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3D imaging allows researchers to observe degradation of micro- and nanoplastics with unprecedented detail

										

    
        
            [image: Using 3D imaging to transform plastic waste recycling]
             
                Images of polyethylene microspheres using (a), (c), (d) digital microscopy; and (b), (e), (f) optical microscopy. Microplastics are shown (a), (b) without; and (c)-(f) with 30-96 h of UV exposure in the presence of TiO2 photocatalyst. Credit: Nanotechnology (2024). DOI: 10.1088/1361-6528/ad5dc5
            
        

    


In a global first, University of Waterloo researchers have used 3D imaging technology to understand the fine details of microplastics, paving the way for more effective methods of plastic waste recycling.



										      
																																	Micro- and nanoplastics, tiny particles of plastic that come from the breakdown of larger plastic items, have become an exponentially worsening environmental crisis. Due to their difficulties in safely decomposing, plastic pollution poses significant threats to ecosystems, wildlife and human health.

Scientists have struggled to understand the exact process of how these micro- and nanoplastics degrade, particularly at the micro- and nanoscale, which has hampered efforts to mitigate their environmental impact. Observing and understanding how the fine details of microplastics function and how they break down are key to eradicating them from our environment.

In collaboration with the National Research Council (NRC), researchers leveraged 3D imaging technology in addition to traditional 2D microscopy, allowing them to observe the degradation of micro- and nanoplastics with unprecedented detail.

The study, "3D imaging photocatalytically degraded micro-and nanoplastics," was recently published in Nanotechnology.

"Most microscope images provide a two-dimensional view, similar to a medical X-ray, which gives us some information but lacks depth," said William Anderson, a professor in Waterloo's Department of Chemical Engineering.

"However, 3D imaging is like a CT scan, offering far more detailed insights into the structure and degradation of microplastics. This level of detail has been incredibly challenging to achieve, but it's crucial for understanding what is happening at the surface of micro- and nanoplastics and how degradation processes work."


																																						
    
     




																																			The research group used a novel combination of physical and biological approaches to obtain their new visual data. They utilized a photocatalytic process, which treated micro- and nanoplastics with UV light and a titanium oxide catalyst. As a result, the team could observe and analyze the degradation at a microscopic level.

"Using this methodology reveals not just that degradation is happening, but exactly how and where it's occurring on the surface of micro- and nanoplastics, said chemical engineering professor Boxin Zhao, a University of Waterloo Endowed Chair in Nanotechnology. "This knowledge is crucial for developing more effective methods of breaking down plastics on the micro- and nanoscales."

Anderson and Zhao, in collaboration with researchers from the Department of Chemical Engineering and the Department of Biology at Waterloo, are developing biocycling methods where microplastics could be used as a carbon source for bacteria. These bacteria would ingest microplastics and then excrete an environmentally friendly biopolymer that could be used to create new materials like plastic bags or packaging films.

This study has broader implications for Waterloo's research team, which is now forming a multidisciplinary plastics biocycling research initiative.

The collaboration underscores the importance of bringing together different fields of expertise to tackle complex environmental challenges. This research offers valuable insights that could pave the way for more effective methods of plastic waste recycling and contribute to a circular economy.


																																																					
																				
																						More information:
												Aleksander Cholewinski et al, 3D imaging photocatalytically degraded micro- and nanoplastics, Nanotechnology (2024). DOI: 10.1088/1361-6528/ad5dc5
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New method captures the stochastic dynamics in coherent X-ray imaging at the nanoscale

										

    
        
            [image: A new method captures the stochastic dynamics in coherent X-ray imaging]
             
                Multiple snapshots reveal, through a X-ray diffraction pattern, the features of an ultrafast stochastic process. Credit: Arnab Sarkar, Allan Johnson
            
        

    


Coherent X-ray imaging has emerged as a powerful tool for studying both nanoscale structures and dynamics in condensed matter and biological systems. The nanometric resolution together with chemical sensitivity and spectral information render X-ray imaging a powerful tool to understand processes such as catalysis, light harvesting or mechanics.



										      
																																	Unfortunately, these processes might be random or stochastic in nature. In order to obtain freeze-frame images to study stochastic dynamics, the X-ray fluxes must be very high, potentially heating or even destroying the samples. Also, detectors acquisition rates are insufficient to capture the fast nanoscale processes.

Stroboscopic techniques allow imaging ultrafast repeated processes. But only mean dynamics can be extracted, ruling out measurement of stochastic processes, where the system evolves through a different path in phase space during each measurement. These two obstacles prevent coherent imaging from being applied to complex systems.

Allan Johnson and Arnab Sarkar from IMDEA Nanociencia institute (Madrid) have conceived a new method to directly recover the signal in a wide variety of systems currently unobtainable with existing approaches. The researchers have shown that, leveraging the coherence intrinsic to these methods, it is possible to separate out the stochastic and deterministic contributions to a coherent X-ray scattering pattern, returning real space images of the deterministic contributions, and the momentum spectrum of the stochastic contributions.

Stochastic processes are widespread at the nanoscale, where thermal or quantum effects become highly significant. For instance, quantum materials often show stochastic motion of charge carriers, vortices or domain walls. Because of the difficulty in forming real space images of such stochastic processes, fluctuations are generally studied through alternative methods that return the statistical properties.


																																						
    
     




																																			Single-shot measurements, performed at free electron lasers, could allow snapshots of fluctuations, although may not be possible in many systems due to damage concerns. Recently, coherent correlation imaging has been used to group similar frames in repeated measurements until the signal-to-noise is sufficient to reconstruct real images. This technique is a major methodological advance, but still requires enough flux in order to ensure the partial frames acquired are sufficiently complete.

