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      Nanotechnology

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


      
        Nanoscale engineering brings light-twisting materials to more extreme settings
        Imaging the hot turbulence of aircraft propulsion systems may now be possible with sturdy sheets of composite materials that twist light beams, according to research led by the University of Michigan and Air Force Research Laboratory.

      

      
        New method advances cancer detection by counting tiny blood-circulating particles
        A University of Houston researcher is reporting a new method to detect cancer which could make cancer detection as simple as taking a blood test. With a 98.7% accuracy rate, the method--which combines PANORAMA imaging with fluorescent imaging--has the potential to detect cancer at the earliest stage and improve treatment efficacy.

      

      
        Scientists create the thinnest lens on Earth, enabled by excitons
        Lenses are used to bend and focus light. Normal lenses rely on their curved shape to achieve this effect, but physicists from the University of Amsterdam and Stanford University have made a flat lens of only three atoms thick that relies on quantum effects. This type of lens could be used in future augmented reality glasses.

      

      
        Light-activated antitumor drug could inspire new cancer treatments that have minimal side effects
        RIKEN chemists have demonstrated a gold-nanocluster system that carries two components of a drug in a controlled ratio for maximum cancer-cell killing effect. The active drug remains safely masked until red light triggers its release, minimizing collateral damage to healthy cells near the tumor. The study is published in Chemical Science.

      

      
        Study reveals potential of superparaelectric materials as gate dielectrics in next-gen microelectronics
        In our communication-centered society, Moore's law sets a high expectation for the increasing rate of the packing density of Si-based transistors. This drives the search for thickness-scalable high dielectric constant (high k) gate layers. Current material candidates, from simple binary oxides to complex polar oxides, all have failed to solve the "polarizability-scalability-insulation robustness" trilemma, hence contributing to the sum total of issues threatening the continuation of the Moore's l...

      

      
        Molybdenum boride ceramics developed for harsh environment SERS detection
        A research team has successfully synthesized three different crystalline phases of molybdenum boride with a strong Raman signal enhancement performance.

      

      
        New wind speed sensor uses minimal power for advanced weather tracking
        Researchers have unveiled a pioneering breeze wake-up anemometer (B-WA), employing a rolling-bearing triboelectric nanogenerator (RB-TENG) that provides a new strategy for low-energy consumption environmental monitoring. The ability of the B-WA to operate autonomously and efficiently in varying wind conditions marks a substantial advancement in the field of sustainable environmental monitoring.
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Nanoscale engineering brings light-twisting materials to more extreme settings

										

    
        
            [image: Nanoscale engineering brings light-twisting materials to more extreme settings]
             
                This composite film can twist light into a spiral, thanks to microscopic grooves that cause horizontally and vertically oscillating light waves to pass through the film out of phase. Unlike existing materials that can do this, the film maintains its light-twisting properties when heated up to 250 degrees Celsius. Credit: Brenda Ahearn, Michigan Engineering.
            
        

    


Imaging the hot turbulence of aircraft propulsion systems may now be possible with sturdy sheets of composite materials that twist light beams, according to research led by the University of Michigan and Air Force Research Laboratory.



										      
         
        
        
        

      

																																	
The sheets were produced with a new manufacturing method that opens possibilities beyond aircraft design, as it enables new classes of materials to be used in polarization optics. While the team demonstrated high temperature tolerance, new mechanical, electrical and physical properties are expected to emerge as well--with potential applications in energy, sensors for vehicles and robots, and space exploration.

"Combining multiple functionalities into 2D materials opens up a world of possibilities," said Dhriti Nepal, senior research materials engineer at the Air Force Research Laboratory and a co-corresponding author of the study published recently in Nature.

"Think of a butterfly's wings, which allow it to fly, regulate temperature, and reflect light to produce specific colors for attracting mates and avoiding predators. This technique provides new design opportunities for creating multifunctional devices capable of anything one can imagine."

The key is arranging nanomaterials that don't twist light on their own onto layers that turn light waves into either left- or right-handed spirals, known as circular polarizations. In the aircraft example, turbulence created by the engine spins the light, which is then filtered through the material for imaging. Today, devices like LCD screens and thermochromic paints already control the twist and orientation of light waves using liquid crystals, but they melt not far above ambient temperatures.



    
        
            [image: Nanoscale engineering brings light-twisting materials to more extreme settings]
             
                To measure how well the film twists light at high temperatures, U-M researchers use a small flame as a light and heat source. Credit: Brenda Ahearn, Michigan Engineering.
            
        

    



"There could be situations in which you want to twist light outside the normal operating temperatures of liquid crystals. Now, we can make light-polarizing devices for those kinds of settings," said Nicholas Kotov, the Irving Langmuir Distinguished University Professor of Chemical Sciences and Engineering at U-M and lead author of the study.


																																						
    
     




																																			The new material can twist light at 250 degrees Celsius, and through the imaging of turbulence in aircraft engines and other applications, it could enable aerospace engineers to improve designs for better aircraft flight performance.

"Future aerospace systems continue to push the edge of technical feasibility. These low-cost optical materials afford modularity, which is crucial for optimizing solutions for a broad range of future technologies," said Richard Vaia, materials and manufacturing chief scientist at the Air Force Research Laboratory and a corresponding author of the study.

To make the materials, the researchers put microscopic grooves into a plastic sheet and covered it with several layers of tiny, flat particles with a diameter 10,000 times smaller than a millimeter. These particles were held in place with alternating layers of a molecular adhesive, and they could be made from any material that can be made into flat nanoparticles. For their heat-tolerant materials, the researchers used ceramic-like materials called MXenes.
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                Jun Lu, an adjunct research investigator working in Kotov's lab and the study's first author, demonstrates how he uses a fire to test a film's ability to twist light at high temperatures. Credit: Brenda Ahearn, Michigan Engineering.
            
        

    



As light moves through the material, it divides into two beams, one with horizontally oscillating waves and another with vertically oscillating waves. The vertical waves pass through faster than the horizontal waves. As a result, the waves exit out of phase and appear as a spiral of light. The angle of the grooves determines the direction in which the light spirals, and layers of silver nanowires can help ensure the light spirals solely to the left or right.

"Our calculations suggest that the optical properties didn't come from the nanoplates themselves, but from their orientation on the grooves caused by our fabrication process," said Andre Farias de Moura, associate professor of chemistry at the Federal University of Sao Carlos and a co-corresponding author of the study.

Felippe Colombari from the Brazilian Biorenewables National Laboratory also contributed to the study. Nicholas Kotov is also the Joseph B. and Florence V. Cejka Professor of Engineering and a professor of macromolecular science and engineering.



																																																					
																				
																						More information:
												Jun Lu et al, Nano-achiral complex composites for extreme polarization optics, Nature (2024). DOI: 10.1038/s41586-024-07455-4
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New method advances cancer detection by counting tiny blood-circulating particles

										

    
        
            [image: Advancing cancer detection by counting tiny blood-circulating particles]
             
                Digital counting and sizing of sEVs via PANORAMA. a Time-lapsed PANORAMA images before wash, and after wash (indicated with W), fluorescence images (indicated with Fluor) before and after wash (indicated with W), and PANORAMA images at the full field of view showing all detected sEVs before and after wash alongside the selected region chosen for time-lapsed images. b sEV counts vs. time from PANORAMA images in (a). c Fluorescence intensity vs. PANORAMA contrast of sEVs detected after wash. d PANORAMA contrast histogram of total detected H460 sEVs before and after wash. e Size distribution of H460 sEVs via Nanosight and via PANORAMA. Credit: Communications Medicine (2024). DOI: 10.1038/s43856-024-00514-x
            
        

    


A University of Houston researcher is reporting a new method to detect cancer which could make cancer detection as simple as taking a blood test. With a 98.7% accuracy rate, the method--which combines PANORAMA imaging with fluorescent imaging--has the potential to detect cancer at the earliest stage and improve treatment efficacy.



										      
         
        
        
        

      

																																	
The remarkably precise method allows researchers to peer into nanometer-sized membrane sacs, called extracellular vesicles or EVs, that can carry different types of cargos, like proteins, nucleic acids and metabolites, in the bloodstream.

When Wei-Chuan Shih, Cullen College of Engineering professor of electrical and computer engineering, and his team examined the number and cargo of small EVs inside patients with cancer and those without. The paper is published in the journal Communications Medicine.

"We observed differences in small EV numbers and cargo in samples taken from healthy people versus people with cancer and are able to differentiate these two populations based on our analysis of the small EVs," reports Shih. "The findings came from combining two imaging methods--our previously developed method PANORAMA and imaging of fluorescence emitted by small EVs--to visualize and count small EVs, determine their size and analyze their cargo."

In 2020, Shih debuted the PANAROMA optical imaging technology, which uses a glass side covered with gold nano disks that allows users to monitor changes in the transmission of light and determine the characteristics of nanoparticles as small as 25 nanometers in diameter. PANORAMA takes its name from Plasmonic Nano-aperture Label-free Imaging (PlAsmonic NanO-apeRture lAbel-free iMAging), signifying the key characteristics of the technology.


																																						
    
     




																																			For this research, supported by the National Institutes of Health, it was a matter of counting the number of small EVs to detect cancer.

"Using a cutoff of 70 normalized small EV counts, all cancer samples from 205 patients were above this threshold except for one sample, and for healthy samples, from 106 healthy individuals, all but three were above this cutoff, giving a cancer detection sensitivity of 99.5% and specificity of 97.3%," said Shih.

To further test the performance of the detection threshold of 70 normalized small EV counts in plasma, the team analyzed two independent sets of samples from stage I-IV or recurrent leiomyosarcoma/gastrointestinal stromal tumors and early-and-late-stage cholangiocarcinoma that were anonymously labeled and mixed in with healthy samples and achieved 100% accuracy.

"With further optimization, our approach may be a useful tool for cancer detection screening in particular and provide insights into the biology of cancer and small EVs," said Shih.



																																																					
																				
																						More information:
												Nareg Ohannesian et al, Plasmonic nano-aperture label-free imaging of single small extracellular vesicles for cancer detection, Communications Medicine (2024). DOI: 10.1038/s43856-024-00514-x
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												New method advances cancer detection by counting tiny blood-circulating particles (2024, May 30)
												retrieved 30 May 2024
												from https://phys.org/news/2024-05-method-advances-cancer-tiny-blood.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/2024-05-method-advances-cancer-tiny-blood.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Scientists create the thinnest lens on Earth, enabled by excitons]
             
                Credit: Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c00694
            
        

    


Lenses are used to bend and focus light. Normal lenses rely on their curved shape to achieve this effect, but physicists from the University of Amsterdam and Stanford University have made a flat lens of only three atoms thick that relies on quantum effects. This type of lens could be used in future augmented reality glasses.



										      
         
        
        
        

      

																																	
Curved-glass lenses work because light is refracted (bent) when it enters the glass, and again when it exits, making things appear larger or closer than they actually are. People have used curved lenses for more than two millennia to study the movements of distant planets and stars, to reveal tiny microorganisms, and to improve vision.

Ludovico Guarneri, Thomas Bauer, and Jorik van de Groep of the University of Amsterdam, together with colleagues from Stanford University in California, took a different approach. Using a single layer of a unique material called tungsten disulfide (WS2 for short), they constructed a flat lens that is half a millimeter wide, but just 0.0000006 millimeters, or 0.6 nanometers, thick. This makes it the thinnest lens on Earth.

Rather than relying on a curved shape, the lens is made of concentric rings of WS2 with gaps in between. This is called a "Fresnel lens" or "zone plate lens," and it focuses light using diffraction rather than refraction. The size of, and distance between the rings (compared to the wavelength of the light hitting it) determines the lens's focal length. The design used here focuses red light 1 mm from the lens.

The work is published in the journal Nano Letters.


																																						
    
     




																																			Quantum enhancement

A unique feature of this lens is that its focusing efficiency relies on quantum effects within WS2. These effects allow the material to efficiently absorb and re-emit light at specific wavelengths, giving the lens the built-in ability to work better for these wavelengths.

This quantum enhancement works as follows. First, WS2 absorbs light by sending an electron to a higher energy level. Due to the ultra-thin structure of the material, the negatively charged electron and the positively charged "hole" it leaves behind in the atomic lattice stay bound together by the electrostatic attraction between them, forming what is known as an "exciton."

These excitons quickly disappear again by the electron and hole merging together and sending out light. This re-emitted light contributes to the lens's efficiency.

The scientists detected a clear peak in lens efficiency for the specific wavelengths of light sent out by the excitons. While the effect is already observed at room temperature, the lenses are even more efficient when cooled down. This is because excitons do their work better at lower temperatures.

Augmented reality

Another one of the lens's unique features is that, while some of the light passing through it makes a bright focal point, most light passes through unaffected. While this may sound like a disadvantage, it actually opens new doors for use in technology of the future.

"The lens can be used in applications where the view through the lens should not be disturbed, but a small part of the light can be tapped to collect information. This makes it perfect for wearable glasses such as for augmented reality," explains Jorik van de Groep, one of the authors of the paper.

The researchers are now setting their sights on designing and testing more complex and multifunctional optical coatings whose function (such as focusing light) can be adjusted electrically.

"Excitons are very sensitive to the charge density in the material, and therefore we can change the refractive index of the material by applying a voltage," says Van de Groep.



																																																					
																				
																						More information:
												Ludovica Guarneri et al, Temperature-Dependent Excitonic Light Manipulation with Atomically Thin Optical Elements, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c00694
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Light-activated antitumor drug could inspire new cancer treatments that have minimal side effects
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                Conceptual image depicting red light from a wire-shaped LED triggering the release of an anticancer molecule within a tumor. Credit: RIKEN Center for Biosystems Dynamics Research
            
        

    


RIKEN chemists have demonstrated a gold-nanocluster system that carries two components of a drug in a controlled ratio for maximum cancer-cell killing effect. The active drug remains safely masked until red light triggers its release, minimizing collateral damage to healthy cells near the tumor. The study is published in Chemical Science.




										      
         
        
        
        

      

																																	One promising way for treating cancer is to use light to activate anticancer drugs inside tumors in the body, says Kenji Watanabe of the RIKEN Center for Biosystems Dynamics Research. This should reduce unwanted side effects since the light is shone only on the tumor, sparing healthy cells in the vicinity.

Watanabe and his co-workers have been developing potential anticancer drugs masked by chemical groups called indolizines. When exposed to red light in the presence of a second molecule called a photosensitizer, the indolizine breaks down to release the active drug.

However, when the team first tested the concept in cells, the relatively low concentrations of the indolizine and photosensitizer components in each cell made it difficult to efficiently trigger the release of the drug using light.

"We therefore sought a carrier system to bring these two components together," says Watanabe. "That led us to explore gold nanoclusters."

The team planned to use dedicated chemical connecting groups to attach the indolizine and photosensitizer components to the surfaces of the gold nanoclusters.

They had to overcome two challenges, however. Conventional synthesis methods generate gold nanoclusters with an uncontrolled mixture of the two connecting groups across their surface, skewing the ratio of the two components they carry. They also involve relatively harsh conditions that can be damaging to one of the connecting groups.


																																						
    
     




																																			The team overcame both challenges by combining the two chemical connecting groups in a single chemical entity, and then developing a mild method for attaching it to the surfaces of gold nanoclusters. "This strategy enabled us to realize a uniform distribution of both connecting groups on the particle surface," says Watanabe.

Once the indolizine-masked anticancer drug and the photosensitizer were attached, the resulting gold nanoclusters showed negligible toxicity to cells in the dark. "But upon irradiation with red light, the nanocluster showed significant toxicity against cancer cells," says Watanabe.

"This work provides a promising foundation for developing new anticancer therapeutics," he adds.

The team plans to extend the multifunctional character of the gold nanoclusters by adding targeting groups that selectively bind to cancer cells, thereby boosting nanocluster uptake into the tumor while minimizing uptake and associated side effects in healthy cells.


