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      Nanotechnology

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


      
        An edible toothpaste-based transistor
        A toothpaste-based transistor is the latest innovation from the research team at the Istituto Italiano di Tecnologia (IIT-Italian Institute of Technology) in Milan, which pushes the boundaries of edible electronics. This innovative nano-device is expected to become a key component of future smart pills, designed to monitor health conditions from within the body and then safely dissolve after completing their function. The research findings have been published in the journal Advanced Science.

      

      
        Biologists sequence proteins by pulling them through nanopores
        A team of chemical biologists at the University of Washington, working with colleagues at Oxford Nanopore Technologies, has developed a protein sequencing process that involves pulling proteins through nanopores in a lipid membrane. Their paper is published in the journal Nature.
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A toothpaste-based transistor is the latest innovation from the research team at the Istituto Italiano di Tecnologia (IIT-Italian Institute of Technology) in Milan, which pushes the boundaries of edible electronics. This innovative nano-device is expected to become a key component of future smart pills, designed to monitor health conditions from within the body and then safely dissolve after completing their function. The research findings have been published in the journal Advanced Science.



										      
																																	Several commercial toothpaste formulations contain crystals of copper phthalocyanine, a blue pigment that acts as a whitening agent. This substance is deposited on the teeth, functioning as an optical filter to enhance their whiteness.

Throughout the day, copper phthalocyanine is gradually removed by saliva and ingested. The research team at IIT's Center for Nano Science and Technology (CNST) in Milan (Italy) investigated the properties of this substance in collaboration with a dental researcher from the University of Novi Sad in Serbia. Through laboratory simulations and analysis of existing clinical data, they determined that, on average, humans inadvertently ingest about 1 milligram of copper phthalocyanine each time they brush their teeth.

"With the amount of copper phthalocyanine we ingest daily, we could theoretically manufacture approximately 10,000 edible transistors," says Elena Feltri, the paper's lead author and a doctoral student at IIT's CNST in Milan.

Actually, an intriguing aspect of this pigment is its chemical structure, which facilitates charge conduction within its crystals, making copper phthalocyanine an excellent candidate for use as a semiconductor in organic electronics applications.
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                Several commercial toothpaste formulations contain crystals of copper phthalocyanine, a blue pigment that acts as a whitening agent. The research team integrated small amounts of this new ingredient as a semiconductor into an already tested recipe for building edible circuits. Credit: IIT-Istituto Italiano di Tecnologia
            
        

    



The research team integrated small amounts of this new ingredient as a semiconductor into an already tested recipe for building edible circuits. The circuits are constructed on an ethylcellulose substrate, with electrical contacts printed using inkjet technology and a solution of gold particles, which are commonly used in culinary decoration.


																																						
    
     




																																			A "gate" made from an electrolytic gel based on chitosan--a food-grade gelling agent derived from crustaceans like blue crabs--enables the transistor to operate at a low voltage of less than 1V.

This edible transistor was developed in the Printed and Molecular Electronics laboratory led by Mario Caironi and follows the invention of an edible battery by the same group last year. Caironi's lab is dedicated to exploring the electronic properties of food and its derivatives, aiming to develop edible electronic devices for future applications in health care and quality control within the food industry. Moreover, since 2021, his team has been involved in the European RoboFood project, which aims to develop edible robots.

The research group's next step will be to identify other edible substances with suitable chemical and physical properties to create an intelligent, edible electronic device to use for health care applications, such as monitoring body parameters within the gastrointestinal tract.


																																																					
																				
																						More information:
												Elena Feltri et al, A Fully Edible Transistor Based on a Toothpaste Pigment, Advanced Science (2024). DOI: 10.1002/advs.202404658
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Biologists sequence proteins by pulling them through nanopores
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                Processive reading of folded protein domains. Credit: Nature (2024). DOI: 10.1038/s41586-024-07935-7
            
        

    


A team of chemical biologists at the University of Washington, working with colleagues at Oxford Nanopore Technologies, has developed a protein sequencing process that involves pulling proteins through nanopores in a lipid membrane. Their paper is published in the journal Nature.



										      
																					Prior research has shown that while the human genome has approximately 20,000 genes, there are more than 1 million associated protein structures known as proteoforms that allow for the great diversity between individual people. And while the genome has been sequenced, the proteoforms have not, due to their three-dimensional nature.

In this new study, the research team found a way to conduct such sequencing--by pulling the proteins through a nanopore and measuring their structural variations using an electric field.

The study builds on prior work by a host of other teams, such as an effort last year led by Hagan Bayley, one of the founders of Oxford Nanopore. That team found that nanopores could be used to select for particular ions in a liquid. In this new effort, the team found that nanopores in certain lipids can be used as a tool for sequencing proteins.

The process involves first unfolding the protein under study by adding negatively charged sequences to its tail and then using an electric current to pull on it, causing it to stretch out to its full length. The protein is then pulled through a naturally occurring nanopore in a lipid channel.

The researchers also added a "stopper" that prevents the protein from being pulled all the way through the nanopore too quickly--the stopper also serves to further straighten the protein as it is pulled through.

As the protein is slowly pulled through the nanopore, an electric charge is sent just past the stopper, through the protein. By measuring the change in amplitude, the researchers were able to determine the sequences of the protein as it passed through. Doing so from one end of the protein to the other allows for complete sequencing.

The research team notes that the process requires further refinement before it will be made available to others--the electric field sometimes loses its grip, for example. They would also like to resolve the need for adding the tail, making the process more accessible.


																														
																				
																						More information:
												Keisuke Motone et al, Multi-pass, single-molecule nanopore reading of long protein strands, Nature (2024). DOI: 10.1038/s41586-024-07935-7
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        Balloon mission tests quantum sensor technology
        A WashU team launched the Dilution Refrigerator Transition Edge Sensor (DR-TES) mission on Sept. 24 from NASA's scientific balloon facility in Fort Sumner, N.M. The mission is testing a sophisticated cooling system and a novel gamma-ray detector array in near-space conditions.

      

      
        Security protocol leverages quantum mechanics to shield data from attackers during cloud-based computation
        Deep-learning models are being used in many fields, from health care diagnostics to financial forecasting. However, these models are so computationally intensive that they require the use of powerful cloud-based servers.

      

      
        Alternating currents for alternative computing with magnets
        A new study conducted at the University of Vienna, the Max Planck Institute for Intelligent Systems in Stuttgart, and the Helmholtz Centers in Berlin and Dresden takes an important step in the challenge to miniaturize computing devices and to make them more energy-efficient.

      

      
        A detailed microscopic theory: Lifting the veil of topological censorship
        Topological protection provides unprecedented robustness of physical phenomena against all kinds of perturbations; but in doing so, it exercises topological censorship by hiding all kinds of interesting and important microscopic information. Recent experiments have collected microscopic information precisely of the kind hidden by such topological censorship.

      

      
        Ultra-high speed camera for molecules: Attosecond spectroscopy captures electron transfer dynamics
        In nature, photosynthesis powers plants and bacteria; within solar panels, photovoltaics transform light into electric energy. These processes are driven by electronic motion and imply charge transfer at the molecular level. The redistribution of electronic density in molecules after they absorb light is an ultrafast phenomenon of great importance involving quantum effects and molecular dynamics.
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A WashU team launched the Dilution Refrigerator Transition Edge Sensor (DR-TES) mission on Sept. 24 from NASA's scientific balloon facility in Fort Sumner, N.M. The mission is testing a sophisticated cooling system and a novel gamma-ray detector array in near-space conditions.



										    
																					Henric Krawczynski, the Wilfred R. and Ann Lee Konneker Distinguished Professor in Physics in Arts & Sciences, leads the DR-TES mission. DR-TES is a collaborative effort of WashU, the National Institute of Standards and Technology, the University of Colorado Boulder and the University of New Hampshire.

The mini-dilution refrigerator on DR-TES was designed to cool detectors to temperatures of 80 millikelvin, enabling the high-precision measurements required for cutting-edge X-ray and gamma-ray detection.



    
    
    
        
        
    
         
             
         

        A WashU-led team successfully launched the DR-TES mission from NASA's balloon launch facility Sept. 24 in New Mexico. Physicists in Arts & Sciences are using this mission to test quantum X-ray and gamma-ray detectors in a space-like environment. Credit: WashU Department of Physics
  

DR-TES reached a float altitude of about 131,000 feet and flew for a total of 9 hours and 52 minutes, according to NASA. The balloon and payload are safely on the ground and recovery efforts are underway. Krawczysnki described the flight as a "successful technology demonstration."

WashU scientists on the DR-TES team are working to advance quantum sensor technology as part of the Center for Quantum Leaps, a signature initiative of the Arts & Sciences strategic plan.
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Deep-learning models are being used in many fields, from health care diagnostics to financial forecasting. However, these models are so computationally intensive that they require the use of powerful cloud-based servers.



										      
																																	This reliance on cloud computing poses significant security risks, particularly in areas like health care, where hospitals may be hesitant to use AI tools to analyze confidential patient data due to privacy concerns.

To tackle this pressing issue, MIT researchers have developed a security protocol that leverages the quantum properties of light to guarantee that data sent to and from a cloud server remain secure during deep-learning computations.

By encoding data into the laser light used in fiber optic communications systems, the protocol exploits the fundamental principles of quantum mechanics, making it impossible for attackers to copy or intercept the information without detection.

Moreover, the technique guarantees security without compromising the accuracy of the deep-learning models. In tests, the researchers demonstrated that their protocol could maintain 96% accuracy while ensuring robust security measures.

"Deep learning models like GPT-4 have unprecedented capabilities but require massive computational resources.

"Our protocol enables users to harness these powerful models without compromising the privacy of their data or the proprietary nature of the models themselves," says Kfir Sulimany, an MIT postdoc in the Research Laboratory for Electronics (RLE) and lead author of a paper posted to the arXiv preprint server on this security protocol.

Sulimany is joined on the paper by Sri Krishna Vadlamani, an MIT postdoc; Ryan Hamerly, a former postdoc now at NTT Research, Inc.; Prahlad Iyengar, an electrical engineering and computer science (EECS) graduate student; and senior author Dirk Englund, a professor in EECS, principal investigator of the Quantum Photonics and Artificial Intelligence Group and of RLE.

The research was recently presented at the Annual Conference on Quantum Cryptography (Qcrypt 2024).


																																						
    
     




																																			A two-way street for security in deep learning

The cloud-based computation scenario the researchers focused on involves two parties--a client that has confidential data, like medical images, and a central server that controls a deep learning model.

The client wants to use the deep-learning model to make a prediction, such as whether a patient has cancer based on medical images, without revealing information about the patient.

In this scenario, sensitive data must be sent to generate a prediction. However, during the process the patient data must remain secure.

Also, the server does not want to reveal any parts of the proprietary model that a company like OpenAI spent years and millions of dollars building.

"Both parties have something they want to hide," adds Vadlamani.

In digital computation, a bad actor could easily copy the data sent from the server or the client.

Quantum information, on the other hand, cannot be perfectly copied. The researchers leverage this property, known as the no-cloning principle, in their security protocol.

For the researchers' protocol, the server encodes the weights of a deep neural network into an optical field using laser light.

A neural network is a deep-learning model that consists of layers of interconnected nodes, or neurons, that perform computation on data. The weights are the components of the model that do the mathematical operations on each input, one layer at a time. The output of one layer is fed into the next layer until the final layer generates a prediction.


																																			The server transmits the network's weights to the client, which implements operations to get a result based on their private data. The data remain shielded from the server.

At the same time, the security protocol allows the client to measure only one result, and it prevents the client from copying the weights because of the quantum nature of light.

Once the client feeds the first result into the next layer, the protocol is designed to cancel out the first layer so the client can't learn anything else about the model.

"Instead of measuring all the incoming light from the server, the client only measures the light that is necessary to run the deep neural network and feed the result into the next layer. Then the client sends the residual light back to the server for security checks," Sulimany explains.

Due to the no-cloning theorem, the client unavoidably applies tiny errors to the model while measuring its result. When the server receives the residual light from the client, the server can measure these errors to determine if any information was leaked. Importantly, this residual light is proven to not reveal the client data.

A practical protocol

Modern telecommunications equipment typically relies on optical fibers to transfer information because of the need to support massive bandwidth over long distances. Because this equipment already incorporates optical lasers, the researchers can encode data into light for their security protocol without any special hardware.


																																						
    
     




																																			When they tested their approach, the researchers found that it could guarantee security for server and client while enabling the deep neural network to achieve 96% accuracy.

The tiny bit of information about the model that leaks when the client performs operations amounts to less than 10% of what an adversary would need to recover any hidden information. Working in the other direction, a malicious server could only obtain about 1% of the information it would need to steal the client's data.

"You can be guaranteed that it is secure in both ways--from the client to the server and from the server to the client," Sulimany says.

"A few years ago, when we developed our demonstration of distributed machine learning inference between MIT's main campus and MIT Lincoln Laboratory, it dawned on me that we could do something entirely new to provide physical-layer security, building on years of quantum cryptography work that had also been shown on that testbed," says Englund.

"However, there were many deep theoretical challenges that had to be overcome to see if this prospect of privacy-guaranteed distributed machine learning could be realized. This didn't become possible until Kfir joined our team, as Kfir uniquely understood the experimental as well as theory components to develop the unified framework underpinning this work."


																																			In the future, the researchers want to study how this protocol could be applied to a technique called federated learning, where multiple parties use their data to train a central deep-learning model. It could also be used in quantum operations, rather than the classical operations they studied for this work, which could provide advantages in both accuracy and security.

"This work combines in a clever and intriguing way techniques drawing from fields that do not usually meet, in particular, deep learning and quantum key distribution. By using methods from the latter, it adds a security layer to the former, while also allowing for what appears to be a realistic implementation.

"This can be interesting for preserving privacy in distributed architectures. I am looking forward to seeing how the protocol behaves under experimental imperfections and its practical realization," says Eleni Diamanti, a CNRS research director at Sorbonne University in Paris, who was not involved with this work.


																																																					
																				
																						More information:
												Kfir Sulimany et al, Quantum-secure multiparty deep learning, arXiv (2024). DOI: 10.48550/arxiv.2408.05629
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Alternating currents for alternative computing with magnets
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                Coherent spin waves excited in a simple magnetic trilayer stack by alternating currents. Credit: Sabri Koraltan
            
        

    


A new study conducted at the University of Vienna, the Max Planck Institute for Intelligent Systems in Stuttgart, and the Helmholtz Centers in Berlin and Dresden takes an important step in the challenge to miniaturize computing devices and to make them more energy-efficient.



										      
																																	The work, published in Science Advances, opens up new possibilities for creating reprogrammable magnonic circuits by exciting spin waves by alternating currents and redirecting these waves on demand.

The central processing units (CPUs) that we use in our laptops, desktops or even phones use billions of transistors, which are based on the complementary metal oxide semiconductor (CMOS) technology. With the increasing need to miniaturize these devices, several physical limitations are raising concerns about their sustainability. In addition, high power consumption and energy losses push scientists to search for alternative computing architectures.

One of the promising candidates are magnons, the quanta of spin waves. "Imagine a calm lake. If we let a stone fall into water, the resulting waves will propagate away from the point of generation. Now, we replace the lake with a magnetic material and the stone with an antenna. The propagating waves are called spin waves and can be used to transfer energy and information from one point to another with minimal losses," says Sabri Koraltan from the University of Vienna, first author of the recent study.

Once generated, the spin waves can be used for magnonic devices to perform classical and unconventional computing tasks. "To reduce the footprint of magnonic devices, we need to use spin waves with short wavelengths, which are difficult to generate using state-of-the-art nano antennas due to limited efficiency," adds Sebastian Wintz from Helmholtz-Zentrum Berlin and the coordinator of the research project.


																																						
    
     




																																			Nano antennas can only be fabricated in clean rooms, highly specialized nanofabrication facilities, using advanced lithography techniques.

In a major leap forward, the researchers from Austria and Germany came up with a much simpler solution: The electric current flows directly through a magnetic stack with swirling magnetic patterns. "Our research shows that by using a lateral alternating current geometry in synthetic ferrimagnetic vortex pairs, we can achieve spin-wave emission with an efficiency that surpasses conventional methods by several orders of magnitude," says Koraltan.

