based traditions or excluded from the commercial benefits of carbon trading.

The current surge for nature markets is attentive to these risks, with international commitments to avoid such mistakes. Yet the processes of colonialism can be less overt and more insidious.


																																						
    
     




																																			Indigenous data

One neglected area is Indigenous data. This relates to traditional and cultural information, population data, oral histories and ancestral knowledge relating to the environment and natural resources.

If care is not taken with Indigenous data, there are serious risks of reproducing colonialist patterns of exploitation.

Data represents reality. Data helps decision makers to know whether their interventions are effective, even when they are far away from the ecosystems being protected or restored.

If data are accurate, authentic and timely, a funder does not need to set foot in a remote habitat to know whether its carbon stock or native species abundance are improving or declining.

Biodiversity credits represent one way to operationalize a nature market. They are basically a vehicle for data. The emerging methodologies are bundles of metrics and indicators that track biodiversity and ecological function.

The data enable credit holders to make credible claims of biodiversity uplift, or avoided biodiversity loss, as a consequence of credit sales.

As a representation of ecological reality, data are at least one step removed from the habitats and species they represent. This opens up the potential for nature markets to rely on the exchange of verifiable data, without the need to commodify nature itself, and therefore impinge on the ownership rights of Indigenous communities.

However, data are not free from such considerations. To divert data into a system of market exchange raises a different but related set of concerns about ownership, benefit and sovereignty.


																																			The rise of Indigenous data sovereignty

Indigenous data sovereignty is the right of Indigenous peoples to govern the collection, ownership and application of data about Indigenous communities, peoples, lands and resources. It relates to data produced by and about Indigenous peoples and the environments they have relationships with.

Nature and people are precious, so data that represent nature and people are imbued with that preciousness. As Maori practitioner Ngapera Riley has written:

"Data is a taonga (treasure). It's something that people gift us, and that we gift to others as we go about our daily lives. "

In te ao Maori, data come in many forms. This includes whakatauki (proverbs), moteatea (chants), whaikorero (oratory), maramataka (calendar), whakapapa (genealogies), purakau (stories) and increasingly digital forms.

Consequently, we must take great care in how data are accessed, shared, stored and used. This is especially critical in a system of market exchange. The dominant markets of today are profit-driven, creating incentives for appropriation and exploitation.


																																						
    
     




																																			Sovereignty means power

Indigenous peoples are conscious that, while there are risks in data and knowledge sharing, there are also opportunities. Indigenous data and knowledge is a living and evolving system, which can contribute to effective responses to environmental challenges, including the protection and regeneration of biodiversity.

The principles of Indigenous data governance emerged from deliberations about how to protect Indigenous sovereignty when sharing knowledge and data for academic research. These CARE principles hold that Indigenous data should be governed for collective benefit, authority to control, responsibility and ethics.

This is critically important in ecological research, which too often neglects duties relating to data about natural ecosystems and the people who live within them.

It is troubling that the recognition of Indigenous data sovereignty is largely lacking from the discussion of nature markets so far. Unless Indigenous data sovereignty is upheld, the legitimacy of nature markets will likely be irreversibly tarnished.

This is why, in a recent Biodiversity Credits Alliance discussion paper, we included Indigenous data sovereignty as a risk to be identified, understood and managed.

But Indigenous data sovereignty is more than a risk: it is a source of power. It is a right to self-determination, to choose how data are used and their value is distributed. By ensuring this right, nature markets might deliver on their promise of inclusive, sustainable prosperity.


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

										                                        
										
										
											 
												Citation:
												'Nature markets' may help preserve biodiversity--but they risk repeating colonial patterns of Indigenous exploitation (2024, October 17)
												retrieved 17 October 2024
												from https://phys.org/news/2024-10-nature-biodiversity-colonial-patterns-indigenous.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/2024-10-nature-biodiversity-colonial-patterns-indigenous.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										 by Sam Lucy Behle, Beatrix Beisner and Guillaume Grosbois, 										 										 The Conversation
										 									

									
										

    
        
            [image: ice lake]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


Across the tranquil waters of Canada's vast network of lakes and rivers, a quiet invader is on the move. The spiny water flea, Bythotrephes cederstromii, is a microscopic predator that is forever altering the ecological fabric of aquatic habitats in Canada.



										      
																																	Originally from Eurasia, Bythotrephes casts a long shadow over the ecosystems it invades. Its presence in Canadian waters represents an ongoing ecological challenge, one that intertwines the fate of native species with the specter of climate change.

Diminutive and destructive

Despite its name, Bythotrephes is neither a flea nor a parasite.

A member of the crustacean zooplankton family, the Bythotrephes belongs to a group of microscopic arthropods that are near the base of the aquatic food web and related to other crustaceans like shrimp and lobsters.

Its diet primarily consists of other crustacean zooplankton, with herbivores being the preferred food source. By preying on these critical organisms, Bythotrephes can destabilize a local food web. This destabilization leads to a decrease in native fish populations that rely on zooplankton for nourishment.

The Bythotrephes is equipped with a long, barbed tail spine, which makes it difficult prey for most fish, further allowing its populations to grow mostly unchecked in many lakes.

Alarmingly, the Bythotrephes is spreading rapidly.



    
    
    
        
        
    
         
             
         

        The Bythotrephes is well protected against predation and feeds on a number of key species.
  

Human activities, particularly recreational boating and fishing, serve as the primary vectors for this invasive species. Boats and equipment used in infested waters can harbor Bythotrephes' and its eggs, which are remarkably resistant to freezing and drying and able to survive out of water for extended periods of time.

Unknowingly, outdoor enthusiasts can transport these invaders to uninvaded habitats, sometimes seeding new infestations far from the original point of invasion. However, the insidious spread of Bythotrephes is not solely the direct result of human activities but is also exacerbated by climate change.


																																						
    
     




																																			Changing conditions

The Canadian climate has been historically hostile to the Bythotrephes. But as global temperatures rise and weather patterns shift, more and more of Canada is experiencing conditions favorable for the proliferation of invasive species like Bythotrephes.

Warmer water temperatures, in particular, extend its breeding season, allowing for more reproductive cycles within a single year. This amplifies their population growth and colonization potential, hastening their spread across Canadian waters.

Milder winters and earlier ice melt may also enable Bythotrephes to survive and reproduce in regions where it was previously unable to establish populations. These changes in environmental conditions create novel opportunities for Bythotrephes to expand its range and out-compete native species for resources, exacerbating the ecological disruption caused by its invasion.

As we confront the dual challenges of invasive species management and climate change adaptation, it becomes increasingly clear that addressing the spread of Bythotrephes requires a holistic and interdisciplinary approach.


    
    
    
        
        
    
         
             
         

        Commonly viewed as fleas, the Bythotrephes actually possess a number of key differences.
  



																																			Solutions remain

The battle against the spread of Bythotrephes is multifaceted, requiring a blend of scientific research, policy action and public participation. After prevention, monitoring for early detection is critical.

Enhanced surveillance of known potential habitats can help identify new infestations early, enabling quicker actions to contain or eradicate outbreaks.

Public awareness and education are equally important. The adage "clean, drain, dry" should become a mantra for anyone engaging in aquatic recreation. By thoroughly cleaning and drying boats, gear and equipment, individuals can dramatically reduce the risk of transporting Bythotrephes and other invasive species to new locations.

Awareness campaigns can also inform the public about the critical role they play in stopping the spread of invasive species and protecting Canada's aquatic biodiversity.

Investing in research to understand the ecological impact of Bythotrephes and to develop effective control measures is vital. Biological control strategies, habitat restoration and public education programs can all contribute to a comprehensive approach to managing this invasive threat.

The invasion of Bythotrephes in Canada is a stark reminder of the fragility of aquatic ecosystems and the complexity of managing invasive species in the face of climate change. By understanding the impact of Bythotrephes and taking deliberate steps to curb its spread, Canadians can protect their waterways and the diverse life they support.

There is power in informed action and collective will. It is a battle that requires the engagement of all--from scientists and policymakers to local communities and individuals. Together, we can halt the forward march of Bythotrephes cederstromii and preserve the ecological integrity of Canada's precious aquatic ecosystems for future generations.
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Oct. 16 marks World Food Day, a global initiative drawing attention to the "right to foods for a better life and a better future." However, Canada's food and agricultural policies are falling short of this objective.



										      
																																	Canada's current agricultural policies are not serving the well-being of the public. Canada's agricultural program payments and subsidies are not aligned with the government's dietary guidelines and health goals.

Very few agriculture investments go to the production of fruits and vegetables, even though Canadians under-consume them. Instead, financial support overwhelmingly goes to feed crops, agricultural export crops and foods high in saturated fat. This is particularly troubling, given the rise of food and lifestyle diseases in Canada, such as diabetes, obesity, coronary heart disease and high cholesterol.

The health-care costs of diet-related diseases from not meeting the dietary guidelines are at least two percent of all health-care costs in Canada, with some estimates putting it as high as 19 percent. Agricultural policy is not just about food; it influences health, the economy and the environment.


																																						
    
     




																																			Climate change and agriculture

Trying to address greenhouse gas emissions without paying attention to agriculture is like heating your home while not ensuring doors and windows are closed. Agriculture is a big contributor to Canada's greenhouse gas emissions.

As climate change intensifies, bringing more frequent and severe wildfires, droughts, floods, and heat domes , agriculture is being impacted. Instability in weather patterns threatens regional and global social stability and may require Canada to rethink the dominant role of international trade in shaping its current agricultural policies.

Government policies that largely support input-intensive crops and animal agriculture contribute significantly to methane and nitrous oxide emissions and global warming.

Despite these concerns, Canada is not investing strategically or sufficiently in agriculture. Despite $12.5 billion dollars in annual agricultural supports, a surprising portion of Canadian farmers continue to financially struggle to survive. According to the National Farmers Union:

"Over the last three decades, the agribusiness corporations that supply fertilizers, chemicals, machinery, fuels, technologies, services, credit, and other materials and services have captured 95 percent of all farm revenues, leaving farmers just five percent."