In their work, recently published in Materials Advances, IMDEA Nanociencia researchers have demonstrated a new approach for separating the stochastic and deterministic (mean) contributions in coherent imaging methods.

From averaged diffraction pattern of multiple snapshots, researchers show that it is possible to isolate the stochastic part through a Fourier transform holography analysis. They have demonstrated they can return real space images of the mean fluctuations in three representative test cases: uncorrelated point-like defects (vortices), polaron-like pairs, and metallic domain walls in an insulating matrix.

By applying reconstruction methods to the scattering patterns, researchers returned a range of quantitative information: separation, size and phase shift of the polaron pairs, and size, shape, and metallic character (spectral dependence) of the domain walls.

There are many more examples of fluctuations at the nanoscale available where this method, dubbed coherence isolated diffractive imaging (CIDI), could be applied. For instance, tracking the motion of charge carriers or domain fluctuations in quantum materials.

Furthermore, the use of CIDI imaging for studying fast fluctuations does not actually require femtosecond X-ray pulses; the limitation will be given by the coherence time of the light, which determines over what time window scattering contributions can add coherently at the detector. This means it may be possible to image femtosecond fluctuations using broadband continuous wave radiation, for instance the pink-beam of a synchrotron.


																																																					
																				
																						More information:
												Arnab Sarkar et al, Coherent X-ray imaging of stochastic dynamics, Materials Advances (2024). DOI: 10.1039/D4MA00154K
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Metasurfaces: Tiny tech with big potential
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                Electron-beam lithography. Credit: Light: Advanced Manufacturing (2024). DOI: 10.37188/lam.2024.005
            
        

    


Imagine manipulating light with ultra-thin, flat sheets instead of bulky lenses and mirrors. That's the promise of metasurfaces, a nanostructure technology that can twist and bend light in ways never before possible.



										      
																					Metasurfaces are artificially engineered surfaces composed of meticulously designed nanostructures, each smaller than the wavelength of light. By controlling the geometry and arrangement of these tiny structures, scientists can create metasurfaces that precisely control the amplitude, phase, and polarization of light waves at the two-dimensional interface.

This unprecedented control over light's properties unlocks a vast array of potential applications previously unattainable with conventional optics.

In a new review article published in Light: Advanced Manufacturing, researchers from China discuss the nanofabrication techniques compatible with the manufacture of meta-devices, including maskless and masked lithography. They explore limitations of current fabrication methods and offer solutions to overcome these challenges for advanced nanophotonic applications.

Traditional optical components, such as lenses and prisms, use bulky structures and precise curvatures to manipulate light. On the other hand, metasurfaces achieve similar optical feats within a fraction of the size and complexity. They offer a flat, ultra-thin, lightweight alternative, paving the way for more compact and integrated devices.

The potential applications of metasurfaces span a wide range of fields, including beam steering and focusing, holography and 3D imaging, polarization control and analysis, exotic light beam generation, biomedical imaging and sensing, and optical cloaking.

While metasurfaces offer immense potential, challenges remain in their fabrication and integration. Manufacturing them at large scales with high precision and low cost is a hurdle yet to be overcome. Additionally, fully realizing their miniaturization potential requires addressing the reliance on bulky components in current metasurface devices.

Researchers worldwide are actively addressing these challenges, exploring innovative nanofabrication techniques and integration strategies. The future of metasurfaces promises a world where light is harnessed and manipulated with unprecedented control, leading to transformative advancements in optics, communications, sensing, imaging, and beyond.


																														
																				
																						More information:
												Borui Leng et al, Meta-device: advanced manufacturing, Light: Advanced Manufacturing (2024). DOI: 10.37188/lam.2024.005
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Nanostructures enable on-chip lightwave-electronic frequency mixer

										

    
        
            [image: Nanostructures enable on-chip lightwave-electronic frequency mixer]
             
                Caption:The demonstration of a lightwave-electronic mixer at petahertz-scale frquencies is a first step toward making communication technology faster and progresses research toward developing new, miniaturized lightwave electronic circuitry capable of handling optical signals directly at the nanoscale. Credit: Sampson Wilcox/Research Laboratory of Electronics
            
        

    


Imagine how a phone call works: Your voice is converted into electronic signals, shifted up to higher frequencies, transmitted over long distances, and then shifted back down so it can be heard clearly on the other end. The process enabling this shifting of signal frequencies is called frequency mixing, and it is essential for communication technologies like radio and Wi-Fi. Frequency mixers are vital components in many electronic devices and typically operate using frequencies that oscillate billions (GHz, gigahertz) to trillions (THz, terahertz) of times per second.



										      
																																	Now imagine a frequency mixer that works at a quadrillion (PHz, petahertz) times per second--up to a million times faster. This frequency range corresponds to the oscillations of the electric and magnetic fields that make up light waves.

Petahertz-frequency mixers would allow us to shift signals up to optical frequencies and then back down to more conventional electronic frequencies, enabling the transmission and processing of vastly larger amounts of information at many times higher speeds. This leap in speed isn't just about doing things faster; it's about enabling entirely new capabilities.

Lightwave electronics (or petahertz electronics) is an emerging field that aims to integrate optical and electronic systems at incredibly high speeds, leveraging the ultrafast oscillations of light fields. The key idea is to harness the electric field of light waves, which oscillate on sub-femtosecond (10-15 seconds) timescales, to directly drive electronic processes.

This allows for the processing and manipulation of information at speeds far beyond what is possible with current electronic technologies. In combination with other petahertz electronic circuitry, a petahertz electronic mixer would allow us to process and analyze vast amounts of information in real time and transfer larger amounts of data over the air at unprecedented speeds.