																																																					
																				
																						More information:
												Kenji Watanabe et al, Clickable bisreactive small gold nanoclusters for preparing multifunctionalized nanomaterials: application to photouncaging of an anticancer molecule, Chemical Science (2023). DOI: 10.1039/D3SC04365G
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Study reveals potential of superparaelectric materials as gate dielectrics in next-gen microelectronics

										

    
        
            [image: Pushing the high-k scalability limit with a superparaelectric gate layer]
             
                Using a superparaelectric high k dielectric to solve the trilemma in a gate layer ("polarizability"-"scalability"-"insulation robustness"). (a) "low (k) and scalable" simple oxide gate layers facing the challenge of electrical breakdown with a physical thickness approaching the quantum tunneling limit; (b) "high (k) and non-scalable" complex polar oxide gate layers facing the same challenge as in (b), with a higher threshold of the smallest physical thickness due to a lower breakdown strength (Ebd); (c) "high (k) and scalable" SPE gate layers having both a thickness-scalable high k and a large Ebd. Credit: Journal of Advanced Ceramics, Tsinghua University Press
            
        

    


In our communication-centered society, Moore's law sets a high expectation for the increasing rate of the packing density of Si-based transistors. This drives the search for thickness-scalable high dielectric constant (high k) gate layers. Current material candidates, from simple binary oxides to complex polar oxides, all have failed to solve the "polarizability-scalability-insulation robustness" trilemma, hence contributing to the sum total of issues threatening the continuation of the Moore's law.



										      
         
        
        
        

      

																																	
A team of material scientists led by Jun Ouyang from Qilu University of Technology in Jinan, China recently proposed a solution to this trilemma on gate layers, which is an ultrathin film of a ferroelectric oxide in its superparaelectric (SPE) state.

The team published their research article in Journal of Advanced Ceramics on April 30, 2024.

"In the SPE, its polar order becomes local and is dispersed in an amorphous matrix with a crystalline size down to a few nanometers, leading to an excellent dimensional scalability and a good field-stability of the k value," said Jun Ouyang, senior author of the research article, professor in the School of Chemistry and Chemical Engineering and team leader of Advanced Energy Materials and Chemistry at Qilu University of Technology.

"As an example, a stable high k value (37+-3) is shown in ultrathin SPE films of (Ba0.95,Sr0.05)(Zr0.2,Ti0.8)O3 (BSZT) sputter-deposited on LaNiO3-buffered Pt/Ti/ SiO2/(100)Si down to a 4 nm thickness at room temperature, leading to a small equivalent oxide thickness (EOT) of ~0.46 nm."


																																						
    
     




																																			The research team analyzed the average diameter of the nanometer polar clusters (NPCs), the feature size for the short-range ordered SPE film, as a function of the film thickness. They found that the film's NPC size, which is positively correlated with the film's k value, is dictated by the temperature of the sputter-deposition, not the film thickness.

"These observations suggest that the dominant factor for a scalable k in a SPE dielectric is its NPC size, not the film thickness usually being investigated. It is such a small feature size that has led to a good thickness scalability of k in a SPE ultrathin film, as opposed to a non-scalable k in its ferroelectric counterpart," Jun Ouyang said.

"Furthermore, through studies of the temperature dependence of k (k-T curves), we estimated the critical NPC size for the superparaelectric-to-paraelectric (SPE-PE) transition in the BSZT film, i.e., its theoretical scalability limit as a gate layer. This limit is between 1.3 and 1.8 nm, which is consistent with the thermodynamic prediction for the BSZT material."

The research team outlines other unique properties of the superparaelectric BSZT films endowed by their aforementioned microstructure of "well-dispersed nanometer polar clusters (NPCs)".

These properties include a high breakdown strength (~10.5 MV*cm[?]1 for the 4 nm film), which ensures a low leakage current for the operation of the complementary metal oxide semiconductor (CMOS) gate. Moreover, a high electrical fatigue resistance, i.e., charge-discharge stability, was displayed by the SPE films. These results reveal a great potential of superparaelectric materials as gate dielectrics in the next-generation microelectronics.

The research team expects this work to spur development of new superparaelectric-based gate layers to further decrease the EOT value and help continue Moore's law.



																																																					
																				
																						More information:
												Kun Wang et al, Pushing the high- k scalability limit with a superparaelectric gate layer, Journal of Advanced Ceramics (2024). DOI: 10.26599/JAC.2024.9220876
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Molybdenum boride ceramics developed for harsh environment SERS detection

										

    
        
            [image: Molybdenum boride ceramics developed for harsh environment SERS detection]
             
                Preparation process and microstructure of molybdenum boride ceramics. Credit: Hu Mengen
            
        

    


A research team has successfully synthesized three different crystalline phases of molybdenum boride with a strong Raman signal enhancement performance.



										      
         
        
        
        

      

																																	
These findings were published in the journal of Small. The researchers were led by Prof. Huang Zhulin at the Institute of Solid State Physics, Hefei Institutes of Physical Science of the Chinese Academy of Sciences, along with researchers from the University of Massachusetts Amherst.

Surface-enhanced Raman scattering (SERS) is a rapid and non-destructive detection method widely used in various fields including trace pollutant monitoring, food safety, chemical catalysis, and molecular fingerprint identification. However, most noble metal SERS materials are costly and exhibit poor physical and chemical stability, especially under extreme conditions such as high temperatures and strong corrosive environments, where SERS enhancement effect diminishes rapidly.

In this study, researchers leveraged the characteristics of transition metal borides, which can endure extreme conditions like high temperatures, strong acids, and strong bases, to synthesize three molybdenum boride ceramic powders (b-MoB, MoB2, and Mo2B5) based on liquid-phase precursor and carbo/borothermal reduction.


																																						
    
     




																																			The SERS performance of these molybdenum borides was evaluated using Rhodamine 6G (R6G) probes, and the results indicated that b-MoB exhibits SERS enhancement of five orders of magnitude that is comparable to Au nanoparticles. The excellent SERS enhancement performance of b-MoB can be attributed to its higher adsorption energy for R6G molecules and significant charge interactions between them.

Furthermore, researchers investigated the impact of strong acid and strong base solutions as well as high-temperature oxidation on the SERS activity of molybdenum borides. The molybdenum boride ceramics powders were immersed in solutions of different pH and oxidized at 1000 degC for 30 min under an oxygen atmosphere. The test results indicated that the SERS effect of molybdenum borides could be well maintained even when exposed to such corrosive environments and high temperature.

This work clarifies the phase control methodology and SERS enhancement mechanism of molybdenum boride ceramics, expanding the selection range of SERS active materials from noble metals and semiconductors to ultra-high temperature ceramic materials, which are expected to be used for optical sensing and detection in extreme environments.



																																																					
																				
																						More information:
												Mengen Hu et al, Phase-Tunable Molybdenum Boride Ceramics as an Emerging Sensitive and Reliable SERS Platform in Harsh Environments, Small (2024). DOI: 10.1002/smll.202308690
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New wind speed sensor uses minimal power for advanced weather tracking
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                Overview of the breeze-awaken anemometer (B-WA) and the rolling-bearing triboelectric nanogenerator (RB-TENG). a Composition and workflow diagrams of the B-WA. The B-WA consists of two RB-TENGs, an SWM, an SPM, and a wireless transmitter. b Structural diagram of the RB-TENG. c SEM images showing the morphology of the copper electrode and the outer ring. d Working principle of the RB-TENG. e Output UOC of the RB-TENG under various driving wind speeds. f Output /SC of the RB-TENG under various driving wind speeds. g Instantaneous power output of the RB-TENG under various driving wind speeds. Credit: Microsystems & Nanoengineering
            
        

    


Researchers have unveiled a pioneering breeze wake-up anemometer (B-WA), employing a rolling-bearing triboelectric nanogenerator (RB-TENG) that provides a new strategy for low-energy consumption environmental monitoring. The ability of the B-WA to operate autonomously and efficiently in varying wind conditions marks a substantial advancement in the field of sustainable environmental monitoring.



										      
         
        
        
        

      

																																	
Anemometers are crucial tools for collecting meteorological data, essential for accurate weather forecasting and environmental monitoring. Traditional anemometers often face challenges related to high maintenance and operational costs, primarily due to their high quiescent power consumption and reliance on battery power. These challenges are particularly acute in remote locations where replacing batteries or repairing equipment is difficult and expensive.

The introduction of low-power self-waking-up anemometers can transform environmental monitoring by enabling longer deployment periods, reducing the frequency of maintenance, and enhancing the reliability of data collection in these critical but hard-to-reach areas.

A new study published in Microsystems & Nanoengineering by a team from the Beijing Institute of Nanoenergy and Nanosystems describes a Breeze Wake-up Anemometer (B-WA) designed to dramatically enhance remote weather monitoring capabilities.

The newly developed B-WA integrates the following key components: two rolling-bearing triboelectric nanogenerators (RB-TENGs), a self-waking-up module (SWM) and a signal processing module (SPM). B-WA can remain in a near-zero power quiescent state until activated by wind speeds exceeding 2 m/s. The RB-TENG is engineered to generate power from the motion of rolling bearings, which is harnessed to wake the device from its low-power state.


																																						
    
     




																																			Upon activation, the SWM can wake up the entire system within just 0.96 seconds, enabling real-time wind speed measurement. Concurrently, the SPM processes the frequency of the signals generated by the RB-TENG to accurately monitor wind speed with a sensitivity of 9.45 Hz/(m/s), ensuring precise and reliable data collection.

Prof. Chi Zhang, the project's lead scientist, stated, "This device not only pushes the boundaries of nanotechnology but also offers a sustainable solution to global weather monitoring challenges. Its low-energy requirement and high sensitivity are crucial for the future of environmental sensing."

This technology is pivotal for areas like agricultural planning and natural disaster prevention, where accurate and timely weather information can significantly impact decision-making and operational safety. The B-WA's robust and low-maintenance design makes it ideal for integrating into Internet of Things (IoT) networks, enhancing distributed environmental monitoring across various sectors.



																																																					
																				
																						More information:
												Xianpeng Fu et al, A near-zero quiescent power breeze wake-up anemometer based on a rolling-bearing triboelectric nanogenerator, Microsystems & Nanoengineering (2024). DOI: 10.1038/s41378-024-00676-7
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        Using entangled particles to create unbreakable encryption
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            [image: Using entangled particles to create unbreakable encryption]
             
                Prof. Ekert explains the fundamental concepts of randomness and quantum cryptography. Credit: Tomomi Okubo/OIST
            
        

    


The discovery of quantum mechanics opened the door to fundamentally new ways of communicating, processing, and protecting data. With a quantum revolution well underway, long unimaginable opportunities are coming within our reach.



										      
         
        
        
        

      

																																	
From the fundamental questions on how the universe works to secure communication--it is quantum mechanics that holds our future's solutions. Professor Artur Ekert, pioneer in the field and father of quantum cryptography, has been Professor (Adjunct) and the head of OIST's Quantum Information Security Unit since April 2021. Professor Ekert, who is now able to stay more frequently at OIST after the pandemic, was interviewed.

With a background in applied mathematics, he had not planned to work in physics until stumbling upon "The Feynman Lectures on Physics" in a library--"I read it and was completely hooked!" Prof. Ekert says. With this newly found passion, he began working towards his Ph.D. at the University of Oxford, where he also met his mentor David Deutsch, the pioneer of quantum computation. At the same time, he came across another influential paper on quantum entanglement, written by the famous physicist Alain Aspect.

"I was deeply impressed--the paper showed that quantum mechanics is inherently unpredictable. This was my starting point when I understood that this can be used for secure communications," says Prof. Ekert. But before these groundbreaking experiments of Aspect and colleagues, there was fierce debate about whether experiments in quantum mechanics are inherently unpredictable or not.

While it was possible to get statistical predictions about the outcomes of these experiments, determinate statements always remained out of reach. "Now the question was, do we deal with true randomness in quantum mechanics or just our inability to yet predict outcomes well enough?" explains Prof. Ekert. It turned out that the answer to this question also held the key to the development of quantum cryptography.


																																						
    
     




																																			Is there true randomness in the universe?

Random events can be categorized into two different types, which scientists refer to as objective and subjective randomness. "For example, something might appear random to you but not to me because I have more information that allows me to understand and predict the event. If you don't have access to this additional information the event will appear random to you--this is what we call subjective randomness," explains Prof. Ekert.

Surprisingly, the classical example of a coin toss belongs to the category of subjective randomness. With enough knowledge about the initial conditions, the coins' movement and structure, the air circulation in the room and more, the result of any coin toss would become perfectly predictable. "Objective randomness on the other hand is an event for which you cannot predict the outcome even if you knew absolutely everything about it," Prof. Ekert says.

Whether quantum physics has elements of this objective randomness was debated among scientists in the 20th century and got some very prominent opposition from Albert Einstein.

"He thought that we can't predict the outcomes of experiments in quantum mechanics because we lack information, not because they are inherently unpredictable," Prof. Ekert says. If that were correct and those missing pieces of information could be identified, the outcome of experiments in quantum mechanics should have become predictable. "He called this missing information hidden variables," explains Prof. Ekert.


																																			This theoretical debate raged on for roughly 30 years, until scientist John Bell came up with a testable hypothesis, now also referred to as Bell's inequality. This test, among other uses, made it possible to answer the question if quantum events are truly random or not.

This is how it works in a nutshell; during a suitable experiment using entangled photons a specific parameter is measured. If this parameter is outside an expected range, it supports that events on a quantum level have an objectively random component, but if it falls within the expected range, then Einstein's objections are correct and there are hidden variables.

"The problem was that when Bell published his work, it wasn't yet possible to perform these highly complicated experiments," says Prof. Ekert. With the math but not the technical means to perform the test, the debate remained unanswered for another decade. Until the 1970s, when these experiments finally became possible, John Clauser was among the first to perform them.

"When he does these first experiments, he observes a violation of Bell's inequality which supported the fact that nature at its foundation is random," Prof. Ekert says.
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                Confidential information is translated into binary before being superimposed onto a secret random encryption key by performing binary addition. The result is another random sequence of ones and zeros. Because this sequence is also random, nobody can find the confidential information hidden in it, even when analyzing the sequence. At this stage, the messages, also called cryptograms, can only be decoded with the matching key. That makes it possible to send the message safely even when using non-encrypted or public methods. Once the recipient gets the cryptogram, they can recover the confidential information hidden by subtracting the random sequence of the encryption key. Credit: : Kaori Serakaki/OIST
            
        

    



But with the still limited technology of the time, this exciting finding remained preliminary at first. In fact, certainty on the matter was not reached until the late 90s. Among others, it was the groundbreaking work of Alain Aspect, Nicolas Gisin, Ronald Hanson, Jianwei Pan and Anton Zeilinger, on the nature of quantum entanglement and the Bell inequalities, that confirmed the fundamental workings of quantum mechanics for good--showing that there is true randomness in quantum events.

In 2022 Aspect, Clauser and Zeilinger shared a Nobel prize for their pioneering experimental efforts.


																																						
    
     




																																			From quantum mechanics to quantum cryptography

Upon learning about all this while working towards his Ph.D., Prof. Ekert realized that randomness can be used to create a way to develop unbreakable encryption. Before secure communications went quantum, cryptography had already made it possible to transmit information safely, except for one crucial pitfall.

"Let's imagine you want to transmit information safely to another person. In that case, both of you need something called a cryptographic key--which is a completely random sequence of ones and zeros. This key needs to be kept strictly secret!" says Prof. Ekert. While the key is random and therefore meaningless, it will later allow its holder to decode the sent message.

But this traditional method of encryption has a major safety obstacle: Keeping the key secret. Should access be gained unauthorized, any messages sent could be decoded and how could there ever be complete certainty that nobody had gained access to the secret keys?

Classically, this problem was addressed by using protected lines for communication and through the work of cybersecurity specialists implementing various safety features to protect encryption keys.

"But you see, even with the best security in place, you could never be 100% sure that nobody had gotten access," Prof. Ekert points out.

All this changed when the experiments on Bell's inequality showed that quantum mechanics has an inherently random component. "A solution is to use quantum keys. These are generated using entangled photons," Prof. Ekert explains.


																																			This method of generating a cryptographic key makes it possible to test if anyone has had unauthorized access by using Bell's theorem. "If your key violates Bell's inequalities, you can be sure nobody had access to your key," Prof. Ekert says. With this, he had discovered an entirely novel way of securing communication: Quantum cryptography.

This encryption method is now more important than ever, as progress in the development of quantum computers will make classical encryption less safe--a problem for sensitive data, for example in the medical or financial sector. Here quantum cryptography offers a way to ensure protection, but it won't likely become the standard for all communication.

"Quantum cryptography will not completely replace classical methods, because there is not always a need for perfect security. Not every car needs to be up to Formula One standards--it is the same for encryption," Prof. Ekert says.

Nevertheless, developing modern cybersecurity strategies that keep up with today's complex technological world is a key challenge for science and society alike, and one of the reasons that brought Prof. Ekert to OIST.

"I am here to help create a vibrant quantum and cyber security community in Okinawa and I also want to help educate people about cybersecurity and improve data protection," says Prof. Ekert.