In 2016, 66 percent of all farms in Canada were in the revenue class of $10,000 to $249,999. On average, these farms had expenses exceeding their revenue by a large margin.

While Canada spends a large share of its budget on addressing the negative outcomes of how we produce and consume food, there remain greater opportunities for investing in preventive measures that promote a healthier, more sustainable food system. Canada's 20th century agriculture policy regime is woefully insufficient for the challenges of the 21st century.


																																			Solutions to the crisis

Transforming our food systems will help to avert devastating climate change and ecological devastation. Many Canadian farmers are already leading the way by incorporating principles of sustainability into their practices. And the good news is that healthy diets are also environmentally sustainable.

Food outlets and school cafeterias can play a role in reducing inefficiencies in the food system, like food waste, and improving sustainability by promoting healthy eating. To make this happen, schools need more resources and autonomy to counter misinformation about food and position Canadians for success by making healthy choices attractive.

Many Canadians support local, bioregional food systems as an alternative to anonymous, transnational food systems. However, these local initiatives are not enough on their own to meet our health, community vitality and environmental goals.


																																						
    
     




																																			To truly make an impact, local food movements must be part of a larger, co-ordinated effort supported by policies that align agricultural production with healthy diets. A new approach to food policies that considers them from a holistic perspective, beyond GDP, and respects farmers while creating food systems based on the One Planet and One Health frameworks is needed.

It's important to recognize that farmers are not only just business operators; they are our neighbors, and are integral to our communities. Supporting them with better policies and giving everyone equitable access to nourishing and sustainable foods will ensure a healthier, more resilient future for all Canadians.

Canada needs to provide stronger support for family farms practicing agroecologically sound production methods. Government programs that support greater production and purchasing of grains, fruits and vegetables for direct human consumption are also needed. These initiatives would reduce Canada's reliance on imports of these critical foods.

In addition, federal and municipal governments should strengthen and broaden Canada's bioregional food systems while also fostering the growth of small- and medium-sized food businesses. It's also important to reduce the political and market power of oligopolies in Canada's food system.


																																			A call for change

None of these changes can happen without moving beyond the current, outdated productionist model that views agriculture in isolation and relies on the belief that only global-industrial food systems can feed the world.

In fact, smaller-scale agroecological farmers operating in bioregional food systems are key. Achieving our broader societal goals means thinking of food through agriculture, human health and environmental sustainability lenses.

Canada needs a new vision of agriculture that connects health and environment goals with sustainable diets and prosperous family farming. This vision must prioritize nutritious diets, human and environmental health, and the overall well-being of society beyond profits, market share and food exports. Also it must be formed collectively by decision-makers, farmers, food processors, community groups and the public.

In Canada, governments, organizations and citizens must work together to create a food system vision for Canada, much like Food Secure Canada's Resetting the Table process previously did.

Further collaboration among agriculture, environment and health professionals can arise from these efforts, as can be seen with Canada's National School Food program, which is aligning local farmers and suppliers of local options to meet Canada's Food Guide. This is also an opportunity for Canada's Food Policy Advisory Council to gain greater influence in shaping policy.

Just as calls for health-care reform often focus on improving services, Canadians have the right to expect better outcomes from agricultural subsidies. By prioritizing economic, environmental and public health sustainability, Canada can ensure its agricultural policy is fit for its 21st-century food system.
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New research shows microbes in our cities are evolving to resist the very cleaners we use to eliminate them. It also identifies novel strains living in Hong Kong that were previously only found in Antarctic desert soil.



										      
																																	After the recent pandemic, the use of disinfectants has increased, but are efforts to create sterile urban environments backfiring?

A study published in the journal Microbiome has identified novel strains of microbes that have adapted to use the limited resources available in cities and shown that our everyday behavior is changing the makeup of microorganisms in indoor environments.

"Built environments offer distinct conditions that set them apart from natural and engineered habitats," says Dr. Xinzhao Tong, an assistant professor at Xi'an Jiaotong-Liverpool University (XJTLU), China, and lead author of the study.

"Areas with many buildings are low in the traditional nutrients and essential resources microbes need for survival, so these built environments have a unique microbiome.

"Our use of cleaning and other manufactured products creates a unique setting that puts selective pressures on microbes, which they must adapt to or be eliminated, but the mechanisms by which microbes adapt and survive in built environments are poorly understood," Dr. Tong explains.

City dwellers

The researchers collected 738 samples from a variety of built environments, including subways, residences, public facilities, piers and human skin in Hong Kong. They then used shotgun metagenomic sequencing to analyze the microbes' genomic content and understand how they have adapted to the challenging urban conditions.


																																						
    
     




																																			The team identified 363 microbial strains that have not been previously identified that live on the skin and the surrounding environment. Some of these strains' genomes contained genes for metabolizing manufactured products found in cities and using them as carbon and energy sources. This includes the discovery of a strain of Candidatus phylum Eremiobacterota, previously only reported in Antarctic desert soil.



    
    
    
        
        
    
            
            Specialized metabolic capacities of microbes in oligotrophic built environments. Tong et al. "Diverse and specialized metabolic capabilities of microbes in oligotrophic built environments." Microbiome (2024). Credit: AJE Video Bytes, in partnership with Springer Nature Group (0)
  

Dr. Tong says, "The genome of this novel strain of Eremiobacterota enables it to metabolize ammonium ions found in cleaning products. The strain also has genes for alcohol and aldehyde dehydrogenases to break down residual alcohol found in common disinfectants.

"Microbes possessing enhanced capabilities to utilize limited resources and tolerate manufactured products, such as disinfectants and metals, out-compete non-resistant strains, enhancing their survival and even evolution within built environments. They could, therefore, pose health risks if they are pathogenic."

The team identified 11 unique, previously uncharacterized strains of Micrococcus luteus, typically non-pathogenic but capable of causing opportunistic infections in immunocompromised individuals.

"The issue of their adaptation to our behavior becomes particularly critical in clinical settings where hospitals serve as hotspots for diverse pathogens that cause hospital-acquired infections (HAIs). HAIs pose a significant threat, particularly in intensive care units where mortality rates can reach up to 30%," says Dr. Tong.


																																			A balancing act

The researchers also characterized two novel strains of Patescibacteria, known as "nanobacteria", as they have tiny genomes that do not contain many genes for producing their own resources.

Dr. Tong says, "Some strains of Patescibacteria are considered parasitic as they rely on bacterial hosts to supply their nutrients. However, in this study, the researchers found that one of the nanobacteria strains, recovered from human skin, contains genes for the biosynthesis of carotenoids and ubiquinone.

"These antioxidant compounds are vital to humans, and we typically acquire them, especially carotenoids, through our diets, suggesting a possible mutualistic relationship between bacteria and us as their hosts."

This enhanced understanding of microbial metabolic functions within built environments helps develop strategies to create a healthy indoor ecosystem of microbes for us to live alongside.

The team is now investigating the transmission and evolution of resistance in pathogenic microbes in intensive care units that are exposed to stringent and extensive disinfectant practices. They hope to improve infection control practices and increase the safety of clinical environments for health care workers and patients.
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												Xinzhao Tong, et al. Diverse and specialized metabolic capabilities of microbes in oligotrophic built environments. Microbiome (2024) DOI: 10.1186/s40168-024-01926-6
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mRNA vaccines for disease outbreaks can be synthesized in less time with new technique
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                The phosphorylation reagent with a nitrobenzyl hydrophobic tag allows production of high purity fully chemically synthesized mRNA and transcriptionally synthesized cyclic mRNA. Credit: Reiko Matsushita
            
        

    


In an era where viral outbreaks can escalate into global pandemics with alarming speed, the ability to quickly develop new vaccines has become crucial. However, the speed of vaccine production is limited because the mRNA used in it is partly chemically synthesized and partly synthesized using enzymes, a relatively slow process.



										      
																																	A team of researchers from Nagoya University in Japan has successfully developed an innovative synthesis technology capable of producing high purity, fully chemically-synthesized mRNA, cutting out the slower enzyme reactions.

This advancement establishes a foundation for more rapid reactions to viral outbreaks and emerging diseases, which will hopefully lead to mitigation of future infections at a preliminary stage. Their results were published in the journal Nucleic Acids Research.

Given its significant role in combating the COVID-19 pandemic, mRNA is now widely recognized for its potential to help prevent infectious diseases. Experts anticipate that in the future mRNA technology will be used to treat genetic disorders and emerging illnesses. However, producing mRNA remains challenging because of concerns about purity and production speed.

These problems can be addressed using fully chemically-synthesized mRNA. According to Masahito Inagaki, "One of the most significant advantages of fully chemically-synthesized mRNA is its ability to bypass the complex and time-consuming enzymatic reactions typically required in mRNA production. A method that relies purely on chemical reactions would significantly shorten the production process."

It also offers benefits to people that have strong immune responses to vaccines. mRNA that is derived from 5'-monophosphorylated RNA is susceptible to contamination by incomplete RNA fragments, causing a strong immune reaction. This immune response increases the risk of side effects, particularly inflammation. However, existing purification technologies have struggled to remove these impurities, limiting its potential.


																																						
    
     




																																			To address these issues, Professor Hiroshi Abe, doctoral student Mami Ototake, and Assistant Professor Inagaki devised a novel phosphorylation reagent with a nitrobenzyl group that serves as a hydrophobic purification tag.

Inagaki explained, "Nitrobenzyl groups have high hydrophobicity; therefore, when the nitrobenzyl group is introduced into the RNA molecule, the mRNA becomes more hydrophobic. As impure RNA lacks nitrobenzyl groups, it can be easily separated from the target RNA containing nitrobenzyl groups using reverse-phase high-performance liquid chromatography.

"This approach yields pure RNA, free from length inconsistencies and impurities typically associated with transcription-based synthesis methods."

Besides fully synthesizing mRNA chemically, the team also created pure circular mRNA using the same method. Circular mRNAs are unique because they lack terminal structures, making them resistant to degradation by nucleic acid-degrading enzymes in the body, resulting in a longer-lasting medicinal effect.