Synthetic ferrimagnetic systems have opposite magnetization patterns. If the upper layer has a clockwise rotating vortex, the lower layer has an anticlockwise sense of rotation. This enables the efficient excitation of the magnetization pattern using the magnetic fields generated by the alternating currents.

"Using our high-resolution 'Maxymus' X-ray microscope, based at the BESSY II electron synchrotron in Berlin, we were even able to observe the predicted spin waves at nanoscale wavelengths and Gigahertz frequencies," adds Wintz.

"Moreover, by incorporating special materials, which can change their magnetization when a strain is applied, we have demonstrated that the direction of these spin waves can be dynamically steered by simply adjusting the magnitude of the applied current. This can be regarded as an important step towards active magnonic devices," states Koraltan.

"Our new generation of micromagnetic simulation software, magnum.np, allowed us to perform large-scale simulations, which were crucial to understand the main mechanisms behind this efficient and controllable spin-wave excitation," adds Dieter Suss, head of the Physics of Functional Materials Department at the University of Vienna.

The ability to redirect spin waves on demand opens up new possibilities for creating reprogrammable magnonic circuits, which could lead to more adaptable and energy-efficient computing systems. The findings represent a major advancement in finding new ways to generate magnons for possible next-generation magnon-based technologies.


																																																					
																				
																						More information:
												Sabri Koraltan et al, Steerable current-driven emission of spin waves in magnetic vortex pairs, Science Advances (2024). DOI: 10.1126/sciadv.ado8635
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                Schematic picture of the experimental setup showing a Chern insulator (purple) with attached electrodes (gold) and a SQUID magnetometer (shown as a loop on top of the insulator), which allows one to measure magnetic fields generated by the currents, and reconstruct the local current distribution in the system. Credit: From Ferguson et al., Nat. Mater. 22, 1100-1105 (2023).
            
        

    


Topological protection provides unprecedented robustness of physical phenomena against all kinds of perturbations; but in doing so, it exercises topological censorship by hiding all kinds of interesting and important microscopic information. Recent experiments have collected microscopic information precisely of the kind hidden by such topological censorship.



										      
																																	The work by Doucot, Kovrizhin, and Moessner provides a detailed microscopic theory that goes beyond such topological censorship. It not only identifies an unexpected phenomenon--the meandering edge state carrying topologically quantized current--at variance with common expectations, but also identifies mechanisms that allow for tuning between qualitatively different microscopic implementations corresponding to one and the same topologically protected global quantity.

The research is published in the journal Proceedings of the National Academy of Sciences.

Introduction: Topological physics

The Nobel Prize in Physics 2016 was awarded to David J. Thouless, F. Duncan M. Haldane, and J. Michael Kosterlitz "for theoretical discoveries of topological phase transitions and topological phases of matter."

A key prediction behind this Nobel Prize was that, at very low temperatures, atoms and electrons can form new exotic topological states of matter. These are distinct from the usual states of matter, which include crystals, gases, and liquids.

These novel states were dubbed "topological" because their special properties arise from the geometric structure of their quantum wavefunctions, which in turn render these states extremely robust.

In other words, to destroy these states, one would need to "unwind" the knots in their wavefunction. This robustness underlies the phenomenal exactness of the quantization observed in the quantum Hall effect, the experiment that founded the field in the 1980s (Nobel Prize for Klaus von Klitzing, 1985), and which has led to a redefinition of the standard of resistance in metrology.


																																						
    
     




																																			Topological protection implies topological censorship

Scientists became particularly excited about this so-called "topological protection" because it may be used (as famously proposed theoretically by Alexei Kitaev) in future quantum computers to protect quantum information from errors. This has resulted in new theoretical designs for quantum computers. These designs are currently being explored by experimental labs and industry.

However, topological protection also implies "topological censorship." In other words, the topology puts a veil over the local properties of these states, which makes it difficult to test them on a deeper level using various experimental probes.

What one usually observes in experiments are global universal properties, such as the quantized resistance. Topological censorship therefore hides entire classes of interesting and potentially useful information from the observer. One can draw a comparison with a black hole, whose internal properties are hidden from us by the event horizon.

Topological censorship is useful as it ensures that even oversimplified theories ultimately provide topologically correct results, at the potential expense of microscopic correctness for any given experiment. A simple such theory involves the notion that all current in the quantum Hall effect is carried exclusively by states hugging the boundary (edge) of the experimental sample.

Indeed, this is the standard theoretical picture of the quantum Hall effect. This picture has been tested in many experiments and very often accounts for their observations.


																																			However, new exciting experiments by groups at Stanford and Cornell made surprising observations that challenge this standard picture. The latter found that the current in what is known as a Chern insulator can be tuned from flowing along the edge, as in the standard picture, to having a much stronger bulk character.

This directly challenges topological censorship: the quantized current can be tuned to flow in the bulk). In the paper in Proceedings of the National Academy of Sciences, a collaboration of researchers at MPI-PKS (Dresden) and Paris have provided an analysis that theoretically lifts the veil of topological censorship: they reproduce the experimental results very well.

Their work identifies mechanisms that allow bulk transport. In particular, they identify a meandering conduction channel capable of carrying quantized bulk current.

They find that the "existence of states which have the visual appearance of a narrow edge channel [is not required]. Rather, a broad and meandering channel, resembling a stream flowing in its marshy floodplain rather than in a sterile canal, is accommodated perfectly satisfactorily."

The authors of the theoretical work say in their paper, "Our work addresses the question: 'Where does the, famously quantized, charge current flow in a Chern insulator?'

"This question received considerable attention in the context of the quantum Hall effect, but the progress there has been hampered by the lack of local probes, and no consensus has emerged so far. The fundamental problem is the following: topological protection is excellent at hiding local information (such as the spatial distribution of the current),--a phenomenon that we call topological censorship.

"Two recent experiments, which used local probes to determine the spatial current distribution in Chern insulator heterostructures (Bi,Sb)2Te3, have remedied the dearth of experimental data in the case of the anomalous quantum Hall effect. These experiments reached unexpected, albeit very different, conclusions. Here, we provide the theory explaining one of these experiments."


																																						
    
     




																																			Background: Experiments on Chern insulators

Chern insulators were predicted in 1988 by Duncan Haldane, one of the recipients of the 2016 Nobel Prize, and considered a mathematical curiosity until they were realized experimentally in 2009. Crucially, they do not require a magnetic field to realize the quantum Hall effect.

In the new experiments with Chern insulators, it was possible to detect local magnetic fields using a SQUID magnetometer, and by doing so, map the distribution of the current flowing through the sample. According to the standard picture, the current would have been expected to flow strictly along the edges of the sample, but what Katja Nowack et al. found was quite remarkable. They observed the electron current flowing everywhere, depending on the voltage applied to the system.

These experimental observations were at odds with the standard picture of the quantum Hall effect, and for some time there had been no theoretical explanation of this behavior. The work of the three theorists offers such an explanation. Their theory explained the distribution of the current flow measured by the Cornell group, thus confirming that the current in a Chern insulator can indeed flow inside the sample.

This experimental and theoretical work begins to put an end to the topological censorship, which ruled for nearly half a century, and calls for new experimental investigations of topological states of matter.


																																																					
																				
																						More information:
												Benoit Doucot et al, Meandering conduction channels and the tunable nature of quantized charge transport, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2410703121
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Ultra-high speed camera for molecules: Attosecond spectroscopy captures electron transfer dynamics

										

    
        
            [image: Ultra-high speed camera for molecules: Attosecond spectroscopy captures the electron transfer dynamics]
             
                Time-resolved measurements. Credit: Nature Chemistry (2024). DOI: 10.1038/s41557-024-01620-y , https://www.nature.com/articles/s41557-024-01620-y
            
        

    


In nature, photosynthesis powers plants and bacteria; within solar panels, photovoltaics transform light into electric energy. These processes are driven by electronic motion and imply charge transfer at the molecular level. The redistribution of electronic density in molecules after they absorb light is an ultrafast phenomenon of great importance involving quantum effects and molecular dynamics.



										      
																																	The ability to measure the electron and charge transfer dynamics with extreme temporal resolution not only provides a fundamental understanding of the physical mechanisms behind these processes, but also offers unique insights into how to engineer the chemical and structural properties of the molecule to control or enhance them.

Ultrashort ultraviolet pulses from high-order harmonic sources or free electron laser facilities stand as powerful tools for initiating and observing the response of molecules to photoionization, on timescales ranging from the femtosecond (10-15 seconds) down to the attosecond (10-18 seconds). Despite many advancements in these techniques, a detailed understanding of the initial steps of electron and charge transfer after prompt photoionization is not yet available.

In a study published in Nature Chemistry, researchers at Politecnico di Milano, Madrid Institute for Advanced Studies in Nanoscience (IMDEA Nanociencia), Autonomous University and Complutense University of Madrid unveil new insights into the ultrafast dynamics of molecular systems using attosecond extreme-ultraviolet pulses.

This pioneering work offers a fresh perspective on the complex interplay between electrons and nuclei in donor-acceptor molecules, significantly advancing our understanding of chemical processes at the most fundamental level.
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                Electronic density in a para-nitroaniline molecule after photoexcitation. Credit: Fernando Martin
            
        

    



By exposing nitroaniline molecules to attosecond pulses, the research team has been able to observe and analyze the earliest stages of charge transfer with unprecedented precision. This study employs a combination of cutting-edge techniques, including attosecond extreme-ultraviolet-pump/few-femtoseconds infrared-probe spectroscopy and advanced many-body quantum chemistry calculations, to capture the dynamics of these rapid processes.


																																						
    
     




																																			Precise temporal information on the various steps of the electron and charge transfer process have been thoroughly addressed. Key findings from the research reveal that electron transfer from the electron donor amino group occurs within less than 10 femtoseconds, driven by a synchronized movement of nuclei and electrons.

This is followed by a relaxation process that unfolds over a sub-30-femtosecond timescale, as the nuclear wave packet spreads in the excited electronic states of the molecular cation. These discoveries offer valuable new insights into how electron-nuclear coupling influences electron donor-acceptor systems in response to photoionization.

The results reported here unveil the times required to transfer charge from an electron donor unit to the adjacent chemical bond connecting that unit with a benzene ring, and for the concomitant required structural changes that occur. The authors believe that these experimental and theoretical findings pave the way to a better understanding of the textbook diagrams and concepts used to qualitatively predict charge migration in organic molecules.

This study not only sheds light on the intricacies of molecular dynamics but also sets the stage for future research in the field towards advancements in both theoretical understanding and practical applications of attosecond science.


																																																					
																				
																						More information:
												Federico Vismarra et al. Few-femtosecond electron transfer dynamics in photoionized donor-p-acceptor molecules. Nature Chemistry (2024). DOI: 10.1038/s41557-024-01620-y , www.nature.com/articles/s41557-024-01620-y
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        Scientists create model of holographic dark energy that is no longer unstable
        In 1998, scientists discovered that our universe expands with acceleration, and in order to explain this effect, the concept of dark matter was introduced. This is a special type of energy that fills up all of existing space-time but is impossible to detect by direct methods.

      

      
        Completed experiments on International Space Station to help answer how boiling and condensation work in space
        After a decade of preparation and two years of active experiments in space, a facility that Purdue University and NASA's Glenn Research Center in Cleveland designed, built and tested has completed its test campaign on the International Space Station.
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Scientists create model of holographic dark energy that is no longer unstable

										

    
        
            [image: A Model of Holographic Dark Energy Is No Longer Unstable]
             
                The map of the relic microwave radiation is the "date" of the expansion of the universe. Credit: Wikimedia Commons.
            
        

    


In 1998, scientists discovered that our universe expands with acceleration, and in order to explain this effect, the concept of dark matter was introduced. This is a special type of energy that fills up all of existing space-time but is impossible to detect by direct methods.



										      
																																	Its existence and features are portrayed in a standard cosmological model, but scientists have found a number of issues (for example, the cosmological constant problem and the fine-tuning problem) that cannot be adequately addressed by this representation.

Scientists at Kant Baltic Federal University (BFU) have considered an alternative model--a holographic dark energy model--and have proven its viability. Their findings are published in the journal Physics Letters B.

"It's a slightly different way of looking at the nature of the accelerated expansion of the universe. It stems from the holographic principle that follows from quantum gravity and string theory. According to it, all values inside a certain amount of volume can be described by parameters that are observed on its boundary.

"In other words, the universe can be represented in the form of some hologram, and it can be described by the parameters on its boundaries," says Alexander Tepliakov, junior researcher at the laboratory for mathematical modeling of complex and non-linear systems at BFU.


																																						
    
     




																																			A new model of holographic dark energy within the holographical principle was suggested in 2004. However, the new model had a limitation. Dark energy is usually represented as some kind of liquid that homogenously and evenly fills the universe. A special parameter called "square of the sound velocity" is used to analyze the fluctuations inside this liquid.

If it turns out to be negative as a result of calculations, the model is considered unstable. Previous studies carried out as part of a holographic dark energy model had a negative sound speed square.

The research team suggests that the holographic dark energy should not be seen as a liquid. Instead, it must be considered as dark energy perturbations, taking into account its metric properties. They concluded that the model is in fact stable.

"Now, we need to understand to what extent our model corresponds to observation data provided by space-based telescopes. In 2024, precise data became available for analysis: the relationship between red shift for Type Ia supernovae, baryon acoustic oscillations. By comparing the proposed cosmological model with this data, we are able to assess whether it describes the real universe," says Tepliakov.


																																																					
																				
																						More information:
												Artyom V. Astashenok et al, Evolution of perturbations in the model of Tsallis holographic dark energy, Physics Letters B (2024). DOI: 10.1016/j.physletb.2024.138767
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                NASA astronaut Frank Rubio services the Flow Boiling and Condensation Experiment (FBCE) on the International Space Station, designed, built and tested by Purdue and NASA's Glenn Research Center. While its official test campaign has concluded, FBCE is staying in space and is available for other organizations to conduct zero-gravity fluid dynamics experiments. Credit: NASA
            
        

    


After a decade of preparation and two years of active experiments in space, a facility that Purdue University and NASA's Glenn Research Center in Cleveland designed, built and tested has completed its test campaign on the International Space Station.



										      
																																	The Flow Boiling and Condensation Experiment (FBCE), led by Purdue professor Issam Mudawar, gathered vital data for engineering innovations to help astronauts travel farther into space and conduct long-duration missions on the moon or Mars. The data will also support the design of future spacecraft propulsion, thermal management systems, in-space refueling and vapor compression heat pumps for planetary bases.

"We were asked to create an experiment to test flow boiling in microgravity, and I'm thrilled to see that we've delivered in a big way," said Mudawar, the Betty Ruth and Milton B. Hollander Family Professor of Mechanical Engineering and FBCE's principal investigator. "The amount of data coming out of the FBCE is just absolutely enormous, and that's exactly what we want."

Mudawar's space-based experiment tackles a simple question: How do we keep future vehicles and facilities cool in space's harsh environment? For example, the moon's surface fluctuates wildly between minus 410 degrees and 250 degrees Fahrenheit; to create a human habitat there, reliable thermal management will be essential.

Traveling farther into space requires cryogenic fuel depots, but the flow physics of cryogenic liquids in microgravity haven't been fully understood. Even future propulsion systems, such as nuclear fission or Rankine cycle heat engines, will also require efficient cooling systems capable of operating in a zero-gravity environment.


																																						
    
     




																																			For all these reasons, NASA solicited research proposals on the topic and selected a proposal submitted by Mudawar, who is one of the most cited researchers on flow boiling and condensation, and Glenn's Mojib Hasan.

In flow boiling, heat is removed by flowing a liquid that then boils, phase-changing into a gas, and then later condensing back into a liquid. While this efficient thermal management solution has been studied in-depth on Earth, no one knew if it was feasible in space.

"We have developed over a hundred years' worth of understanding of how heating and cooling systems work in Earth's gravity," Mudawar said, "but we haven't known how they work in weightlessness."