A second focus will be his research on the concept of randomness, for which OIST offers ideal conditions. "I appreciate the nice and quiet environment in Okinawa," Prof. Ekert points out. While it is now a fact that objective randomness plays a role in quantum mechanics, Prof. Ekert's research here at OIST tackles a maybe comparatively fundamental question about the nature of our universe: "I am interested in why things are random," he says.
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Scientists achieve giant magneto-superelasticity in metal crystal

										

    
        
            [image: Researchers achieve 5% magneto-superelastic strain in Ni34Co8Cu8Mn36Ga14 single crystal]
             
                Magneto-elasticity of the Ni34Co8Cu8Mn36Ga14 single crystal. a1) and b1) Schematic illustration of self-accommodated and preferentially oriented martensitic variants without and with ordered dislocations. a2) and b2) The corresponding experimental results on the small and giant magnetoelastic strain, respectively. Credit: YU Qijia
            
        

    


Recently, a research group developed a giant magneto-superelasticity of 5% in a Ni34Co8Cu8Mn36Ga14 single crystal. This was achieved by introducing arrays of ordered dislocations to form preferentially oriented martensitic variants during the magnetically induced reverse martensitic transformation.



										      
         
        
        
        

      

																					
The research was published in Advanced Science.

Elasticity is the ability of materials to return to their original shape after deformation, typically with a strain of 0.2% in most metals. Shape memory and high entropy alloys can exhibit superelasticity with strains of several percent, usually triggered by external stresses. Magneto-superelasticity, induced by a magnetic field, is crucial for contactless material operation and the development of new large stroke actuators and efficient energy transducers.

The researchers, in collaboration with High Magnetic Field Laboratory at the Hefei Institutes of Physical Science of Chinese Academy of Sciences, led by Prof. Jiang Chengbao and Prof. Wang Jingmin from School of Materials Science and Engineering at Beihang University, performed a stress-constrained transition cycling (SCTC) training for the Ni34Co8Cu8Mn36Ga14 single crystal by applying compressive stress. This process introduced ordered dislocations with a specific orientation.

These ordered dislocations influenced the formation of specific martensitic variants during the reversible transformation induced by a magnetic field. Phase field simulations verified how the internal stress generated by these organized dislocations played a key part in shaping these preferred martensitic variants.

By combining reversible martensitic transformation with preferential orientation of the martensitic variants, the single crystal achieved a giant magneto-superelasticity of 5%.

What's more, a device using a pulsed magnetic field was designed with this single crystal. With a pulse width of 10 ms, the device achieved a large stroke at room temperature thanks to the giant magneto-superelasticity. For possible applications, it exhibited a rapid response to an 8 ms pulse with a delay of about 0.1 ms.

"Our work provides an attractive strategy to access high performance functional materials by defect engineering," said Prof. Wang.
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												Qijia Yu et al, A Giant Magneto-Superelasticity of 5% Enabled by Introducing Ordered Dislocations in Ni34Co8Cu8Mn36Ga14 Single Crystal, Advanced Science (2024). DOI: 10.1002/advs.202401234
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        Astronomers explore the properties of a peculiar stellar stream
        Using ESA's Gaia satellite and the MMT Observatory, astronomers have investigated a peculiar stream of stars in our galaxy named Theia 456. Results of the study, published May 21 on the pre-print server arXiv, deliver important insights into the properties and origin of this stellar stream.
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        The Zefiro-40 solid rocket motor, the second stage of the Vega-C rocket, was tested today by Vega-C prime contractor Avio at its Salto di Quirra test facility in Sardinia, Italy. The motor features an improved engine nozzle design, required to prepare for a Vega-C return-to-flight by the end of 2024.
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Astronomers explore the properties of a peculiar stellar stream

										 by Tomasz Nowakowski										 										 , Phys.org
										 									

									
										


    
        
            [image: Astronomers explore the properties of a peculiar stellar stream]
             
                An example spectrum from MMT-Hectochelle for a member of Theia 456 (Gaia DR3 191357324369704448) in black, and the corresponding MINESweeper fit to the spectrum in purple. Residuals are shown in the top panel. Credit: Tregoning et al., 2024.
            
        

    


Using ESA's Gaia satellite and the MMT Observatory, astronomers have investigated a peculiar stream of stars in our galaxy named Theia 456. Results of the study, published May 21 on the pre-print server arXiv, deliver important insights into the properties and origin of this stellar stream.




										      
         
        
        
        

      

																																	Discovered in 2019, Theia 456 (also known as COIN-Gaia-13) is a stellar stream in the thin disk of the Milky Way, consisting of about 320 loosely bound stars. The stream extends nearly 400 light years in length and 20 degrees across the sky in the Northern Hemisphere.

Previous observations of Theia 456 have found that it is a kinematically, chemically, and gyrochronally coherent stellar stream. However, many properties of Theia 456 still remain uncertain and its dynamical history is not well understood.

That is why a team of astronomers led by Kyle Tregoning of the University of Florida decided to conduct follow-up observations of Theia 456 using Gaia and MMT's Hectochelle multi-object spectrograph.

"In this work, we combine Gaia astrometric quantities with MMT-Hectochelle-derived radial velocities to present a detailed dynamical history of Theia 456, a stellar stream located in the thin disk of the Milky Way," the researchers wrote.

Tregoning's team managed to produce a catalog of 321 stars in Theia 456--43 with full 6D phase space information and the remaining 278 with 5D Gaia astrometry. They found that, in general, the stream consists of about 2,100 stars contributing to a total mass of approximately 900 solar masses.

The observations found that Theia 456 formed as a low density open cluster and its kinematic age is estimated to be 245 million years. Initially, the cluster had a half-light radius of some 29 light years and a velocity dispersion of 0.14 km/s.


																																						
    
     




																																			The acquired images show that Theia 456 has two distinct lobes, which can be indicative of a substructure at birth. However, the astronomers noted that other processes, such as interaction with a passing giant molecular cloud and the Milky Way's spiral arms, may be responsible for this.

Based on the collected data, the authors of the paper predict that Theia 456 will become more dispersed in the future so it will eventually be undetectable as a stellar structure of common origin. They assume that the stream will likely become undetectable for our current cluster finding methods in less than 100 million years.

"Within another [?] 100 Myr, the extent of Theia 456 should roughly double in right ascension, making this structure unlikely to be identified by the current generation of clustering algorithms," the scientists concluded.
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												Kyle R. Tregoning et al, Theia 456: Tidally Shredding an Open Cluster, arXiv (2024). DOI: 10.48550/arxiv.2405.13133
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            [image: Successful engine test boosts Vega-C towards return-to-flight]
             
                The Zefiro-40 solid rocket motor on its test stand, built by Vega-C prime contractor Avio at its Salto di Quirra test facility in Sardinia, Italy. The motor features an improved engine nozzle design, required to prepare for a Vega-C return-to-flight by the end of 2024. The Zefiro-40 is a 7.6 m tall rocket motor, loaded with over 36 tonnes of solid propellant. For a test on 28 May 2024 the motor was installed on its horizontal test bench. Zefiro-40 is developed and manufactured by Avio in their Colleferro factory near Rome, Italy. Vega-C is a 35-m-tall launcher with a mass at liftoff of 210 000 kg. It can place about 2300 kg into a polar orbit. Vega-C can accommodate a mix of cargo shapes and sizes, ranging from CubeSats as small as one kilogram up to a single large payload. Credit: Avio
            
        

    


The Zefiro-40 solid rocket motor, the second stage of the Vega-C rocket, was tested today by Vega-C prime contractor Avio at its Salto di Quirra test facility in Sardinia, Italy. The motor features an improved engine nozzle design, required to prepare for a Vega-C return-to-flight by the end of 2024.



										      
         
        
        
        

      

																					The initial post-test review indicates that the new nozzle assembly performed as expected throughout the scheduled 94 seconds burning time of the test, simulating a nominal in-flight performance.

The Zefiro-40 is a 7.6 m tall rocket motor, loaded with more than 36 tons of solid propellant. For this test, the motor was installed on its horizontal test bench. Zefiro-40 is developed and manufactured by Avio in their Colleferro factory near Rome, Italy.

A second firing-test will be conducted after the summer to confirm the data collected today. Avio engineers will review the data from the first test to prepare for a second test in October that will then qualify the second stage Zefiro-40 solid rocket motor for a return-to-flight by the end of 2024 from Europe's Spaceport in French Guiana.

From Vega to Vega-C

Vega-C is the larger evolution of the Vega family of rockets. The original Vega was launched in 2012 and has flown 21 times. The last Vega flight is scheduled this summer, after which the model will be retired and Vega-C will take over. The smaller Vega variant does not use the Zefiro-40 stage.

ESA is responsible for the Vega-C launch system qualification and also purchases launch services for European institutional missions. The Vega-C development program was carried out with participation of thirteen ESA Member States, Austria, Belgium, the Czech Republic, France, Germany, Ireland, Italy, The Netherlands, Norway, Romania, Spain, Sweden, Switzerland. The Agency is the contracting authority for the development of Vega-C, supports both the development and exploitation, while also providing technical supervision based on its 30 years of experience.

Avio is the prime contractor and design authority of the Vega-C launchers. Arianespace is the launch service provider.
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      The latest news stories on chemistry, biochemistry, polymers, materials science from Phys.org


      
        Scientists develop most sensitive method yet for observing single molecules
        Scientists at the University of Wisconsin-Madison have developed the most sensitive method yet for detecting and profiling a single molecule--unlocking a new tool that holds potential for better understanding how the building blocks of matter interact with each other. The new method could have implications for pursuits as varied as drug discovery and the development of advanced materials.

      

      
        Understanding how zwitterionic polymers can lead to safer drugs and disease prevention
        Proteins are vital biomolecules responsible for performing various functions in the human body and are thus regarded as the workhorses of a cell. The primary structure of a protein is composed of different amino acids coming together. The structure so formed then undergoes protein folding, a process by which a protein acquires its characteristic and functional three-dimensional configuration.

      

      
        New anti-counterfeit technique packs two light-reactive images into one material
        Growing concern about data theft and counterfeiting has inspired increasingly sophisticated security technologies, like hologram seals, that can help verify the authenticity of currency, passports and other important documents. However, as security technologies evolve, so do the techniques criminals use to get past them.

      

      
        Cheap, dirty leftovers can release pure oxygen: Hexagonal manganites show promise for production on an industrial scale
        New materials for producing oxygen may challenge traditional production methods. This is exciting news, because pure oxygen is in demand for many areas in industry and medicine.

      

      
        New sulfur-free catalyst enables efficient green diesel production
        Green diesel, a blend of diesel-grade hydrocarbons derived from renewable oils such as vegetable oils and animal fats, offers a promising alternative to traditional petroleum diesel. With a chemical composition similar to petroleum diesel, it integrates seamlessly into existing engines, making it an environmentally friendly fuel choice that can significantly reduce CO2 emissions by over 50%.

      

      
        Combining electron microscopy and simulations to get a thorough understanding of an iron and aluminum alloy
        The compound of iron and aluminum with the chemical formula Fe3Al has some very useful mechanical properties. A team from Osaka University has combined simulations with experimental techniques to better understand the kinetics of the formation of microstructures to enhance and utilize these properties for specific applications.

      

      
        A new Hungarian method may aid protein research
        In a paper recently published in Nature Communications, the HUN-REN-ELTE Protein Modeling Research Group (Institute of Chemistry) has laid the foundations for a mathematical method, allowing the computer-assisted comparison of the three-dimensional structures of proteins. The method is unique in that while the alternatives available so far only took into account the position of the atoms, the new technique, called LoCoHD (Local Composition Hellinger Distance), also includes the chemical informati...

      

      
        Novel material shows potential to produce green hydrogen
        An article published in the journal Polymer describes the production of a material with the potential to be used to obtain hydrogen (H2) by solar-driven water splitting (photoelectrocatalysis) instead of the conventional electricity-driven process.

      

      
        Researchers apply quantum computing methods to protein structure prediction
        Researchers from Cleveland Clinic and IBM have recently published findings in the Journal of Chemical Theory and Computation that could lay the groundwork for applying quantum computing methods to protein structure prediction.
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Scientists develop most sensitive method yet for observing single molecules

										

    
        
            [image: UW-Madison scientists develop most sensitive way to observe single molecules]
             
                The heart of this study is a fiber microcavity. Here, one can see a small concave depression in the surface of an optical fiber. The researchers used a microcavity with two concave mirrors, but this image of a single concave microcavity makes it easier to see the fiber mirror setup. Photo by Carlos Saavedra/UW-Madison
            
        

    


Scientists at the University of Wisconsin-Madison have developed the most sensitive method yet for detecting and profiling a single molecule--unlocking a new tool that holds potential for better understanding how the building blocks of matter interact with each other. The new method could have implications for pursuits as varied as drug discovery and the development of advanced materials.



										      
         
        
        
        

      

																																	
The technical achievement, detailed this month in the journal Nature, marks a significant advance in the burgeoning field of observing individual molecules without the aid of fluorescent labels.

While these labels are useful in many applications, they alter molecules in ways that can obscure how they naturally interact with one another. The new label-free method makes the molecules so easy to detect, it is almost as if they had labels.

"We're very excited about this," says Randall Goldsmith, a UW-Madison professor of chemistry who led the work. "Capturing behaviors at the level of single molecules is an amazingly informative way of understanding complex systems, and if you can build new tools that grant better access to that perspective, those tools can be really powerful."

While researchers can glean useful information from studying materials and biological systems at larger scales, Goldsmith says that observing the behavior of and interactions between individual molecules is important for contextualizing that information, sometimes leading to new insights.

"When you see how nations interact with each other, it all comes down to interactions between individuals," says Goldsmith. "You wouldn't even think of understanding how groups of people interact with each other while ignoring how individuals interact with each other."


																																						
    
     




																																			Goldsmith has been chasing the allure of single molecules since he was a postdoctoral researcher at Stanford University more than a decade ago. There, he worked under the chemist W.E. Moerner, who received the Nobel Prize in chemistry in 2014 for developing the first method of using light to observe a single molecule.

Since Moerner's initial success, researchers around the world have devised and refined new ways to observe these tiny bits of matter.



    
        
            [image: Scientists develop most sensitive way to observe single molecules]
             
                Measurement apparatus and resonance scan. Credit: Nature (2024). DOI: 10.1038/s41586-024-07370-8
            
        

    



The method that the UW-Madison team developed relies on a device called an optical microresonator, or microcavity. As its name suggests, the microcavity is an extremely tiny space where light can be trapped in both space and time--at least for a few nanoseconds--where it can interact with a molecule.

Microcavities are more commonly found in physics or electrical engineering laboratories, not chemistry labs. Goldsmith's history of combining concepts from disparate scientific fields was recognized in 2022 with a Polymath award from Schmidt Futures.

Microcavities are built from incredibly small mirrors fashioned right on top of a fiber optic cable. These fiber optic mirrors bounce the light back and forth many times very quickly within the microcavity.

The researchers let molecules tumble into the cavity, let the light pass through it, and can not only detect the molecule's presence, but also learn information about it, such as how fast it moves through water. This information can be used to determine the molecule's shape, or conformation.


																																			"Conformation at the molecular level is incredibly important, particularly for thinking about how biomolecules interact with each other," says Goldsmith.

"Let's say you have a protein and you have some small-molecule drug. You want to see if the protein's druggable, which is to say, 'Does the drug have some kind of major interaction with the protein?' One way you might be able to see that is if it introduces a conformational change."

There are other ways to do that, but they require large amounts of sample material and time-consuming analyses. With the newly developed microcavity technique, Goldsmith says, "We can potentially build a black-box tool to give us the answer in tens of seconds."

The team, which included Lisa-Maria Needham, a former postdoctoral researcher who is now a laboratory director at the University of Cambridge, has filed a patent for the device. Goldsmith says the device and methods will now be refined over the next couple of years. In the meantime, he says he and his collaborators are already thinking about the many ways it could be useful.

"We're excited about many other applications in spectroscopy," he says. "We hope we can use this as a stepping stone to other ways to learn about molecules."



																																																					
																				
																						More information:
												Lisa-Maria Needham et al, Label-free detection and profiling of individual solution-phase molecules, Nature (2024). DOI: 10.1038/s41586-024-07370-8
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Understanding how zwitterionic polymers can lead to safer drugs and disease prevention

										

    
        
            [image: Understanding how zwitterionic polymers can lead to safer drugs and disease prevention]
             
                Protein stabilization is key to tackling protein aggregation, which is involved in neurodegenerative diseases. Rajan et al. explore molecular mechanisms by which zwitterionic polymers stabilize proteins, highlighting how modifications in hydrophobicity and molecular weight effectively prevent aggregation. Credit: Kazuaki Matsumura, JAIST.
            