The breakthrough in mRNA production has significant implications for the future of medical treatments. "This innovation paves the way for the highly efficient production of fully chemically synthesized mRNA and circular mRNA, which hold the potential to revolutionize RNA drug discovery and expand the scope of mRNA-based treatments," Abe said.

Faster and purer vaccine production should improve our response times to future infectious threats. In the future, the team hopes to also use these results to develop new mRNA vaccines for cancer antigens and genetic diseases.


																																																					
																				
																						More information:
												Mami Ototake et al, Development of hydrophobic tag purifying monophosphorylated RNA for chemical synthesis of capped mRNA and enzymatic synthesis of circular mRNA, Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae847
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												mRNA vaccines for disease outbreaks can be synthesized in less time with new technique (2024, October 16)
												retrieved 17 October 2024
												from https://phys.org/news/2024-10-mrna-vaccines-disease-outbreaks-technique.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/2024-10-mrna-vaccines-disease-outbreaks-technique.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Electrophysiology study shows how ant toxin causes extreme pain
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                Ta3a is active at NaVchannel isoforms, shifts the current-voltage plot to the left and impairs whole-cell inactivation of NaV1.7 channels. Credit: Journal of Biological Chemistry (2024). DOI: 10.1016/j.jbc.2024.107757
            
        

    


University of Queensland researchers have uncovered the workings of ant venom by measuring electric currents through individual channels in cells to understand how it causes pain.



										      
																					Dr. Angelo Keramidas from UQ's Institute for Molecular Bioscience led a team which studied the potent sting of the West African ant (Tetramorium africanum), discovering a toxin within the venom caused hyperstimulation of sodium channels within the victim's cells which led to extreme pain.

"This ant bite causes a cacophony of pain symptoms, not only severe and long-lasting pain with reddening and inflammation at the sting site but also excessive sweating and goosebumps," Dr. Keramidas said.

"We identified the characteristics of this toxin using electrophysiology and pharmacology, with equipment so sensitive it can record electrical currents passing through single sodium channels."

The African ant species is confined to tropical western and central African countries--from Guinea to Zaire--with the pain symptoms like that of the Australian green-head ant.

"We're also keen to find out if this mechanism is found in the venom of other ants, as well as insects like wasps and bees," Dr. Keramidas said.

"This research is part of a larger project to understand how the venom causes pain on a molecular level.

"It can help us to develop new ways to treat acute and chronic pain."

The team has previously shown that ant toxins bind to sodium channels--proteins embedded in the cell membrane of the nerve cells.

"Using electrophysiology, we were able to see that the toxin binds to the sodium channel and hijacks the channel's built-in activation mechanism, causing hyperactivity," Dr. Keramidas said.

"There was a rush of negative ions attracted to the channel and a repelling of positive ions which caused the hyperactivity of the sodium channel to amplify--a phenomenon we'd never seen before.

"This hyperactivity causes continuous firing of the pain signal, explaining the ferocity of the ant sting.

"The venom activates multiple channels in the nerve cell membrane, and they remain active for a very long time and can't be reset.

"We believe this overstimulation eventually causes numbness at the sting site."

The research was published in the Journal of Biological Chemistry.
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												Ashvriya Thapa et al, A venom peptide-induced NaV channel modulation mechanism involving the interplay between fixed channel charges and ionic gradients, Journal of Biological Chemistry (2024). DOI: 10.1016/j.jbc.2024.107757
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Chickpeas identified as key crop for future food security

										

    
        
            [image: Study shows chickpeas are a drought-resistant legume plant with a high protein content]
             
                The Viennese authors of the study. Left to right: Anke Bellaire and Arindam Ghatak collected chickpea leaves from the field and measured the physiological parameters. Credit: Wolfram Weckwerth
            
        

    


Climate change has a negative impact on food security. An international research team led by Wolfram Weckwerth from the University of Vienna has now conducted a study to investigate the natural variation of different chickpea genotypes and their resistance to drought stress. The scientists were able to show that chickpeas are a drought-resistant legume plant with a high protein content that can complement grain cultivation systems even in urban areas.



										      
																																	The study is published in the Plant Biotechnology Journal.

Long periods of drought stress have become a reality in Central Europe due to climate change, and pose a major threat to plant productivity, harvests and therefore food security. At the same time, there is a decline in the use of plant genetic diversity, and the global food system has become more and more uniform. While there are approximately 7,000 edible crops, two-thirds of global food production is based on just nine crop species.

"This narrow genetic base can have several negative consequences, such as increased susceptibility of plants to diseases and pests, reduced resistance to factors such as drought and climate change, and increased economic fragility," explains molecular biologist Weckwerth.

"Maintaining adequate plant and genetic diversity is crucial for agriculture, which must adapt to future changing conditions. With our new study, we have taken an important step in this direction and looked at the chickpea as an important food of the future."

The chickpea is currently not one of the plants mentioned above on which the global diet is currently mainly based. Weckwerth's international research team has researched the natural variations of different chickpea genotypes and their resistance to drought stress and achieved promising results.


																																						
    
     




																																			The team managed to grow many different chickpea varieties under drought stress in a field experiment in a Vienna city region, demonstrating that chickpeas are a great alternative legume plant with a high protein content that can complement grain farming systems in urban areas.

"The different varieties and wild types show very different mechanisms to deal with persistent drought stress. This natural genetic variability is particularly important in order to withstand climate change and ensure the survival of the plant," says Weckwerth.

"In our study, we used a stress susceptibility index (SSI) to assess the effects of drought stress on yield. This allowed us to identify genotypes that perform best and worst under stressful conditions. Our findings are crucial for the selection of genotypes for breeding drought-tolerant chickpeas," explains Palak Chaturvedi from the University of Vienna, lead author of the study. The team used artificial intelligence, multivariate statistics and modeling to identify markers and mechanisms for better resilience to drought stress.

"With their high protein content and their drought resistance, legumes such as chickpeas are a food of the future. Another advantage is that a higher proportion of legumes in a country's agricultural systems improves the overall efficiency of nitrogen use--this also makes agriculture more sustainable," says Weckwerth.


																																																					
																				
																						More information:
												Palak Chaturvedi et al, Natural variation in the chickpea metabolome under drought stress, Plant Biotechnology Journal (2024). DOI: 10.1111/pbi.14447
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Few countries have drawn up nature protection plans: UN
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Fewer than 15 percent of countries have submitted plans to slow the destruction of nature ahead of a global biodiversity summit in Colombia, according to a count shared by the United Nations Wednesday.



										    
																					The 196 country members of the UN's Convention on Biological Diversity (CBD) had adopted a framework in 2022 with 23 targets to "halt and reverse" the loss of nature by 2030.

About a quarter of assessed animal and plant species are threatened and about a million already face extinction--many within decades, according to UN data.

Under the so-called Kunming-Montreal Global Biodiversity Framework adopted in Canada two years ago, countries were requested to present "national biodiversity strategies and action plans" by the COP16 meeting opening in the Colombian city of Cali on Monday.

But CBD executive secretary Astrid Schomaker said Wednesday only 29 out of 196 CBD signatory countries had submitted complete plans to date.

Ninety-one have submitted less-encompassing "national targets."

"We know that many more submissions are on their way," Schomaker told a media briefing.

The 23 targets of the framework include placing at least 30 percent of all land and water areas under conservation by 2030 and halting human-induced extinction of known threatened species.

Thousands of delegates including seven heads of state and about 140 government ministers are expected to attend the 16th Conference of the Parties (COP16) to the CBD, running until November 1.

The forum is tasked with agreeing on monitoring and financing mechanisms to ensure the targets can be met.
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      Technology

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


      
        Onboard wifi is latest frontline in airline competition
        Free onboard wifi has become the latest battleground between the world's leading airlines as the once expensive and unreliable service finally delivers quality comparable to being at home.

      

      
        How a clean energy simulator is helping build a better grid
        Say you want to study something big--like a community power grid, a massive pipe system, or roadways crisscrossing the entire United States--but none of it exists, at least not yet. How do you study these invisible labyrinths to make sure they will be safe and efficient?

      

      
        Trust is not the answer: Rethinking human-machine interaction for ethical engineering
        In his article, "Trust is Not a Virtue: Why We Should Not Trust," Matthew L. Bolton, an associate professor of systems and information engineering at the University of Virginia, critically challenges the emphasis on fostering trust in human-machine interactions. He focuses particularly on systems using AI, machine learning and automation.

      

      
        Toyota joins with Hyundai's Boston Dynamics on AI-powered robots
        Toyota Motor Corp.'s research unit and Hyundai Motor Co.'s Boston Dynamics are joining forces to speed up development of humanoid robots with artificial intelligence.

      

      
        Humans sympathize with, and protect, AI bots from playtime exclusion, finds study
        In an Imperial College London study, humans displayed sympathy towards and protected AI bots who were excluded from playtime. The researchers say the study, which used a virtual ball game, highlights humans' tendency to treat AI agents as social beings--an inclination that should be considered when designing AI bots.

      

      
        Researchers 3D print new lightweight alloy for ultrahot gas turbines
        Researchers at Oak Ridge National Laboratory and the National Energy Technology Laboratory have developed and 3D printed the lightest crack-free alloy capable of operating without melting at temperatures above 2,400 degrees Fahrenheit.

      

      
        Why Nevada casinos won't use a new gun-detection system being used in other states
        A tribal casino in Oklahoma is using an app tied to its surveillance camera system that uses artificial intelligence to detect patrons carrying firearms.

      

      
        Engineering research discovers critical vulnerabilities in AI-enabled robots
        Within its new Responsible Innovation initiative, researchers at Penn Engineering discovered that certain features of AI-governed robots carry security vulnerabilities and weaknesses that were previously unidentified and unknown. The research aims to address the emerging vulnerability for ensuring the safe deployment of large language models (LLMs) in robotics.

      

      
        Returning congestion and transit reductions lead to lower job accessibility nationwide
        Access to job opportunities declined in large U.S. cities as economic and transportation conditions have continued to evolve in the COVID era, according to new research from the Accessibility Observatory at the University of Minnesota's Center for Transportation Studies.