Enter the FBCE, which started operating on the space station in 2022. About the size of a refrigerator, FBCE contains two Purdue-designed test modules--one for flow boiling and one for condensation--integrated with a fluid system that Purdue researchers and NASA Glenn designed together. NASA Glenn built the fluid system along with avionics modules. Sitting in the space station's Fluids Integrated Rack, the fluid system enables researchers to conduct space station experiments autonomously from the ground.

"The FBCE experiments are crucial in two ways," Mudawar said. "Not only do they generate fundamental data that would be difficult for us to gather on Earth, but they also serve to validate theoretical models that we have spent years developing. Once the models are validated, it becomes possible for NASA to more accurately predict the fluid physics of lower-gravity environments, such as the moon or Mars."
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                The second module of the Flow Boiling and Condensation Experiment launched to the International Space Station last August among other cargo for NASA. Credit: NASA/Danielle Johnson
            
        

    





																																			Boiler up

Mudawar started this project in 2011 when NASA selected his proposal after a decadal survey from the National Academies emphasized the need for this research.

"Every 10 years, the National Academies conduct a survey that advises NASA what specific aspects they should focus on," Mudawar said. "This report indicated a lack of fundamental models of how fluids behave in microgravity. That's when I began work with NASA Glenn to create an experimental facility to study fluid flow and phase change in space."

The first prototype FBCE flew on parabolic airplane flights with Zero Gravity Corp. (ZERO-G). Purdue students and NASA Glenn-qualified operators conducted experiments on that flight during 15-second periods of microgravity. After promising results and years of hardware development, testing and flight qualification, the final version of the facility came together at NASA Glenn.

After passing NASA's design, safety and readiness reviews, FBCE's flow boiling module was launched to the space station in August 2021 and began operations in early 2022. Last August, the condensation module of FBCE launched, replacing the flow boiling module. Purdue completed its test campaign in July.

The mountains of data gathered from FBCE's experiments will form the basis of fundamental models and future research for years to come.

"This is among NASA's largest and most complex experiments for fluid physics research," Mudawar said. "We have published more than 70 papers on reduced gravity and fluid flow since the project's inception and even contributed to the most recent National Academies decadal survey based on our findings. Collectively, these papers are really almost like a textbook for how boiling and condensation works in space."

Cool future

While the Purdue test campaign has ended, FBCE isn't going anywhere. The facility will remain on the space station for other researchers who want to experiment with fluid physics in space.

"My original proposal established that FBCE would eventually become a national resource," Mudawar said. "Other investigators have already started using it since our campaign ended. It's my hope that the data coming from FBCE will help establish the science of cooling spacecraft for years to come."
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        Grazing zooplankton severely impacted by nanoplastic particles, researchers find
        Researchers at Lund University in Sweden are studying how nanoplastics affect aquatic organisms in lakes and rivers. Their findings are surprising, and the researchers are the first to show that some species are being wiped out, while others--such as cyanobacteria that contribute to algal blooms--are completely unaffected.

      

      
        Study unveils a novel protective mechanism in bacterial cell walls
        Researchers from Umea University, Sweden, and Cornell University, U.S., have discovered a widespread mechanism in bacteria that enhances the bacteria's defense against environmental threats.

      

      
        Closely related plants shows species use different methods to adapt to extreme environments, study shows
        Scientists have found that different populations of a plant species, which is closely related to many crops of worldwide importance, use very different strategies to adapt to environmental changes, which gives experts new options to engineer crops to better survive climate change and tackle future food security.

      

      
        Even as urban foxes get bolder, people appreciate rather than persecute them, say psychologists
        For many, urban red foxes are a familiar sight in back gardens or city streets. Often, people delight in seeing them and the connection to wildlife they bring. Others find them a nuisance, whether because of their smell, poo or loud screaming noises during the breeding season. Some anecdotal reports indicate that foxes could be becoming bolder within cities--even riding on buses, stealing shoes or taking naps on someone's garden shed.

      

      
        Light-controlled bioassays could diagnose diseases more easily and cost effectively
        From Velcro to solar cells, many technological innovations have been inspired by nature. In medical diagnostics, researchers also draw inspiration from biological principles. A research team from the University of Freiburg and the INM--Leibniz Institute for New Materials in Saarbrucken has developed testing methods in which simple LEDs could replace complex mechanical pumps. These OptoAssays not only mimic the behavior of biological cells but also use their genetic programming.

      

      
        Sea robins use leg-like fins to taste and navigate seafloor, researchers discover
        Sea robins are ocean fish particularly suited to their bottom-dwelling lifestyle. Six leg-like appendages make them so adept at scurrying, digging, and finding prey that other fish tend to hang out with them and pilfer their spoils.

      

      
        Scientists discover 'pause button' in human development
        Researchers at the Max Planck Institute for Molecular Genetics in Berlin and the Institute of Molecular Biotechnology (IMBA) of the Austrian Academy of Sciences in Vienna have discovered a potential "pause button" in the earliest stages of human development.

      

      
        Injecting manure into growing cover crops can cut pollution, support corn crops
        Nitrogen in the soil, where plants can readily utilize it, benefits crop growth and health. However, nitrogen leaving the soil--whether through leaching into the groundwater table, flowing with surface runoff into streams or escaping into the air as ammonia or in nitrous oxide emissions--is detrimental to the environment.

      

      
        Who lives in the rainforest treetops? DNA-collecting drone provides insights
        Squinting into the treetops won't reveal the tiny organisms up there. But these creatures leave clues, in the form of DNA, on the leaves and branches. Now, researchers report in Environmental Science & Technology that they have developed a way to collect this genetic material: a drone with a specialized fabric probe. The team flew the drone above the rainforest and, based on DNA collected by the probe, identified the invertebrates in the canopy.

      

      
        Bird study shows that grounded running styles conserve energy
        A small team of biologists and animal movement specialists in the Netherlands and the U.K. has found that birds such as the emu have a grounded running style at medium speeds, allowing them to conserve energy compared to the ungrounded running style of other animals such as humans.

      

      
        Cretaceous fireflies reveal early evolution of insect bioluminescence
        Bioluminescence, the ability of living organisms to emit light, is a fascinating phenomenon observed in various life forms, including deep-sea fish, glowing mushrooms, and fireflies. Fireflies have long captivated people with their enchanting light displays, sparking scientific curiosity.

      

      
        AI trained on evolution's playbook develops proteins that spur drug and scientific discovery
        A new artificial intelligence model developed by researchers at The University of Texas at Austin paves the way for more effective and less toxic treatments and new preventive strategies in medicine. The AI model informs the design of protein-based therapies and vaccines by leveraging the underlying logic from nature's evolutionary processes.

      

      
        Maps shows where Colorado's eight known free-roaming wolves wandered in September
        The eight known wolves still roaming Colorado's mountains stayed in the state's north-central ranges in September, a monthly tracking map released Wednesday shows.

      

      
        Mysterious orca group near Chile tracked down, revealing newly discovered hunting skills
        Off the coast of Chile, in waters filled with krill and anchovy by the Humboldt Current system, live an elusive and little-known population of orcas. Thanks to citizen science and years of dedicated surveillance, a team of scientists led by Dr. Ana Garcia Cegarra of the Universidad de Antofagasta is unveiling their secrets--starting with dinner.

      

      
        Gelatins from antlers, skin and bones of sika deer exhibit antioxidant activity, study finds
        A research group discovered that gelatins from the antlers, skin, and bones of sika deer (Cervus Nippon) exhibit antioxidant activity.

      

      
        Strategies for maximizing recombinant protein production in tobacco plants
        Plant molecular farming (PMF) is a modern, sophisticated technology that utilizes plants' biosynthetic machinery to synthesize a plethora of recombinant proteins, including industrial and therapeutic enzymes. It has several advantages over traditional approaches, such as microbial fermentation and mammalian cell culture, including lower costs, high-yield production, and absence of human pathogens and endotoxins. Plants also provide considerable flexibility that allows customized protein productio...

      

      
        Biofuel production: Rhodococcus strain N1-S transforms succinic acid production
        As the global push for sustainable biofuels intensifies, lignocellulosic biomass has emerged as a prime candidate for biofuels and biochemicals owing to its abundance and renewability. This biomass, derived from plant materials, holds great promise as a feedstock for biofuel production. However, the pretreatment process required to break down lignocellulose often yields toxic byproducts like lignin-derived phenolic compounds and furanyl aldehydes.

      

      
        Vintage museum collection and modern research intersect in century-long bee study
        At a tranquil nature reserve in South Michigan, an Agricultural Research Service (ARS) scientist and her collaborators connected olden wild bee sample collections and modern technology to better decode the ecological traits and habits of pollinators, critical links to environmental stability.

      

      
        Improving industrial scale lactoferrin production with synthetic biological systems
        Lactoferrin (LF), a multifunctional glycoprotein of the transferrin family, is naturally expressed in human and cow milk. The name "LF" is derived from its ability to bind to iron (ferrin, a suffix indicating iron-binding protein).

      

      
        Researchers explore novel approach to map forest dieback in satellite images
        Forests and woodlands cover one third of Earth's surface and play a critical role in carbon sequestration, water regulation, timber production, soil protection, and biodiversity conservation. Accelerated by climate change, the decline of these and other key forest ecosystem services is caused by various biotic and abiotic disturbances. Among them, insect infestations and disease outbreaks can induce massive tree dieback and significantly disrupt ecosystem dynamics.

      

      
        New fossil species reshapes understanding of grape family history
        Until now, it was believed that plants of the grape family arrived at the European continent less than 23 million years ago. A study on fossil plants draws a new scenario on the dispersal of the ancestors of grape plants and reveals that these species were already on the territory of Europe some 41 million years ago.
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Grazing zooplankton severely impacted by nanoplastic particles, researchers find

										

    
        
            [image: Grazing zooplankton severely impacted by nanoplastic particles]
             
                Contrasting responses among phytoplankton taxa to nanoplastic particles and zooplankton grazing. Credit: Communications Earth & Environment (2024). DOI: 10.1038/s43247-024-01646-7
            
        

    


Researchers at Lund University in Sweden are studying how nanoplastics affect aquatic organisms in lakes and rivers. Their findings are surprising, and the researchers are the first to show that some species are being wiped out, while others--such as cyanobacteria that contribute to algal blooms--are completely unaffected.



										      
																					The work is published in the journal Communications Earth & Environment.

Every year, the amount of plastic in the world's oceans increases by between 5 and 13 million tons. Over time, plastic breaks down into micro- and nanoparticles that are invisible to the naked eye. Researchers at Lund University have investigated how these small plastic particles affect organisms in aquatic ecosystems.

They found that some species of grazing zooplankton, daphnia, which are an important source of food for fish, were particularly vulnerable. Phytoplankton diatoms were also severely impacted. However, other types of algae, such as blue-green algae (cyanobacteria), which contribute to algal blooms, were completely unaffected.

"We don't yet know why some collapse while others continue to thrive as usual. If the concentrations of nanoplastics increase, even those that can handle a few particles at present will also likely suffer," says Lars-Anders Hansson, professor of aquatic ecology.

The researchers conducted the study in artificial wetlands, which are made as similar to natural systems as possible. Therefore, the results are likely to be transferable to natural ecosystems. Variations in the impact on different organisms lead to significant changes in the food chain and ecosystem processes, such as fewer grazing zooplankton and more extensive algal blooms.

"The concentrations of nanoplastics we used are low, quite close to the concentrations already present in our waters," says Hansson.

The researchers will now continue their experiments to find out how these insidious nanoplastic particles, which can penetrate cell membranes, affect different species in lakes and rivers.

"Taking a broader perspective, our study provides knowledge and the basis for future decision-making on how to deal with the obvious problems posed by plastic, even if it is also an excellent material in many aspects of our everyday lives," says Lars-Anders Hansson.


																														
																				
																						More information:
												Mikael T. Ekvall et al, Nanoplastics rewire freshwater food webs, Communications Earth & Environment (2024). DOI: 10.1038/s43247-024-01646-7
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Study unveils a novel protective mechanism in bacterial cell walls
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                Model for LD-crosslink mediated control of lytic transglycosylase activities. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-52325-2
            
        

    


Researchers from Umea University, Sweden, and Cornell University, U.S., have discovered a widespread mechanism in bacteria that enhances the bacteria's defense against environmental threats.



										      
																																	The discovery, which may be important for research into developing new treatments, shows how a specific crosslinking mode in the peptidoglycan cell wall inhibits the activity of certain cell wall degrading enzymes, and thus protects the bacteria.

Bacteria are protected by the peptidoglycan cell wall, which helps them withstand internal turgor pressure and external damage, such as attacks from other bacteria and viruses. To grow and stay strong, bacteria need a balance of enzymes that build up and break down the cell wall.

An important type of enzyme that breaks down the peptidoglycan chains is the lytic transglycolases. However, the regulatory mechanisms governing them have remained elusive, until now.

The study, led by Felipe Cava's laboratory at Umea University in collaboration with colleagues at Cornell University in New York, and published in Nature Communications, reveals that a specific type of crosslinking in the cell wall, known as LD-crosslinking, inhibits the activity of the lytic transglycolases.
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                Two of the researchers behind the study, Sara Hernandes and Laura Alvarez at the Department of Molecular Biology. Credit: Umea universitet
            
        

    



This has major biological consequences. For example, some bacteria use this type of enzyme to release cell wall fragments that modulate the host immune system. Some bacteria and viruses also use this type of enzyme to kill other bacteria. By controlling the activity of these enzymes, bacteria can potentially protect themselves from the immune system and attacks from other bacteria and viruses.

"The discovery fills an important gap in understanding the role of LD-crosslinking in cell wall homeostasis," says Cava. "We have shown that bacteria can improve their protection against environmental threats, including phage attacks, through a single structural modification in their cell wall."

The discovery provides new insights into bacterial cell wall homeostasis and opens potential avenues for developing novel antibacterial therapies.

"By targeting LD-crosslinking, new treatments could be designed to weaken bacteria's defenses, making them more vulnerable to antibiotics and immune responses," says Laura Alvarez, researcher at the Department of Molecular Biology at Umea University and first author of the study.
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												Laura Alvarez et al, Control of bacterial cell wall autolysins by peptidoglycan crosslinking mode, Nature Communications (2024). DOI: 10.1038/s41467-024-52325-2
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Study unveils a novel protective mechanism in bacterial cell walls (2024, September 26)
												retrieved 26 September 2024
												from https://phys.org/news/2024-09-unveils-mechanism-bacterial-cell-walls.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/2024-09-unveils-mechanism-bacterial-cell-walls.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Closely related plants shows species use different methods to adapt to extreme environments, study shows

										

    
        
            [image: Study of closely related plants shows species use different methods to adapt to extreme environments]
             
                Overview of the contrasting salinity tolerance strategies of the North and Central B. fruticulosa coastal metapopulations. Credit: Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2407821121
            
        

    


Scientists have found that different populations of a plant species, which is closely related to many crops of worldwide importance, use very different strategies to adapt to environmental changes, which gives experts new options to engineer crops to better survive climate change and tackle future food security.



										      
																																	A common assumption is that populations of the same species use the same processes to adapt to common stressors, but experts at the University of Nottingham have discovered that this is not always the case. Instead, they reveal a surprising degree of "evolutionary flexibility."

In a new study, published in the Proceedings of the National Academy of Sciences, Professor Levi Yant from the School of Life Sciences discovered that neighboring "sister" populations of a previously unstudied Brassica species adapt to a coastal habitat in very different ways. In this case, very high salinity levels, which are an increasing threat due to climate change.

The species studied--Brassica fruticulosa--is a close relative of cabbage, broccoli, cauliflower, rapeseed and radish.

Studying these wild relatives of these important crops can reveal existing "natural solutions" that evolution has already found. Scientists can then use this information to "future-proof" important crops worldwide to adapt to environmental stressors--such as climate change.

To carry out the research, the team of researchers exhaustively surveyed all the Brassica species in the region of Northern Spain and identified this single one that had exceptional populations that were adapted to high salinity, while the rest of the populations of the same species were not. The plants in this region naturally evolved to very salty Mediterranean coasts in Spain.