																																						
    
     




																																			The MIT team's demonstration of a lightwave-electronic mixer at petahertz-scale frequencies is a first step toward making communication technology faster, and progresses research toward developing new, miniaturized lightwave electronic circuitry capable of handling optical signals directly at the nanoscale.

In the 1970s, scientists began exploring ways to extend electronic frequency mixing into the terahertz range using diodes. While these early efforts showed promise, progress stalled for decades. Recently, however, advances in nanotechnology have reignited this area of research. Researchers discovered that tiny structures like nanometer-length-scale needle tips and plasmonic antennas could function similarly to those early diodes but at much higher frequencies.

A recent study published in Science Advances by Matthew Yeung, Lu-Ting Chou, Marco Turchetti, Felix Ritzkowsky, Karl K. Berggren, and Phillip D. Keathley at MIT has demonstrated a significant step forward. They developed an electronic frequency mixer for signal detection that operates beyond 0.350 PHz using tiny nanoantennae. These nanoantennae can mix different frequencies of light, enabling analysis of signals oscillating orders of magnitude faster than the fastest accessible to conventional electronics.

Such petahertz electronic devices could enable developments that ultimately revolutionize fields that require precise analysis of extremely fast optical signals, such as spectroscopy and imaging, where capturing femtosecond-scale dynamics is crucial (a femtosecond is one-millionth of one-billionth of a second).


																																			The team's study highlights the use of nanoantenna networks to create a broadband, on-chip electronic optical frequency mixer. This innovative approach allows for the accurate readout of optical wave forms spanning more than one octave of bandwidth. Importantly, this process worked using a commercial turnkey laser that can be purchased off the shelf, rather than a highly customized laser.

While optical frequency mixing is possible using nonlinear materials, the process is purely optical (that is, it converts light input to light output at a new frequency). Furthermore, the materials have to be many wavelengths in thickness, limiting the device size to the micrometer scale (a micrometer is one-millionth of a meter).

In contrast, the lightwave-electronic method demonstrated by the authors uses a light-driven tunneling mechanism that offers high nonlinearities for frequency mixing and direct electronic output using nanometer-scale devices (a nanometer is one-billionth of a meter).

While this study focused on characterizing light pulses of different frequencies, the researchers envision that similar devices will enable one to construct circuits using light waves. This device, with bandwidths spanning multiple octaves, could provide new ways to investigate ultrafast light-matter interactions, accelerating advancements in ultrafast source technologies.

This work not only pushes the boundaries of what is possible in optical signal processing, but also bridges the gap between the fields of electronics and optics. By connecting these two important areas of research, this study paves the way for new technologies and applications in fields like spectroscopy, imaging, and communications, ultimately advancing our ability to explore and manipulate the ultrafast dynamics of light.


																																																					
																				
																						More information:
												Matthew Yeung et al, Lightwave-electronic harmonic frequency mixing, Science Advances (2024). DOI: 10.1126/sciadv.adq0642
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        Adding an alternating magnetic field to layers of twisted graphene creates even more exotic properties
        Magnetic fields can engineer flat bands in twisted graphene layers to create a new playground for exotic physics, RIKEN physicists have shown.

      

      
        First detection of cross-correlation between cosmic shear and X-ray background enhances baryonic matter understanding
        A new study in Physical Review Letters offers the first detection of the cross-correlation between cosmic shear and diffuse X-ray background, helping to understand the distribution of baryonic matter in the universe.

      

      
        Physicists capture first thickness-dependent transitions in two-dimensional magnetic material
        A team of physicists from The University of Hong Kong (HKU), Texas Tech University (TTH), and the University of Michigan (UMich), has made an important discovery in the study of van der Waals (vdW) magnetic materials, a special class of materials with unique electronic and magnetic properties that make them attractive for use in various applications.

      

      
        Novel metasurface enables temperature-adaptive radiative cooling
        As the global energy crisis intensifies and climate change accelerates, finding sustainable solutions for energy management is increasingly urgent. One promising approach is passive radiative cooling, a technology that allows objects to cool by emitting heat directly into space, requiring no additional energy.

      

      
        Scientists demonstrate octave-spanning soliton frequency combs on thin-film lithium niobate
        The invention of optical frequency combs revolutionized frequency metrology and time-keeping. Miniaturization of such combs onto photonic chips, primarily leveraging the microresonator Kerr soliton frequency comb, expands on these functionalities by providing portable solutions to ultrafast spectroscopy, laser frequency synchronization, as well as stable optical, millimeter wave, and microwave frequency generation.
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Adding an alternating magnetic field to layers of twisted graphene creates even more exotic properties
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                Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.246401
            
        

    


Magnetic fields can engineer flat bands in twisted graphene layers to create a new playground for exotic physics, RIKEN physicists have shown.



										      
																																	The exotic properties of graphene--a single layer of carbon atoms in a hexagonal lattice--are now well established. Electrons effectively move through graphene as if they have no mass. This is an exciting prospect for creating electronic devices with functionalities beyond those of silicon.

But things get even weirder when two or more layers of graphene are combined.

Whenever two sheets with a repeating pattern are placed on top of each other, a much larger pattern emerges when one sheet is rotated. Two layers of graphene also exhibit this so-called moire pattern.

This leads to a dramatic change in properties. For example, at specific twisted angles, by adjusting electron number, the bilayer graphene can exhibit behaviors of a correlated insulator as well as superconductivity.

Now, Ching-Kai Chiu and Congcong Le, both at the RIKEN Interdisciplinary Theoretical and Mathematical Sciences (iTHEMS), and co-workers have shown that twisted bilayer graphene can become an even richer playground for exotic physics by using a spatially varying magnetic field. Their study is published in Physical Review Letters.