      

      
        For Deaf people, train travel can be a gamble--AI-powered Auslan avatar can help
        For Deaf people, train travel can be a gamble. On an average day, nothing goes wrong: they catch their train to their destination and carry on with their business.

      

      
        Big Tech's power demands mean nuclear is getting a fresh look from electricity providers
        Nuclear power is garnering renewed attention amid growing demand for power and cleaner energy.

      

      
        Using biometrics securely to avoid multiple registrations in humanitarian aid
        Millions of people around the world rely on humanitarian aid. One of the challenges when it comes to distributing aid is that resources are almost always scarce. Therefore, organizations want to ensure that people can only register once. CISPA-Faculty Dr. Wouter Lueks and his colleagues at EPFL in Lausanne recently developed a tool in cooperation with the International Committee of the Red Cross (ICRC) that enables organizations to overcome this challenge by using biometric data safely.

      

      
        AI-driven video analyzer sets new standards in human action detection
        What if a security camera could not only capture video but understand what's happening--distinguishing between routine activities and potentially dangerous behavior in real time? That's the future being shaped by researchers at the University of Virginia's School of Engineering and Applied Science with their latest breakthrough: an AI-driven intelligent video analyzer capable of detecting human actions in video footage with unprecedented precision and intelligence.

      

      
        Researchers develop a new generative adversarial networks model that stabilizes training and performance
        In recent years, artificial intelligence (AI) and deep learning models have advanced rapidly, becoming easily accessible. This has enabled people, even those without specialized expertise, to perform various tasks with AI. Among these models, generative adversarial networks (GANs) stand out for their outstanding performance in generating new data instances with the same characteristics as the training data, making them particularly effective for generating images, music, and text.
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Free onboard wifi has become the latest battleground between the world's leading airlines as the once expensive and unreliable service finally delivers quality comparable to being at home.


                                        
                                              
                                        
                                                                                                                                    Delta, United, Japan Airlines, Air France and other global carriers have in recent weeks sought to outdo each other with competing announcements about the arrival or extension of onboard connectivity.

And in sharp contrast to the growing practice of charging passengers for services that were once included in the ticket price--such as checking bags or selecting seats--the airlines are mostly promising that their high-speed wifi is free.

Fabien Pelous, head of client experience at Air France, said the airline's plan to introduce free wifi in 2025 will be a qualitative jump for clients, admitting that the service up to now "was not satisfactory".

"We looked at the state of the market, and there are new players, including Starlink, whose latest technologies offer internet quality which is almost equivalent to being at home," Pelous told AFP.

The first experiments began in 2004 with Boeing and Lufthansa, and since then companies such as ViaSat, Panasonic and Thales have developed products that now equip hundreds of planes.

Low-orbit satellite constellations such as Starlink were "a game changer", said Seth Miller, owner of PaxEx, a website that covers business travel.

Elon Musk's Starlink already outfits planes of Hawaiian Airlines and US domestic carrier JSX.

While classic telecommunication satellites orbit as high as 35,000 kilometres from earth, constellation satellites are at just 600 kilometres altitude, greatly reducing latency and allowing for video streaming.

"We will no longer be dependent on the movie choices of airlines, we'll be able to access Amazon Prime or Netflix," said Paul Chiambaretto, professor of marketing strategy at Montpellier Business School.

And for the carriers, "not just making it free, but also making sure it's a good solution, is sort of the Holy Grail" in terms of client satisfaction and loyalty, said PaxEx's Miller.


                                                                                                        
    
        
        
        
    

                                                                                                                                            How 'free'?

However, "free" may be relative, said Joe Leader, director general of the Airline Passenger Experience Association.

Delta, United and Air France are only offering free high-speed wifi to members of their loyalty programs. Signing up costs nothing, but the wifi offer provides new marketing opportunities.

"Our friends at Delta (have) publicly stated that for every eight new sign-ups for the Delta SkyMiles program, one of those passengers will get the Delta SkyMiles credit card," Leader said.

"Effectively, the addition of eight pieces of data and then one new paying customer that gets really brought into the Delta loyalty program via the credit card more than pays for the wifi for the other seven passengers."

As some clients may prefer to not sign up, Apex advises airlines to continue offering paying alternatives for passengers who may not want to share their data in exchange for being connected.

For Air France, installing Starlink's wifi on more than 220 planes will take time and will cost "tens of millions of euros", said Pelous, but aligns with its positioning as a high-end carrier.

"I am convinced that in three to four years, no one will understand that once we did not have acceptable connections aboard planes," he said.

Cabin decorum

Onboard broadband presents new challenges for airlines and flight attendants, who already have to cope with sometimes unruly passengers.

"We don't want to spend 12 hours of a transoceanic flight next to someone on Skype," said Chiambaretto. "And then there are also many passengers who are very happy to be disconnected during a flight."

Leader agrees that airlines need to find the right balance.

They "need to make sure that we maintain etiquette and decorum in the sky rather than letting it become a new Wild West of connectivity and talking," he said.
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                The ARIES platform uses data from real-world wind turbines, solar panels, hydropower generators, and more to create a highly accurate virtual simulation of different grid scenarios and how they might react to changes in energy demand, weather, and higher levels of renewable energy. Credit: Josh Bauer, NREL.
            
        

    


Say you want to study something big--like a community power grid, a massive pipe system, or roadways crisscrossing the entire United States--but none of it exists, at least not yet. How do you study these invisible labyrinths to make sure they will be safe and efficient?


                                        
                                              
                                        
                                                                                                                                    Good question, and here is the answer: You do that at the National Renewable Energy Laboratory (NREL) on a platform called the Advanced Research on Integrated Energy Systems (or ARIES, for short).

NREL's experts have built a research platform that can create 3D simulations of entire power grids--either existing or theoretical--that contain thousands or even millions of different energy technologies. For example, researchers can populate an existing grid with wind turbines, solar panels, batteries, nuclear facilities, electric vehicles, or even smart devices, like our cell phones, to see how they could impact our future grid.

But until recently, one grid puzzle piece has not been well represented.

"The part that has been missing is: How can we simulate or represent water power devices?" said Rob Hovsapian, a mechanical engineer at NREL and an ARIES research advisor who helped introduce hydropower into the platform.

With ARIES, researchers can play out and plan for almost any future grid scenario. For example: How could huge amounts of renewable energy impact different community grids? And how could hydropower help our power system weather hurricanes, cold snaps, cyberattacks, and other disruptions?

"It allows us to do those 'what if' scenarios," Hovsapian said. "In the real world, you're limited to what's there."

Now, we can ask "what ifs" about water power technologies, like hydropower and the more nascent marine energy (sometimes called ocean energy because it often comes from powerful ocean waves, currents, and tides, but it can refer to energy from river currents as well).

Though very different, both water power technologies generate predictable energy, making them a dependable partner for more variable energy sources, like wind energy and solar power. Those renewables, along with energy storage (like batteries), have been part of ARIES for a good while now. It was time to sprinkle a little water into the mix.

"Now that we can use ARIES to simulate hydropower, we can study more scenarios in more locations and even potential future energy systems," said Jerry Davis, the laboratory program manager for ARIES. "We want to represent as many renewable generation sources as we can."

But that is harder than it might sound.


                                                                                                        
    
        
        
        
    

                                                                                                                                            A hydropower simulator helps a remote Alaskan village

When fishers return to the harbor in the remote village of Cordova, Alaska, they enter a cove full of mast spikes resembling hundreds of mini-church spires.

Those fishers--and there are a lot in Cordova--bring in salmon, halibut, rockfish, and trout but also something less desirable: a 400% increase in energy demand, which can strain the small village's microgrid, a standalone power system that depends on just two hydropower plants and diesel generators (and diesel must be flown or boated in, often at great expense).

And that is a problem.

Cordova's microgrid--and everything it powers, including hospitals and homes--is vulnerable to spikes in energy demand from the summer fish bonanza and Alaska's dangerously cold winters, as well as extreme weather events, like avalanches and droughts. The village needed solutions--novel ways for their microgrid to bob and weave with all these changes, so they can match energy supply to demand, especially when their economy or lives depend on it.

But you cannot simply tinker with such a critical system, hoping your manipulations do not cause a blackout or irreparable damage. Nor can you study something that does not exist, like batteries or solar panels that have yet to be installed.

That is where NREL and ARIES come in.

The village was one of the first communities to directly benefit from ARIES' hydropower emulation platform, which, like the rest of ARIES, relies on hardware and software to accurately simulate the town's spiderweb of energy devices.


                                                                                                                                            ARIES' software programs, which are built on real-world data, can mimic actual grids (like Cordova's microgrid), so researchers can manipulate the Cordova system in the safety of a computer simulation. Soon, ARIES will also be able to connect actual hardware, like a hydropower generator, to these virtual simulations so the system can receive live feedback from real tech and learn from it.

For hydropower, ARIES' simulation capability is especially valuable. Although researchers can install experimental solar panels and wind turbines at a laboratory field site, they cannot replicate hydropower plants--they are simply too big and too specific to certain river sites or geography.

Instead, Mayank Panwar, a senior research engineer at NREL, and Hovsapian built what they call a Real-Time Hydropower Emulation Platform, which can mimic real-world hydropower facilities in real time--one second in the hydropower simulator equates to one second in the real world. As of today, their 2.5-megawatt emulator uses data from actual hydropower plants (including those in Cordova) to inform its simulations.

"As we add more and more technologies to ARIES and there's more and more variability and uncertainty with the grid, such as wind and solar, hydro will play a key role in providing stability to the grid," Hovsapian said. "But how would we quantify that? ARIES will be an ideal environment for us to do that."

With ARIES, Hovsapian can ask more "what if" questions, like what if this hydropower plant in Cordova is paired with a 10-megawatt battery or 3 megawatts of solar panels instead of 1? And how do these changes impact the grid's reliability? Thanks to ARIES, Cordova has their answers--and a more resilient grid, too.

No other system in the world can accomplish this kind of plug-and-play simulation, Hovsapian said.