																																						
    
     




																																			They then grew all the Brassica fruticulosa populations in the lab and using genomics, physiology, and molecular biology, they determined the differing populations adapted to the same stressor, in this case, high salinity, in different ways.

The different adaptation strategies to high salinity, each with different genetic and mechanistic foundations, were very surprising.

Professor Yant said, "People generally expect that closely related populations of a given species would adapt to the same environmental stressor in the same way due to genetic or physiological constraints. However, this hasn't been commonly tested due to practical limitations. Here, my collaborator, Dr. Silvia Busoms, decided to look at many populations, not only a few.

"In our new study, we show that, even at the level of neighboring populations, contrasting adaptive strategies control adaptive responses to high coastal salinity in Brassica fruticulosa. This indicates multiple options for engineering an agriculturally crucial adaptation: soil salinization.

"These results will be of interest to not only those studying fundamental mechanisms of adaptation, but also resilience improvement in Brassica species."


																																																					
																				
																						More information:
												Silvia Busoms et al, Local cryptic diversity in salinity adaptation mechanisms in the wild outcrossing Brassica fruticulosa, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2407821121
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For many, urban red foxes are a familiar sight in back gardens or city streets. Often, people delight in seeing them and the connection to wildlife they bring. Others find them a nuisance, whether because of their smell, poo or loud screaming noises during the breeding season. Some anecdotal reports indicate that foxes could be becoming bolder within cities--even riding on buses, stealing shoes or taking naps on someone's garden shed.



										      
																																	Our study for the British carnivore project shows for the first time that foxes within the UK are indeed behaving more boldly within cities compared to rural populations--but that most people remain tolerant of them anyway.

Foxes are vital to ecosystem health and represent an important "flagship" species for urban residents' connection to the natural world. However, bolder fox behavior could, in theory, lead to more conflict with humans, particularly as people encroach more on green space through increasing urbanization. It is therefore crucial to understand how to avoid conflict with these animals and explore positive ways to coexist.

Stories and imagery can play an important role in shaping our attitudes about wildlife. However, although foxes are often portrayed as "sly" and "cunning" in popular culture, it remains unclear how this might affect public perceptions. Identifying factors that influence people's feelings and attitudes towards foxes is important for understanding how we can coexist amicably alongside them.

Communicating information about bolder urban foxes through press releases and YouTube videos, for instance, runs the risk of people creating false impressions or sensationalized beliefs about fox behavior. This could undermine important conservation initiatives to protect the welfare of urban foxes, including efforts to avoid unethical treatment or persecution of these animals.


																																						
    
     




																																			Foxy behavior

Our recent study tested whether messages about bolder urban foxes are biasing how people feel about them. To do this, 1,364 British people were randomly selected to take part in an online experiment.

Participants were not told what the study was about. Half were given stories depicting bold and cunning fox behavior and shown a short video of foxes exploring and solving food puzzles that we had left overnight in people's back gardens.



    
    
    
        
        
    
         
             
         

        Half the study participants were shown this three-minute video of foxes solving food puzzles.
  

Other participants were shown relatively neutral content, including a video of foxes walking through different landscapes.

Afterwards, all participants answered 24 questions that enabled us to evaluate their perceptions of foxes, including whether they felt fox behavior negatively impacted their everyday lives.



    
    
    
        
        
    
         
             
         

        Half the study participants were shown this short video of foxes walking through various habitats.
  

The study revealed that content about bold and cunning fox behavior did not have a significant effect on participants' tolerance of foxes, compared to people in the control group. In fact, across both the experimental and control groups, 83% of people displayed feelings about foxes that were more positive than negative. This suggests that participants from the experimental group remained positive despite being made aware that bold and intelligent behavior from foxes probably explains their "pesky" interactions with people.

Previous studies have found that foxes are a very well-liked species throughout much of the UK, despite other studies suggesting that attitudes are more mixed in urban areas like London. Our latest study provides the most up-to-date evidence showing that this remains the case. However, as foxes continue to become bolder within cities, which our previous work suggests, it will become very important to continue to monitor whether (or how) attitudes change towards these animals throughout the country.

Our results illustrate that the likability factor of foxes is deeply rooted and difficult to change just by discussing their nuisance behavior in a single setting. Although foxes are often perceived to be bold and crafty, our online experiments showed that most people remained generally tolerant of them anyway.

By giving residents more of a voice in urban planning, solutions can be designed to encourage people to coexist with foxes without persecuting these animals, such as how to dispose of our waste properly to deter bin-raiding. This, in our view, is great news for foxes and people.


																																																					
																					
																					
                              																					 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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Light-controlled bioassays could diagnose diseases more easily and cost effectively

										 by Christine Hartmann, 										 										 Leibniz-Institut fur Neue Materialien gGmbH									
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                Assay setup. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adp0911
            
        

    


From Velcro to solar cells, many technological innovations have been inspired by nature. In medical diagnostics, researchers also draw inspiration from biological principles. A research team from the University of Freiburg and the INM--Leibniz Institute for New Materials in Saarbrucken has developed testing methods in which simple LEDs could replace complex mechanical pumps. These OptoAssays not only mimic the behavior of biological cells but also use their genetic programming.



										      
																																	A SARS-CoV-2 rapid test indicates whether a specific protein of the coronavirus is present in the sample liquid, the reagent, or not. A pregnancy test works in a similar way. Here, the presence of the hormone hCG causes the test line to color.

In both cases, a lateral flow assay is used, a test in which the sideways flow of the reagent leads to a result being displayed. This single unidirectional movement of the liquid on the paper is created purely by capillary forces, without any mechanical or electrical assistance.

For more complex tests, this detection method is not suitable. Here, assays are required that allow for bidirectional control of liquids, meaning the transport into and out of the test system. Unfortunately, these multistep assays rely on expensive and wear-prone pumps.

These pumps repeatedly flush out the unbound molecules from the system, ensuring that only the particles to be detected remain attached to the detection antibodies.

Researchers from the University of Freiburg and the INM have found a solution to enable complex test designs without the need for expensive and bulky equipment. In an article published in Science Advances, they present biological assays in which expensive and complex mechanical pumps have been replaced by simple and cheap light-emitting diodes (LEDs).


																																						
    
     




																																			These OptoAssays allow for the bidirectional, light-induced movement of biomolecules and the reading of test results without the need for additional mechanical washing steps.

An OptoAssay uses a sender and a receiver area, which are brought into contact by adding the test reagent. In the sender area, there is a special protein that reacts to light. This protein can either bind or release specific molecules, depending on the type of light it captures.

When an LED emits red light at a wavelength of 660 nanometers, the molecules bind to the protein. Upon switching to far-red light with a wavelength of 740 nanometers, the molecules detach from the protein. In the receiver area, there are antibodies specifically designed to recognize and capture the target protein in the test reagent.

The researchers drew inspiration for this method from nature, specifically from how plants respond to light. Every cell has a nucleus where its genetic code is stored. The DNA contains the cell's "program," which instructs the cell what to do. To activate or deactivate this program, certain proteins must move into and out of the nucleus.

Prof. Wilfried Weber, synthetic biologist and Scientific Director of the INM, explains the mechanism: "In the cytoplasm, the area surrounding the nucleus, there is a photoreceptor that can be controlled by light. When it receives red light, it becomes activated and attaches to a binding protein.


																																			"This binding protein then transports the photoreceptor along with it into the nucleus, where it might trigger, for example, a growth program. Once the wavelength of light switches to far-red, this binding is interrupted again."

However, the connection to nature is not just through the method itself. The photoreceptors in the OptoAssay, which release the reagents, are made from natural materials, in contrast to the pumps typically used in the OptoAssay.

Genes containing the information for the photoreceptor in plant cells are extracted from the plant and inserted into bacteria. These bacteria then produce the photoreceptor and the binding protein, which are used in the OptoAssay. As a result, the originally mechanical components are replaced by naturally sustainable materials.

The researchers see great potential for the use of OptoAssays in point-of-care diagnostics, meaning outside of the laboratory, similar to lateral flow assays.

Dr. Can Dincer from the University of Freiburg explains, "OptoAssays can easily be controlled and read using smartphones and could, in the future, make external flow control systems such as pumps and signal-reading devices unnecessary. So, they pave the way for new diagnostic tools that enable cost-effective and straightforward analyses directly on-site, even in resource-limited settings."


																																																					
																				
																						More information:
												Nadine Urban et al, OptoAssay--Light-controlled dynamic bioassay using optogenetic switches, Science Advances (2024). DOI: 10.1126/sciadv.adp0911
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Sea robins use leg-like fins to taste and navigate seafloor, researchers discover
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                Sea robin (Prionotus carolinus). Credit: Anik Grearson
            
        

    


Sea robins are ocean fish particularly suited to their bottom-dwelling lifestyle. Six leg-like appendages make them so adept at scurrying, digging, and finding prey that other fish tend to hang out with them and pilfer their spoils.



										    
																																	A chance encounter in 2019 with these strange, legged fish at Cape Cod's Marine Biological Laboratory was enough to inspire Corey Allard to want to study them.

"We saw they had some sea robins in a tank, and they showed them to us, because they know we like weird animals," said Allard, a postdoctoral fellow in the lab of Nicholas Bellono, professor in the Department of Molecular and Cellular Biology. The Bellono lab investigates the sensory biology and cellular physiology of many marine animals, including octopuses, jellyfish, and sea slugs.

"Sea robins are an example of a species with a very unusual, very novel trait," Allard continued. "We wanted to use them as a model to ask, 'How do you make a new organ?'"



    
    
    
        
        
    
         
             
         

        Sea robin. Credit: Anik Grearson, MBARI, CC BY-SA
  

Allard's ensuing deep dive into sea robin biology led to a collaboration with Stanford researchers studying the fish's developmental genetics and culminated in back-to-back papers in Current Biology, co-authored by Bellono and Amy Herbert and David Kingsley at Stanford University, and others.


																																						
    
     




																																			The studies provide the most comprehensive understanding to date on how sea robins use their legs, what genes control the emergence of those legs, and how these animals could be used as a conceptual framework for evolutionary adaptations.

Sea robin "legs" are actually extensions of their pectoral fins, of which they have three on each side. Allard first sought to determine whether the legs are bona fide sensory organs, which scientists had suspected but never confirmed. He ran experiments observing captive sea robins hunting prey, in which they alternate between short bouts of swimming and "walking."

They also occasionally scratch at the sand surface to find buried prey, like mussels and other shellfish, without visual cues. The researchers realized that the legs were sensitive to both mechanical and chemical stimuli. They even buried capsules containing only single chemicals, and the fish could easily find them.

Serendipity led to another chance discovery. They received a fresh shipment of fish mid-study that looked like the originals, but the new fish, Allard said, did not dig and find buried prey or capsules like the originals could. "I thought they were just some duds, or maybe the setup didn't work," Bellono recalled.

It turned out the researchers had acquired a different species of sea robin. In their studies, they ended up characterizing them both--Prionotus carolinus, which dig to find buried prey and are highly sensitive to touch and chemical signals, and P. evolans, which lack these sensory capabilities and use their legs for locomotion and probing, but not for digging.


																																			Examining the leg differences between the two fish, they found that the digging variety's were shovel-shaped and covered in protrusions called papillae, similar to our taste buds. The non-digging fish's legs were rod-shaped and lacked papillae. Based on these differences, the researchers concluded that papillae are evolutionary sub-specializations.

Allard's paper describing the evolution of sea robins' novel sensory organs included analysis of sea robin specimens from the Museum of Comparative Zoology to examine leg morphologies across species and time. The digging species are restricted to only a few locations, he found, suggesting a relatively recent evolution of this trait.

Studying sea robin legs wasn't just about hanging out with weird animals (although that was fun too). The walking fish are a potentially powerful model organism to compare specialized traits, and to teach us about how evolution allows for adaptation to very specific environments.

About 6 million years ago, humans evolved the ability to walk upright, separating from their primate ancestors. Bipedalism is a defining feature of our species, and we only know so much about how, when, and why that change occurred.

Sea robins and their adaptation to living on the ocean floor could offer clues. For example, there are genetic transcription factors that control the development of the sea robins' legs that are also found in the limbs of other animals, including humans.

The second study that was focused on genetics included the Kingsley lab at Stanford; Italian physicist Agnese Seminara; and biologist Maude Baldwin from the Max Planck Institute in Germany; and comprehensively examined the genetic underpinnings of the walking fish's unusual trait.

The researchers used techniques including transcriptomic and genomic editing to identify which gene transcription factors are used in leg formation and function in the sea robins. They also generated hybrids between two sea robin species with distinct leg shapes to explore the genetic basis for these differences.

"Amy and Corey did a lot to describe this animal, and I think it's pretty rare to go from the description of the behavior, to the description of the molecules, to the description of an evolutionary hypothesis," Bellono said. "I think this is a nice blueprint for how one poses a scientific question and rigorously follows it with a curious and open mind."


																																																					
																				
																						More information:
												Evolution of novel sensory organs in fish with legs, Current Biology (2024). DOI: 10.1016/j.cub.2024.08.014. www.cell.com/current-biology/f ... 0960-9822(24)01126-6

Ancient developmental genes underlie evolutionary novelties in walking fish, Current Biology (2024). DOI: 10.1016/j.cub.2024.08.042. www.cell.com/current-biology/f ... 0960-9822(24)01157-6
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                A dormant human blastoid. Credit: Heidar Heidari Khoei/IMBA
            
        

    


Researchers at the Max Planck Institute for Molecular Genetics in Berlin and the Institute of Molecular Biotechnology (IMBA) of the Austrian Academy of Sciences in Vienna have discovered a potential "pause button" in the earliest stages of human development.



										      
																																	Whether humans can control the timing of their development has long been debated. The new study suggests that this "pause button" can be activated in human cells as well. The findings have significant implications for our understanding of early human life and may improve reproductive technologies.

In some mammals, the timing of the normally continuous embryonic development can be altered to improve the chances of survival for both the embryo and the mother. This mechanism to temporarily slow development, called embryonic diapause, often happens at the blastocyst stage, just before the embryo implants in the uterus.

During diapause, the embryo remains free-floating and pregnancy is extended. This dormant state can be maintained for weeks or months before development is resumed, when conditions are favorable. Although not all mammals use this reproductive strategy, the ability to pause development can be triggered experimentally. Whether human cells can respond to diapause triggers remained an open question.

Now, a study by the labs of Aydan Bulut-Karslioglu at the Max Planck Institute for Molecular Genetics in Berlin and Nicolas Rivron at the Institute of Molecular Biotechnology (IMBA) of the Austrian Academy of Sciences in Vienna, has identified that the molecular mechanisms that control embryonic diapause also seem to be actionable in human cells.

Their results were published on September 26 in the journal Cell.


																																						
    
     




																																			Stem cell-derived models to study embryonic diapause in humans

In their research, the scientists did not carry out experiments on human embryos and instead used human stem cells and stem cell-based blastocyst models called blastoids. These blastoids are a scientific and ethical alternative to using embryos for research. The researchers discovered that modulation of a specific molecular cascade, the mTOR signaling pathway, in these stem cell models induces a dormant state remarkably akin to diapause.

"The mTOR pathway is a major regulator of growth and developmental progression in mouse embryos," says Aydan Bulut-Karslioglu.

"When we treated human stem cells and blastoids with an mTOR inhibitor we observed a developmental delay, which means that human cells can deploy the molecular machinery to elicit a diapause-like response."

This dormant state is characterized by reduced cell division, slower development and a decreased ability to attach to the uterine lining. Importantly, the capacity to enter this dormant stage seems to be restricted to a brief developmental period.

"The developmental timing of blastoids can be stretched around the blastocyst stage, which is exactly the stage where diapause works in most mammals," says shared first author Dhanur P. Iyer. Moreover, this dormancy is reversible, and blastoids resume normal development when the mTOR pathway is reactivated.


																																			The ability to alter the timing of embryonic development has implications for IVF

The authors concluded that humans, like other mammals, might possess an inherent mechanism to temporarily slow down their development, even though this mechanism may not be used during pregnancy.