        

    


Proteins are vital biomolecules responsible for performing various functions in the human body and are thus regarded as the workhorses of a cell. The primary structure of a protein is composed of different amino acids coming together. The structure so formed then undergoes protein folding, a process by which a protein acquires its characteristic and functional three-dimensional configuration.



										      
         
        
        
        

      

																																	
This state, referred to as the "native state," is crucial for proper protein function. Unfavorable conditions, such as stress or exposure to external agents, can cause proteins to misfold and form aggregates, hampering their ability to perform their original functions.

Protein misfolding has been implicated as the underlying cause of a range of human diseases, notably Alzheimer's, Huntington's, and Parkinson's. Additionally, aggregate formation is also known to impact the efficacy and safety of protein-based drugs. This underscores the need for investigating compounds and strategies that can suppress misfolding and enhance protein stabilization.

Recent studies have reported the protein stabilization ability of a few polymers. However, their mechanism of action and the impact of interactions between hydrophobic components (the components that repel water) and proteins are not well understood.

To address this knowledge gap, a team of researchers led by Professor Kazuaki Matsumura from the Japan Advanced Institute of Science and Technology (JAIST), including former Assistant Professor Robin Rajan, doctoral research fellow Dr. Dandan Zhao from JAIST, and Assistant Professor Tadaomi Furuta from the Tokyo Institute of Technology, conducted a study to elucidate the mechanism of protein aggregation inhibition by sulfobetaine (SPB).


																																						
    
     




																																			In their study published in Cell Reports Physical Science, the researchers also tried to understand the specific interactions that occur between hydrophobic components and proteins and their impact on protein aggregation.
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                    Inhibition of aggregation of insulin solution. i) before heating, ii) after heating without PSPB and iii) after heating with PSPB. Credit: Kazuaki Matsumura, JAIST.
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                    Schematic representation of the sequence of on-pathway structural changes accompanying insulin fibrillation as well as the role of zwitterionic polymer in suppressing the formation of insulin aggregates. Credit: Kazuaki Matsumura, JAIST.
                
            

        

    

Explaining the rationale behind this study, Prof. Matsumura says, "Previously, we conducted a study on polysulfobetaines (PSPBs), a zwitterionic polymer that consists of functional groups with both positive and negative charges. We found that the polymer showcased exceptional efficiency in suppressing protein aggregation. However, the impact of hydrophobicity remained unexplored."

In this study, the researchers synthesized PSPBs with different molecular weights and added varying amounts of hydrophobic monomers individually and with different alkyl chains through a process known as reversible addition-fragmentation chain transfer polymerization. The researchers then analyzed the protein-stabilizing properties of these polymers and examined the interactions between polymers and proteins through physicochemical techniques.

Their findings revealed that PSPBs offered protein stabilization by disrupting the important pathways involved in protein aggregation. Further, hydrophobicity and molecular weight both had an influence on preventing protein aggregation and enhancing protein stabilization. Increasing these factors amplified the weak and reversible interactions between SPB and proteins.


																																			"We can think of these polymers as reversible molecular shields, which disrupt the aggregation pathway," explains Prof. Matsumura, while discussing the results of their study. The researchers also found that on removal of stress, refolding of the partially unfolded intermediates was observed, suggesting regaining of their native states.

Thus, by unraveling the intricate molecular mechanisms of protein aggregation suppression by zwitterionic polymers, this pioneering study may open avenues for new therapeutic strategies that delay or prevent diseased conditions and help ensure the safety of protein-based drugs.

In the words of Prof. Matsumura, "In 5 to 10 years, this research could lead to the development of novel, more effective treatments for conditions related to protein misfolding, significantly improving patient outcomes. Additionally, it may enable the production of more stable and cost-effective protein therapeutics, benefiting the pharmaceutical industry and health care providers."



																																																					
																				
																						More information:
												Molecular mechanism of protein aggregation inhibition with sulfobetaine polymers and their hydrophobic derivatives, Cell Reports Physical Science (2024). DOI: 10.1016/j.xcrp.2024.102012. www.cell.com/cell-reports-phys ... 2666-3864(24)00280-7
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New anti-counterfeit technique packs two light-reactive images into one material

										

    
        
            [image: New anti-counterfeit technique packs two light-reactive images into one material]
             
                A new dual-mode security film reveals one image when light reflects off a pattern stamped on its surface, and a second image when polarized light shines through it. Credit: Adapted from Langmuir 2024, DOI: 10.1021/acs.langmuir.4c01297
            
        

    


Growing concern about data theft and counterfeiting has inspired increasingly sophisticated security technologies, like hologram seals, that can help verify the authenticity of currency, passports and other important documents. However, as security technologies evolve, so do the techniques criminals use to get past them.



										      
         
        
        
        

      

																																	
To stay one step ahead of these bad actors, researchers report in the journal Langmuir that they have developed a new photopatterning technique that creates two light-reactive images on one material.

Previous research teams have struggled to manufacture similar "dual-mode" films, where two patterns can be separately stored and separately viewed, because producing the second image often damages the quality of the first one. To prevent this interference, Lang Qin, Yanlei Yu and colleagues from Fudan University created two different types of images--a polarization pattern and a structural pattern--within the same film.

For the film's material, they used an azobenzene-containing liquid crystal polymer (ALCP) because of azobenzene's ability to create sharp images with polarized light (light that's been filtered so all the waves are aligned in a specific direction) and because LCPs are easy to manipulate into intricate patterns for vibrant structural images.

To construct their dual-patterned film, the researchers started with a layer of ALCP. For the structural image, they imprinted a micropatterned "FDU" (for Fudan University) into the polymer, like pressing a pattern into a wax seal on an envelope, and then cured the image with green light.


																																						
    
     




																																			To create the polarization pattern on top of the structural image, the researchers placed a stencil of the university's seal over the film and then exposed it to polarized light, which changed the orientation of the azobenzene molecules in the polymer. The process created a pattern that's not visible in ambient light but is revealed in polarized light.

Under ordinary light, the resulting film showed the FDU letters as the light reflected off the structural image. Then the film revealed the university's seal when polarized light shone through it. Because both images are created without chemically changing the material's molecular structure, the film has the added benefit of being rewritable, allowing the user to pattern new images when needed.

The researchers say their dual-mode, ambient and polarized light film has potential value for a wide variety of high-level security applications, like seals for authenticating paper money or ID badges.



																																																					
																				
																						More information:
												Feng Pan et al, Dual-Mode Patterns Enabled by Photofluidization of an Azobenzene-Containing Linear Liquid Crystal Copolymer, Langmuir (2024). DOI: 10.1021/acs.langmuir.4c01297
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            [image: Cheap, dirty leftovers can produce pure oxygen]
             
                Frida Hemstad Danmo with a material that seems promising for producing oxygen cheaply. Credit: Per Henning, NTNU
            
        

    


New materials for producing oxygen may challenge traditional production methods. This is exciting news, because pure oxygen is in demand for many areas in industry and medicine.



										      
         
        
        
        

      

																																	
"We have identified materials that can store and release pure oxygen much faster and at much lower temperatures than known materials currently used for this purpose," says Professor Sverre Magnus Selbach at the Norwegian University of Science and Technology (NTNU's) Department of Materials Science and Engineering.

Oxygen is an element, so it cannot be made, only released. The most common method is to distill oxygen directly from the air, but it can also be extracted from materials that have oxygen bound in them.

Retrieving oxygen from materials

Many materials absorb oxygen from the air. When these materials are heated up, they release this oxygen, and small changes in the materials can change their properties.

As the chemical process speeds up, scientists refer to "the kinetics being faster" in the material. The fact that this process can take place at low temperatures is a big advantage. Not only does it mean that less energy is required for heating, but also that reactors can be made from cheaper materials that will need less maintenance than if they had to be exposed to higher temperatures.

"Both of these improvements in material properties make the materials more competitive," says Frida Hemstad Danmo. The research was part of her doctoral work.

The research results have now been published in the journal Chemistry of Materials.
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                The illustration shows how the process for oxygen separation will take place, with oxygen entering the material in one reactor, and oxygen escaping from the material in another. Credit: Illustration: Frida Hemstad Danmo
            
        

    



The wonder material

So, what kind of wonder material are we talking about? It might be a little surprising. Have you heard of hexagonal manganites?

Probably not. Almost no one has heard of hexagonal manganites. Fortunately, the researchers at NTNU have. The material is not only very suitable for extracting oxygen, it can also be made quite cheaply and efficiently.

"Because oxygen is absorbed so quickly into the material, we can use bulk materials that can be made in large quantities using cheaper methods than those required to make nanoparticles," explains Danmo.

If the oxygen transport was not already so rapid in these hexagonal manganites, the process would have required nanoparticles to increase surface area and provide the oxygen with a 'shorter way' in and out of the material.

Nanoparticles are more complicated to produce and cannot be made in large quantities as easily as bulk material.


																																						
    
     




																																			Impurities in the material are unproblematic

The hexagonal manganites they have developed are so-called "high-entropy materials." This means that they are neither pure nor have a particularly well-ordered crystal structure, and this is where the secret lies.
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                Hexagonal manganites. It's just as well to learn the name right away. Credit: Photo: Frida Hemstad Danmo
            
        

    



Not only are the materials quite cheap, they are also not that particular when it comes to chemical composition. Impurities and small defects in the material are therefore not a problem. Things don't have to be so precise, the process works anyway, and it makes it possible to achieve cheaper production on an industrial scale.

The researchers used five to six different rare earth metals in the mix they experimented with, and the result was much better than when well-ordered materials with just one or two rare earth metals were used.

"The high-entropy materials are actually more stable than those with simpler chemical composition. The reason is the entropy, i.e. the disorder that comes from having many different elements in the crystal structure instead of fewer," says Selbach.

"All spontaneous processes will increase the disorder of the universe. Interestingly, it is the disorder itself that also provides such rapid oxygen absorption, since our materials are not sensitive to precise chemical composition. Focusing on high entropy is a paradigm shift for this particular class of materials, and something that has given us exceptional properties," says Danmo.


																																			Using cheaper and available materials

These types of materials are not currently used in the industry, but a great deal of research is being done on them precisely because the potential for cheaper oxygen production is so great.

"Industry can use cheaper raw materials, such as oxides of recycled rare earth metals or low-quality ore. These raw materials remain after more expensive elements such as neodymium and dysprosium are extracted for use in electric motors in windmills and electric cars," says Selbach.

Industry may even be able to use waste materials from the production of electric motors.

In collaboration with Danmo, Aamund Westermoen conducted much of the experimental work. Senior Engineer Elvia Anabela Chavez Panduro contributed measurements at NTNU, and Kenneth Marshall and Dragos Stoian at the European Synchrotron Radiation Facility (ESRF) in France helped with the synchrotron measurements made at the Swiss-Norwegian Beamlines facility in Grenoble.
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												Frida Hemstad Danmo et al, High-Entropy Hexagonal Manganites for Fast Oxygen Absorption and Release, Chemistry of Materials (2024). DOI: 10.1021/acs.chemmater.3c02702
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New sulfur-free catalyst enables efficient green diesel production

										

    
        
            [image: New sulfur-free catalyst enables efficient green diesel production]
             
                Synthesis and structural characterization of ms-NiAl-P350. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47591-z
            
        

    


Green diesel, a blend of diesel-grade hydrocarbons derived from renewable oils such as vegetable oils and animal fats, offers a promising alternative to traditional petroleum diesel. With a chemical composition similar to petroleum diesel, it integrates seamlessly into existing engines, making it an environmentally friendly fuel choice that can significantly reduce CO2 emissions by over 50%.



										      
         
        
        
        

      

																					
The predominant method for industrial green diesel production involves hydrotreating technology using sulfided CoMo or NiMo catalysts. However, the maintenance of these catalysts requires continuous replenishment of the sulfur source during operation, leading to increased costs, equipment corrosion, and sulfur contamination. Hence, the quest for a non-sulfur catalytic system to enhance efficient green diesel production is paramount.

In a breakthrough development, researchers from the Qingdao Institute of Bioenergy and Bioprocess Technology of the Chinese Academy of Sciences have developed a robust P-doped NiAl-oxide catalyst with frustrated Lewis pairs (FLPs). This innovative catalyst enables the efficient conversion of various feedstocks into green diesel without the need for sulfur replenishment.

The study, published in Nature Communications on April 12, reveals the extraordinary capabilities of the P-doped NiAl oxide catalyst. It can continuously convert soybean oil to diesel-range hydrocarbons for 500 hours without deactivation, outperforming commercial systems with a higher weight hourly space velocity (WHSV) of 6.0 h-1 compared to the typical range of 0.5~3.0 h-1.

In addition, this catalytic system shows versatility in processing different feedstocks such as palm oil, duck fat, and waste cooking oil.

Dr. Li Dechang, lead author of the study, said that the industrial viability of their hydrotreating system was demonstrated by scaling up the catalyst to convert renewable oils into green diesel consistently over 1,000 hours of operation.

This study underscores the superior catalytic activity, stability, cost-effectiveness, and environmental attributes of the FLPs catalyst. With the potential to outperform conventional sulfided metal catalysts, this catalytic system heralds a more efficient and sustainable approach to green diesel production. It marks a pioneering achievement in green diesel production, as acknowledged by Dr. Li, solidifying its novelty and impact in the field.



																														
																				
																						More information:
												De-Chang Li et al, Frustrated Lewis pair catalyst realizes efficient green diesel production, Nature Communications (2024). DOI: 10.1038/s41467-024-47591-z
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Combining electron microscopy and simulations to get a thorough understanding of an iron and aluminum alloy

										

    
        
            [image: Combining simulations and experiments to get the best out of Fe3Al]
             
                Comparison of simulations and experiments for AntiPhase Boundary (APB) migration and derivation of the shape coefficients. Credit: 2024 Koizumi et al., Resolving the long-standing discrepancy in Fe3Al ordering mobilities: A synergistic experimental and phase-field study. Acta Materialia
            
        

    


The compound of iron and aluminum with the chemical formula Fe3Al has some very useful mechanical properties. A team from Osaka University has combined simulations with experimental techniques to better understand the kinetics of the formation of microstructures to enhance and utilize these properties for specific applications.



										      
         
        
        
        

      

																																	
In a study published in Acta Materialia, the researchers took an in-depth look at the way the microstructure of Fe3Al develops because the ordered domains that form contribute to one of its key properties: superelasticity.

When high loads are applied to superelastic materials they can deform to large strains which would result in a permanent strain in conventional materials without break. Interestingly, they can return to their original shape when unloaded. This can be used in a diverse range of applications from health care materials to seismic devices for construction materials.

Superelasticity results from the way the atoms are arranged in a material. This can differ between materials. In the most well-known superelastic material, i.e. TiNi alloys,which consist of precious and rare metals of titanium and nickel, the change of crystal structures in response to the load (i.e. Martensitic transformation) is responsible for the large plastic deformation and the recovery of the shape.

In contrast, in Fe3Al consisting of common metals of iron and aluminum, the superelastic properties are caused not by the change of crystal structure but by dislocation slip, which is the relative displacement of atoms keeping crystal structure. Dislocation slip normally gives rise to permanent strain, except when there is a force that can give rise to the back motion of dislocation.


																																						
    
     




																																			In Fe3Al, the back motion of dislocation can be caused by antiphase boundaries (APB) which separates areas within a material known as domains, and the shape and size of the boundaries between these domains contribute to the superelastic properties.
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                PF simulations imitating the process of circular APB shrinking in 2D space (left) and APD growth in 3D space (right). Credit: 2018-2024 Koizumi Lab. Osaka University, All rights reserved.
            
        

    



"To harness particular material properties and ensure they are appropriate for their application, you have to understand what is happening," explains study lead author Yuheng Liu.

"Until now, ordering mobility studies of the atoms in Fe3Al have led to different interpretations depending on the experimental technique. We have therefore combined phase-field computer simulations and transmission electron microscopy (TEM) experiments to finally get a good picture."

The computer simulations predicted the 3D shapes of the areas in the Fe3Al with ordered structure. These findings were then compared with TEM observations for Fe3Al samples heated to different temperatures. The combined data revealed the mobility for forming the ordered D03-type structure.