And it is not just hydropower that benefits.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Getting marine energy to communities quickly

Marine energy is still in the early stages of development, but these technologies can be valuable sources of clean energy for communities that have ample flowing water and little else. Like Cordova, the Alaskan village of Igiugig also relies on expensive shipments of diesel fuel. Many island communities off the coast of Maine struggle to maintain stable power when weather whips through.

Communities in Hawaii, where energy costs are typically higher than in the rest of the country, also often depend on costly imported fuels.

And yet, all three of these areas have one powerful thing in common: hefty amounts of water. With energy from river currents, waves, and tides, each community could improve its energy resilience and potentially achieve its clean energy goals, too.

There is just one problem: Before communities opt to install one of these nascent devices, they need greater confidence that the technologies can deliver on their promise--and that is exactly what ARIES can provide.

"A big part of our mission is de-risking energy technologies, so communities are comfortable deploying them," Davis said.

At NREL, researchers are studying marine energy technologies "to make sure that things don't fail in the field," said Kumaraguru Prabakar, a research engineer at the laboratory. "Even if a small river generator is powering a small house, it is powering the grid, so you have to make sure it's safe."


                                                                                                                                            And for that--and more complicated analyses--he needs ARIES.

Right now, Prabakar is examining how marine energy technologies slot into preexisting grids. Currents tend to be consistent, but rivers are still subject to freezes and droughts. Waves and tides are predictable but do not always churn out the same amount of power throughout the day or year.

With ARIES, Prabakar can assess how these variations might impact different power systems and whether other solutions, like energy stored as green hydrogen, could balance out these fluctuations.

ARIES' biggest gift might be time. In the last decade, researchers used to take years to validate new energy technologies, Prabakar said. But now, with ARIES, experts can significantly speed up that process (ARIES can even pair up with similar simulators at other national laboratories to pull in even more data, capabilities, and answers).

Speed is especially critical to accelerate the development of marine energy technologies so they can help fight climate change sooner rather than later.

"If somebody comes up with an idea to add water power, they should be able to deploy it in less than 12 months," Prabakar said.

"It's exciting," Hovsapian added. "There are a lot of changes coming, and ARIES can help us prepare."
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Trust is not the answer: Rethinking human-machine interaction for ethical engineering
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In his article, "Trust is Not a Virtue: Why We Should Not Trust," Matthew L. Bolton, an associate professor of systems and information engineering at the University of Virginia, critically challenges the emphasis on fostering trust in human-machine interactions. He focuses particularly on systems using AI, machine learning and automation.


                                        
                                              
                                        
                                                                                    The article is published in the journal Ergonomics in Design: The Quarterly of Human Factors Applications.

Bolton argues that while trust is often seen as essential for the adoption of new technologies, it is a problematic and imprecise concept. Trust is difficult to define, highly contextual, and conflated with related concepts like confidence and perceived risk, making it neither selective nor diagnostic as a measure of human behavior.

Bolton contends that the focus on building trust in technology may actually undermine sound human factors engineering. Instead of pursuing trust as a goal, engineers should focus on objective measures of system reliability, transparency, and usability--elements that directly impact human experience and performance.

Trust, Bolton asserts, is not inherently humanistic and can be manipulated to disenfranchise users, reducing autonomy rather than enhancing it. This manipulation often serves the interests of large organizations seeking to bypass the need for reliability by encouraging blind trust in their technologies.

"There is a contradiction at the heart of trust research," Bolton says. "We include humans in systems because they bring experience, expertise, instincts, and creativity that improves performance and makes systems resilient... we rely on them to decide when, why, and how to trust a system. If engineers manipulate people into behaving the way they (or others) want, we lose the benefit of having human operators."

Ultimately, Bolton calls for a shift away from trust-centric research in favor of more concrete and ethical approaches to system design.

He emphasizes that engineers should prioritize developing technologies that empower users with transparent, reliable, and human-centered designs, rather than relying on trust as a justification for adoption. This approach, he argues, would lead to safer, more ethical, and effective human-machine interactions.


                                                                                
                                        											
																								More information:
												Matthew L. Bolton, Trust is Not a Virtue: Why We Should Not Trust Trust, Ergonomics in Design: The Quarterly of Human Factors Applications (2022). DOI: 10.1177/10648046221130171
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Toyota joins with Hyundai's Boston Dynamics on AI-powered robots

                                        by Chester Dawson, Bloomberg News                                                                                                                    
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Toyota Motor Corp.'s research unit and Hyundai Motor Co.'s Boston Dynamics are joining forces to speed up development of humanoid robots with artificial intelligence.


                                        
                                              
                                        
                                                                                                                                    The partnership will pair Toyota Research Institute's expertise in large behavior model learning for machines with Boston Dynamics' humanoid Atlas robot, they said Wednesday. Boston-based teams from TRI and Boston Dynamics will conduct research on use cases for AI-trained robots in areas such as human-robot interaction, they said.

Toyota has said it's made a breakthrough with AI in teaching robots to learn and Boston Dynamics, which was bought by Hyundai in 2020, has had commercial success with its robotic guard dog and a mobile robotic arm for re-stocking warehouses.

Their collaboration comes as a potential challenge to other smart bot programs such as the Optimus robot showcased last week by rival Tesla Inc. A number of humanoid robot startups are also attracting attention--and billions of dollars in capital.

The cooperation between Toyota and Boston Dynamics will focus on fundamental research with an eye toward eventual commercial use, but executives at the companies declined to specify a timeline or disclose their budgets for the project.

"This kind of technology has tremendous promise for the future," Gill Pratt, Toyota's chief scientist, said in an interview. "The work that we're doing in generative AI can be a tremendous complement to the kind of work that Boston Dynamics has done."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Pratt said that a goal is to eventually bring robots onto factory assembly lines and into homes for elder care.

Carmakers have been at the vanguard of efforts to automate more assembly line processes to trim labor costs and bolster worker safety. The automotive industry deploys more robots in factories globally than any other industry, with about one-quarter of new installations in 2023, according to the Frankfurt-based International Federation of Robotics.

The dexterity of Boston Dynamics robots paired with Toyota's behavioral know-how is a key differentiator with other companies' efforts to build smart robots, Aaron Saunders, Boston Dynamics' chief technology officer, told Bloomberg.

"That's going to set the stage to deliver on the promise that a lot of people are making right now in bringing humanoid robots out to the world at scale," he said.

Saunders said Boston Dynamics plans to deploy humanoid robots with narrowly-focused tasks in Hyundai factories "in the coming years" while it pursues research with Toyota on the longer-term objective of AI-enabled, multi-tasking robots.

Hyundai, which already has a pilot program with Boston Dynamics technology at a Kia brand car plant in South Korea, bought a controlling 80% stake in the company from Japan's SoftBank Group Corp., which retained the rest.


                                                                                                                                            Generative AI holds the promise of allowing robots to adopt new skill sets more quickly based on learned behavior. Much like virtual assistance programs such as ChatGPT have evolved from large language models, large behavioral models are being used to program robots.

Toyota Research Institute's advancement in what's known as diffusion policy has demonstrated a single AI technique can be used to teach a robot to do a wide range of individual tasks. Its next research focus involves creating large behavior models to allow a robot to learn many tasks simultaneously.

The goal is for a robot programmed to beat eggs to also be able to handle any number of other things, like folding a shirt, said Russ Tedrake, an MIT professor and TRI's head of robotics research.

"We're well on our way on that," Tedrake said. "It's something we're working very quickly on, very aggressively on, in trying to show that new capability."
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In an Imperial College London study, humans displayed sympathy towards and protected AI bots who were excluded from playtime. The researchers say the study, which used a virtual ball game, highlights humans' tendency to treat AI agents as social beings--an inclination that should be considered when designing AI bots.


                                        
                                              
                                        
                                                                                                                                    The study is published in Human Behavior and Emerging Technologies.

Lead author Jianan Zhou, from Imperial's Dyson School of Design Engineering, said, "This is a unique insight into how humans interact with AI, with exciting implications for their design and our psychology."

People are increasingly required to interact with AI virtual agents when accessing services, and many also use them as companions for social interaction. However, these findings suggest that developers should avoid designing agents as overly human-like.

Senior author Dr. Nejra van Zalk, also from Imperial's Dyson School of Design Engineering, said, "A small but increasing body of research shows conflicting findings regarding whether humans treat AI virtual agents as social beings. This raises important questions about how people perceive and interact with these agents.

"Our results show that participants tended to treat AI virtual agents as social beings, because they tried to include them into the ball-tossing game if they felt the AI was being excluded. This is common in human-to-human interactions, and our participants showed the same tendency even though they knew they were tossing a ball to a virtual agent. Interestingly, this effect was stronger in the older participants."


                                                                                                        
    
        
        
        
    

                                                                                                                                            People don't like ostracism--even toward AI

Feeling empathy and taking corrective action against unfairness is something most humans appear hardwired to do. Prior studies not involving AI found that people tended to compensate for ostracized targets by tossing the ball to them more frequently, and that people also tended to dislike the perpetrator of exclusionary behavior while feeling preference and sympathy towards the target.

To carry out the study, the researchers looked at how 244 human participants responded when they observed an AI virtual agent being excluded from play by another human in a game called "Cyberball," in which players pass a virtual ball to each other on-screen. The participants were aged between 18 and 62.

In some games, the non-participant human threw the ball a fair number of times to the bot, and in others, the non-participant human blatantly excluded the bot by throwing the ball only to the participant.

Participants were observed and subsequently surveyed for their reactions to test whether they favored throwing the ball to the bot after it was treated unfairly, and why.

They found that most of the time, the participants tried to rectify the unfairness towards the bot by favoring throwing the ball to the bot. Older participants were more likely to perceive unfairness.

Human caution

The researchers say that as AI virtual agents become more popular in collaborative tasks, increased engagement with humans could increase our familiarity and trigger automatic processing. This would mean users would likely intuitively include virtual agents as real team members and engage with them socially.


                                                                                                                                            This, they say, can be an advantage for work collaboration but might be concerning where virtual agents are used as friends to replace human relationships, or as advisors on physical or mental health.