																																						
    
     




																																			Graphene's unique band structure gives rise to its special electronic properties. "Graphene is renowned for having a band structure with a linear relationship between an electron's energy and momentum at certain points," explains Chiu.

Having two layers of graphene twisted at an angle alters these bands. "In twisted bilayer graphene, at certain 'magic' twist angles, these bands evolve into flat bands because the interlayer coupling between the layers is adjusted to the right spot," says Chiu.

In these flat bands, the kinetic energy of electrons is minimized, so the interactions between electrons become the dominant force. Intense electron-electron interactions lead to numerous strongly correlated electronic phenomena such as unconventional superconductivity.

"The discovery of strongly correlated electrons in magic-angle twisted bilayer graphene devices has both shocked and excited the physics community," notes Le.

These flat bands are two-fold degenerate: that is, two different quantum states have the same energy. Chiu and the team have now mathematically shown that introducing a spatially alternating magnetic field gives rise to additional magic angles and flat bands that are quadruply (four-fold) degenerate.

"This higher degeneracy could potentially lead to even more correlated phenomena," says Le. "And the magnetic phase offers an additional novel degree of freedom to tailor the electronic band structure."

The search is on to find other materials that exhibit these phenomena. "We will systematically search for new platforms that host flat bands," says Chiu.


																																																					
																				
																						More information:
												Congcong Le et al, Double and Quadruple Flat Bands Tuned by Alternative Magnetic Fluxes in Twisted Bilayer Graphene, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.246401. On arXiv: DOI: 10.48550/arxiv.2210.13976
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                Dark matter halo from a cosmological N-body simulation. Credit: Cosmo0/Wikimedia Commons. https://en.wikipedia.org/wiki/User:Cosmo0.
            
        

    


A new study in Physical Review Letters offers the first detection of the cross-correlation between cosmic shear and diffuse X-ray background, helping to understand the distribution of baryonic matter in the universe.



										      
																																	Making up around 5% of the universe, baryonic matter--comprising protons and neutrons--plays a crucial role in the creation of cosmological structures such as stars, planets, and galaxies. It contains valuable information for understanding large-scale structures in the universe.

Baryonic matter is drawn into concentrated regions of dark matter, called dark matter halos, by the gravitational pull of dark matter. Within these halos, baryonic matter exists in either concentrated forms (such as stars and galaxies) or in diffuse forms (such as hot gas).

Detecting baryonic matter in both forms is difficult due to the complex interactions of the diffused gas and the effects of dark matter.

Dr. Tassia Ferreira and colleagues from the University of Oxford investigated the influence of baryonic physics on cosmological measurements in their PRL study. For this, they focused on combining data from two observational sources.

Dr. Ferreira spoke to Phys.org about probing the nature of baryonic matter. "I have always had a passion for studying the universe through an observational perspective," Dr. Ferreira said.

"I have worked with cosmic shear for most of my research career and, at Oxford, I found experts in cross-correlations using weak lensing data. It thus made sense to push cross-correlations to combine effects that intuitively should be connected but had not yet been detected."


																																						
    
     




																																			Baryonic matter distribution

For cosmic shear measurements, which give information about the concentrated baryonic matter, the researchers relied on The Dark Energy Survey Year 3 (DES Y3) data release.

This data contains images and measurements of galaxies, galaxy clusters, and other cosmic structures.

The gravitational pull of dark matter can cause the shape of background galaxies to be distorted. Cosmic shear measures the distribution of dark matter indirectly by observing how it distorts the shapes of background galaxies.

It does not give direct insights into baryonic matter but is useful for inferring the influence of dark matter on it.

The baryonic matter in hot gas in dark matter halos gets heated by gravitational forces, emitting X-ray radiation. This X-ray data can be used to trace the distribution of the baryonic matter in the form of hot gas.

The researchers obtained the data through The ROSAT All-Sky Survey (RASS). Conducted by the ROSAT satellite over 1990 and 1991, this survey provides a broad X-ray view of the entire sky.

The 'halfway' mass

The cross-relation of the two data sets offers several advantages. Dr. Ferreira explained, "The X-ray emission of the hot gas in dark matter halos is governed by the gas temperature and density."

"This dependence makes it ideal for tracing how the gas is distributed. Since cosmic shear is most sensitive to the mis-modeling of baryonic effects, the cross-correlation offers a consistent way of breaking degeneracies."


																																			Additionally, the cross-correlation signal is sourced by the collective emission of all large-scale structures, making it less sensitive to errors in modeling individual objects.

Using a hydrodynamical model developed from earlier research, the researchers modeled how mass and gas are allocated in halos. Cold dark matter, gravity-bound gas, ejected gas, and stars are all considered in this model.

Dr. Ferreira said, "According to X-ray observations, the fraction of bound gas can be parametrized by the cosmic baryon fraction (the number of baryons related to the total matter content of the universe), the total mass of the halo, the 'halfway mass' and the slope of the hot-gas suppression towards small halo masses."

"X-ray observations are ideal for probing this quantity since they trace the bound gas."

The halfway mass of a dark matter halo is where half of the gas that was originally in the halo has been expelled. This value measures the extent of gas loss attributable to processes such as star formation or black hole.

The study's constraint of the halfway mass is a major contribution to understanding how cosmic structures lose gas over time and how this loss affects the structure of the universe.


																																						
    
     




																																			High-significance and future work

The datasets' cross-correlation highlighted a significant correlation between cosmic shear and the diffuse X-ray background.

The 23s (sigma) significance indicates that this correlation is highly statistically significant, suggesting a strong relationship between the two datasets. This result leaves little doubt about the robustness of their findings.

The researchers estimated the halfway mass of dark matter halos to be around 115 trillion solar masses.