The D03 structure of Fe3Al is similar to L21 structure of other materials. The findings could therefore provide a starting point for exploring heat treatments for other functional materials, including half metals for spintronics, which may become crucial for quantum computing in the near future.
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                Migration of AntiPhase Boundary (APB) in Fe3Al due to the movement of atomic vacancies (v) near the APB. Credit: 2024 Koizumi et al., Resolving the long-standing discrepancy in Fe3Al ordering mobilities: A synergistic experimental and phase-field study. Acta Materialia
            
        

    



"It is challenging to design experiments that can capture the movement of boundaries and the details of how the microstructure evolves, particularly in the early stages of ordering," says senior author Yuichiro Koizumi. "The phase-field simulations provide a window into the process that has been missing from previous studies."

The study findings are expected to support applications in the construction industry. For example, Fe3Al could be used to 3D print structural parts that can act as shock absorbers for seismic activity.
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												Yuheng Liu et al, Resolving the long-standing discrepancy in Fe3Al ordering mobilities: A synergistic experimental and phase-field study, Acta Materialia (2024). DOI: 10.1016/j.actamat.2024.119958
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A new Hungarian method may aid protein research

										


    
        
            [image: A new Hungarian method may aid protein research]
             
                The figure shows the step-by-step process of calculating the LoCoHD score for a given pair of anchors. The chemical resolution is given by the primitive typing scheme, which is used to convert the real structure into a structure of primitive atoms (left). Then, by selecting two anchor atoms from the two primitive structures to be compared (in the middle, in green and turquoise), a number between 0 and 1 can be calculated using the formula seen above. Credit: Eotvos Lorand University
            
        

    


In a paper recently published in Nature Communications, the HUN-REN-ELTE Protein Modeling Research Group (Institute of Chemistry) has laid the foundations for a mathematical method, allowing the computer-assisted comparison of the three-dimensional structures of proteins. The method is unique in that while the alternatives available so far only took into account the position of the atoms, the new technique, called LoCoHD (Local Composition Hellinger Distance), also includes the chemical information of the atoms.




										      
         
        
        
        

      

																																	Proteins are molecular machines that carry out processes necessary for cells to function, acting as molecular switches, transcribing information from DNA, transporting small and large molecules and regulating metabolism related chemical reactions. However, for all this to succeed, the protein in question must have the right spatial conformation, i.e. its own, correct 3D arrangement.

Several experimental methods (X-ray crystallography, nuclear magnetic resonance spectroscopy, cryo-electron microscopy) are available to determine the arrangement of atoms in a protein, and over the last few decades, protein researchers have discovered the shape of nearly 220,000 proteins. These results increasingly demand the development of computational methods capable of analyzing these arrangements.

One such method is the algorithm called LoCoHD, developed by Zsolt Fazekas, a Ph.D. candidate at the ELTE Hevesy Gyorgy School of Chemistry and a researcher in Dr. Andras Perczel's research group. The algorithm compares local environments around amino acids in proteins based on their chemical nature (e.g., elemental composition, charge, hydrophobicity, etc.).

The method decides on a simple scale of 0 to 1 how different the structures in question are from each other. Values close to 0 suggest a high similarity between atomic arrangements and chemical properties, while values close to 1 indicate that the proteins being compared may have very different properties. The resulting numerical value (a so-called metric) can thus be used to obtain new information about the system under study.


																																						
    
     




																																			The algorithm uses a multi-step protocol to generate the number representing the structural differences. In the first step, it converts real atoms in the protein into so-called primitive atoms. These can be represented as virtually labeled positions whose labels tell the chemical nature of the original atom.
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                The figure shows the LoCoHD curves (top graphs) and structures (bottom panels) of His276 and Met197 in podocin, two strongly bimodal amino acids, measured from a molecular dynamics simulation. In the simulation, amino acid His276 plays a role in shortening a helix, while amino acid Met197 is responsible for filling a hydrophobic cavity. Credit: Eotvos Lorand University
            
        

    



So, for example, a primitive atom can be a "positively charged nitrogen," a "negatively charged oxygen," a "neutrally charged oxygen," an "aromatic carbon," etc. The labels are generated according to a so-called primitive typing scheme, which tells us in a tabulated manner how to convert real atoms into primitive atoms. The user can freely specify this table, fixing the chemical resolution of the method.

The second step is to determine the reference points of the comparison by selecting a subset of primitive atoms. These selected special primitive atoms are called the anchor atoms. For each selected anchor atom pair, the algorithm performs a comparison step, the result of which gives the dissimilarity measure we want. These numbers can be used at a local level, or they can be averaged into a single descriptor characterizing the whole protein.

In the study, the researchers highlighted that the method can also be used in the biannual CASP (Critical Assessment of Protein Structure Prediction) competitions, which is a well known competition in the field of protein research. During this event, competitors use different algorithms to model the shape of proteins having yet unpublished structures. CASP judges use a number of structure comparison methods to evaluate the contenders, but none of these take into account the chemistry of the local amino acid environments.


																																			Using data from the 2020 CASP14 competition, the researchers have now performed comparative analysis of several modeled proteins, including the structures predicted by the artificial-intelligence-based AlphaFold2 method. Among these, they highlighted the analysis of a protein from the SARS-CoV-2 virus called ORF8. In the modeled structures of this protein, amino acid environments were identified that differ significantly in their interaction patterns from the environments found in the experimental structure.

In addition to studying static structures, the researchers also tested whether the method is suitable for analyzing the internal motion of proteins. They used simulations capable of reproducing molecular motions and data extracted from structural ensembles. One of the systems under study was the podocin protein, which performs vital functions in the kidney and whose mutations can cause severe, often fatal conditions.

The LoCoHD method was used to identify amino acids in the protein that undergo major chemical-environmental changes during the movement of podocin, which can affect both its structure and function. Similarly, the LoCoHD method has been applied successfully in the study of the HIV-1 capsid protein, in which an amino acid critical for the formation of the viral envelope has been identified.

These results are not only research curiosities, but by studying protein structures more effectively, we can get closer to better understanding the pathogens causing severe diseases and to developing effective drugs and therapeutics.


																																																					
																				
																						More information:
												Zsolt Fazekas et al, LoCoHD: a metric for comparing local environments of proteins, Nature Communications (2024). DOI: 10.1038/s41467-024-48225-0
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Novel material shows potential to produce green hydrogen

										


    
        
            [image: Novel material shows potential to produce green hydrogen]
             
                Graphical abstract. Credit: Polymer (2024). DOI: 10.1016/j.polymer.2024.126869
            
        

    


An article published in the journal Polymer describes the production of a material with the potential to be used to obtain hydrogen (H2) by solar-driven water splitting (photoelectrocatalysis) instead of the conventional electricity-driven process.




										    
																					Also known as green hydrogen, H2 produced from renewable sources is a strong candidate for the accolade "fuel of the future."

The article describes the preparation of films comprising polyaniline nanostructures with an underlayer of multi-walled carbon nanotubes and their promising photoelectrocatalysis performance, especially in H2 production, which requires good light absorption and enhanced stability, among other characteristics.

Polyaniline is an organic semiconductor belonging to the flexible polymer family. Although it was discovered over 150 years ago, it has only recently caught the attention of the scientific community owing to its high electrical conductivity.

The research involved groups at the Center for Development of Functional Materials (CDMF) and the Center for Innovation in New Energies (CINE).


																														
																				
																						More information:
												Alessandra A. Correa et al, In situ polymerised polyaniline films over multi-walled carbon nanotubes coatings for enhanced photoelectrochemical performance, Polymer (2024). DOI: 10.1016/j.polymer.2024.126869
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Researchers apply quantum computing methods to protein structure prediction

										


    
        
            [image: Researchers apply quantum computing methods to protein structure prediction]
             
                Overview of the PSP pipeline. Following genomic sequencing, the primary amino acid sequence is determined. The experimental method then starts with expressing this protein by genetically modifying another organism with this new sequence. This organism will then translate these proteins, and the new protein of interest can be isolated, purified, and then solved using X-ray crystallography, NMR, or CryoEM. The in silico methods on the other hand, simply take the primary amino acid sequence as input and the structure is predicted by either a physics-based method (where the underlying biophysics is somehow simulated) or a template-based method (where machine learning algorithms predict structures based on patterns found in a training set of experimental templates). The method we adopt in this work falls under the category of physics-based algorithms. As an illustrated example, an in silico model and X-ray crystal structure of the SARS-CoV2 NSP13 helicase (PDB: 7NN0) are superimposed, along with a docked known inhibitor (colored in magenta). Credit: Journal of Chemical Theory and Computation (2024). DOI: 10.1021/acs.jctc.4c00067
            
        

    


Researchers from Cleveland Clinic and IBM have recently published findings in the Journal of Chemical Theory and Computation that could lay the groundwork for applying quantum computing methods to protein structure prediction.




										      
         
        
        
        

      

																																	For decades, researchers have leveraged computational approaches to predict protein structures. A protein folds itself into a structure that determines how it functions and binds to other molecules in the body. These structures determine many aspects of human health and disease.

By accurately predicting the structure of a protein, researchers can better understand how diseases spread and thus how to develop effective therapies. Cleveland Clinic postdoctoral fellow Bryan Raubenolt, Ph.D. and IBM researcher Hakan Doga, Ph.D. spearheaded a team to discover how quantum computing can improve current methods.

In recent years, machine learning techniques have made significant progress in protein structure prediction. These methods are reliant on training data (a database of experimentally determined protein structures) to make predictions. This means that they are constrained by how many proteins they have been taught to recognize. This can lead to lower levels of accuracy when the programs/algorithms encounter a protein that is mutated or very different from those on which they were trained, which is common with genetic disorders.

The alternative method is to simulate the physics of protein folding. Simulations allow researchers to look at a given protein's various possible shapes and find the most stable one. The most stable shape is critical for drug design.

The challenge is that these simulations are nearly impossible on a classical computer, beyond a certain protein size. In a way, increasing the size of the target protein is comparable to increasing the dimensions of a Rubik's cube. For a small protein with 100 amino acids, a classical computer would need the time equal to the age of the universe to exhaustively search all the possible outcomes, says Dr. Raubenolt.


																																						
    
     




																																			To help overcome these limitations, the research team applied a mix of quantum and classical computing methods. This framework could allow quantum algorithms to address the areas that are challenging for state-of-the-art classical computing, including protein size, intrinsic disorder, mutations and the physics involved in protein folding. The framework was validated by accurately predicting the folding of a small fragment of a Zika virus protein on a quantum computer, compared to state-of-the-art classical methods.

The quantum-classical hybrid framework's initial results outperformed both a classical physics-based method and AlphaFold2. Although the latter is designed to work best with larger proteins, it nonetheless demonstrates this framework's ability to create accurate models without directly relying on substantial training data.

The researchers used a quantum algorithm to first model the lowest energy conformation for the fragment's backbone, which is typically the most computationally demanding step of the calculation. Classical approaches were then used to convert the results obtained from the quantum computer, reconstruct the protein with its sidechains, and perform final refinement of the structure with classical molecular mechanics force fields.

The project shows one of the ways that problems can be deconstructed into parts, with quantum computing methods addressing some parts and classical computing others, for increased accuracy.


																																			"One of the most unique things about this project is the number of disciplines involved," says Dr. Raubenolt. "Our team's expertise ranges from computational biology and chemistry, structural biology, software and automation engineering, to experimental atomic and nuclear physics, mathematics, and of course, quantum computing and algorithm design. It took the knowledge from each of these areas to create a computational framework that can mimic one of the most important processes for human life."

The team's combination of classical and quantum computing methods is an essential step for advancing our understanding of protein structures, and how they impact our ability to treat and prevent disease. The team plans to continue developing and optimizing quantum algorithms that can predict the structure of larger and more sophisticated proteins.

"This work is an important step forward in exploring where quantum computing capabilities could show strengths in protein structure prediction," says Dr. Doga. "Our goal is to design quantum algorithms that can find how to predict protein structures as realistically as possible."


																																																					
																				
																						More information:
												Hakan Doga et al, A Perspective on Protein Structure Prediction Using Quantum Computers, Journal of Chemical Theory and Computation (2024). DOI: 10.1021/acs.jctc.4c00067
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      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        Is your coffee 'not hot' or 'cold'? Observing how the brain processes negated adjectives
        Negating an adjective by placing 'not' in front of it affects the way our brains interpret its meaning, mitigating but not entirely inverting our interpretation of its definition. In a study published in the open-access journal PLOS Biology, Arianna Zuanazzi at New York University, US, and colleagues offer insight into how the brain represents changes of meaning over time and offer new methods for further linguistic research.

      

      
        New modified CRISPR protein can fit inside virus used for gene therapy
        Researchers have developed a novel version of a key CRISPR gene-editing protein that shows efficient editing activity and is small enough to be packaged within a non-pathogenic virus that can deliver it to target cells. Hongjian Wang and colleagues at Wuhan University, China, present these findings in the open-access journal PLOS Biology.

      

      
        Study shows cuckoos evolve to look like their hosts--and form new species in the process
        The theory of coevolution says that when closely interacting species drive evolutionary changes in each other this can lead to speciation--the evolution of new species. But until now, real-world evidence for this has been scarce.

      

      
        Novel virus identified in zebrafish from the pet trade causes disease in laboratory fish
        Zebrafish in the pet trade are asymptomatic carriers of previously undescribed microbes, including a novel virus that causes hemorrhaging in infected laboratory fish, Marlen Rice from the University of Utah, US, and colleagues report in the open-access journal PLOS Biology.

      

      
        Q&A: How to make sustainable products faster with artificial intelligence and automation
        By modifying the genomes of plants and microorganisms, synthetic biologists can design biological systems that meet a specification, such as producing valuable chemical compounds, making bacteria sensitive to light, or programming bacterial cells to invade cancer cells.

      

      
        Researchers uncover protein SRSF1's uncommon ability to bind and unfold RNA G-quadruplexes
        RNA transcription is the genomic process in which a cell produces a duplicate of a gene's DNA sequence. In a study published in Nucleic Acids Research, University of Alabama at Birmingham Department of Chemistry Professor Jun Zhang, Ph.D., and his team reveal how the protein SRSF1 possesses the novel function of binding and unfolding complex RNA Guanine-quadruplexes.

      

      
        Nectarivores: A world of sweet-toothed critters
        If you have a sweet tooth, you'll be familiar with the burst of energy known as a sugar rush. But what if your survival depended on it? Would you love it as much? Animals get the nutrients they need from different sources.

      

      
        Fossil places extinct saber-toothed cat on Texas coast
        Important scientific finds don't always come in the biggest, buzziest packages. Sometimes new discoveries come in little ugly rocks. Such is the case of a 6-centimeter-wide, nondescript mass of bone and teeth that helped a scientist at The University of Texas at Austin expand the geographic footprint of a large cat that roamed the Earth tens of thousands of years ago.

      

      
        Unexpected source of nutrients fuels growth of toxic algae from Lake Erie
        Climate change, such as warming and changes in precipitation patterns, affects the frequency and severity of harmful algal blooms (HABs) globally, including those of toxin-producing cyanobacteria that can contaminate drinking water.

      

      
        Drones offer new perspective on vulnerable tide-exposed coral reefs
        A new study has used drone technology and cutting-edge analytical methods for the first time to map the intertidal coral reefs of the Rowley Shoals off the Kimberley coast of Western Australia.

      

      
        Researchers find high concentrations of D-amino acids and D-lactate in estuarine polychaetes
        A research group has discovered that high concentrations of D-amino acids, in addition to L-amino acids, are present in the body tissues of polychaetes and that their composition is species-specific.

      

      
        As No Mow May ends, here's why we should keep patches of lawn permanently wild
        Over the last century, nearly all of the UK's wildflower meadows have been destroyed by expanding farms, towns and cities. This loss of habitat has driven nature's decline, according to research led by birds and nature conservation charity the RSPB.

      

      
        How to cut stray cat numbers in a way that works better for everyone
        Stray cats are a big problem across most Australian cities and towns. They cause many complaints related to nuisance behaviors and concerns about urban wildlife, as well as straining government resources. Ratepayers ultimately pay for the substantial costs created by roaming cats.
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Is your coffee 'not hot' or 'cold'? Observing how the brain processes negated adjectives

										

    
        
            [image: Is your coffee 'not hot' or 'cold'? Observing how the brain processes negated adjectives]
             
                Researchers study negation to understand how the human brain builds meaning through combinatoric processes. Credit: GDJ, Pixabay (CC0, creativecommons.org/publicdomain/zero/1.0/)
            
        

    


Negating an adjective by placing 'not' in front of it affects the way our brains interpret its meaning, mitigating but not entirely inverting our interpretation of its definition. In a study published in the open-access journal PLOS Biology, Arianna Zuanazzi at New York University, US, and colleagues offer insight into how the brain represents changes of meaning over time and offer new methods for further linguistic research.