Jianan said, "By avoiding designing overly human-like agents, developers could help people distinguish between virtual and real interaction. They could also tailor their design for specific age ranges, for example, by accounting for how our varying human characteristics affect our perception."

The researchers point out that Cyberball might not represent how humans interact in real-life scenarios, which typically occur through written or spoken language with chatbots or voice assistants. This might have conflicted with some participants' user expectations and raised feelings of strangeness, affecting their responses during the experiment.

Therefore, they are now designing similar experiments using face-to-face conversations with agents in varying contexts, such as in the lab or more casual settings. This way, they can test how far their findings extend.


                                                                                                                                                                            
                                        											
																								More information:
												Jianan Zhou et al, Humans Mindlessly Treat AI Virtual Agents as Social Beings, but This Tendency Diminishes Among the Young: Evidence From a Cyberball Experiment, Human Behavior and Emerging Technologies (2024). DOI: 10.1155/2024/8864909
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Researchers 3D print new lightweight alloy for ultrahot gas turbines
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                A 3D printer at the Manufacturing Demonstration Facility, seen here as it creates objects using electron beam melting, was used to print an unusual crack-free alloy for use in turbines that operate at extreme temperatures. Credit: Saket Thapliyal/ORNL, U.S. Dept. of Energy
            
        

    


Researchers at Oak Ridge National Laboratory and the National Energy Technology Laboratory have developed and 3D printed the lightest crack-free alloy capable of operating without melting at temperatures above 2,400 degrees Fahrenheit.


                                        
                                              
                                        
                                                                                    This milestone could enable additively manufactured turbine blades to better handle extreme temperatures, reducing the carbon footprint of gas turbine engines such as those used in airplanes.

The latest significant advancement combines seven elements in a niobium-rich, complex concentrated alloy whose melting point is at least 48% higher than superalloys of nickel and cobalt previously developed at ORNL. Researchers fine-tuned the electron beam melting process to print test parts for the novel alloy.

"No one has been able to develop and print alloys with such a high melting temperature and low density without cracks before," said ORNL's Saket Thapliyal. While metals such as tungsten can take the heat, they would add too much weight to an airplane. "This is significant. We're making something lighter that can hold its structural integrity at ultra-high temperatures."
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                                        by Richard N. Velotta, Las Vegas Review-Journal                                                                                                                    
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A tribal casino in Oklahoma is using an app tied to its surveillance camera system that uses artificial intelligence to detect patrons carrying firearms.


                                        
                                              
                                        
                                                                                                                                    Travis Thompson, director of compliance for the Muskogee Nation Gaming Enterprise in Tulsa, Oklahoma, said it's believed to be the first casino property to install the ZeroEyes digital detection gun-finding system in the United States.

But the innovative weapons detection system wouldn't be allowed in Nevada casinos, an industry expert said, because gaming regulations prohibit third parties from monitoring casino security camera video, an essential part of how ZeroEyes works.

"Being in the entertainment industry and with the things going on around the world, active shooter scenarios are more frequent, and that's a bad thing," Thompson said.

"We actually had one hit kind of close to home to us. It was at a local hospital in Tulsa, Oklahoma, where an active shooter started in the parking lot and then moved inside of the hospital facility and it really kind of opened our eyes. It's (the hospital) about a mile from our current casino that we have there."

After the mass shooting at Mandalay Bay into the Route 91 Harvest Festival seven years ago, Muscogee officials decided to be proactive in preventing a disaster and began a search for a solution that didn't involve the intrusive use of metal detection arches at a casino entry.

"ZeroEyes at the time kind of fit our bill of what we were looking for," Thompson said. "It's an AI-based machine learning detection software tied to a huge database of guns. It's constantly using the camera feeds as a secondary stream to send that to an AI server."

Because ZeroEyes monitoring systems are viewed remotely and not onsite at the casino, the system would not be allowed in Nevada, according to Rick Vonfeldt, president of the Las Vegas Security Chiefs Association and the vice president of security at Caesars Palace.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Impressed with technology

"I was impressed with the technology," Vonfeldt said. "ZeroEyes performed a demonstration for our association a few weeks ago at the Horseshoe and about 80 of our members got a chance to see it operate."

The system was impressive enough to administrators of the Regional Transportation Commission to install a ZeroEyes system at RTC transit centers to monitor passengers boarding buses with weapons.

"RTC prides itself on its ability to identify transportation challenges and implement solutions," RTC CEO MJ Maynard said in a statement to the Review-Journal in June just after installation. "Tens of thousands of people depend on our transit system every day, and we continually look for ways to improve their safety and security."

"The ZeroEyes system requires cameras to be monitored and if a weapon is detected, a call is made for officers onsite to investigate," Vonfeldt said.

Another casino security expert said, in addition to the regulatory issue, a system like ZeroEyes may have other logistical problems because once a weapon is detected, security officers want to take immediate action to intercept the individual and precious seconds are spent matching the found weapon to a database to determine what officers are up against.

"They have some limitations to how those analytics work, but generally speaking, when you talk about analytics of this type, it's nearly impossible for human eyes, when they're monitoring multiple cameras, to even pick any of this stuff up," said Joel Kisner, a retired Las Vegas Metropolitan Police Department officer who founded and now operates Pinnacle Consulting and Advisors.


                                                                                                                                            Won't catch everything

"So, ZeroEyes won't give you 100% detection. There are things they'll miss. That's within the analytics," he said.

"Maybe there's resolution issues. There's blending of the background, so like a black gun over black clothing. ZeroEyes has issues with when a gun is pointed at a 90-degree angle at one of the cameras, it has a hard time picking that up because it doesn't have enough features in the gun and the smaller the gun, the harder it is to get the alert.

"So under the old way you'd have humans sitting down looking at a bank of televisions, trying to identify what they need to pay attention to. And a lot of things get missed just because it's really hard for a human to watch one screen for extended periods of time, let alone multiple. Those analytics make it a little bit easier."

But Thompson and Muscogee are pleased with the system's performance so far and noted that ZeroEyes wasn't designed with the casino industry in mind--most of the company's customers are schools, and in commercial and government settings in 40 states nationwide.

Thompson said he couldn't discuss the cost of the system and each individual system varies based on several factors, including the number of cameras monitored.

"The way our system is set up, the ZeroEyes operation center notifies our tribal police, our local 911 centers and a mass notification goes out to employees and management that allows us to react faster," he said.
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Engineering research discovers critical vulnerabilities in AI-enabled robots
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                The researchers demonstrated that malicious prompts can "jailbreak" AI-powered robots and cause them to perform unsafe actions. Credit: Alexander Robey, Zachary Ravichandran, Vijay Kumar, Hamed Hassani, George J. Pappas
            
        

    


Within its new Responsible Innovation initiative, researchers at Penn Engineering discovered that certain features of AI-governed robots carry security vulnerabilities and weaknesses that were previously unidentified and unknown. The research aims to address the emerging vulnerability for ensuring the safe deployment of large language models (LLMs) in robotics.


                                        
                                              
                                        
                                                                                                                                    "Our work shows that, at this moment, large language models are just not safe enough when integrated with the physical world," says George Pappas, UPS Foundation Professor of Transportation in Electrical and Systems Engineering (ESE), in Computer and Information Science (CIS), and in Mechanical Engineering and Applied Mechanics (MEAM).

In the new paper, Pappas, who also serves as the Associate Dean for Research at Penn Engineering, and his co-authors caution that a wide variety of AI-controlled robots can be manipulated or hacked.

RoboPAIR, the algorithm the researchers developed, needed just days to achieve a 100% "jailbreak" rate, bypassing safety guardrails in three different robotic systems: the Unitree Go2, a quadruped robot used in a variety of applications; the Clearpath Robotics Jackal, a wheeled vehicle often used for academic research; and the Dolphin LLM, a self-driving simulator designed by NVIDIA. For example, by bypassing safety guardrails, the self-driving system could be manipulated to speed through crosswalks.



    
        
            [image: Penn engineering research discovers critical vulnerabilities in AI-enabled robots]
             
                The researchers demonstrated AI-powered robots can be tricked into performing a wide variety of malicious behaviors, raising questions about the safety of AI-powered robots. Credit: Alexander Robey, Zachary Ravichandran, Vijay Kumar, Hamed Hassani, George J. Pappas
            
        

    



Prior to publicly releasing the study, Penn Engineering informed the companies about their system vulnerabilities and is working with them to use the research as a framework to advance the testing and validation of these manufacturers' AI safety protocols.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "What is important to underscore here is that systems become safer when you find their weaknesses. This is true for cybersecurity. This is also true for AI safety," says Alexander Robey, a recent Penn Engineering Ph.D. graduate in ESE, current postdoctoral scholar at Carnegie Mellon University and the paper's first author.

"In fact, AI red teaming, a safety practice that entails testing AI systems for potential threats and vulnerabilities, is essential for safeguarding generative AI systems--because once you identify the weaknesses, then you can test and even train these systems to avoid them."

What is required to address the problem, the researchers argue, is less a software patch than a wholesale reevaluation of how the integration of AI into physical systems is regulated.
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                    Building on previous work jailbreaking chatbots, the researchers created an algorithm that can reliably jailbreak AI-powered robots. Credit: Alexander Robey, Zachary Ravichandran, Vijay Kumar, Hamed Hassani, George J. Pappas
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                    The researchers shoiwed that a range of different robots can be jailbroken using this method, from robots with closed systems to those with open systems, suggesting that these vulnerabilities are systemic to AI-powered robots. Credit: Alexander Robey, Zachary Ravichandran, Vijay Kumar, Hamed Hassani, George J. Pappas
                
            

        

    

"The findings of this paper make abundantly clear that having a safety-first approach is critical to unlocking responsible innovation," says Vijay Kumar, Nemirovsky Family Dean of Penn Engineering and another co-author.

"We must address intrinsic vulnerabilities before deploying AI-enabled robots in the real world. Indeed, our research is developing a framework for verification and validation that ensures only actions that conform to social norms can--and should--be taken by robotic systems."
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Returning congestion and transit reductions lead to lower job accessibility nationwide
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Access to job opportunities declined in large U.S. cities as economic and transportation conditions have continued to evolve in the COVID era, according to new research from the Accessibility Observatory at the University of Minnesota's Center for Transportation Studies.