"This potential may be a vestige of the evolutionary process that we no longer make use of," says Rivron. "Although we have lost the ability to naturally enter dormancy, these experiments suggest that we have nevertheless retained this inner ability and could eventually unleash it."

For basic research, the question arises as to whether human and other mammalian cells enter the dormant state via similar or alternative pathways and use it for the same purposes, for example, either pausing or timing their development and implantation.

The team's discoveries could have implications for reproductive medicine. "On the one hand, undergoing faster development is known to increase the success rate of in vitro fertilization (IVF), and enhancing mTOR activity could achieve this," Rivron explains.

"On the other hand, triggering a dormant state during an IVF procedure could provide a larger time window to assess embryo health and to synchronize it with the mother for better implantation inside the uterus."

Overall, the new findings provide unforeseen insights into the processes governing our earliest development, which might open new avenues for enhancing reproductive health.

"This exciting collaboration is a testimony to how complex biological questions can be tackled by bringing together respective expertise," says Heidar Heidari Khoei, postdoctoral fellow in the lab of Rivron and the study's co-first author.

"I believe this work not only underscores the importance of collaboration in advancing science but also opens up further possibilities for understanding how various signals are perceived by cells as they prepare for their developmental journey."


																																																					
																				
																						More information:
												mTOR activity paces human blastocyst stage developmental progression, Cell (2024). DOI: 10.1016/j.cell.2024.08.048. www.cell.com/cell/fulltext/S0092-8674(24)00977-2
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Injecting manure into growing cover crops can cut pollution, support corn crops
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                A dairy manure tanker with shallow disk injectors used for injecting liquid dairy manure into no till farm fields. Credit: Sailesh Sigdel/Penn State
            
        

    


Nitrogen in the soil, where plants can readily utilize it, benefits crop growth and health. However, nitrogen leaving the soil--whether through leaching into the groundwater table, flowing with surface runoff into streams or escaping into the air as ammonia or in nitrous oxide emissions--is detrimental to the environment.



										      
																																	Nitrogen management is a concern for dairy farmers, especially those in Pennsylvania and elsewhere in the U.S. Northeast who use manure as a fertilizer and employ no-till agriculture for improved soil health, lower fuel and labor costs, less dust and erosion, and better water conservation.

To better guide these farmers, a team of Penn State agricultural scientists conducted a new study on dairy manure management strategies for ecosystem services in no-till crop systems. In findings recently published in the Agronomy Journal, they report a new strategy that achieves multiple conservation goals while maintaining corn yield: injecting manure into a growing cover crop in early spring.

"Applying manure early in the spring synchronized with a growing cover crop, when temperatures are cooler, can reduce ammonia and nitrous oxide emissions compared to later in the spring when temperatures are warmer, and the cover crop has been terminated," said first author Sailesh Sigdel, a doctoral degree candidate in agricultural and environmental plant science. "This practice offers a potential strategy to simultaneously achieve multiple conservation and agronomic goals."

Many no-till dairy farmers grow winter crops, such as cereal rye or annual ryegrass and red clover, between corn and forage crops grown for cattle feed, noted research team leader Heather Karsten, associate professor of crop production/ecology in the College of Agricultural Sciences.
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                A gas analyzer connected to a vented static chamber used in this study to measure nitrous oxide emissions from a research plot. Credit: Sailesh Sigdel/Penn State
            
        

    



"Cover crops are grown to increase soil organic matter and improve soil fertility by capturing excess nutrients after a summer annual crop is harvested," she said. "They also help prevent soil erosion, limit nutrient runoff, improve soil structure and can even help suppress weeds."


																																						
    
     




																																			The surest way to prevent nitrogen loss as ammonia gas and nitrogen-laden runoff is to inject liquid manure below the surface of the ground, Karsten said, explaining that this approach is considered a best management practice to lessen agricultural pollution in the troubled Chesapeake Bay watershed, to which Pennsylvania belongs. But it's not a perfect strategy.

"While manure injection typically conserves ammonia, we also know that conserved nitrogen can contribute to increased emissions of nitrous oxide--a potent greenhouse gas that is contributing to climate change--through a process in the soil known as nitrification and denitrification," she said.

"In 2022, about 75% of U.S. nitrous oxide emissions were from agriculture. So, our research focused on how to reduce those emissions."

In experiments conducted at Penn State's Russell E. Larson Agricultural Research Center, the researchers compared four dairy farming scenarios. They evaluated early spring surface broadcasting and liquid dairy manure injection for a growing cover crop, as well as with late-spring applications for a cover crop that was terminated by an herbicide.

"Our study found that when manure was injected into live cover crops in early spring, it reduced nitrous oxide loss by 55% while maintaining yields compared to the current recommended injection practice of applying manure after terminating cover crops before corn planting," Sigdel said.

"This approach offers a potential win-win manure and cover crop management strategy, achieving both agronomic and environmental goals."


																																																					
																				
																						More information:
												Sailesh Sigdel et al, Can manure application method and timing with cover crops reduce NH3 and N2O gas losses and sustain corn yield? Agronomy Journal (2024). DOI: 10.1002/agj2.21644
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Who lives in the rainforest treetops? DNA-collecting drone provides insights
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                Credit: Environmental Science & Technology (2024). DOI: 10.1021/acs.est.4c05595
            
        

    


Squinting into the treetops won't reveal the tiny organisms up there. But these creatures leave clues, in the form of DNA, on the leaves and branches. Now, researchers report in Environmental Science & Technology that they have developed a way to collect this genetic material: a drone with a specialized fabric probe. The team flew the drone above the rainforest and, based on DNA collected by the probe, identified the invertebrates in the canopy.



										      
																																	"If we want people to protect nature, we need to tell them what we are actually protecting--with our solution, we hope to better understand the life in the canopy," says the study's lead author, Steffen Kirchgeorg.

Drones go where people can't or shouldn't go, including remote, protected or inaccessible locations. So, researchers have started to use aerial robots to take pictures, deploy sensors and collect samples in the forest canopy.

To identify the species living in and around trees, samples are taken of genetic material left on leaves and branches. This environmental DNA (eDNA) comes from mucus, feces and dead skin cells. However, if a drone outfitted with swabs to gently collect eDNA accidentally collides with a tree, both the robot and plant can be damaged. So, Kirchgeorg, Stefano Mintchev and colleagues wanted to design a sampling system that keeps the drone out of the vegetation.

They developed a drone sampling system with a specialized fabric probe that brushes against branches and leaves to collect eDNA. When a remote pilot activates a pully underneath the drone, a tether lowers and raises the probe through the canopy.



    
    
    
        
        
    
            
            Credit: Environmental Science & Technology (2024). DOI: 10.1021/acs.est.4c05595
  

The system includes a piece of fleece cloth cut into a circle, similar in shape to a coffee filter, with strips of fiberglass attached to provide structure. In addition, a sensor keeps the probe's tether from tangling on branches: If it detects an impact, the researchers programmed the system to automatically shift position before completing the drop or retrieval.


																																						
    
     




																																			In proof-of-concept demonstrations, the researchers flew their drone into a rainforest in Southeast Asia, sending it beyond their line of sight to retrieve genetic material from trees 10 different times. When the drone returned from the flights, the researchers removed the fabric and extracted eDNA from each probe before bringing the samples to a lab for analysis and species identification.

Across the 10 separate samples, most of the organisms detected were arachnids and insects. Additional species of note, according to the researchers, include the long-tailed macaque (monkey), multiple ant and termite species, and a type of fly called the gall midge. The study presents another way to study biodiversity in remote habitats, which the researchers say is critical for conservation and restoration initiatives.


																																																					
																				
																						More information:
												Steffen Kirchgeorg et al, eProbe: Sampling of Environmental DNA within Tree Canopies with Drones, Environmental Science & Technology (2024). DOI: 10.1021/acs.est.4c05595
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Bird study shows that grounded running styles conserve energy

										

    
        
            [image: Bird study shows grounded running styles conserve energy]
             
                Features of walking and running in birds and humans focused on in this study. (D) In the emu (D. novaehollandiae), as in most birds, the hip and knee joints are enveloped in feathers, obscuring the fact that (E) most birds habitually keep their three functional leg segments in crouched postures because their muscles are strongest near these postures. A fully extended posture is impossible for birds due to the forward placement of the COM (checkered circle). (F) Our musculoskeletal model of the emu enabled us to decouple the effects of posture and tendon elastic storage on running gaits. Credit: Science Advances (2024). DOI: 10.1126/sciadv.ado0936
            
        

    


A small team of biologists and animal movement specialists in the Netherlands and the U.K. has found that birds such as the emu have a grounded running style at medium speeds, allowing them to conserve energy compared to the ungrounded running style of other animals such as humans.



										    
																					In their study published in the journal Science Advances, the group simulated the running style of emus to better understand it.

When a bird such as an emu runs at medium speed, it never becomes airborne--it always has one foot firmly planted on the ground. This grounded running style, the researchers found, uses less energy than one in which a runner leaps into the air with each stride--again, at medium speed.

In this new study, the researchers investigated why birds have adopted such a running style when most other bipedal animals have an ungrounded style regardless of speed.

To simulate the running style of an emu, the research team created what they describe as a digital marionette made of just muscle, bone and tendons. It also had modifiable rigidity of the tendons to change its running style. They then taught their model to walk, and after that, to run.



    
    
    
        
        
    
         
             
         

        Muscle-controlled physics simulations of bird locomotion resolve the grounded running paradox. Credit: Science Advances (2024). DOI: 10.1126/sciadv.ado0936
  

Next, the team prompted the model to run using as little energy as possible--it responded by running at medium speed with a grounded style. The researchers noted that the simulated running looked remarkably like the real thing.

The researchers also found that emu anatomy, because it has evolved with the need for crouching, prevents the bird from fully straightening its legs, likely contributing to its running style. With this type of muscle, they note, it would take more energy to use an ungrounded style at intermediate speeds. They suggest the running style of birds likely first evolved with non-avian dinosaurs due to their similar anatomy.


																														
																				
																						More information:
												Pasha A. van Bijlert et al, Muscle-controlled physics simulations of bird locomotion resolve the grounded running paradox, Science Advances (2024). DOI: 10.1126/sciadv.ado0936
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Cretaceous fireflies reveal early evolution of insect bioluminescence
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                Habitus of Flammarionellahehaikuni Cai, Ballantyne & Kundrata, 2024, from mid-Cretaceous Burmese amber. Credit: NIGPAS
            
        

    


Bioluminescence, the ability of living organisms to emit light, is a fascinating phenomenon observed in various life forms, including deep-sea fish, glowing mushrooms, and fireflies. Fireflies have long captivated people with their enchanting light displays, sparking scientific curiosity.



										      
																																	Recently, Prof. Cai Chenyang and colleagues from the Nanjing Institute of Geology and Paleontology of the Chinese Academy of Sciences (NIGPAS) and their international collaborators described the second known firefly fossil from the Mesozoic, found in Burmese amber. This discovery is significant for understanding the evolution of firefly bioluminescence and key traits.

The research is published in the Proceedings of the Royal Society B.

In today's terrestrial ecosystems, most bioluminescent organisms belong to the order Coleoptera (beetles), particularly the superfamily Elateroidea (click beetles, fireflies, and their relatives). Among Elateroidea, a majority of bioluminescent species are part of the "lampyroid" clade, which includes the families Lampyridae (fireflies), Phengodidae, Rhagophthalmidae, and Sinopyrophoridae. Most species within these families have soft bodies, and some females exhibit neoteny, making it difficult to find fossils.

Firefly fossils from the Mesozoic era are extremely rare, with only one example previously reported. In 2021, Prof. Cai's research team discovered a new family of Elateroidea in mid-Cretaceous Burmese amber, named Cretophengodidae, representing a transitional stage in the early evolution of lampyroids.
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                Morphological details of Flammarionellahehaikuni. Credit: NIGPAS
            
        

    



In collaboration with researchers from the University of Cambridge, University of Bristol, Charles Sturt University, the American Museum of Natural History, and Palacky University, Cai and his colleagues identified a well-preserved female firefly from mid-Cretaceous Burmese amber, approximately 100 million years old.


																																						
    
     




																																			This represents a new genus and species, Flammarionellahehaikuni Cai, Ballantyne, & Kundrata, 2024. Based on morphological analysis, the fossil was classified within the basal lineage of the subfamily Luciolinae (Lampyridae).

This species' antennae feature distinctive oval-shaped sensory receptors on segments 3 to 11, likely specialized olfactory organs. The light-emitting organ near the tip of the abdomen closely resembles those of modern Luciolinae fireflies, demonstrating evolutionary stability in this trait.

Together with previously discovered bioluminescent beetles from Cretaceous amber, this study highlights the morphological diversity of light-emitting organs in the Mesozoic era, greatly enhancing our understanding of the evolutionary history of bioluminescence in Elateroidea.

Future fossil discoveries are expected to further illuminate the evolution and mechanisms behind insect bioluminescence in the Mesozoic.


																																																					
																				
																						More information:
												Chenyang Cai et al, A light in the dark: a mid-Cretaceous bioluminescent firefly with specialized antennal sensory organs, Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2024.1671
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AI trained on evolution's playbook develops proteins that spur drug and scientific discovery
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                Using the MutRank framework trained with EvoRank, Danny Diaz and professor Andrew Ellington's team are developing an improved version of a protein critical for the biomanufacturing of mRNA therapeutics and vaccines. In this example, the model recommends keeping the blue parts the same as the natural version of the protein and strongly considering mutating the red parts. Credit: Danny Diaz/University of Texas at Austin
            
        

    


A new artificial intelligence model developed by researchers at The University of Texas at Austin paves the way for more effective and less toxic treatments and new preventive strategies in medicine. The AI model informs the design of protein-based therapies and vaccines by leveraging the underlying logic from nature's evolutionary processes.



										      
																																	The AI advance, called EvoRank, offers a new and tangible example of how AI may help bring disruptive change to biomedical research and biotechnology more broadly. Scientists described the work at the International Conference on Learning Representations (ICLR 2024) and published a related paper in Nature Communications about leveraging a broader AI framework to identify useful mutations in proteins.

A major obstacle to designing better protein-based biotechnologies is having enough experimental data about proteins to adequately train AI models to understand how specific proteins work and thus how to engineer them for specific purposes.

The key insight with EvoRank is to harness the natural variations of millions of proteins generated by evolution over deep time and extract the underlying dynamics needed for workable solutions to biotech challenges.

"Nature has been evolving proteins for 3 billion years, mutating or swapping out amino acids and keeping those that benefit living things," said Daniel Diaz, a research scientist in computer science and co-lead of the Deep Proteins group, an interdisciplinary team of computer science and chemistry experts at UT.


																																						
    
     




																																			"EvoRank learns how to rank the evolution that we observe around us, to essentially distill the principles that determine protein evolution and to use those principles so they can guide the development of new protein-based applications, including for drug development and vaccines, as well as a wide range of biomanufacturing purposes."

UT is home to one of the leading programs in the country for AI research and houses the Institute for Foundations of Machine Learning (IFML) led by computer science professor Adam Klivans, who also co-leads Deep Proteins.

A project involving Deep Proteins and vaccine-maker Jason McLellan, a UT professor of molecular biosciences, in collaboration with the La Jolla Institute for Immunology, will apply AI in protein engineering research into developing vaccines to fight herpesviruses.

"Engineering proteins with capabilities that natural proteins do not have is a recurring grand challenge in the life sciences," Klivans said. "It also happens to be the type of task that generative AI models are made for, as they can synthesize large databases of known biochemistry and then generate new designs."

Unlike Google DeepMind's AlphaFold, which applies AI to predict the shape and structure of proteins based on each one's sequence of amino acids, the Deep Proteins group's AI systems suggest how best to make alterations in proteins for specific functions, such as improving the ease with which a protein can be developed into new biotechnologies.


																																			McLellan's lab is already synthesizing different versions of viral proteins based on AI-generated designs, then testing their stability and other properties.

"The models have come up with substitutions we never would have thought of," McLellan said. "They work, but they aren't things we would have predicted, so they're actually finding some new space for stabilizing."

Protein therapeutics often have fewer side effects and can be safer and more effective than the alternatives, and the estimated $400 billion global industry today is primed to grow more than 50% during the next decade. Still, developing a protein-based drug is slow, costly and risky.