In addition to the halfway mass, the researchers were also able to constrain the polytropic index, which measures the relationship between the temperature and density of hot gas in dark matter halos.

The estimated polytropic index value showed good agreement with past studies. The new constraints are tighter and more precise when compared to earlier cosmic shear and X-ray data.

In addition to giving a clearer view of matter distribution in the universe, the study also provides a new method for assessing theories related to dark matter and dark energy.

Dr. Ferreira said, "The procedure developed is a starting point for a more rigorous analysis using cross-correlations between cosmic shear and maps of the diffuse X-ray background. This is particularly relevant to future weak lensing surveys, such as the Vera Rubin Observatory and Euclid with ongoing X-ray missions, like eROSITA, which seek to obtain more precise cosmological constraints from large-scale structure data."

Looking ahead, Dr. Ferreira sees numerous possibilities for building upon their findings, particularly validating the theoretical model before the methodology developed can be used in cosmological analyses.

"Additionally, residual degeneracy between cosmological and hydrodynamical parameters could be broken by including cross-correlation with Sunyaev-Zel'dovich Compton-y maps, given their complementary sensitivity to gas density and temperature," she concluded.


																																																					
																				
																						More information:
												Tassia Ferreira et al, X-Ray-Cosmic-Shear Cross-Correlations: First Detection and Constraints on Baryonic Effects, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.051001.
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            [image: First thickness-dependent transitions in 2-dimensional magnetic material]
             
                Fig. 1. Thickness dependence of signatures in optical Raman quasi-elastic scattering. a, thickness v.s. temperature phase diagram of NiPS3. b, Layer-dependent Raman spectra at T=10 K. c, linearly lairized Raman spectra measured with l=633 nm at 10 K on bulk NiPS3. The blue (d) and red (e) areas denote the PBTS mode and PBRS mode, respectively. Credit: Adapted from Nature Physics (2024). DOI: 10.1038/s41567-024-02618-6
            
        

    


A team of physicists from The University of Hong Kong (HKU), Texas Tech University (TTH), and the University of Michigan (UMich), has made an important discovery in the study of van der Waals (vdW) magnetic materials, a special class of materials with unique electronic and magnetic properties that make them attractive for use in various applications.



										      
																																	Their research is the first to experimentally observe a transition in nickel phosphorus trisulfide (NiPS3), a type of van der Waals material that has been studied for its potential applications in electronic devices and energy storage, from a 3-dimensional (3D) long-range order state to a 2-dimensional (2D) flat pattern vestigial order state.

They have shown how the material changes its magnetic properties as it becomes thinner, revealing new insights into how this material can be used.

This research is significant because it helps us understand how to control the magnetic properties of materials at very small scales, which could lead to advancements in technology, such as more efficient electronics, high-density data storage, and innovative computing devices that consume less energy.

Their findings have just been published in Nature Physics.

Unraveling Feynman's legacy: Spotlighting layered materials

"What could we do with layered structures with just the right layers?" Richard Feynman, the Nobel Prize winner in Physics in 1965, posted this intriguing question in his famous 1959 lecture, "Plenty of Room at the Bottom." This statement did not receive much attention at the time, but it was revisited in the 1990s, as it was fundamentally related to the foundations of nanotechnology.


																																						
    
     




																																			In recent years, the emergence of van der Waals materials, such as NiPS3, has provided exciting opportunities for exploration of Feynman's question. These materials consist of layers that can be easily stacked or separated, enabling researchers to investigate their properties at varying thicknesses.

To address Feynman's question, the research team turned their attention to NiPS3, which exhibits fascinating magnetic behavior when reduced to just a few layers or even a single layer. This unique property makes NiPS3 an ideal candidate for studying how its magnetic characteristics evolve as its thickness changes.

In condensed matter physics, one of the key ways to study materials is to understand how they transition between different phases or states as their properties, like temperature or thickness change. These transitions often involve changes in the material's symmetry, a concept known as symmetry breaking.

In the case of NiPS3, the researchers observed an intermediate symmetry breaking which leads to a vestigial order. Just as the term "vestigial" refers to the retention of certain traits during the process of evolution, the vestigial order here can also be viewed as the retention during the process of symmetry breaking.

This happens when the primary magnetic long-range order state melts or breaks down into a simpler form, in the NiPS3 case, a 2D vestigial order state (known as Z3 Potts-nematicity), as the material is thinned. Unlike conventional symmetry breaking, which involves the breaking of all symmetries, vestigial order only involves the breaking of some symmetries.

While there are numerous examples from a theoretical standpoint, experimental realizations of vestigial order have remained challenging. However, the investigation of this 2D magnetic material has shed the first light on this issue, demonstrating that such a phenomenon can be observed through dimension crossover.


																																			When theory and computation meet experiments

To capture the emergence of the vestigial order, the research team studied NiPS3 and utilized nitrogen-vacancy (NV) spin relaxometry and optical Raman quasi-elastic scattering to characterize the melting process in the primary order and the emergence of the vestigial order as the thickness changed (see figure 1).

In order to better understand the experimental findings of the dimensional crossover in NiPS3, the team also performed large-scale Monte Carlo simulations to visualize the magnetic phase for bilayer NiPS3 (see figure 2).



    
        
            [image: First thickness-dependent transitions in 2-dimensional magnetic material]
             
                Fig. 2. Monte Carlo calculations of the magnetic state in 2L NiPS3. a, Temperature dependence of the scaled Potts-nematic order parameter (<|m)|> ). Inset: Zoom-in around nematic phase transition temperature TN, 2L=1.285J1. b, Correlation of Potts-nematicity (Cnematicity) and spin (Cspin) at a temperature T=1.25|J1|Nature Physics (2024). DOI: 10.1038/s41567-024-02618-6
            
        

    



This work is the first to track two distinct symmetries as a function of dimensionality carefully, and hence to discover the crossover from the primary order to the vestigial order. And the large-scale Monte Carlo simulation discovers the vestigial phase transition in this crossover process.