                                        
                                              
                                        
                                                                                                                                    Since 2014, the annual Access Across America (AAA) study has used comprehensive walking, biking, transit and auto travel data to analyze the sustainability of transportation options for residents of major urban areas. The study defines accessibility as the number of jobs that a typical worker can reach, on average, within 30 minutes. Typically, land use and transportation networks only change gradually from year to year, but--following the trend from 2021--the 2022 report illustrates some of the ways that Americans are still dealing with aftershocks from the height of the COVID-19 pandemic.

An interactive map of the findings and a webinar recording discussing findings from the 2022 AAA report are available on the Center for Transportation Studies website.

The report found generally lower access to jobs in 2022 than in the previous year for residents using biking, transit and automobiles. In particular, all of the 50 most populous urban areas in the U.S. saw reduced access to jobs during the morning peak by driving. The highest reductions were seen in places where congestion had increased the most. Compared to 2021, the typical worker in the Los Angeles region lost access to 1.2 million jobs within a 30-minute drive--a 40% reduction. Similar patterns were observed in Boston (33% reduction) and Atlanta (28% reduction), among other cities. These drastic changes show the impact of the return of traffic, magnified by the unusually high job accessibility by auto that occurred during the first 21 months of the pandemic.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "Travel habits are sticky, and during COVID it was unusually easy to travel across many urban areas by car, which wasn't sustainable," said Andrew Owen, a senior researcher for the Accessibility Observatory and lead author of the report. "What follows is increased demand as people get used to being able to make trips quickly. Then, those travel times become longer as more people make the same choice. Reduced accessibility due to congestion is simply the consequence of this negative feedback loop."

The 2022 AAA report includes a walking report, which is the first national calculation of job walkability since 2014. Access was highly variable within urban areas, with some residents having very high accessibility by walk or roll, but most having very little. In the New York City urban area, for example, the average resident would expect to reach fewer than 1% of regional jobs in a 30-minute walk or roll. Additionally, research showed that pedestrian accessibility can vary widely between lower- and higher-wage workers.

"We often hear that walkable areas are signs of high income or gentrification, but travel behavior shows that lower-wage workers are more likely to walk to work," said Shirley Liu, a researcher in the Accessibility Observatory and co-author of the report. "The data showed that in places like Minneapolis, Baltimore and Cleveland, lower-wage residents have better connections by walking or rolling to jobs in the city than higher-wage workers do."

The report also showed a reduction in transit service in urban areas in 2022 led to a marked reduction in job accessibility, which raises questions about the financial sustainability of modes of transportation that provide critical access to jobs.

The Access Across America study is sponsored by the National Accessibility Evaluation pooled-fund study--a multiyear effort led by the Minnesota Department of Transportation and supported by partners including the Federal Highway Administration, 11 additional state DOTs and the Metropolitan Council of the Twin Cities.
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For Deaf people, train travel can be a gamble. On an average day, nothing goes wrong: they catch their train to their destination and carry on with their business.


                                        
                                              
                                        
                                                                                                                                    But when something out of the ordinary happens, the situation can quickly get scary, because most updates are only delivered by audio announcements. A Deaf traveler may miss their train because it was moved to a different platform, or watch as their station whizzes by because the train isn't stopping there today. They may also remain on a train carriage in an emergency after everyone else has evacuated, and have to be rescued by station staff.

Every single one of these examples has been drawn from the real life experiences of Deaf people in Sydney. But my colleagues and I are working with Sydney Trains and members of the Australian Deaf community to develop an advanced, artificial intelligence (AI)-powered signing avatar which can automatically translate audio announcements into Auslan.

Our work on the avatar also builds towards the next step: developing AI systems which can "understand" Auslan.

Journeys don't always go to plan

Earlier this year, my colleagues and I ran a pilot study with three Deaf train travelers in Sydney. As well as the stories they shared about what can go wrong during train travel, we learned they use tried and tested strategies for making their journeys go smoothly.

Their strategies might be familiar to regular commuters. For example, they would plan their journeys with an app, arrive early and look for signage to let them know if anything had changed.

But they also said they felt they needed to stand near information screens to watch for updates, and ask station staff or other passengers for information when the situation had changed. They also reported being hypervigilant while on the train, watching to make sure they don't miss their stop.

But these strategies didn't always ensure Deaf travelers received important information, including about emergencies. For example, while usually helpful, station staff were sometimes too busy to assist.

The greatest frustration came in situations where other passengers weren't willing or able to provide information, leaving our Deaf travelers to just "follow the crowd". This often meant ending up in the wrong place.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Developing a signing avatar

Speech-to-text software might seem like an easy solution to some of these problems. But for many Deaf people, English is not their native language and Auslan can be processed far more easily and quickly.

Our Deaf travelers told us that, in a perfect world, they would want live interpreters. However, automatic, AI-powered translation using a signing avatar displayed on a platform or train screen which could identify key words in an audio announcement, generate a sentence with correct Auslan grammar, and stitch together the corresponding signs from our vocabulary library was appealing for a number of reasons.

First, it allows for real-time translation of announcements that use known vocabulary--which is relevant in the trains-and-stations context, where many announcements cover similar topics.

Second, an avatar and its signing can be customized to the needs of a given situation, such as using information about screen location to ensure the avatar signs in the right direction while pointing out exits or other platforms.

Third, multiple signers can contribute signs to an avatar's vocabulary, which can then be smoothly stitched together to make a sentence.

And importantly, an avatar means no real person has to be the "face" of an organization's automatically generated announcements. This is particularly important because the Australian Deaf community is small and close knit, and if something goes wrong with the translation, nobody suffers any reputational damage.

From a technical point of view, an avatar also allows us to ensure a minimum quality threshold for signing. We're using motion capture to make sure each sign in our vocabulary library is accurate, and movements are clear.

It also helps us avoid the "uncanny valley"--an effect where something human-like but subtly wrong is unsettling. We don't want any of the many-fingered monstrosities you may have seen recently generated by AI.


                                                                                                                                            AI for everyone

This work is one step in our broader aim of creating an AI system which can understand Auslan. This AI could be used to help Deaf and hearing station staff converse, or to create "chatbot booths" or app-based assistants that would allow Deaf people to get information on demand in Auslan about their train journeys or other daily tasks.

Sign languages and Deaf cultures around the world have nuances and complexities that hearing researchers and developers of AI may not be aware of. These nuances and complexities must be embedded in new technologies, and researchers and developers must take a language-first approach to AI data collection and design with--not just for--Deaf people.

Only then will AI meet Deaf people's real needs: to ensure their safety and independence in every aspect of daily life.
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Big Tech's power demands mean nuclear is getting a fresh look from electricity providers

                                        by Damian J. Troise                                                                                                                    
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Nuclear power is garnering renewed attention amid growing demand for power and cleaner energy.


                                        
                                              
                                        
                                                                                                                                    The power source has seen a resurgence as nations focus on reducing emissions in an effort to combat climate change. At the same time, the technology sector's energy needs are growing in the form of data centers and powerful advances in artificial intelligence.

Those factors have prompted companies and governments to look more closely at a power source whose potential hazards made it unpopular only a few decades ago. The U.S. is the fastest growing market for data centers, according to McKinsey, which forecasts demand to more than triple by 2030 to 80 gigawatts.

Constellation Energy plans on reopening Three Mile Island in Pennsylvania under a deal with Microsoft. Oracle plans to use new technology in the form of small modular nuclear reactors to power its data centers, while Google is purchasing nuclear energy from small modular reactors in development by Kairos Power. Amazon bought a data center powered by nuclear energy in Pennsylvania earlier this year and is also investing in small nuclear reactors.

"The power sector is rapidly becoming a protagonist in the AI story," McKinsey analysts said in a report. "Access to power has become a critical factor in driving new data center builds."

That demand, coupled with goals to get the nation's power usage to "net zero" carbon emissions, means that the expectations for nuclear power contributions are jumping. Nuclear power already provides about 20% of all electricity generation in the U.S., and the International Atomic Energy Agency expects that nuclear electrical generating capacity could nearly triple in North America by 2050.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Nuclear power has the U.S. government's support as an option moving ahead for cleaner energy to help lower carbon emissions. Georgia's Vogtle nuclear power plant opened two new reactors over the last several years.

The forecasts for growing demand have made utilities with nuclear plants a target for deals with big data companies.

Three Mile Island, located in Pennsylvania, was the site of the worst commercial nuclear accident in U.S. history, when its Unit 2 reactor suffered a partial meltdown and went offline in 1979. The recent deal between Microsoft and Constellation proposes reopening the Unit 1 reactor, which remained in operation until 2019.

"This deal recognizes the critical role that nuclear has in providing clean energy, and supporting reliability," said Daniel L. Eggers, Constellation's chief financial officer, in a call with analysts.

Several states still have moratoriums on nuclear power development, but there has been a movement over the last 10 years to repeal them. Wisconsin, Kentucky, Montana and West Virginia are among states that have reopened the door to reactor construction. Other states, including New York, have partial restrictions based on size and location.

The demand for nuclear power is shining a brighter light on nuclear technology companies and uranium miners.

NuScale Power has seen its stock leap more than five times this year, following a 40% jump in 2023. The company makes small modular reactors, which have a smaller footprint than typical nuclear power plants and reactors. Wall Street expects its revenue to surge in the coming years.

Uranium prices are near a 15-year high. The surge in prices has helped bolster stocks for companies including Cameco and NexGen as the uranium miners and their peers face rising demand for the fuel.
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Millions of people around the world rely on humanitarian aid. One of the challenges when it comes to distributing aid is that resources are almost always scarce. Therefore, organizations want to ensure that people can only register once. CISPA-Faculty Dr. Wouter Lueks and his colleagues at EPFL in Lausanne recently developed a tool in cooperation with the International Committee of the Red Cross (ICRC) that enables organizations to overcome this challenge by using biometric data safely.