										      
         
        
        
        

      

																																	The way the brain processes negated adjectives--'not bad' or 'not good'--is not understood. Previous studies suggest that negated phrases are processed more slowly and with more errors than their affirmative counterparts. Cutting-edge artificial neural networks appear to be largely insensitive to the contextual impacts of negation, leading many researchers to wonder how negation operates.

In lab-based experiments, 78 participants were asked to read affirmative or negated adjective phrases, good/bad, not good/not bad, happy/sad, not happy/not sad etc. on a screen and rate their meaning on a scale of one (really really bad/really really sad) to 10 (really really good/really really happy).

Answers took longer for negated adjectives and interpreted meaning was more varied. Cursor tracking showed that people are slower to interpret them, first understanding them to be affirmative before modifying towards their opposite meaning.

In a second experiment, participants rated affirmative or negated phrases on a scale. Meanwhile, magnetic fields generated by the electrical activity of their brains were captured by magnetoencephalography (MEG).

Zuanazzi and colleagues again saw slower reaction times for negated adjectives. The brain activity shows that initial interpretations and early neural representations of negated adjectives are similar to that of affirmative adjectives, but are weakened, backing up the previous suggestion of a mitigated effect.


																																						
    
     




																																			The analysis contributes to the debate as to how negation operates. The ability to characterize the subtle changes of linguistic meaning through negation in the brain using imaging methods could help to tease apart understanding of other linguistic processes beyond the sum of the processing of individual word meanings.

The authors add, "The study of negation offers a compelling linguistic framework to understand how the human brain builds meaning through combinatoric processes. Our time-resolved behavioral and neurophysiological data show that, in a sentence like 'your coffee is not hot,' negation ('not') mitigates rather than inverts the representations of a scalar adjective ('hot'). In other words, negation reduces the temperature of your coffee, though it does not make it cold."


																																																					
																				
																						More information:
												Zuanazzi A, Ripolles P, Lin WM, Gwilliams L, King J-R, Poeppel D, Negation mitigates rather than inverts the neural representations of adjectives. PLoS Biology (2024). DOI: 10.1371/journal.pbio.3002622
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New modified CRISPR protein can fit inside virus used for gene therapy
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                enEbCas12a enables all-in-one AAV delivery system. Credit: Chen Peng (CC-BY 4.0, creativecommons.org/licenses/by/4.0/)
            
        

    


Researchers have developed a novel version of a key CRISPR gene-editing protein that shows efficient editing activity and is small enough to be packaged within a non-pathogenic virus that can deliver it to target cells. Hongjian Wang and colleagues at Wuhan University, China, present these findings in the open-access journal PLOS Biology.



										      
         
        
        
        

      

																																	Recent years have seen an explosion of research attempting to harness CRISPR gene-editing systems--which are found naturally in many bacteria as a defense against viruses--so they can be used as potential treatments for human disease. These systems rely on so-called CRISPR-associated (Cas) proteins, with Cas9 and Cas12a being the two most widely used types, each with their own quirks and strengths.

One promising idea is to package CRISPR proteins within a non-pathogenic virus, which could then deliver the proteins to target cells; there, they would modify specifically targeted DNA sequences to treat disease. However, the commonly used adeno-associated virus is small, and while some Cas9 proteins can fit inside, Cas12a proteins are typically too large.

Now, Wang and colleagues have identified a relatively small version of Cas12a, termed EbCas12a, that occurs naturally in a species of the Erysipelotrichia class of bacteria. By deliberately switching out one of the amino acid building blocks of the protein for another, they boosted its gene-editing efficiency.

When applied to mammalian cells in a dish in the lab, this modified protein--dubbed enEbCas12a--shows gene-editing efficiency comparable to that of two other Cas12a proteins known for highly accurate gene editing.

The research team then demonstrated that enEbCas12a is small enough to be used for adeno-associated virus-based gene therapy. They modified enEbCas12a to target a specific cholesterol-associated gene, packaged it within the virus, and administered the virus to mice with high cholesterol. One month later, they found a significant reduction of blood cholesterol levels in the treated mice, compared to mice that did not receive the virus.

More research will be needed to determine if enEbCas12a could one day be used to address human disease. Nonetheless, these findings suggest it could be possible to use adeno-associated virus to deliver Cas12a proteins for gene therapy.

The authors add, "The novel compact enEbCas12a, along with its crRNA, can be packaged into an all-in-one AAV system for convenient gene editing in vitro and in vivo with high-fidelity, which can be very beneficial for future clinical applications and more tool developments including all-in-one AAV- based multi-gene editing, base editing, primer editing, etc."


																																																					
																				
																						More information:
												Wang H, Zhou J, Lei J, Mo G, Wu Y, Liu H, et al, Engineering of a compact, high-fidelity EbCas12a variant that can be packaged with its crRNA into an all-in-one AAV vector delivery system. PLoS Biology (2024). DOI: 10.1371/journal.pbio.3002619
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Study shows cuckoos evolve to look like their hosts-and form new species in the process
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                A male superb fairy-wren brings food to a Horsfield's bronze-cuckoo fledgling. Credit: Mark Lethlean
            
        

    


The theory of coevolution says that when closely interacting species drive evolutionary changes in each other this can lead to speciation--the evolution of new species. But until now, real-world evidence for this has been scarce.



										      
         
        
        
        

      

																																	
Now a team of researchers has found evidence that coevolution is linked to speciation by studying the evolutionary arms race between cuckoos and the host birds they exploit.

Bronze-cuckoos lay their eggs in the nests of small songbirds. Soon after the cuckoo chick hatches, it pushes the host's eggs out of the nest. The host not only loses all its own eggs, but spends several weeks rearing the cuckoo, which takes up valuable time when it could be breeding itself.

Each species of bronze-cuckoo closely matches the appearance of their host's chicks, fooling the host parents into accepting the cuckoo.

The study shows how these interactions can cause new species to arise when a cuckoo species exploits several different hosts. If chicks of each host species have a distinct appearance, and hosts reject odd-looking nestlings, then the cuckoo species diverges into separate genetic lineages, each mimicking the chicks of its favored host. These new lineages are the first sign of new species emerging.

"This exciting new finding could potentially apply to any pairs of species that are in battle with each other. Just as we've seen with the cuckoo, the coevolutionary arms race could cause new species to emerge--and increase biodiversity on our planet," said Professor Kilner in the University of Cambridge's Department of Zoology, a co-author of the report.



    
    
    
        
        
    
         
             
         

        A large-billed gerygone host pulls a little bronze-cuckoo chick out of its nest. Credit: Hee-Jin Noh
  

The striking differences between the chicks of different bronze-cuckoo lineages correspond to subtle differences in the plumage and calls of the adults, which help males and females that specialize on the same host to recognize and pair with each other.


																																						
    
     




																																			"Cuckoos are very costly to their hosts, so hosts have evolved the ability to recognize and eject cuckoo chicks from their nests," said Professor Naomi Langmore at the Australian National University, Canberra, lead author of the study.

She added, "Only the cuckoos that most resemble the host's own chicks have any chance of escaping detection, so over many generations the cuckoo chicks have evolved to mimic the host chicks."

The study revealed that coevolution is most likely to drive speciation when the cuckoos are very costly to their hosts, leading to a "coevolutionary arms race" between host defenses and cuckoo counter-adaptations.
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                    Bronze-cuckoo nestlings on the left with the nestlings of their hosts on the right. Credit: Naomi Langmore
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                    Subspecies of the little bronze-cuckoo and the shining bronze-cuckoo track the appearance of their host's chicks across their geographic range. Credit: Naomi Langmore, Hee-Jin Noh, Rose Thorogood, Alfredo Attisano
                
            

        

    

A broad scale analysis across all cuckoo species found that those lineages that are most costly to their hosts have higher speciation rates than less costly cuckoo species and their non-parasitic relatives.

"This finding is significant in evolutionary biology, showing that coevolution between interacting species increases biodiversity by driving speciation," said Dr. Clare Holleley at the Australian National Wildlife Collection within CSIRO, Canberra, senior author of the report.

The study was made possible by the team's breakthrough in extracting DNA from eggshells in historical collections, and sequencing it for genetic studies.

The researchers were then able to combine two decades of behavioral fieldwork with DNA analysis of specimens of eggs and birds held in museums and collections.

The paper is published today in the journal Science. The study involved an international team of researchers at the University of Cambridge, Australian National University, CSIRO (Australia's national science agency), and the University of Melbourne.
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												N. E. Langmore, Coevolution with hosts underpins speciation in brood-parasitic cuckoos, Science (2024). DOI: 10.1126/science.adj3210. www.science.org/doi/10.1126/science.adj3210
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Novel virus identified in zebrafish from the pet trade causes disease in laboratory fish
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                Researchers identified a novel virus in zebrafish from the pet trade causes disease in laboratory fish. Credit: Keir Balla (CC-BY 4.0, creativecommons.org/licenses/by/4.0/)
            
        

    


Zebrafish in the pet trade are asymptomatic carriers of previously undescribed microbes, including a novel virus that causes hemorrhaging in infected laboratory fish, Marlen Rice from the University of Utah, US, and colleagues report in the open-access journal PLOS Biology.



										      
         
        
        
        

      

																					Zebrafish (Danio rerio) are a common laboratory research animal, and they are also widely available as pets. In research laboratories, they are kept in specialized aquaculture facilities to prevent infectious disease, but zebrafish are occasionally imported from the pet trade into laboratory colonies.

Researchers used metatranscriptomic sequencing of zebrafish from a laboratory population and three pet shops in Salt Lake valley to compare the microbes associated with fish reared in different environments. They identified many microbes in pet trade fish that were not present in laboratory populations, including a novel virus in the Birnaviridae family, which the authors named Rocky Mountain birnavirus (RMBV).

To investigate RMBV transmission between fish from different populations, they housed laboratory-reared zebrafish in the same tank as pet trade zebrafish. After around a month, three of the laboratory fish had developed hemorrhaging and tested positive for RMBV. In contrast, RMBV-infected fish from the pet trade showed no symptoms of disease.

Transcriptome sequencing of tissues from the fish showed that RMBV infection increased expression of genes involved in the anti-viral immune response and inflammation.

This study shows that the pet trade is a source of viruses and parasites that are not commonly found in laboratory zebrafish. Viruses circulating in apparently healthy zebrafish from the pet trade can transmit to laboratory zebrafish and cause severe disease.

Differences in life history, genetics or infection stage may explain why RMBV caused symptoms in laboratory but not pet trade fish. Further sampling of zebrafish in the pet trade is likely to reveal many more novel microbes, the authors say.

The authors add, "Zebrafish are popular research organisms in the laboratory that were originally sourced from the pet trade. We found that the microbes associated with pet trade animals include previously undescribed viruses and other pathogens that can transmit to laboratory animals and potentially be used for investigations of infections with relevance to human health and aquaculture."


																														
																				
																						More information:
												Rice MC, Janik AJ, Elde NC, Gagnon JA, Balla KM (2024) Microbe transmission from pet shop to lab-reared zebrafish reveals a pathogenic birnavirus. PLoS Biology (2024). DOI: 10.1371/journal.pbio.3002606
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                An illustration showing how using AI and automation can greatly accelerate the research and development pipeline compared with the current highly iterative and labor-intensive processes. For example, it took 575 person-years of work to create a sustainable, bio-based production route for a widely used chemical called 1,3-propanediol. Credit: Jenny Nuss/Berkeley Lab
            
        

    


By modifying the genomes of plants and microorganisms, synthetic biologists can design biological systems that meet a specification, such as producing valuable chemical compounds, making bacteria sensitive to light, or programming bacterial cells to invade cancer cells.



										      
         
        
        
        

      

																																	
This field of science, though only a few decades old, has enabled large-scale production of medical drugs and established the ability to manufacture petroleum-free chemicals, fuels, and materials. It seems that biomanufactured products are here to stay, and that we will rely on them more and more as we shift away from traditional, carbon-intensive manufacturing processes.

But there is one big hurdle--synthetic biology is labor intensive and slow. From understanding the genes required to make a product, to getting them to function properly in a host organism, and finally to making that organism thrive in a large-scale industrial environment so it can churn out enough product to meet market demand, the development of a biomanufacturing process can take many years and many millions of dollars of investment.

Hector Garcia Martin, a staff scientist in the Biosciences Area of Lawrence Berkeley National Laboratory (Berkeley Lab), is working to accelerate and refine this R&D landscape by applying artificial intelligence and the mathematical tools he mastered during his training as a physicist.

We spoke with him to learn how AI, bespoke algorithms, mathematical modeling, and robotic automation can come together as a sum greater than its parts, and provide a new approach for synthetic biology.


																																						
    
     




																																			Why do synthetic biology research and process scale-up still take a long time?

I think the hurdles we find in synthetic biology to create renewable products all stem from a very fundamental scientific shortcoming: our inability to predict biological systems. Many synthetic biologists might disagree with me and point towards the difficulty in scaling processes from milliliters to thousands of liters, or the struggles to extract high enough yields to guarantee commercial viability, or even the arduous literature searches for molecules with the right properties to synthesize. And, that is all true.

But I believe they are all a consequence of our inability to predict biological systems. Say we had someone with a time machine (or God, or your favorite omniscient being) come and give us a perfectly designed DNA sequence to put in a microbe so it would create the optimal amount of our desired target molecule (e.g, a biofuel) at large scales (thousands of liters).

It would take a couple of weeks to synthesize and transform it into a cell, and three to six months to grow it at a commercial scale. The difference between those 6.5 months and the ~10 years that it takes us now, is time spent fine tuning genetic sequences and culture conditions--for example, lowering expression of a certain gene to avoid toxic build-up or increasing oxygen levels for faster growth--because we don't know how these will affect cell behavior.

If we could accurately predict that, we would be able to engineer them much more efficiently. And that is how it is done in other disciplines. We do not design planes by building new plane shapes and flying them to see how well they work. Our knowledge of fluid dynamics and structural engineering is so good we can simulate and predict the effect that something like a fuselage change will have on flight.


																																			How does artificial intelligence accelerate these processes? Can you give some examples of recent work?

We are using machine learning and artificial intelligence to provide the predictive power that synthetic biology needs. Our approach bypasses the need to fully understand the molecular mechanisms involved, which is how it saves significant time. However, this does raise some suspicion in traditional molecular biologists.

Normally these tools have to be trained on huge datasets, but we just don't have as much data in synthetic biology as you might have in something like astronomy, so we developed unique methods to overcome that limitation. For example, we have used machine learning to predict which promoters (DNA sequences that mediate gene expression) to choose to get maximum productivity.

We have also used machine learning to predict the right growth media for optimal production, to predict metabolic dynamics of cells, to increase the yields of sustainable aviation fuel precursors, and to predict how to engineer functioning polyketide synthases (enzymes that can produce an enormous variety of valuable molecules but are infamously difficult to predictably engineer).

In many of these cases we needed to automate the scientific experiments to obtain the large amounts of high-quality data that we need for AI methods to be truly effective. For example, we have used robotic liquid handlers to create new growth media for microbes and test their effectiveness, and we have developed microfluidic chips to try to automate genetic editing. I am actively working with others at the Lab (and external collaborators) to create self-driving labs for synthetic biology.


																																						
    
     




																																			Are many other groups in the U.S. doing similar work? Do you think this field will get bigger in time?

The number of research groups with expertise in the intersection of AI, synthetic biology, and automation is very small, particularly outside of industry. I would highlight Philip Romero at the University of Wisconsin and Huimin Zhao at the University of Illinois Urbana-Champaign However, given the potential of this combination of technologies to have a huge societal impact (e.g., in combating climate change, or producing novel therapeutic drugs), I think this field will grow very fast in the near future.

I have been part of several working groups, commissions, and workshops, including a meeting of experts for the National Security Commission on Emerging Biotechnology, that discussed the opportunities in this area and are drafting reports with active recommendations.

What kind of advances do you anticipate in the future from continuing this work?

I think an intense application of AI and robotics/automation to synthetic biology can accelerate synthetic biology timelines ~20-fold. We could create a new commercially viable molecule in ~6 months instead of ~10 years. This is direly needed if we want to enable a circular bioeconomy--the sustainable use of renewable biomass (carbon sources) to generate energy and intermediate and final products.

There are an estimated 3,574 high-production-volume (HPV) chemicals (chemicals that the U.S. produces or imports in quantities of at least 1 million pounds per year) that come from petrochemicals nowadays. A biotechnology company called Genencor needed 575 person-years of work to produce a renewable route for producing one of these widely used chemicals, 1,3-propanediol, and this is a typical figure.