The research team's observations not only deepen our understanding of the differences between 2D and 3D physics but also bring us one step closer to answering the question posed by Feynman 65 years ago.

Looking ahead, the investigation of layered materials, such as multilayered graphene and NiPS3, holds great promise for developing a wide range of planar electronic devices. These materials offer the potential for high performance, low power consumption, and desirable properties like flexibility and transparency, which present an attractive pathway towards the creation of ultradense, low-power, flexible 2D logic and memory circuits.

With this advancement, we are inching closer to the realization of Feynman's vision of layered materials and devices with precisely engineered layers.


																																																					
																				
																						More information:
												Zeliang Sun et al, Dimensionality crossover to a two-dimensional vestigial nematic state from a three-dimensional antiferromagnet in a honeycomb van der Waals magnet, Nature Physics (2024). DOI: 10.1038/s41567-024-02618-6
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Novel metasurface enables temperature-adaptive radiative cooling

										

    
        
            [image: Radiative cooling technology with adaptive temperature management for enhanced energy efficiency]
             
                The metasurface-based radiative cooling device adapts to ambient temperature changes. Credit: Junlin Yang (Beijing Institute of Technology).
            
        

    


As the global energy crisis intensifies and climate change accelerates, finding sustainable solutions for energy management is increasingly urgent. One promising approach is passive radiative cooling, a technology that allows objects to cool by emitting heat directly into space, requiring no additional energy.



										      
																																	Radiative cooling materials should exhibit high solar reflectivity and emissivity performance. A variety of radiative cooling materials have been developed yet most of them have static emissivity. This means that when the ambient temperature is low, the radiative cooling materials still have a strong cooling capacity, resulting in "overcooling," which increases the energy consumption of the heating system. On the other hand, thermochromic phase-change materials are ideal candidates for dynamic radiative cooling. No power source, circuits, or moving parts required.

Researchers at the Beijing Institute of Technology recently made significant strides in this direction. As reported in Advanced Photonics, they developed a new type of temperature-adaptive radiative cooling device that dynamically adjusts its cooling properties based on the surrounding temperature.

This advancement builds on previous work with vanadium dioxide (VO2), a material known for its ability to switch between different thermal radiation states. The new design features a metasurface with a periodic array of VO2 squares, which improves the device's performance by balancing high thermal emissivity with low solar absorptance.


																																						
    
     




																																			The new device, termed the Temperature-Adaptive Metasurface Radiative Cooling Device (ATMRD), shows notable improvements over previous designs. It has a solar absorptance of just 27.71%--which is 7.54% lower than earlier models--and an emissivity of 0.85 at high temperatures--which is 13.3% higher. Additionally, its ability to modulate emissivity is 20% better than previous devices, making it more efficient at managing temperature changes.



    
        
            [image: Radiative cooling technology with adaptive temperature management for enhanced energy efficiency]
             
                Schematic diagram of temperature-adaptive metasurface radiative cooling device. (a) Typical F-P structure radiation temperature control device, (b) Designed superstructure radiation temperature control device. (c) Comparison of simulated solar absorptance and thermal emissivity between ATRD and ATMRD. The blue line represents low temperature, and the red line represents high temperature. (d) Fabricated ATMRDs. Credit: J. Yang et al., doi 10.1117/1.AP.6.4.046006.
            
        

    



"By integrating a temperature-adaptive metasurface with vanadium dioxide, we've significantly improved the efficiency of radiative cooling technologies. Our new device not only reduces solar absorptance but also enhances thermal emissivity, addressing the critical issue of overcooling. This advancement holds great promise for optimizing energy use and advancing sustainable thermal management solutions," said lead researcher Prof. Jingbo Li.

This work clarifies how the geometric parameters of the superstructure influence the device performance and reveals the mechanism of enhanced thermal radiation performance through superstructure-excited multiple resonances. The reported research offers valuable theoretical and practical references for designing and developing VO2 superstructure functional devices, with the potential to significantly impact the fields of thermal management and renewable energy.

Highlighting the potential of advanced materials and design techniques to enhance radiative cooling technologies, the insights gained could lead to more effective thermal management solutions, contributing to energy savings and a more sustainable future.


																																																					
																				
																						More information:
												Junlin Yang et al, Temperature-adaptive metasurface radiative cooling device with excellent emittance and low solar absorptance for dynamic thermal regulation, Advanced Photonics (2024). DOI: 10.1117/1.AP.6.4.046006
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Scientists demonstrate octave-spanning soliton frequency combs on thin-film lithium niobate

										

    
        
            [image: Octave-spanning soliton frequency combs on thin-film lithium niobate]
             
                Percentage of microring modes that yield DKS states (solid) or SRS (dashed), utilizing the FSR control method (red) and dissipation engineering method (blue). Dissipation-engineered microrings with radius 30 mm were not attempted (star). A total of 396 modes across 94 microrings have been tested, where all microrings selected approximately satisfied design guidelines. Credit: Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01546-7
            
        

    


The invention of optical frequency combs revolutionized frequency metrology and time-keeping. Miniaturization of such combs onto photonic chips, primarily leveraging the microresonator Kerr soliton frequency comb, expands on these functionalities by providing portable solutions to ultrafast spectroscopy, laser frequency synchronization, as well as stable optical, millimeter wave, and microwave frequency generation.



										      
																																	For many such applications, low-noise soliton frequency combs are required, yet stabilization of the soliton repetition rate and carrier-envelope offset typically requires complicated off-chip machinery such as frequency doubling and electro-optic division.