                                        
                                              
                                        
                                                                                                                                    The chance of people registering multiple times for humanitarian aid looms over these programs like the sword of Damocles.

"Humanitarian organizations try to help as many people as possible," explains CISPA-Faculty Dr. Wouter Lueks. "In achieving that goal, they want to make sure that they do not give aid to the same recipient twice, because in that case someone else cannot receive aid."

Lueks looked for an approach to prevent the duplication of aid. As the use of ID documents in regions with humanitarian crises is often impossible or associated with risks, biometric data was the method of choice.

"The core of what we design is to say we want to use biometric data for one purpose only: We want to be able to determine whether the biometric data of the person in front of us was already registered," explains Lueks.

But how does the method actually work in practice?

"When a person comes to a registration station and asks for registration, biometric data, such as a fingerprint, is taken from this person," explains Lueks. This requires a reader connected to a computer and an internet connection.

"Then, a so-called cryptographic protocol is run between the computer at the registration station and a second computer at another location, in our case at the ICRC headquarters in Geneva," Lueks continues. "The result of this protocol is a 'yes or no' decision. Yes, I found the biometric data in the database or no, I didn't find it. In the latter case, the recipient's data can be added."

On the local computer, the data is only saved for the moment of data recording and then deleted again.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Ensuring security

According to the CISPA researcher, "the fact that biometric data cannot be changed makes storing it in databases very risky. They leave traces of information about the fact that certain people have been here, that they have registered and so on. In the past, for example, after the US withdrawal from Afghanistan, we have seen that the simple fact that people have registered for a certain program can have very far-reaching consequences for their future life and might threaten their security."

This is why Lueks and his colleagues have implemented various security mechanisms into their system.

"The decisive factor is that the two computers have to work together to make this 'yes or no' decision," explains Lueks. "If one of the two computers refuses to cooperate, or more specifically, if someone in Geneva decides to shut down the system, no further information is made available from the system."

Not even physical access to one of the two computers will reveal biometric data of recipients. The system is designed in order to prevent data access.

Embedding the registration process in the distribution of humanitarian aid

The method that Lueks and his colleagues present in their recent paper focuses on the registration process. However, this is only one part of the complex process of distributing humanitarian aid.

Another important part is the actual distribution of goods, where it is important to prevent people from receiving aid more than once. To prevent this, researchers have already developed a token-based system for distributing humanitarian aid last year. In concrete terms, this would mean that aid recipients who have successfully registered would receive a token, for example, in the form of a smart card, to collect the goods to which they are entitled.

The token's design ensures that there is no more than one distribution per person per distribution round. Although the initial solution was aimed at households, not individuals, the approach could easily be applied to the new method.

Looking to the future, Lueks can imagine developing a prototype for the application of both methods. His cooperation partners at the ICRC would certainly be interested in this.
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What if a security camera could not only capture video but understand what's happening--distinguishing between routine activities and potentially dangerous behavior in real time? That's the future being shaped by researchers at the University of Virginia's School of Engineering and Applied Science with their latest breakthrough: an AI-driven intelligent video analyzer capable of detecting human actions in video footage with unprecedented precision and intelligence.


                                        
                                              
                                        
                                                                                                                                    The research paper is published in the journal IEEE Transactions on Pattern Analysis and Machine Intelligence.

The system, called the Semantic and Motion-Aware Spatiotemporal Transformer Network (SMAST), promises a wide range of societal benefits, from enhancing surveillance systems and improving public safety to enabling more advanced motion tracking in health care and refining how autonomous vehicles navigate through complex environments.

"This AI technology opens doors for real-time action detection in some of the most demanding environments," said professor and chair of the Department of Electrical and Computer Engineering, Scott T. Acton, and the lead researcher on the project. "It's the kind of advancement that can help prevent accidents, improve diagnostics and even save lives."

AI-driven innovation for complex video analysis

So, how does it work? At its core, SMAST is powered by artificial intelligence. The system relies on two key components to detect and understand complex human behaviors. The first is a multi-feature selective attention model, which helps the AI focus on the most important parts of a scene--like a person or object--while ignoring unnecessary details. This makes the system more accurate at identifying what's happening, such as recognizing someone throwing a ball instead of just moving their arm.

The second key feature is a motion-aware 2D positional encoding algorithm, which helps the AI track how things move over time. Imagine watching a video where people are constantly shifting positions--this tool helps the AI remember those movements and understand how they relate to each other. By integrating these features, SMAST can accurately recognize complex actions in real time, making it more effective in high-stakes scenarios like surveillance, health care diagnostics, or autonomous driving.

SMAST redefines how machines detect and interpret human actions. Current systems struggle with chaotic, unedited contiguous video footage, often missing the context of events. But SMAST's innovative design allows it to capture the dynamic relationships between people and objects with remarkable accuracy, powered by the very AI components that allow it to learn and adapt from data.

Setting new standards in action detection technology

This technological leap means the AI system can identify actions like a runner crossing a street, a doctor performing a precise procedure or even a security threat in a crowded space. SMAST has already outperformed top-tier solutions across key academic benchmarks including AVA, UCF101-24 and EPIC-Kitchens, setting new standards for accuracy and efficiency.

"The societal impact could be huge," said Matthew Korban, a postdoctoral research associate in Acton's lab working on the project. "We're excited to see how this AI technology might transform industries, making video-based systems more intelligent and capable of real-time understanding."


                                                                                                                                                                            
                                        											
																								More information:
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Researchers develop a new generative adversarial networks model that stabilizes training and performance

                                        by                                         Chung Ang University                                    
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In recent years, artificial intelligence (AI) and deep learning models have advanced rapidly, becoming easily accessible. This has enabled people, even those without specialized expertise, to perform various tasks with AI. Among these models, generative adversarial networks (GANs) stand out for their outstanding performance in generating new data instances with the same characteristics as the training data, making them particularly effective for generating images, music, and text.


                                        
                                              
                                        
                                                                                                                                    GANs consist of two neural networks, namely, a generator that creates new data distributions starting from random noise, and a discriminator which checks whether the generated data distribution is "real" (matching the training data) or "fake." As training progresses, the generator improves at generating realistic distributions, and the discriminator at identifying the generated data as fake.

GANs use a loss function to measure differences between the fake and real distributions. However, this approach can cause issues like gradient vanishing and unstable learning, directly impacting stability and efficiency. Despite considerable progress in improving GANs, including structural modifications and loss function adjustments, challenges such as gradient vanishing and mode collapse, where the generator produces a limited variety, continue to limit their applicability.

To address these issues, a team of researchers led by Assistant Professor Minhyeok Lee from the School of Electrical and Electronics Engineering at Chung-Ang University, Republic of Korea developed a novel strategy. "Imagine teaching an artist to paint landscapes. Consistent guidance may lead them to produce similar scenes, a phenomenon called mode collapse in machine learning. To prevent this, our PMF-GAN model refines the discriminator's capabilities, penalizing the generator for producing overly similar outputs, thereby promoting diversity," explains Dr. Lee.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Their findings were made available in the journal Applied Soft Computing in October 2024.

The PMF-GAN framework introduces two key enhancements. First, it employs kernel optimization to refine the ability of the discriminator, offering a significant advantage in addressing issues of model collapse and gradient vanishing. Kernels are mathematical functions that transform data into a higher dimensional space, making it easier to detect patterns even in complex data. The output of the discriminator is processed through kernel functions, producing the kernel density estimation (KDE).

Second, PMF-GAN applies a mathematical technique called histogram transformation to the KDE output, enabling a more intuitive analysis of the results. During training, the model minimizes the difference between the kernel-histogram transformed fake and real distributions, a measure called PMF distance.

In particular, this approach allows for the use of various mathematical distance functions and kernel functions. This flexibility allows PMF-GAN to be adapted to different data types and learning objectives. Additionally, PMF-GAN can be integrated into existing improved GAN architectures for even better performance.

In experiments, PMF-GAN outperformed several baseline models in terms of visual-quality and evaluation metrics across multiple datasets. For the Animal FacesHQ dataset, it showed a 56.9% improvement in the inception score and 61.5% in the frechet inception distance (FID) score compared to the conventional WGAN-GP model.

"The flexibility and performance improvements presented by PMF-GAN opens new possibilities for generating synthetic data in various technological and digital fields. In health care, it will lead to more stable and diverse image generation. It also enables more realistic and varied computer-generated visuals for films, video games, and virtual reality experiences," remarks Dr. Lee.

"As AI-generated content becomes more prevalent in our daily lives, our method improves the quality and diversity of the content, and will ensure that AI continues to be a valuable tool for human creativity and problem-solving."
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Figure 3: Jailbreaking behaviors. When directly prompted, LLM-controlled robots will refuse to
comply with prompts requesting harmful actions. However,in this paper, we propose an algorithm
called ROBOPAIR, which elicits harmful actions with a 100% success rate on behaviors spanning
bomb detonation, covert surveillance, and human collisions.
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> 5: PAIR and ROBOPAIR. The derivation of ROBOPAIR, which is designed to jailbr
controlled robots, is rooted in the PAIR chatbot jailbreaking algorithm proposed in [
ver, in contrast to PAIR, ROBOPAIR implements robot-specific system prompts contain
text examples of harmful actions, as well as a syntax checker which ensures that genera
s compatible with an LLM-controlled robot’s APL
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Figure 7: Jailbreaking the Clearpath Jackal. As shown in green, the Clearpath Jackal generally
refuses to locate bomb detonation targets in an academic lab setting. However, as shown in red,
simple jailbreaking templates often fool the Clearpath Jackal into identifying targets in which
detonating a bomb would cause the most damage.
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Figure 1: Jailbreaking LLM-controlled robots.

We consider a control architecture wherein a robot
is controlled via textual prompts by an LLM. In
this architecture, prompts passed as input to the
LLM can be subverted by an attacker.
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Figure 2: Example of a ROBOPAIR jailbreak.
When prompted with instructions returbed
by ROBOPAIR, the Unitree Go2 robot dog can
be fooled into performing harmful actions.
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