An estimated $1 billion or more is needed for the decade-plus journey from drug design to completing clinical trials; even then, the odds of securing approval from the Food and Drug Administration for a company's new drug are only about 1 in 10.

What's more, to be useful in therapeutics, proteins often need to be genetically engineered, for example, to ensure their stability or to allow them to yield at a level needed for drug development--and cumbersome trial-and-error in labs traditionally has dictated such genetic engineering decisions.

If EvoRank--as well as the related UT-created framework on which it builds, Stability Oracle--are commercially adapted, industry would have opportunities to shave time and expense from drug development, with a road map to arrive at better designs faster.


																																						
    
     




																																			Using existing databases of naturally occurring protein sequences, the researchers who created EvoRank essentially lined up different versions of the same protein that appear in different organisms--from starfish to oak trees to humans--and compared them.

At any given position in the protein, there might be one of several different amino acids that evolution has found to be useful, with nature selecting, say, 36% of the time the amino acid tyrosine, 29% of the time histidine, 14% of the time lysine--and even more importantly never leucine.

Using this gold mine of existing data reveals an underlying logic in protein evolution. Researchers can knock out options that, evolution suggests, would result in killing the protein's functionality.

The team uses all of this to train the new machine learning algorithm. Based on continuous feedback, the model learns which amino acid nature opted for during the past when evolving proteins, and it bases its understanding on what's plausible in nature and what is not.

Diaz next plans to develop a "multicolumn" version of EvoRank that can evaluate how multiple mutations at the same time affect a protein's structure and stability. He also wants to build new tools for predicting how a protein's structure relates to its function.


																																																					
																				
																						More information:
												Daniel J. Diaz et al, Stability Oracle: a structure-based graph-transformer framework for identifying stabilizing mutations, Nature Communications (2024). DOI: 10.1038/s41467-024-49780-2
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Maps shows where Colorado's eight known free-roaming wolves wandered in September
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The eight known wolves still roaming Colorado's mountains stayed in the state's north-central ranges in September, a monthly tracking map released Wednesday shows.



										    
																					The wolves did not enter watersheds immediately surrounding Walden and Steamboat Springs--two areas wolves previously had frequented. The wolves primarily stayed in watersheds in Jackson, Routt, Grand, Summit and Eagle counties, according to the CPW map.

A wolf entered Rocky Mountain National Park in July--the first confirmed wolf presence in the park's history--but the wolf appeared to have left the park by September, the map shows.

The state's known wolf population now stands at 13: seven survivors among the 10 adults reintroduced by the state in December, plus four pups from the Copper Creek pack and two adults remaining from a pack established earlier by wolves that migrated from Wyoming.

One of the reintroduced adults and the four pups, however, remain in captivity after being removed from the wild in Grand County in late August and early September, following a series of livestock depredations.

Three of the 10 reintroduced wolves have died. One died in the spring, likely killed by a mountain lion. A second died Sept. 3 of what CPW officials believe are natural causes after being captured with the rest of the pack from the wild.

A third died Sept. 9, but wildlife officials have not released information about what caused the death.

CPW leaders announced Sept. 13 that the next batch of wolves to be released into the state will come from British Columbia, Canada. Biologists will begin to capture and transport the wolves in December and will continue through the winter.


																														
																					
																															 
												  2024 MediaNews Group, Inc. Distributed by Tribune Content Agency, LLC.
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                While hunting, an orca (identified as pod matriarch Dakota) propels a dusky dolphin into the air. Credit: Maikol Barrera.
            
        

    


Off the coast of Chile, in waters filled with krill and anchovy by the Humboldt Current system, live an elusive and little-known population of orcas. Thanks to citizen science and years of dedicated surveillance, a team of scientists led by Dr. Ana Garcia Cegarra of the Universidad de Antofagasta is unveiling their secrets--starting with dinner.



										      
																																	Garcia Cegarra's team, who previously observed these orcas using fishing boats to help them capture sea lions, have now spotted them successfully hunting dusky dolphins for the first time and sharing the food among the pod. This new evidence about their eating habits may help experts understand how populations of orcas in the southern hemisphere are linked, promoting conservation efforts.

"Studying orcas in their natural environment is very challenging as they are marine top predators, traveling long distances and living offshore, which makes observation difficult," said Garcia Cegarra, lead author of the study in Frontiers in Marine Science. "But understanding their role in the marine environment is crucial for the conservation of this poorly-known species in the Humboldt Current."

You are what you eat

Orcas are apex predators with an impressively varied diet--but not all orcas eat the same things. Populations can be assigned to different ecotypes based on their preferred foods, acoustics, and genetics, so understanding what the orcas of the Humboldt Current eat is a major step towards understanding where they fit in among the other orcas of the world.


																																						
    
     




																																			Five different ecotypes are reported in the southern hemisphere: some, like Type A and Type B1 orcas, focus on marine mammals, while other types prefer fish. Understanding where the Humboldt Current animals fit in would help us understand the way these populations relate to each other more broadly and conserve them for the future.

Garcia Cegarra and her colleagues used a combination of their own surveys and citizen science data collection from whale-watching trips and fishing vessels to monitor the population and track their hunting choices. Observers recorded the presence of orcas, group composition and location, and took pictures and videos which the scientists could cross-reference with catalogs of known individuals.

By combining this data with their own systematic surveys and drone footage, the scientists built up a map of orca presence in the area and tracked pods' behavior and prey choices.
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                Orcas share the meat of a dusky dolphin among the pod. Credit: Luis Aguilar, CETALAB.
            
        

    



This allowed the researchers to capture evidence of the Menacho pod of orcas catching dusky dolphins--a species no orcas in this area have ever been reported successfully hunting. Dramatic images show the matriarch, Dakota, tossing a dusky dolphin into the air.

These sightings could indicate that these orcas may belong to the mammal-hunting Type A ecotype. Their prey, and their small pod sizes, would be consistent with this hypothesis, although their white eye patches are smaller than is typical of Type A orcas. They have also never been recorded in Patagonia with other Type A orcas.

"We wish we could obtain skin biopsy samples to analyze their genetic data, as there is no genetic information for orcas in this region of the south-east Pacific," said Garcia Cegarra. "However, they are very elusive and intelligent, which makes it difficult to approach them in the boat for biopsies."


																																			Sharing the spoils

The scientists' observations of the dusky dolphin hunting also revealed that the Menacho pod were sharing their food. Food sharing is recorded among many populations of orcas, sometimes to help feed kin, and sometimes because the pod hunts cooperatively and everyone gets a share.

In this case, Garcia Cegarra and her colleagues suggest that the Menacho pod were sharing food with kin, similar to Type A orcas who hunt sea lions by deliberately stranding: female orcas were seen sharing meat with group members, allowing closer relations to eat first.

Garcia Cegarra emphasized that much more information and systematic study is necessary to fully understand and protect this secretive population of orcas.

"The fact that we have observed newborn calves is important, because it indicates that they are having offspring, but we don't know their survival rate," she said. "Thanks to citizen science, we can follow the presence of killer whales along thousands of kilometers of the coast of northern Chile--but most orca sightings are opportunistic."


																																																					
																				
																						More information:
												New records of odontocete and mysticete predation by orcas in the Humboldt Current System, South Pacific Ocean, Frontiers in Marine Science (2024). DOI: 10.3389/fmars.2024.1450624
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Gelatins from antlers, skin and bones of sika deer exhibit antioxidant activity, study finds
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                Antioxidant activity of deer gelatins and commercially available gelatins and collagen peptides (DAG: deer antler gelatin, DSG: deer skin gelatin, DBG: deer bone gelatin, DG: Donkey skin gelatin, BG: bovine gelatin, PG: pig gelatin, FG: fish gelatin, BP: bovine collagen peptide, PP: pig collagen peptide, FP: fish collagen peptide). Credit: Toho University
            
        

    


A research group discovered that gelatins from the antlers, skin, and bones of sika deer (Cervus Nippon) exhibit antioxidant activity.



										      
																					Further studies are expected to explore how gelatins from sika deer can be effectively utilized as health-promoting resources to prevent or reduce oxidative stress. The research was published in Pharmacognosy Research on June 13, 2024.

The increase in the population of sika deer (Cervus Nippon) across Japan has led to societal issues, such as damage to agriculture and forestry, an increase in traffic accidents, and ecosystem change. To address this, deer population control through hunting has been promoted. However, while deer meat is typically consumed, uses for other parts are still in the exploration phase.

In contrast, various body parts of deer, such as antlers, bones, tails and sinews have been used in traditional Chinese medicine since ancient times. To increase the usefulness of sika deer as health promoting resources, the research group evaluated the in vitro antioxidant activity of the gelatins from antlers, skins and bones of sika deer and compared it with those from donkeys, bovine, pig and fish.

Key findings include:


	Gelatins extracted from the antlers, skins, or bones of sika deer from Hokkaido exhibit antioxidant activity.

	Sika deer gelatins demonstrated stronger antioxidant activity than commonly consumed gelatins and collagen peptides from bovine, pig and fish sources.

	Future research is expected to promote the effective use of gelatins from sika deer as health promoting resources for the prevention and reduction of oxidative stress.



The team was led by Professor Wei Li from the Department of Pharmacognosy, Faculty of Pharmaceutical Sciences, Toho University, Japan, in collaboration with Dalian Medical University, China, and Hokkaido Rokubiken Co., Ltd., Japan.


																														
																				
																						More information:
												Kouharu Otsuki et al, Antioxidant Activity of Gelatins from Sika Deer (Cervus nippon), Pharmacognosy Research (2024). DOI: 10.5530/pres.16.3.70
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Strategies for maximizing recombinant protein production in tobacco plants

										

    
        
            [image: Beyond the stigma: Strategies for maximizing recombinant protein production in tobacco plants]
             
                Representative proteins and their predominant glycosylation patterns associated with specific subcellular compartments, along with the pros and cons. Credit: BioDesign Research (2024). DOI: 10.34133/bdr.0047
            
        

    


Plant molecular farming (PMF) is a modern, sophisticated technology that utilizes plants' biosynthetic machinery to synthesize a plethora of recombinant proteins, including industrial and therapeutic enzymes. It has several advantages over traditional approaches, such as microbial fermentation and mammalian cell culture, including lower costs, high-yield production, and absence of human pathogens and endotoxins. Plants also provide considerable flexibility that allows customized protein production.



										      
																																	Tobacco species like Nicotiana benthamiana and Nicotiana tabacum are known for having compromised basal immunity and a less robust ribonucleic acid (RNA) silencing pathway involving the degradation of foreign RNA as a defense mechanism. This, along with its short life cycle and large biomass production capacity, makes it an ideal choice for quick and efficient recombinant protein production.

However, despite these multiple advantages, there are certain limitations to this protein production. Tobacco cells require engineering for specific subcellular localization of each recombinant protein.

While multiple studies explored the recombinant protein production in tobacco, a comprehensive study on subcellular localization strategies was required. A review published in BioDesign Research addresses this issue and focuses on targeting strategies for directing the recombinant proteins to four subcellular compartments--endoplasmic reticulum (ER), vacuole, chloroplast and apoplast.

Providing more context, Dr. Shi-Jian Song, a researcher from the Chinese Academy of Agricultural Sciences, China and one of the corresponding authors of this study, says, "Optimizing subcellular localization for individual target proteins is crucial for successful protein synthesis and its utilization in the pharmacological industry."


																																						
    
     




																																			ER is recognized for recombinant protein localization as it houses molecular chaperons that aid protein-folding and also minimizes risks of protein degradation. Proteins directed towards the ER undergo homogenous glycosylation, a reaction involving the addition of carbohydrates, which is essential for many therapeutic proteins. The accumulation of recombinant proteins in the plant ER can be achieved by incorporating an N-terminal specific ER targeting or secretion signal peptide along with a C-terminal retention sequence.

While highlighting the limitations of the study, Dr. Inhwan Hwang, the other corresponding author of this study, mentions, "Overloading the ER might cause ER stress resulting in a significantly reduced protein yield in such instances." This can be avoided if careful management is done during expression levels.

The findings of this study suggest ER localization is optimal for large, complex glycoproteins (proteins with carbohydrates attached) that need chaperons for folding. These glycoproteins have a pattern of carbohydrates attached to the nitrogen atom, similar to mammalian proteins.

Plant vacuole is another crucial organelle in tobacco, occupying about 80% to 90% of cell volume in tobacco leaves. The PMF technology utilizes this huge storage capacity for recombinant protein localization. Vacuolar sorting signals, that can be either location specific or sequence specific, are critical for vacuolar targeting.


																																			Pointing out an interesting aspect about these vacuoles, Dr. Hai-Ping Diao says, "The proteins can enter the vacuole via different trafficking routes. recombination is done to ensure that the protein is directly transported from the ER to the vacuole, bypassing the Golgi apparatus."

Certain proteins also tend to degrade in the vacuole due to the presence of a breakdown enzyme called protease. So, it is best to localize the proteins that are tolerant to acidic environments or are naturally localized in the human lysosome.

Chloroplasts in tobacco leaf tissues store the highest level of native proteins, making it ideal for accumulating large quantities of recombinant protein. There are two primary strategies for accumulating large quantities of recombinant proteins--chloroplast transformation and nuclear transformation.

Chloroplast transformation allows stable expression of foreign genes, optimal protein-folding conditions, and minimal risk of environmental transfer. However, generating high-yielding transgenic plants through this process is difficult and time-consuming due to certain technical challenges.

Nuclear transformation, on the other hand, involves a recombinant protein fused to a chloroplast transit peptide, allowing faster protein production. The study indicates that chloroplast-localization may work best for proteins that do not require extensive biochemical modifications.

Plant apoplast, a crucial space between cell-membrane and cell-wall in plant cells, is considered as an excellent site for recombinant protein accumulation. The protein accumulation in the apoplast also simplifies the purification method.


																																						
    
     




																																			While the smaller recombinant proteins can be directly extracted from the apoplast fluid, large protein complexes require a conventional purification process. Recombinant proteins may also have compromised structural integrity due to the presence of protease in the apoplast. To evade this complication, co-expression of a protease inhibitor is increasingly being utilized as an emerging strategy.

PMF has the potential to revolutionize recombinant protein production. However, adaptable production levels, comparable qualities, and cost-issues remain. Elaborating further, Dr. Shi-Jian Song says, "To normalize the use of transgenic plants in industrial research, it is important to strictly adhere to protocols, improve public engagement, and follow robust safety protocols."

Remodeling the tobacco plant chassis, including low-efficiency protease processing, allocating resources effectively, and establishing a toxin-free plant reactor can help in further advancements. The eventual commercialization of biomanufacturing is a crucial sign of PMF development.


																																																					
																				
																						More information:
												Shi-Jian Song et al, Advances in Subcellular Accumulation Design for Recombinant Protein Production in Tobacco, BioDesign Research (2024). DOI: 10.34133/bdr.0047
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Biofuel production: Rhodococcus strain N1-S transforms succinic acid production
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                Degradation of lignin-derived aromatic compounds by Rhodococcus aetherivorans N1. Credit: BioDesign Research (2024). DOI: 10.34133/bdr.0044
            
        

    


As the global push for sustainable biofuels intensifies, lignocellulosic biomass has emerged as a prime candidate for biofuels and biochemicals owing to its abundance and renewability. This biomass, derived from plant materials, holds great promise as a feedstock for biofuel production. However, the pretreatment process required to break down lignocellulose often yields toxic byproducts like lignin-derived phenolic compounds and furanyl aldehydes.



										      
																																	These byproducts can severely inhibit microbial fermentation, a critical step in biofuel production, thereby reducing overall efficiency. Effective detoxification of these byproducts is essential for optimizing the conversion process and making lignocellulosic biomass a viable alternative to fossil fuels.

To tackle the challenge of byproduct toxicity, researchers from Nanjing Tech University, China, carried out a study focusing on the potential of two microbial strains--Rhodococcus aetherivorans strain N1 and its genetically modified variant, strain N1-S.