The ultralow-loss thin-film lithium niobate photonic platform, with its strong electro-optic effect and efficient second-harmonic generation, holds promise in hosting integrated frequency combs fully-stabilized by on-chip components. However, octave-spanning solitons with entirely connected spectrum, suitable for stabilization by integrated electro-optic modulators and periodically-poled waveguides, have not been demonstrated.

This is in part due to lithium niobate microresonators exhibiting low-threshold Raman lasing, a nonlinear process in competition with the Kerr effect that initiates parametric oscillation and mode-locks soliton states. Therefore, precise guidelines are needed to suppress Raman lasing in lithium niobate microresonators, which would not only enable octave-spanning soliton sources, but also facilitate their chip-scale stabilization and reliable integration into large-scale photonic systems.

"Thin-film lithium niobate has proven to be a very powerful material for photonics" said Yunxiang Song, a Ph.D. student in Quantum Science and Engineering at Harvard University. "So, our goal was to develop a comprehensive understanding for soliton microcomb generation on this platform, so they could be used in conjunction with its well-established active modulation and frequency conversion capabilities, ultimately for building better integrated comb sources."


																																						
    
     




																																			In a new paper published in Light: Science & Applications, a team of scientists, led by Professors Marko Loncar and Kiyoul Yang from the John A. Paulson School of Engineering and Applied Sciences at Harvard University, have made progress towards this goal. They demonstrated octave-spanning Kerr soliton frequency combs on the thin-film lithium niobate photonic platform.

They also established design rules, based on engineering the microresonator mode spacing and dissipation profile, that consistently suppresses Raman lasing in favor of soliton frequency comb generation. Specifically, when the microresonator mode spacing is made larger than the Raman gain bandwidth, they showed an octave-spanning soliton spanning 131 to 263 THz.

Even better, when dissipation near Raman lasing modes was increased using a pulley-type coupling, they achieved over 88% success rate in fabricating soliton-supporting microresonators across different designs, including various dispersions and resonator sizes, and also showed an octave-spanning soliton spanning 126 to 252 THz with no spectral gaps.

The reported Raman suppression method may accelerate future development of soliton frequency combs on thin-film lithium niobate, as well as enable straightforward nonlinear frequency comb generation in other emerging electro-optic, crystalline materials such as thin-film lithium tantalate, where interfering Raman lasing is expected to play a role. Additionally, the entirely connected, octave-spanning soliton states may unlock system-level demonstrations, such as optical frequency synthesis and comb-referenced laser spectroscopy.

The team believes that "although still in its early stages, the reliable fabrication of octave-spanning soliton frequency combs shows potential for developing monolithic and compact comb-driven photonic systems based on thin-film lithium niobate."


																																																					
																				
																						More information:
												Yunxiang Song et al, Octave-spanning Kerr soliton frequency combs in dispersion- and dissipation-engineered lithium niobate microresonators, Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01546-7
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        NASA admits tension with Boeing over space rescue plan
        NASA admitted on Wednesday there was "tension" during meetings with Boeing executives about how to bring home two astronauts stranded on the International Space Station, but denied reports of shouting matches.

      

      
        Astronaut's 'science of opportunity' experiments help prepare for launch to the International Space Station
        Science ideas are everywhere. Some of the greatest discoveries have come from tinkering and toying with new concepts and ideas. NASA astronaut Don Pettit is no stranger to inventing and discovering. During his previous missions, Pettit has contributed to advancements for human space exploration aboard the International Space Station resulting in several published scientific papers and breakthroughs.

      

      
        Boeing will fly its empty capsule back to Earth soon. Two NASA astronauts will stay behind
        Boeing will attempt to return its problem-plagued capsule from the International Space Station later this week--with empty seats.
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                This handout image courtesy of Maxar Technologies taken on June 7, 2024 shows the Boeing Starliner spacecraft docked with the International Space Station's (ISS) forward port on the station's Harmony module.
            
        

    


NASA admitted on Wednesday there was "tension" during meetings with Boeing executives about how to bring home two astronauts stranded on the International Space Station, but denied reports of shouting matches.



										      
																					The US space agency is enlisting SpaceX to rescue the astronauts because of safety concerns with Boeing's Starliner capsule, which encountered thruster malfunctions and helium leaks on its way to the orbital outpost.

Butch Wilmore and Suni Williams launched in June for what was meant to be around a weeklong stay, but they now aren't expected back until February 2025 when the SpaceX Crew-9 mission returns.

Boeing had publicly insisted it was confident in its spaceship, but the absence of its executives from recent NASA press briefings had fueled speculation of a rift.

According to sources cited by the New York Post, meetings between the two sides often descended into yelling and arguments.

Asked to address the claims, Steve Stich, program manager for NASA's Commercial Crew Program, said "anytime you're in a meeting of this magnitude where there's this kind of decision, there is some tension in the room."

"Boeing believed in the model that they had created that tried to predict the thruster degradation for the rest of the flight," he added, but "the NASA team, due to the uncertainty in the modeling, could not get comfortable with that."

"I wouldn't say it was a yelling, screaming kind of meeting," Stich told reporters. "It was a tense technical discussion where we had both sides listening intently to all the data."

Fresh clothes

Despite their extended stay, Wilmore and Williams remain in good spirits and are in touch with their families.

They are no longer dependent on borrowed clothes having been sent better fitting suits during a recent resupply mission, the NASA officials reported.

Starliner is set to depart the ISS on Friday evening US Eastern Time before making a parachute and airbag assisted landing in the western United States early on Saturday morning.