																																			If we assume that's how long it would take to design a biomanufacturing process to replace the petroleum-refining process for each of these thousands of chemicals, we would need ~ 2,000,000 person years. If we put all the estimated ~5,000 U.S. synthetic biologists (let's say 10% of all biological scientists in the U.S., and that is an overestimate) to work on this, it would take ~371 years to create that circular bioeconomy.

With the temperature anomaly growing every year, we don't really have 371 years. These numbers are obviously quick back-of-the envelope calculations, but they give an idea of the order of magnitude if we continue the current path. We need a disruptive approach.

Furthermore, this approach would enable the pursuit of more ambitious goals that are unfeasible with current approaches, such as: engineering microbial communities for environmental purposes and human health, biomaterials, bioengineered tissues, etc.

How is Berkeley Lab a unique environment to do this research?

Berkeley Lab has had a strong investment in synthetic biology for the last two decades, and displays considerable expertise in the field. Moreover, Berkeley Lab is the home of "big science": large-team, multidisciplinary science, and

I think that is the right path for synthetic biology at this moment. Much has been achieved in the last seventy years since the discovery of DNA through single-researcher traditional molecular biology approaches, but I think the challenges ahead require a multidisciplinary approach involving synthetic biologists, mathematicians, electrical engineers, computer scientists, molecular biologists, chemical engineers, etc. I think Berkeley Lab should be the natural place for that kind of work.


																																						
    
     




																																			Tell us a little about your background, what inspired you to study mathematical modeling of biological systems?

Since very early on, I was very interested in science, specifically biology and physics. I vividly remember my dad telling me about the extinction of dinosaurs. I also remember being told how, in the Permian period, there were giant dragonflies (~75 cm) because oxygen levels were much higher than now (~30% vs. 20%) and insects get their oxygen through diffusion, not lungs. Hence, larger oxygen levels enabled much larger insects.

I was also fascinated by the ability that mathematics and physics afford us in understanding and engineering things around us. Physics was my first choice, because the way biology was taught in those times involved a lot more memorization than quantitative predictions. But I always had an interest in learning what scientific principles led to life on Earth as we see it now.

I obtained my Ph. D. in theoretical physics, in which I simulated Bose-Einstein condensates (a state of matter that arises when particles called bosons, a group that includes photons, are at close to absolute zero temperature) and using path integral Monte Carlo techniques, but it also provided an explanation for a 100+ year old puzzle in ecology: why does the number of species in an area scale with an apparently universal power law dependence on the area (S=cAz, z=0.25)? From then on I could have continued working on physics, but I thought I could make more of an impact by applying predictive capabilities to biology.


																																			For this reason, I took a big gamble for a physics Ph.D. and accepted a postdoc at the DOE Joint Genome Institute in metagenomics--sequencing microbial communities to unravel their underlying cellular activities--with the hope of developing predictive models for microbiomes. I found out, however, that most microbial ecologists had limited interest in predictive models, so I started working in synthetic biology, which needs predictions capabilities because it aims to engineer cells to a specification.

My current position allows me to use my mathematical knowledge to try and predictably engineer cells to produce biofuels and fight climate change. We have made a lot of progress, and have provided some of the first examples of AI-guided synthetic biology, but there is still a lot of work to do to make biology predictable.
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Researchers uncover protein SRSF1's uncommon ability to bind and unfold RNA G-quadruplexes
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                Credit: Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae213
            
        

    


RNA transcription is the genomic process in which a cell produces a duplicate of a gene's DNA sequence. In a study published in Nucleic Acids Research, University of Alabama at Birmingham Department of Chemistry Professor Jun Zhang, Ph.D., and his team reveal how the protein SRSF1 possesses the novel function of binding and unfolding complex RNA Guanine-quadruplexes.




										      
         
        
        
        

      

																																	Present in both DNA and RNA sequences, a G-quadruplex (GQ) is a structure of four guanine bases attached in a planar array. These arrays, known as G-tetrad, are connected via Hoogsteen base pairings. It is commonly seen that three or more layers of G-tetrads are what make up a GQ structure.

In a normally functioning cell, most GQs are eventually unwound, so that the information encoded by the RNA can be used for protein expression. GQs are used commonly to regulate the protein expression level. However, due to the extreme stability of their structures, GQs are relatively difficult to unwind once formed in cells.

For example, if the GQ is not unwound, the ribosome cannot pass through, and the needed protein cannot be produced. This regulating function is important because, if the protein functions to suppress cancer cells, then an inability to unwind a GQ sequence can result in the replication of cancerous and malicious cells.

"This is important because understanding how we can easily open GQ structures could provide another avenue into the future of treatment options for certain illnesses," Zhang said. "There are previously no other external tools that we can easily use to open these structures in the cell."

Zhang and his team researched the Ser/Arg-rich, or SR, protein family.

There are 12 members of the SR protein family. This family of RNA-binding proteins is most known for RNA splicing. SRSF1 oversees the splicing of more than 1,500 different messenger RNA transcripts.


																																						
    
     




																																			"The misfunction of splicing can result in the development of different illnesses such as cancer," Zhang said. "Around 60% of diseases can actually be attributed to the misfunction of splicing."

Each member of the SR protein family consists of one or two N-terminal RNA recognition motifs, or RRMs, and a phosphorylatable C-terminal protein region rich in repetitive Arg/Ser dipeptides, or RS.

Zhang's lab is the first to successfully solubilize full-length SRSF1 in its native state. Zhang's team used this to explore the RNA-binding landscape of SRSF1. In doing so successfully, Zhang's team found that SRSF1 RS prefers purine over pyrimidine.

In using the fluorescence resonance energy transfer, or FRET, between fluorescent chemicals Cy3 and Cy5, Zhang and his team were able to view the significant Cy5 signal decrease upon the adding of SRSF1. This decrease signifies a cooperative binding of SRSF1 to ARPC2 GQ and unfolding of the ARPC2 GQ.

"Our findings are just a beginning to understanding the broader roles SR proteins play in RNA splicing and translation," Zhang said. "Understanding these properties is important because it helps us to better understand how protein expression is regulated inside the cell."


																																																					
																				
																						More information:
												Naiduwadura Ivon Upekala De Silva et al, Unearthing a novel function of SRSF1 in binding and unfolding of RNA G-quadruplexes, Nucleic Acids Research (2024). DOI: 10.1093/nar/gkae213
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Nectarivores: A world of sweet-toothed critters
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                Credit: Simon Colenutt, CC BY 4.0
            
        

    


If you have a sweet tooth, you'll be familiar with the burst of energy known as a sugar rush. But what if your survival depended on it? Would you love it as much? Animals get the nutrients they need from different sources.



										    
																																	
They have been broadly classified as carnivores, herbivores and omnivores. But animal diets are more varied and specific. For instance, a nectarivore is the term for an animal that feeds mostly on nectar.

In other words, nectarivores feed on liquid candy. Nectarivores need the energy that nectar provides to maintain their metabolic functions.

But plants need these animals to feed on nectar too.

When nectarivores sip on nectar, they collect scattered pollen produced in a flower's anthers (male reproductive organs). Then, when they visit another flower, they help transfer the pollen to the flower's stigma (female reproductive organ). This is how pollination occurs. And without pollination, there would be no plants.


																																						
    
     




																																			WA is home to a variety of avid nectarivores, including approximately 800 species of native bees.

And although not native to WA, the European honeybee is one of the most common nectarivores in the region.
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                A bee's tongue. Credit: James Petts, CC BY-SA 2.0
            
        

    



A honeybee's tongue is called a glossa. It is a segmented tube covered in tiny hairs that trap nectar and suck it like a pump.

Rainbow lorikeets are another nectarivore that's widespread across Western Australia. Like the European honeybee, they are an introduced species, but a key part of WA's landscape. They have rough tongues with brush-like tips that extend to capture and savor nectar from bottlebrush, eucalyptus and grevillea flowers.


																																			And then there are natives like the elusive honey possum. This small marsupial has a long snout, few teeth and a bristled tongue as long as its head. These adaptations help it sip rapidly on its favorite banksia flowers. A convenient adaptation, since it can sip up to its total body weight in nectar daily.

Nectar is a wonderful treat, but not every animal can get a taste of it. It is usually reserved for animals with specific traits, like those previously described.

Sometimes, flowers will only attract a specific kind of pollinator, leading to what scientists have named pollination syndromes.

These tight bonds between animal and flower are forms of ecological specialization. And scientists have found that the Southwest Australian Floristic Region is home to a variety of these interactions. For instance, flowers in the region visited mainly by bees tend to be small, blue and yellow and to store pollen inside them.
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                Honey Possum. Credit: Kym Nicolson, CC BY 4.0
            
        

    



And some species of native plasterer bees have enlarged mouthparts (known as palpi), which allow them to extract nectar from the long silky-leaved blood flowers.

Nectarivores come in many shapes and sizes. And so do their tongues.

As pollinators, they are responsible for our plant diversity and crops. Therefore, protecting our nectarivores means ensuring our own survival.

As many species around the world face extinction, protecting nectarivores is fundamental.

Because who would have known that a sweet tooth could do so much for us?



																																																					
																					
																					
                              																					 
												  

This article first appeared on Particle, a science news website based at Scitech, Perth, Australia. Read the original article.
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Fossil places extinct saber-toothed cat on Texas coast
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                A skull from the saber-toothed cat Homotherium that is part of the Jackson School of Geosciences' Vertebrate Paleontology Collections. Credit: University of Texas at Austin
            
        

    


Important scientific finds don't always come in the biggest, buzziest packages. Sometimes new discoveries come in little ugly rocks. Such is the case of a 6-centimeter-wide, nondescript mass of bone and teeth that helped a scientist at The University of Texas at Austin expand the geographic footprint of a large cat that roamed the Earth tens of thousands of years ago.



										      
         
        
        
        

      

																																	
"You can't even tell what it is, let alone which animal it came from," said John Moretti, a doctoral student at the UT Jackson School of Geosciences who led the research. "It's like a geode. It's ugly on the outside, and the treasure is all inside."

The research was published in the May issue of The Anatomical Record.

The fossil looks like a lumpy, rounded rock with a couple of exposed teeth that are a little worse for wear, having been submerged and tumbled along the floor of the Gulf of Mexico for thousands of years before washing up on a beach. But when the fossil was X-rayed at the Jackson School's University of Texas Computed Tomography Lab, Moretti saw there was more to the fossil that met the eye: a hidden canine tooth that had not yet erupted from the jaw bone.

It was just what Moretti needed to identify the fossil as belonging to a Homotherium, a genus of large cat that roamed much of the Earth for millions of years. Because this specific cat wasn't fully grown when it died, its distinctive saber-like canine tooth had not fallen into its permanent position. Nestled inside the jaw, the tooth was protected from the elements.
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                In the fossil specimen that is the subject of this research paper, two teeth are visible breaking out at the bottom: an incisor, and the tip of a partially-erupted canine. The scale bar at the top right of the image is 1 centimeter. Credit: Sam Houston State University
            
        

    



"Had that saber tooth been all the way erupted and fully in its adult form, and not some awkward teenage in-between stage, it would have just snapped right off," Moretti said. "It wouldn't have been there, and we wouldn't have that to use as evidence."


																																						
    
     




																																			Homotherium spanned across habitats in Africa, Eurasia and the Americas. It was a large, robust cat about the size of a jaguar, with an elongated face, lanky front legs, and a sloping back that ended in a bobtail. Their serrated canine teeth were covered by large gum flaps, similar to domestic dogs today.

Their fossils have been found in several areas of Texas, but this fossil shows for the first time that the big cat roamed the now-submerged continental shelf that connects Texas and Florida. Scientists hypothesize that this stretch of land was a Neotropical corridor. Animals such as capybaras and giant armadillos that wouldn't have ventured farther north used this strip of humid grassland to move from Mexico to Texas to Florida.

The discovery that Homotherium lived along this corridor gives scientists a small glimpse into the ecology of this landscape during the Late Pleistocene, Moretti said. Big carnivores such as these cats helped shape the broader animal community, tamping down prey-animal populations and influencing regional biodiversity.

The fossil specimen was discovered more than 60 years ago on McFaddin Beach, south of Beaumont, by Russell Long, a professor at Lamar University, but was donated by U.S. Rep. Brian Babin, a former student of Long's who worked for 38 years as a dentist. Babin said that his training in paleontology and dentistry helped him recognize that what seems like a strange rock at first glance is actually an upper jaw bone and teeth.

The research is part of a larger initiative on McFaddin Beach fossils started in 2018 by William Godwin, curator at the Sam Houston State University Natural Science Museum and a co-author of the study. Co-authors also include Deanna Flores, Christopher J. Bell, Adam Hartstone-Rose, and Patrick J. Lewis.
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												John A. Moretti et al, The scimitar-cat Homotherium from the submerged continental shelf of the Gulf Coast of Texas, The Anatomical Record (2024). DOI: 10.1002/ar.25461
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Unexpected source of nutrients fuels growth of toxic algae from Lake Erie
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                Credit: The ISME Journal (2024). DOI: 10.1093/ismejo/wrae082
            
        

    


Climate change, such as warming and changes in precipitation patterns, affects the frequency and severity of harmful algal blooms (HABs) globally, including those of toxin-producing cyanobacteria that can contaminate drinking water.



										      
         
        
        
        

      

																																	
These nutrient-induced blooms cause worldwide public and ecosystem health concerns. Since the mid-1990s, Lake Erie, the shallowest and warmest of the Great Lakes and a source of drinking water for 11 million people, has experienced seasonal cyanobacterial blooms dominated by several species. Microcystis, the most abundant and most toxic, is recognized as the major producer of cyanotoxins in Lake Erie.

In an effort to better understand the factors that lead to HABs in Lake Erie, Lawrence Livermore National Laboratory (LLNL) scientists and collaborators from the University of Toledo and the University of Michigan have investigated the cyanotoxin production and microbiome community structure of several Microcystis cultures collected from algal blooms in Lake Erie.

One area that requires increasing research to better understand and ultimately predict HAB dynamics is how biological interactions in the lake ecosystems drive bloom formation and decline and how these interactions change under different nutrient conditions. That's what the team aimed to do, starting in the laboratory.

They examined the role of the cyanobacterial microbiome in impacting growth and cyanotoxin production under low inorganic nutrients to understand how microbial cycling of organic nutrients may impact HABs. Cyanobacterial HABs are usually linked to excessive inorganic phosphorus and nitrogen input (which are both found in fertilizer). Phosphorus has been widely recognized as a major contributor to phytoplankton biomass in freshwater.


																																						
    
     




																																			"But nitrogen is now emerging as a limiting nutrient in these ecosystems, especially during algal blooms, where its availability often restricts the growth of cyanobacteria," said LLNL scientist Wei Li, lead author of the paper appearing in The ISME Journal.

"Most studies have focused on inorganic forms of nitrogen such as nitrate and ammonium, but the role of organic molecules in fueling HABs is not well-characterized. Organic nitrogen, which includes compounds like amino acids, proteins and urea, could be a significant source of nitrogen for algal blooms, but its dynamics and impact are less well-understood. This gap in knowledge prevents our ability to predict and manage HABs effectively, as organic nitrogen sources might play a critical role in sustaining these blooms."

In the study, scientists used microbiome transplant experiments, cyanotoxin analysis and nanometer-scale stable isotope probing to measure nitrogen incorporation and exchange at single-cell resolution. First, they found that the type of organic nitrogen available shaped the microbial community associated with Microcystis, and that external organic nitrogen input led to similar levels of cyanotoxin produced as with inorganic nitrogen.


																																			This suggested that the microbiome could help maintain enough nitrogen levels for the cyanobacteria to make the nitrogen-rich toxin molecules. Dragan Isailovic, professor of chemistry at the University of Toledo, provided the expertise in cyanotoxin analysis.



    
    
    
        
        
    
         
             
         

          

Next, LLNL scientists conducted single-cell nitrogen incorporation analysis after doing incubations with nitrogen, 15 labeled amino acids and protein that revealed that some bacterial communities competed with Microcystis for organic nitrogen, but other communities promoted increased nitrogen uptake by Microcystis, likely through modification of the organic nitrogen to other molecules that the algae could incorporate.

Using LLNL's nanoSIMS, a complex mass spectrometer, the team was able to determine whether the toxic algae or the microbiome (or both) were able to incorporate the isotope labeled nitrogen.