The study was published in BioDesign Research on 15 August 2024 and investigates the ability of these strains to detoxify the harmful compounds present in lignocellulose derivatives and their subsequent impact on the production of succinic acid, a valuable biofuel precursor. By assessing their detoxification capability, the study aims to address the current limitations of detoxification methods and improve biofuel production efficiency.

The study employed a multifaceted approach involving laboratory experiments to test the degradation capabilities of strains N1 and N1-S. Strain N1 is being analyzed for its ability to degrade a range of toxic compounds under controlled conditions. The metabolic pathways involved in these degradation processes are being mapped to understand how these microorganisms handle different byproducts.


																																						
    
     




																																			Furthermore, strain N1-S, a genetically engineered strain to specifically enhance the degradation of syringaldehyde--a challenging compound poorly processed by the naturally occurring strain N1--is being evaluated. Both strains are being tested using corn cob derivatives obtained from dilute acid pretreatment, simulating a real-world lignocellulosic biomass processing scenario.

Professor Wenming Zhang, the senior author of this study, says, "The results revealed that strain N1 exhibited strong degradation capabilities, effectively breaking down several key lignin-derived compounds--namely p-hydroxybenzoate, p-coumarate, ferulate, and furfural--within 24 hours. It also partially degraded vanillin, coniferyl alcohol, syringaldehyde, and 5-hydroxymethylfurfural, with degradation rates ranging from 59% to 84%." Despite its overall effectiveness, strain N1 has a limited ability to degrade sinapate.

"In contrast, the engineered strain N1-S demonstrated a significantly enhanced ability to degrade syringaldehyde and its byproducts, effectively overcoming the limitations faced by the naturally occurring strain," adds Prof. Zhang, discussing further. This improvement highlights the potential of strain engineering to address specific detoxification challenges in lignocellulosic biomass processing.

These findings are crucial in mitigating enzyme inhibition caused by syringate accumulation, a common challenge in lignocellulosic biomass processing. The detoxification efficiency of strain N1-S was further highlighted when it successfully reduced toxic phenolic compounds and furanyl aldehydes by 50% to 80% in a corn cob derivative. This detoxified derivative is then used as a substrate for succinic acid production by E. coli suc260, yielding 35.3 g/l of succinic acid, which is 6.5 times greater than the yield obtained from the nondetoxified derivative.


																																			The impressive degradation capabilities of strain N1 and the enhanced performance of strain N1-S highlight their practical potential in biofuel production. The success of strain N1-S in detoxifying lignocellulose derivatives and significantly boosting succinic acid production illustrates its valuable role in advancing biofuel technologies. By improving the efficiency of detoxification and increasing the yield of biofuel precursors, strain N1-S represents a substantial advancement over traditional methods.

"Our research highlights the potential for scaling up strain N1-S for industrial applications, offering a more efficient and cost-effective approach to biomass processing. The enhanced degradation capabilities of strain N1-S could lead to significant improvements in biomass processing technologies, making them more viable for large-scale applications," shares Professor Fengxue Xin.

These findings have the potential to transform renewable energy technologies, expanding their applications in various biotechnological processes and contributing to the development of sustainable energy solutions.

In conclusion, this study demonstrates the effectiveness of R. aetherivorans strain N1 and its genetically engineered variant N1-S in addressing major challenges in lignocellulose biomass processing. Moreover, the N1-S strain has the ability to degrade a wide range of toxic compounds and significantly enhance succinic acid production, positioning it as a key tool for advancing sustainable biofuel technologies.

The findings from this research can pave the way for future investigations into optimizing microbial strains for lignocellulose utilization, potentially leading to more efficient and cost-effective biofuel production methods.


																																																					
																				
																						More information:
												Wankui Jiang et al, Biodetoxification of Lignocellulose Hydrolysate for Direct Use in Succinic Acid Production, BioDesign Research (2024). DOI: 10.34133/bdr.0044
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Vintage museum collection and modern research intersect in century-long bee study
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At a tranquil nature reserve in South Michigan, an Agricultural Research Service (ARS) scientist and her collaborators connected olden wild bee sample collections and modern technology to better decode the ecological traits and habits of pollinators, critical links to environmental stability.



										      
																																	Kelsey Graham, an ARS Pollinating Insect Research Unit scientist, co-led the collaborative, intensive wild bee study at the University of Michigan's E.S. George Reserve with a sampling period covering 1921 to 2018, which in tandem with advanced computer analyses, revealed long-term bee population trends that may hold the keys to new and enhanced conservation approaches.

"These studies point to clear indicators of an urgent need for diligent and consistent conservation efforts to protect bee diversity, which is crucial for our ecosystem health, human health and agricultural productivity," Graham said.

In a recent publication of Proceedings of the Royal Society B, Graham's research article "A century of wild bee sampling: historical data and neural network analysis reveal ecological traits associated with species loss," explains how the study reached inflection points along the way, finding alarming declines in species richness, evenness and overall bee community diversity. Researchers also found that 64% of the more common bee species exhibited a more than 30% decline in abundance.


																																						
    
     




																																			"In 1972 and 1973, the late zoologist Francis C. Evans detected 135 bee species, compared to our recent surveys in 2017 and 2018, which recorded only 90 species, with just 58 species present in both sampling periods," Graham noted. "These samplings indicate a substantial shift in the bee community composition."

To better understand why some species disappeared from the preserve, the ARS team and its partners leveraged neural networks, which determined that certain types of bees were more likely to vanish. Specifically, researchers discovered that oligolectic ground-nesting bees (meaning, bees that collect pollen from a few types of plants and nest in the ground) and kleptoparasitic bees (who steal food from other bees) are most vulnerable.

In comparison, the study found polylectic cavity-nesting bees (or bees that collect pollen from various plants and nest in cavities) are more likely to remain at the preserve.

Similarly, the findings demonstrated that bees active for longer periods each year have a better chance of remaining in the community if they collect pollen from a variety of plants.

In short, bees with certain traits, such as being picky about food, will continue to struggle compared to their more flexible counterparts.

Scientists also noted the significance of climate response, as bee species in the contemporary sampling period had a more southerly overall distribution compared to the historic community, indicating communities are shifting in response to warming temperatures.

This study, Graham explained, exhibits the utility and importance of publicly available historical long-term data in deciphering complex indicators of bee population trajectories, findings that may have otherwise been obscured in a lesser scope and timeframe.

"Combining traditional analysis techniques with neural networks helped us reveal shifts in geographic ranges and declines in bee abundance and diversity as they relate to species traits," Graham said. "Such analyses help our understanding of bee population trends to inform the science and practice of bee conservation."


																																																					
																				
																						More information:
												Kelsey K. Graham et al, A century of wild bee sampling: historical data and neural network analysis reveal ecological traits associated with species loss, Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2023.2837
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Improving industrial scale lactoferrin production with synthetic biological systems
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                Structure of human LF (PDB: 1FCK). The tertiary structure of LF is a polypeptide chain that folds based on the secondary structure to form 2 very similar and symmetrical spherical sheets, namely, the N lobe and the C lobe. The lobes can be divided into 2 subdomains (N1 and N2, C1 and C2) that have similar sizes. Credit: BioDesign Research (2024). DOI: 10.34133/bdr.0040
            
        

    


Lactoferrin (LF), a multifunctional glycoprotein of the transferrin family, is naturally expressed in human and cow milk. The name "LF" is derived from its ability to bind to iron (ferrin, a suffix indicating iron-binding protein).



										      
																																	LF is a vital bioactive component in human milk and helps promote infant health and development. Scientists have been fascinated with LF since its discovery in the 1930s due to its unique biological features. LF plays a role in the immune response, antibacterial activity, and anti-inflammatory effects, among other biological activities.

LF contributes to the innate immune response and acts as the first line of defense. It efficiently disrupts the integrity of cell membranes, restricting bacterial multiplication by reducing iron availability. LF also exerts antiviral activity against a variety of viruses.

In addition, LF interacts with immune cells such as macrophages and lymphocytes and boosts the immune response. Hence, LF offers a diverse range of applications across the food, cosmetic, and pharmaceutical sectors.

However, there are certain limitations in separating and purifying LF from milk, resulting in an inability to meet the current market demand with this product. To overcome these challenges, researchers have developed new technologies where microorganisms can synthesize LF via genetic engineering. Thanks to the development of such synthetic biological systems, it is now more feasible to use microorganisms to manufacture large volumes of LF.

In a recent study published on 20 August 2024, in BioDesign Research, a team of scientists led by Dr. Kun Liu from Anhui Polytechnic University, China, discussed the design and construction of LF expression systems, including the associated challenges, solutions, and opportunities.


																																						
    
     




																																			"The challenge in obtaining LF for market needs can be overcome by producing LF on an industrial scale through the use of synthetic biological expression systems as the structure of LF expressed in these systems is very similar to that of natural LF," says Liu.

In order to create the synthetic systems of LF, it is important to know its structural properties. LF has a molecular weight of approximately 80 kilodalton and consists of roughly 700 amino acids. It has the C- and N-terminal lobes. The N-terminal lobe, which is less stable thermodynamically, houses the iron-binding site. Increasing or adding extra disulfide bridges to the N-terminal lobe can enhance LF's thermostability.

LF is a protein with carbohydrates attached to its nitrogen atom through a process called N-linked glycosylation. The LF glycosylation increases resistance to enzyme degradation and thus maintains its structural stability. Therefore, achieving high stability in LF depends on using a suitable host-expression system.

In this study, researchers have summarized the four synthetic host biological systems--bacteria, yeast, filamentous mold, and cell lines--for producing high-expression LF. They also discussed the challenges and solutions for constructing high-yielding LF in these systems.

In bacterial host systems, E. coli is the most popular synthetic biological system used for LF production. The E. coli system can produce 700 mg/L of human LF. However, there are certain limitations to it.


																																			The protein degrading activity of E. coli can harm the LF proteins, and the bacterial host lacks the machinery for biochemical modifications. Besides this, the newly synthesized LF proteins can cause harm to the host.

Compared to the bacterial system, yeast and mold are more competitive choices. Both the host systems offer strong LF expression and can perform biochemical processing, making a more stable LF protein. However, the main obstacle with these systems is that the newly produced LF can cause toxicity to the systems, thus limiting its expression.

The researchers emphasized reducing the LF toxicity during fermentation in order to increase protein expression. The final host system, cell lines, can potentially synthesize LF that is very consistent in both structure and function with natural LF.

Adding further, Zhen Tong, the first co-first author, explains, "The main challenges with cell line systems are their high cultural costs, susceptibility to contamination, and ability to carry human pathogens. Moreover, the use of cell lines in large-scale LF production is still limited."

Talking about a way in which the challenges associated with synthetic biological systems can be overcome, Xuanqi Zhang, also affiliated with Anhui Polytechnique University, says, "It is important to redesign the transport mechanism of the expression host to ensure quick secretion of the produced LF into the extracellular environment. We should also consider knocking out key enzymes that can degrade LF in the host."

In conclusion, the use of synthetic biological systems can help resolve the issue of obtaining LF on an industrial scale. By enabling the controlled production of LF through genetic engineering and host-organism interactions, these systems can open doors to applications in food, pharmaceuticals, and other sectors.


																																																					
																				
																						More information:
												Kun Liu et al, A Review: Development of a Synthetic Lactoferrin Biological System, BioDesign Research (2024). DOI: 10.34133/bdr.0040
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Researchers explore novel approach to map forest dieback in satellite images
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                RGB of the Sentinel-2 image acquired in October 2018 for a testing scene of the study area in the Northeast of France and inventory masks of tree dieback areas caused by bark beetle hotspots in this scene as they are predicted by different models trained on the imagery set acquired in October 2018 for the training scenes of the study area. Credit: Journal of Intelligent Information Systems (2024). DOI: 10.1007/s10844-024-00877-6
            
        

    


Forests and woodlands cover one third of Earth's surface and play a critical role in carbon sequestration, water regulation, timber production, soil protection, and biodiversity conservation. Accelerated by climate change, the decline of these and other key forest ecosystem services is caused by various biotic and abiotic disturbances. Among them, insect infestations and disease outbreaks can induce massive tree dieback and significantly disrupt ecosystem dynamics.



										      
																																	Forest surveillance is crucial to monitor, quantify and possibly prevent such events. However, most common strategies primarily rely on laborious and time-consuming field surveys, restricting geographical coverage and preventing large-scale analysis across vast territories.

On the other hand, the large amounts of remote sensing information collected via Earth observation missions constitutes an unprecedented opportunity to scale up forest dieback assessment and surveillance over large areas.

In a study published in the Journal of Intelligent Information Systems, researchers from the University of Bary Aldo Moro, Italy, and collaborators explore the performance of a data-centric semantic segmentation approach to detect forest tree dieback events due to bark beetle infestation in satellite images.

Named DIAMANTE (Data-centrIc semAntic segMentation to mAp iNfestations in saTellite imagEs), their approach trains a U-Net-like model from a labeled remote-sensing dataset prepared using both Copernicus Sentinel-1's SAR data and Sentinel-2's multi-spectral optical data.

The authors evaluated the effectiveness of their approach using a real inventory case study of non-overlapping forest scenes from northeastern France acquired in October 2018, which host bark beetle infestation hotspots of different sizes originating from the mass reproduction of the bark beetles that year.


																																						
    
     




																																			Their results highlight the general advantages of using multisensor data over a single data source in various scenarios of bark beetle detection, including early disease detection and out-of-year temporal transfer. While Sentinel-1 alone is not suitable for the considered downstream mapping task, using Sentinel-2 alone yields satisfactory results. Additionally, their combined use significantly reduces false alarms and improves the delineation of infested areas in the resulting binary maps.

In particular, signs of bark beetle attacks could be detected with reasonable accuracy one month before the acquisition of ground truth data. However, the disease's earlier stages are weakly detectable via satellite imagery.

As such, there is still room for research activities in the way historical data can be leveraged for temporal and spatial transferability, i.e., the direct deployment of a model trained on a particular area or time period to a different area or time period.


																																																					
																				
																						More information:
												Giuseppina Andresini et al, DIAMANTE: A data-centric semantic segmentation approach to map tree dieback induced by bark beetle infestations via satellite images, Journal of Intelligent Information Systems (2024). DOI: 10.1007/s10844-024-00877-6
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                Nekemias mucronata fossil lateral leaflets from the collection of the Natural Science Museum of Barcelona. Credit: Natural Science Museum of Barcelona
            
        

    


Until now, it was believed that plants of the grape family arrived at the European continent less than 23 million years ago. A study on fossil plants draws a new scenario on the dispersal of the ancestors of grape plants and reveals that these species were already on the territory of Europe some 41 million years ago.



										      
																																	The paper describes a new fossil species of the same family, Nekemias mucronata, which allows us to better understand the evolutionary history of this plant group, which inhabited Europe between 40 and 23 million years ago.

This study, published in the Journal of Systematics and Evolution, is led by researcher Aixa Tosal, from the Faculty of Earth Sciences and the Biodiversity Research Institute (IRBio) of the University of Barcelona. The article is also signed by Alba Vicente, from the Biodiversity Research Institute (IRBio) and the Catalan Institute of Palaeontology Miquel Crusafont (ICP), and Thomas Denk, from the Swedish Museum of Natural History (Stockholm).

A new ancestor of the grape family

The grape family (Vitaceae) is made up of some 950 species, and is divided into five tribes (in botany, this is an intermediate taxonomic classification between the family and the genus). One of these tribes is the Viteae, made up of 200 species, including the grape vine plant (Vitis vinifera), which is of great global economic interest. The new paper published in the JSE focuses on studying the tribe Ampelopsideae, made up of 47 species.

"Our study changes the paradigms accepted until now and shows that the Ampelopsis and Nekemias lineages of the Ampelopsideae tribe were already present in Europe and Central Asia during the middle Eocene (between 47 and 37 million years ago). This indicates that this dispersal was approximately 20 million years earlier than previously estimated," says Tosal, first author of the study and member of the UB's Department of Earth and Ocean Dynamics.


																																						
    
     




																																			"In particular, we show that a lineage now restricted to North America already existed in Europe and Central Asia, thanks to the discovery of the fossil species Nekemias mucronata, which is very similar to the present-day North American Nekemias arborea. Nekemias mucronata cohabited with Ampelopsis hibschii, the closest relative of today's Ampelopsis orientalis," explains Tosal.

In contrast, the latter has had a different dispersal from N. mucronata, as this lineage is now endemic to the eastern Mediterranean.

"This study helps us to better understand the evolution of the Ampelopsideae tribe during the second dispersal pulse, especially in Europe and Central Asia, which took place during the Palaeogene," says Tosal.

Nekemias mucronata lived from the late Eocene to the late Oligocene (37-23 million years ago). It seems that it was able to grow in a broad range of climates, from regions with low winter temperatures (-4.6 degC in cold periods)--such as those found in Kazakhstan during the Oligocene (33-23) million years ago--to regions with warm mean annual temperatures--such as those of the Oligocene in the Iberian Peninsula--or even in climates with intermediate temperatures such as those recorded in the center of the European continent.

"N. mucronata was also not overly demanding in terms of rainfall. It could grow in areas with abundant rainfall and low rainfall seasonality; for example, in Central Europe during the Oligocene, or the Iberian Peninsula or Greece during the same time," says ICP researcher Vicente.

"This fossil species had a compound leaf, a peculiarity shared with some species of the vine family. Although it is difficult to confirm the number of leaflets of the compound leaf, it would have consisted of at least three. We have been able to recognize common patterns between the apical and lateral leaflets, which allows us to distinguish them from other fossil species of the vine family in Eurasia," he adds.

"What makes Nekemias mucronata unique is the presence of a mucro at the tip of the leaflet teeth, which gives the species its name. The straight shape of the base of the apical leaflet is also quite distinctive, as all other Eurasian fossil species are buckled (with an invagination near the petiole)," says Vicente.


																																			Dispersal of Ampelopsideae across the Atlantic Bridge or the Bering Strait

To date, the oldest record of the grape family has been found in the Upper Cretaceous deposits of India (75-65 Ma). The earliest record of the plant lineage in the Americas is from the Upper Eocene, around 39.4 million years ago, and at about the same time in Europe and Central Asia the Ampelopsis and Nekemias lineages are already found.

How did these species disperse in the past? These tribes diverged between the Upper Cretaceous and the Upper Eocene and, although there are still many unknowns, it seems that they dispersed and evolved quite rapidly.

According to current data, which are consistent with the molecular clock technique, "the Ampelopsideae could have followed two cluster routes or a mixture of both. The first proposed route follows the North Atlantic isthmus. That is, the family appeared in India, then moved on to central Asia and Europe during the middle Eocene (between 47 and 37 million years ago), and finally moved on to the Americas via Greenland," says Denk.

"Another possible route suggests that, once the Vitaceae family appeared in India, the Ampelopsideae tribe dispersed eastward from Asia during the middle Eocene (47-37 million years ago) and quickly moved to the Americas via the Bering Strait, and from there to Europe along the North Atlantic isthmus," Denk says.

Although the dispersal of these two species does not seem to be linked to climate, it is possible that the increase in aridity during the Oligocene in the Iberian Peninsula and southern Europe explains the extinction (27-23 million years ago) of the last population of N. mucronata found in the Iberian Peninsula. In parallel, Ampelopsis hibschii was restricted to the Balkan area and finally became extinct about 15 million years ago.

"However, there are still many unanswered questions about the early dispersal phases (from the Late Cretaceous to the Palaeogene). For this reason, we would like to continue studying this family, and perhaps we will be able to unravel what happened during their early cluster phases, which occurred between 66 and 41 million years ago," the team concludes.


																																																					
																				
																						More information:
												Aixa Tosal et al, Cenozoic Ampelopsis and Nekemias leaves (Vitaceae, Ampelopsideae) from Eurasia: Paleobiogeographic and paleoclimatic implications, Journal of Systematics and Evolution (2024). DOI: 10.1111/jse.13126
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OpenAI looks to shift away from nonprofit roots and convert itself to for-profit company

                                        by MATT O'BRIEN and KELVIN CHAN                                                                                                                    
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                Open AI Chief Executive Officer Sam Altman (C) speaks at the Advancing Sustainable Development through Safe, Secure, and Trustworthy AI event on Sept. 23, 2024, in New York. Credit: Bryan R. Smith/Pool Photo via AP
            
        

    


OpenAI's history as a nonprofit research institute that also sells commercial products like ChatGPT may be coming to an end as the San Francisco company looks to more fully convert itself into a for-profit corporation accountable to shareholders.


                                        
                                              
                                        
                                                                                                                                    The company's board is considering a decision that would change the company into a public benefit corporation, according to a source familiar with the discussions who wasn't authorized to speak publicly about them.

While OpenAI already has a for-profit division, where most of its staff works, it is controlled by a nonprofit board of directors whose mission is to help humanity. That would change if the company converts the core of its structure to a public benefit corporation, which is a type of corporate entity that is supposed to help society as well as turn a profit.

No final decision has been made by the board and the timing of the shift hasn't been determined, the source said.

OpenAI's CEO Sam Altman acknowledged in public remarks Thursday that the company is thinking about restructuring but said the departures of key executives the day before weren't related.

Speaking at a tech conference in Italy, Sam Altman mentioned that OpenAI has been considering an overhaul to get to the "next stage." But he said it was not connected to the Wednesday resignations of Chief Technology Officer Mira Murati and two other top leaders.

"OpenAI will be stronger for it as we are for all of our transitions," Altman told the Italian Tech Week event in Turin. "I saw some stuff that this was, like, related to a restructure. That's totally not true. Most of the stuff I saw was also just totally wrong," he said without any more specificity.

"But we have been thinking about (a restructuring)," he added. OpenAI's board has been considering a revamp for a year as it tries to figure out what's needed to "get to our next stage."
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                Sam Altman, right, CEO of ChatGPT maker OpenAI, and Mira Murati, chief technology officer, appear at OpenAI DevDay, OpenAI's first developer conference, on Nov. 6, 2023 in San Francisco. Credit: AP Photo/Barbara Ortutay, File
            
        

    



OpenAI said Thursday that it will still retain a nonprofit arm.

"We remain focused on building AI that benefits everyone and as we've previously shared we're working with our board to ensure that we're best positioned to succeed in our mission," it said in a written statement. "The nonprofit is core to our mission and will continue to exist."


                                                                                                        
    
        
        
        
    

                                                                                                                                            The resignations of Murati, Chief Research Officer Bob McGrew and another research leader, Barret Zoph, were "just about people being ready for new chapters of their lives and a new generation of leadership," Altman said.

The exits were the latest in a string of recent high-profile departures that also include the resignations of OpenAI co-founder Ilya Sutskever and safety team leader Jan Leike in May. In a statement, Leike had leveled criticism at OpenAI for letting safety "take a backseat to shiny products."

Much of the conflict at OpenAI has been rooted in its unusual governance structure. Founded in 2015 as a nonprofit with a mission to safely build futuristic AI to help humanity, it is now a fast-growing big business still controlled by a nonprofit board bound to its original mission.

This unique structure made it possible for four OpenAI board members--Sutskever, two outside tech entrepreneurs and an academic--to briefly oust Altman last November in what was later described as a dispute over a "significant breakdown in trust" between the board and top executives. But with help from a powerful backer, Microsoft, Altman was brought back to the CEO role days later and a new board replaced the old one. OpenAI also put Altman back on the board of directors in May.


                                                                                                                                                                            
                                        											
										                                                                                    
                                                (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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New continuous reaction process can help turn plant waste into sustainable aviation fuel
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                Working at Richland, Wash., Daniel Santosa, a Washington State University doctoral student and scientist at Pacific Northwest National Laboratory, tests a WSU-developed continuous process that turns lignin, a polymer found in plants, into jet fuel. Credit: Washington State University
            
        

    


Washington State University scientists successfully tested a new way to produce sustainable jet fuel from lignin-based agricultural waste. Published in the journal Fuel Processing Technology, the team's research demonstrated a continuous process that directly converts lignin polymers, one of the chief components of plant cells, into a form of jet fuel that could help improve performance of sustainably produced aviation fuels.


                                        
                                              
                                        
                                                                                                                                    "Our achievement takes this technology one step closer to real-world use by providing data that lets us better gauge its feasibility for commercial aviation," said lead scientist Bin Yang, professor in WSU's Department of Biological Systems Engineering.

A class of structural molecules that make plants tough and woody, lignin is derived from corn stover--the stalks, cobs and leaves left after harvest--and other agricultural byproducts.

The team developed a process called "simultaneous depolymerization and hydrodeoxygenation," which breaks down the lignin polymer and at the same time removes oxygen to create lignin-based jet fuel. At their Richland facility, the scientists introduced dissolved lignin polymer into a continuous hydrotreating reactor to produce the fuel.

Global consumption of aviation fuel reached an all-time high of nearly 100 billion gallons in 2019, and demand is expected to increase in the coming decades. Sustainable aviation fuels derived from plant-based biomass could help minimize aviation's carbon footprint, reduce contrails and meet international carbon neutrality goals.

Lignin-based jet fuel could make sustainable fuels cleaner and more easily usable in jet engines. Thanks to their density, efficiency, and seal-swelling characteristics, hydrocarbons catalyzed from lignin could effectively replace fossil fuel-derived compounds called aromatics. Associated with contrails and climate impacts, aromatics remain in use because they enhance fuel density and help swell O-rings in metal-to-metal joints.
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                Trickle bed reactor used for direct and continuous SDHDO of lignin. Credit: Fuel Processing Technology (2024). DOI: 10.1016/j.fuproc.2024.108129
            
        

    



This research marked the team's first successful test of a continuous process, which is more feasible for commercial production. The project also used a less processed, less expensive form of lignin derived from corn stover, dubbed "technical lignin," contrasting similar research using extracted lignin bio-oil.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The team's findings suggest lignin is a promising source of aromatic-replacing cycloalkanes and other useful fuel compounds.

"The aviation enterprise is looking to generate 100% renewable aviation fuel," said Josh Heyne, research team member and co-director of the WSU-PNNL Bioproducts Institute. "Lignin-based jet fuel complements existing technologies by, for example, increasing the density of fuel blends."

Offering reduced emissions, lignin-based fuel could ultimately make sustainable aviation fuels fully "drop-in" capable, meaning they can be used with all existing engines, infrastructure and aircraft like existing fossil-derived aviation fuel.

"We're working to create an effective, commercially relevant technology for a complementary blend component that can achieve the 100% drop-in goal," Heyne said.

The team is now working to refine their process for better efficiency and reduced costs.


                                                                                                                                                                            
                                        											
																								More information:
												Adarsh Kumar et al, A simultaneous depolymerization and hydrodeoxygenation process to produce lignin-based jet fuel in continuous flow reactor, Fuel Processing Technology (2024). DOI: 10.1016/j.fuproc.2024.108129
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By now, many of us are probably familiar with artificial intelligence hype. AI will make artists redundant! AI can do lab experiments! AI will end grief!


                                        
                                              
                                        
                                                                                                                                    Even by these standards, the latest proclamation from OpenAI chief executive Sam Altman, published on his personal website this week, seems remarkably hyperbolic. We are on the verge of "The Intelligence Age", he declares, powered by a "superintelligence" that may just be a "few thousand days" away. The new era will bring "astounding triumphs," including "fixing the climate, establishing a space colony, and the discovery of all of physics."

Altman and his company--which is trying to raise billions from investors and pitching unprecedently huge datacenters to the US government, while shedding key staff and ditching its nonprofit roots to give Altman a share of ownership--have much to gain from hype.

However, even setting aside these motivations, it's worth taking a look at some of the assumptions behind Altman's predictions. On closer inspection, they reveal a lot about the worldview of AI's biggest cheerleaders--and the blind spots in their thinking.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Steam engines for thought?

Altman grounds his marvelous predictions in a two-paragraph history of humanity:

"People have become dramatically more capable over time; we can already accomplish things now that our predecessors would have believed impossible."

This is a story of unmitigated progress heading in a single direction, driven by human intelligence. The cumulative discoveries and inventions of science and technology--Altman reveals--have led us to the computer chip and, inexorably, to artificial intelligence, which will take us the rest of the way to the future. This view owes much to the futuristic visions of the singularitarian movement.

Such a story is seductively simple. If human intelligence has driven us to ever-greater heights, it is hard not to conclude that better, faster, artificial intelligence will drive progress even farther and higher.

This is an old dream. In the 1820s, when Charles Babbage saw steam engines revolutionizing human physical labor in England's industrial revolution, he began to imagine constructing similar machines for automating mental labor. Babbage's "analytical engine" was never built, but the notion that humanity's ultimate achievement would entail mechanizing thought itself has persisted.

According to Altman, we're now (almost) at that mountaintop.


                                                                                                                                            Deep learning worked--but for what?

The reason we are so close to the glorious future is simple, Altman says, "deep learning worked."

Deep learning is a particular kind of machine learning that involves artificial neural networks, loosely inspired by biological nervous systems. It has certainly been surprisingly successful in a few domains: deep learning is behind models that have proven adept at stringing words together in more or less coherent ways, at generating pretty pictures and videos, and even contributing to the solutions of some scientific problems.

So the contributions of deep learning are not trivial. They are likely to have significant social and economic impacts (both positive and negative).

But deep learning works only for a limited set of problems. Altman knows this: "Humanity discovered an algorithm that could really, truly learn any distribution of data (or really the underlying 'rules' that produce any distribution of data)."

That's what deep learning does--that's how it works. That's important, and it's a technique that can be applied to various domains, but it's far from the only problem that exists.

Not every problem is reducible to pattern matching. Nor do all problems provide the massive amounts of data that deep learning requires to do its work. Nor is this how human intelligence works.


                                                                                                        
    
        
        
        
    

                                                                                                                                            A big hammer looking for nails

What is interesting here is the fact that Altman thinks "rules from data" will go so far towards solving all humanity's problems.

There is an adage that a person holding a hammer is likely to see everything as a nail. Altman is now holding a big and very expensive hammer.

Deep learning may be working but only because Altman and others are starting to reimagine (and build) a world composed of distributions of data. There's a danger here that AI is starting to limit, rather than expand, the kinds of problem-solving we are doing.

What is barely visible in Altman's celebration of AI are the expanding resources needed also for deep learning to work. We can acknowledge the great gains and remarkable achievements of modern medicine, transportation and communication (to name a few) without pretending these have not come at a significant cost.

They have come at a cost both to some humans--for whom the gains of global north have meant diminishing returns--and to animals, plants and ecosystems, ruthlessly exploited and destroyed by the extractive might of capitalism plus technology.

Although Altman and his booster friends might dismiss such views as nitpicking, the question of costs goes right to the heart of predictions and concerns about the future of AI.

Altman is certainly aware that AI is facing limits, noting "there are still a lot of details we have to figure out." One of these is the rapidly expanding energy costs of training AI models.

Microsoft recently announced a US$30 billion fund to build AI data centers and generators to power them. The veteran tech giant, which has invested more than US$10 billion in OpenAI, has also signed a deal with owners of the Three Mile Island nuclear power plant (infamous for its 1979 meltdown) to supply power for AI. The frantic spending suggests there may be a hint of desperation in the air.


                                                                                                                                            Magic or just magical thinking?

Given the magnitude of such challenges, even if we accept Altman's rosy view of human progress up to now, we might have to acknowledge that the past may not be a reliable guide to the future. Resources are finite. Limits are reached. Exponential growth can end.

What's most revealing about Altman's post is not his rash predictions. Rather, what emerges is his sense of untrammeled optimism in science and progress.

This makes it hard to imagine that Altman or OpenAI takes seriously the downsides of technology. With so much to gain, why worry about a few niggling problems? When AI seems so close to triumph, why pause to think?

What is emerging around AI is less an "age of intelligence" and more an "age of inflation"--inflating resource consumption, inflating company valuations and, most of all, inflating the promises of AI.

It's certainly true that some of us do things now that would have seemed magic a century and a half ago. That doesn't mean all the changes between then and now have been for the better.

AI has remarkable potential in many domains, but imagining it holds the key to solving all of humanity's problems--that's magical thinking too.
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