"Without this instrument, it would be nearly impossible to figure this out because the microbiome and the toxic algae are all stuck together in these biofilms," said LLNL scientist Xavier Mayali, senior author and lead investigator of the study.

The nanoSIMS enabled the separation of the isotope signal from the cyanobacteria and the smaller microbiome cells from samples that had been preserved and dried. Additional microscopy of live samples in three dimensions, obtained by co-author and LLNL staff scientist Ty Samo, revealed the close associations between Microcystis and its microbiome.


																																						
    
     




																																			Researchers at the University of Michigan contributed to experiments and genomic analysis in the collaborative project, leveraging a collection of Microcystis cultures that they isolated from the lake and maintained in the laboratory.

"We are really just beginning to understand how the microbiome affects the biology and toxicity of cyanobacterial blooms. This project allowed us to bring together nanoSIMS, microbiology, genomics and cyanotoxin analysis," said University of Michigan assistant research scientist and co-author Anders Kiledal.

The laboratory culture data showed that organic nitrogen input could potentially support Microcystis blooms and toxin production in nature, and the Microcystis-associated microbial communities likely play critical roles in this process. However, these hypotheses will require testing directly in Lake Erie, which the team hopes to do in the future.

LLNL has close ties with the University of Toledo after formalizing a collaboration agreement last fall. The agreement calls for the institutions to exchange science and technology ideas, to support student opportunities and internships and to pursue research and development in areas like solar energy and other renewable energy technologies, climate and environmental science, biomedical sciences and hydrogen.

"This project to gain a better understanding of the role of the cynanobacterial microbiome in the growth of harmful algal blooms in Lake Erie and other waterways in Northwest Ohio is one of a number of critical science and engineering challenges the University of Toledo is tackling with LLNL," said Frank Calzonetti, University of Toledo vice president for innovation and economic development. "Our scientists are benefiting greatly through our access to one of the top research facilities in the world."

Other University of Toledo contributors include graduate students Sanduni Premathilaka and Sharmila Thenuwara. Other LLNL researchers include David Baliu-Rodriguez (a former graduate student at University of Toledo), Jeffrey Kimbrel, Christina Ramon and Peter Weber.
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Drones offer new perspective on vulnerable tide-exposed coral reefs
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                Drone imagery shown for lagoon bommie study area, (B) aerial imagery (see Section 2.2) showing location of study area (red square) among other lagoon bommies, (C) location of study area within Clerke Reef lagoon and (D) location of Rowley Shoals off the Western Australian Coast. Credit: Remote Sensing in Ecology and Conservation (2024). DOI: 10.1002/rse2.401
            
        

    


A new study has used drone technology and cutting-edge analytical methods for the first time to map the intertidal coral reefs of the Rowley Shoals off the Kimberley coast of Western Australia.



										      
         
        
        
        

      

																					
The research, by The University of Western Australia and the Australian Institute of Marine Science (AIMS) and published in Remote Sensing in Ecology and Conservation, highlights the potential of drones as a new tool to monitor intertidal reefs, which are usually challenging to access and therefore under-represented in traditional monitoring programs.

Intertidal coral reefs are a crucial component of many reef systems and play a significant role in overall reef health. Their habitats experience dynamic changes between low and high tides, and organisms must adapt to survive both underwater and above-water conditions.

Co-author Dr. Sharyn Hickey, from UWA's Oceans Institute and Center for Water and Spatial Science, said this type of reef had shown evidence of thermal adaptation and higher resistance to coral bleaching than coral in subtidal environments.

"In the few studies conducted on intertidal reefs, the main impacts on them were found to be marine heat waves driven by climate change and sea level rise, so they are an important element of coral reef systems to get to know better," Hickey said.

Lead author, UWA graduate research assistant Amy Stone, compared machine learning and AI approaches to analyze drone-captured imagery of 3D reef structure, finding that the simplest methods were the most accurate in estimating coral cover.

"The findings are important because we have lacked comparative studies to know how to best optimize drones as a tool to map coral reefs," Stone said.

AIMS' Dr. Ben Radford, a senior researcher on the paper, said the work opened doors for more comprehensive and efficient monitoring of these vulnerable intertidal ecosystems.

"This will aid in conservation efforts and further our understanding of their role within broader reef systems," Radford said.

"By harnessing drone technology, we can enhance our understanding of these critical ecosystems and inform targeted management strategies."

An interactive overview of the study is available here.
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												Amy Stone et al, Mapping emergent coral reefs: a comparison of pixel- and object-based methods, Remote Sensing in Ecology and Conservation (2024). DOI: 10.1002/rse2.401
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Researchers find high concentrations of D-amino acids and D-lactate in estuarine polychaetes
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                Collection sites of T. osawai at the Arakawa River. Credit: Scientific Reports (2024). DOI: 10.1038/s41598-024-55861-5
            
        

    


A research group has discovered that high concentrations of D-amino acids, in addition to L-amino acids, are present in the body tissues of polychaetes and that their composition is species-specific.



										      
         
        
        
        

      

																																	
Furthermore, seasonal differences were observed in the amino acid concentrations in the species of polychaetes inhabiting the Arakawa estuarine area flowing into Tokyo Bay. A significant increase in D-lactate was observed during the reproductive period, suggesting its involvement in reproductive activities.

Additionally, it was suggested that D-lactate is involved in adaptation to low salinity environments, as the concentration of D-lactate was higher in polychaetes inhabiting upstream areas compared to those inhabiting downstream areas. Based on these results, it is speculated that D-amino acids and D-lactate play important physiological roles in the life activities of polychaetes, which differ from those observed in mammals.

Further research on the physiological and biochemical aspects of the life activities of polychaetes, which continue to live in anaerobic environments, is expected.

This research was published on March 6, 2024, in the journal Scientific Reports.

In addition to L-amino acids, five kinds of D-amino acids, including D-alanine and D-proline, were detected in the body tissues of polychaetes, and significant species-specific characteristics depending on the species were identified. It was found that the D-lactate concentration in polychaetes exhibiting reproductive swarming, such as Tylorrhynchus osawai and Hediste diadroma, was ten- to hundred-times higher than that in other polychaetes.


																																						
    
     




																																			Particularly in the case of T. osawai, which predominate the upstream areas, the D-lactate concentration significantly increased during the reproductive period.

D-Lactate in Tylorrhynchus osawai inhabiting upstream areas was higher than that in individuals inhabiting downstream areas. Therefore, D-lactate may be related to reproductive activities and adaptation to low-salinity conditions. D-amino acids are widely found in aquatic invertebrates, such as bivalves and crustaceans, and play important physiological roles in osmoregulation, low oxygen tolerance, reproduction, and development.

Polychaetes are annelids that inhabit various environments, from the oceans to estuaries and freshwater areas, and are sometimes a dominant group. However, there are limited reports on the concentration and role of D-amino acids in polychaetes. Therefore, the current research group quantified and compared the concentrations of free amino acids and lactate, the final products of anaerobic metabolism, in the body tissues of ten species of polychaetes collected from eight locations, including estuaries and inner bays.

D-amino acids were detected, in addition to L-amino acids, in polychaetes, and their composition varied depending on the species. Furthermore, high concentrations of D-lactate were detected in Tylorrhynchus osawai and Hediste diadroma, and the ratio of D-lactate to total lactate concentration (D-lactate concentration + L-lactate concentration) exceeded 98%.


																																			Particularly, T. osawai, which is predominant in the estuary of the tidal zone affected by the tide, showed a significant increase in D-lactate concentrations during its reproductive period. Additionally, D-lactate in T. osawai inhabiting upstream areas was higher in concentration than in those inhabiting downstream areas. Therefore, D-lactate may be involved in reproductive activities and adaptation to low-salinity conditions.

The results of this study suggest that D-amino acids and D-lactate play important physiological roles in the life activities of polychaetes.

Researchers include Mayu Onozato, Lecturer; Tatsuya Sakamoto, Assistant Professor; Takeshi Fukushima, Professor; Department of Analytical Chemistry, Faculty of Pharmaceutical Sciences, Toho University; Atsuko Nishigaki, Professor, Yuichiro Osaka, Graduate Student; Kenji Okoshi, Professor; Department of Environmental Science, Faculty of Science, Toho University; Wataru Shinohara, teacher, Chiba Municipal Chiba High School.
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Over the last century, nearly all of the UK's wildflower meadows have been destroyed by expanding farms, towns and cities. This loss of habitat has driven nature's decline, according to research led by birds and nature conservation charity the RSPB.




										      
         
        
        
        

      

																																	
As meadows and other wild spaces have disappeared in the UK and further afield, massive population crashes have followed: Europe has lost over 600 million birds since 1980, while insects have seen a 76% decline.

If you have a lawn, then you have a chance to help reverse this trend. No Mow May, a campaign led by plant conservation charity Plantlife, asks people to refrain from mowing the grass during May. With over 20 million gardens, the UK has an enormous resource with which to benefit wildlife.

Although a perfectly manicured lawn was traditionally perceived as the ideal British garden, concern for wildlife has forced a rethink. In recent years, wild and unruly gardens--including one inspired by a wetland transformed by beavers--have won best in show at the annual Chelsea Flower Show.

The No Mow May campaign is still in its infancy. What research has revealed about its effects so far, however, is encouraging.


																																						
    
     




																																			May there be flowers

No Mow May encourages people to leave their lawns wild for the whole month, letting flowers typically considered weeds to mature, flower and provide food for bees in the form of nectar and pollen. Fast-growing dandelions, cuckoo flower, daisies and buttercups are all likely to appear on lawns left to languish; you can enjoy the colors as wildlife enjoys the food.

That said, some people don't like letting their entire lawn go wild. Fortunately, research has shown that leaving lots of small patches for wildflowers can still significantly benefit a variety of local pollinators. Small patches, adding up to no bigger than 20 square meters (about the size of a living room), can more than double the number of bees visiting your garden. This means you can maintain tidy areas of your garden while leaving a little bit for wildlife.

However, as you're providing all this food for bees, using bug killer sprays will undo your hard work. Obviously insect sprays can harm bees, but even weedkiller can poison their stomachs.

Scientists believe wildlife-friendly gardens have huge potential to help urban wildlife, and recent studies have uncovered benefits to insect populations in particular. Research from a five-year study by Butterfly Conservation has shown a 93% increase in visits by butterflies to gardens participating in No Mow May. A survey of UK gardens found nearly half provide food for wild birds from feeders--we are already trying to encourage wildlife into our gardens, so No Mow May is just an extension of that.

The benefits go far beyond bees and butterflies: studies have shown increases in ground beetles (which eat common garden pests) and healthier earthworm populations amid better soil in less manicured lawns.

But, of course, everything can change on June 1.


																																			A lean June for birds

Although common lawn flowers grow and bloom quickly, these flowers are done at the end of May and begin to spread seeds--providing a fantastic food source for birds such as goldfinches and sparrows. When mowing resumes, you destroy all this food the birds have been waiting for.

There's another downside of resuming mowing after May. Bees are uniquely clever creatures that can learn where flowers are in their environment (your garden). This form of learning is called "flower constancy," and is critical to how honeybees and bumblebees survive. When the wild patches are cut at the end of May, all the energy and effort the bees have put in to learning where to find these flowers is wasted.

The most useful gardens are those in which uncut patches become permanent. Leave small patches for wildlife and at the end of May, don't mow them. A little corner of the garden set aside for wildlife can make a huge difference if we all do it.

As long-term patches become established, they "self-seed," meaning the existing wildflowers become more dense and the patches look prettier with more color and new plants appearing over subsequent years. Better looking patches become an encouragement to neighbors, nurturing people's connection with nature and making them more likely to adopt wild gardens themselves.

An influential report published in 2010 continues to shape government policy on undoing decades of wildlife loss.

Its title, Making Space for Nature, was intended to incite sweeping changes to how landscapes are managed--but I have always felt this phrase is apt on the micro scale too. Everyone should make space for nature, where they can. No Mow May, and the enduring ethos it hopefully endows, is one way of doing so.
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Stray cats are a big problem across most Australian cities and towns. They cause many complaints related to nuisance behaviors and concerns about urban wildlife, as well as straining government resources. Ratepayers ultimately pay for the substantial costs created by roaming cats.



										      
         
        
        
        

      

																																	
Mandatory registration, desexing, microchipping and containment of cats on owners' properties have had limited effect. We see owned cats and strays roaming across most urban areas. Most strays are in disadvantaged suburbs, where compassionate residents (considered semi-owners) feed and care for them.

Discussions about cat overpopulation tend to focus on the cats themselves and the challenges they bring. The limitations of current management strategies to control cat numbers, such as local government trapping programs, are neglected.

Councils keep covering the costs of cat management without asking "why are current practices not working?" or "are we in line with our social license to operate?" In other words, is there broad support for euthanizing huge numbers of cats?

An estimated 50,000 are killed each year. This has devastating effects on the mental health of many animal management staff.

It's imperative to shift the focus to adopting more effective management methods. The solution is a no-barrier, community cat desexing program. This also requires a shift in mindset so animal management officers give priority to community assistance over enforcement.

Our new research reveals the remarkable results of one such program, entirely funded by one local council. Over eight years, cat intakes fell to a third of what they were and euthanasia to less than a fifth. Cat-related complaints fell too. These outcomes saved the council nearly half-a-million dollars over the eight years.


																																						
    
     




																																			Tackling a complex problem

Cat overpopulation is a complex issue with far-reaching social implications.

Council practices can create extra problems, particularly for communities where residents struggle to comply with curfews, can't afford to pay for desexing, or lack transport to get to the vet. Individuals are left feeling overwhelmed and unable to care adequately for their pets.

Council officers spend a lot of time dealing with the repercussions. This work includes trapping and impounding cats. Knowing the likely outcome will be euthanasia harms their mental health.

So, not only is there a lack of support for cat owners and semi-owners, but the mental well-being of people in animal care roles is neglected. They include animal management officers, shelter workers, rescue groups and veterinarians who must euthanize healthy animals.

The stark reality is owners reclaim only about 7% of cats taken to pounds and shelters in Australia. That leaves the challenging options of adoption or euthanasia for most of the cats.

Across Australia, one-third of cats and kittens entering shelters and pounds are killed. Most of them are young and healthy.


																																			How one council found a better way

Banyule City Council in Victoria ran a council-funded, no-barriers and targeted community cat desexing program from 2013. Our study reports on the results after eight years.

Cat desexing, microchipping and registration were free in the first year. There were no limits on the number of cats from each household. Free desexing is still offered.

To ensure everyone had access, the program provided free transport to these services. It encouraged semi-owners, who regularly fed stray cats, to take part and make the transition to official cat ownership.

The program also targeted disadvantaged suburbs. These areas were identified as hotspots for cat-related complaints and impoundments.

Two Banyule animal management officers implemented this program. They believed there was a better way to manage cats in their community--and they were right.

Over the eight years, large falls in impoundments (66%), euthanasia (82%) and cat-related calls (36%) were recorded across Banyule. In the three target suburbs, an average 4.1 cats a year per 1,000 residents were desexed.

Desexing costs totaled A$77,490. The council saved an estimated $440,660. This was largely due to reduced charges by Banyule's contracted service for accepting cats, and savings for officers' time because of fewer complaints.

A program built on earning public trust

Winning the trust of cat owners and caregivers is imperative. At first, people were hesitant and suspicious of Banyule's animal management officers. This was mainly due to their perceived role of enforcement, such as issuing fines, rather than helping the community.


																																						
    
     




																																			For the first year, many people worried about potential repercussions for owning or feeding more than the legally permitted two cats per property. Residents were reluctant to disclose the actual number of cats they owned or cared for. Some households harbored four or five cats, sometimes more, but concealed their presence at first.

Controlling cat numbers becomes a daunting task when the true extent of the problem remains uncertain. Without desexing all cats on a property, the program's success will be limited.

The study findings highlight the importance of local councils and communities working together to manage urban cat populations. It's equally important to minimize barriers to sterilization and microchipping, and to target areas with the highest rates of cat-related issues and cats impounded.

Cat management is a community problem. It can only be solved by involving everyone who's affected. Leveraging community centers, local social workers and support services, and other relevant agencies for referrals to the council is imperative.

Understanding each community and its unique needs depends on actively engaging with residents. This means walking the streets and talking with residents in a relatable manner, not as an authority figure. It's essential to provide assistance, guidance and educational resources to support this approach.

This supportive approach is aligned with the One Welfare philosophy based on evidence that the well-being of animals, people and their environments are connected. The targeted free desexing program achieved better outcomes for people, animals, the council and the environment than a traditional compliance-based approach.
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