Shortly after undocking, the spaceship will execute a "breakout burn" with its thrusters to ensure it shoots clear of the research station before it continues its onward journey to Earth.

Had the flight been crewed, the ship would have flown closer to the station to capture exterior views, but NASA deemed the risk of collision too great without astronauts on board to manually pilot Starliner if required.
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                A fisheye lens attached to an electronic still camera was used to capture this image of NASA astronaut Don Pettit. Credit: NASA
            
        

    


Science ideas are everywhere. Some of the greatest discoveries have come from tinkering and toying with new concepts and ideas. NASA astronaut Don Pettit is no stranger to inventing and discovering. During his previous missions, Pettit has contributed to advancements for human space exploration aboard the International Space Station resulting in several published scientific papers and breakthroughs.



										    
																																	Pettit, accompanied by cosmonauts Alexey Ovchinin and Ivan Vagner, will launch to the orbiting laboratory in September 2024. In preparation for his fourth spaceflight, read about previous "science of opportunity" experiments Pettit performed during his free time with materials readily available to the crew or included in his personal kit.


    
        
            [image: NASA Astronaut Don Pettit's Science of Opportunity on Space Station]
             
                Thin ice under polarized light frozen aboard the International Space Station. Credit: NASA
            
        

    




Freezing ice in space

Have you ever noticed a white bubble inside the ice in your ice tray at home? This is trapped air that accumulates in one area due to gravity. Pettit took this knowledge, access to a -90deg Celsius freezer aboard the space station, and an open weekend to figure out how water freezes in microgravity compared to on Earth. This photo uses polarized light to show thin frozen water and the visible differences from the ice we typically freeze here on Earth, providing more insight into physics concepts in microgravity.


    
    
    
        
        
    
            
            NASA astronaut Don Pettit demonstrates how surface tension, wetting, and container shape hold coffee in the space cup. Credit: NASA
  


Space cup

Microgravity affects even the most mundane tasks, like sipping your morning tea. Typically, crews drink beverages from a specially sealed bag with a straw. Using an overhead transparency film, Pettit invented the prototype of the Capillary Beverage, or Space Cup. The cup uses surface tension, wetting, and container shape to mimic the role of gravity in drinking on Earth, making drinking beverages in space easier to consume and showing how discoveries aboard station can be used to design new systems.


																																						
    
     




																																			Planetary formation

Using materials that break into very small particles, such as table salt, sugar, and coffee, Pettit experimented to understand planetary formation. A crucial early step in planet formation is the aggregation or clumping of tiny particles, but scientists do not fully understand this process. Pettit placed different particulate mixtures in plastic bags, filled them with air, thoroughly shook the bags, and observed that the particles clumped within seconds due to what appears to be an electrostatic process. Studying the behavior of tiny particles in microgravity may provide valuable insight into how material composition, density, and turbulence play a role in planetary formation.
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                Charged water particles orbit a knitting needle, showing electrostatic processes in space. Credit: NASA
            
        

    




Orbital motion

Knitting needles made of different materials arrived aboard station as personal crew items. Pettit electrically charged the needles by rubbing each one with paper. Then, he released charged water from a Teflon syringe and observed the water droplets orbit the knitting needle, demonstrating electrostatic orbits in microgravity. The study was later repeated in a simulation that included atmospheric drag, and the 3D motion accurately matched the orbits seen in the space station demonstration. These observations could be analogous to the behavior of charged particles in Earth's magnetic field and prove useful in designing future spacecraft systems.


    
        
            [image: NASA Astronaut Don Pettit's Science of Opportunity on Space Station]
             
                Top: NASA astronaut Don Pettit photographed in the International Space Station cupola surrounded by cameras. Bottom: Star trails photographed by NASA astronaut Don Pettit in March of 2012. Credit: NASA
            
        

    




Astrophotography

An innovative photographer, Pettit has used time exposure, multiple cameras, infrared, and other techniques to contribute breathtaking images of Earth and star trails from the space station's unique viewpoint. These photos contribute to a database researchers use to understand Earth's changing landscapes, and this imagery can inspire the public's interest in human spaceflight.
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Boeing will fly its empty capsule back to Earth soon. Two NASA astronauts will stay behind

										Boeing will attempt to return its problem-plagued capsule from the International Space Station later this week--with empty seats.



										      
																																	NASA said Wednesday that everything is on track for the Starliner capsule to undock from the space station Friday evening. The fully automated capsule will aim for a touchdown in New Mexico's White Sands Missile Range six hours later.

NASA's two stuck astronauts who flew up on Starliner will remain behind at the orbiting lab. They'll ride home with SpaceX in February, eight months after launching on what should have been a weeklong test flight. Thruster trouble and helium leaks kept delaying their return until NASA decided that it was too risky for them to accompany Starliner back as originally planned.

"It's been a journey to get here and we're excited to have Starliner return," said NASA's commercial crew program manager Steve Stich.

NASA's Butch Wilmore and Suni Williams will close the hatches between Starliner and the space station on Thursday. They are now considered full-time station crew members along with the seven others on board, helping with experiments and maintenance, and ramping up their exercise to keep their bones and muscles strong during their prolonged exposure to weightlessness.

To make room for them on SpaceX's next taxi flight, the Dragon capsule will launch with two astronauts instead of the usual four. Two were cut late last week from the six-month expedition, which is due to blast off in late September. Boeing has to free up the parking place for SpaceX's arrival.


																																						
    
     




																																			Boeing encountered serious flaws with Starliner long before its June 5 liftoff on the long-delayed astronaut demo.

Starliner's first test flight went so poorly in 2019--the capsule never reached the space station because of software errors--that the mission was repeated three years later. More problems surfaced, resulting in even more delays and more than $1 billion in repairs.

The capsule had suffered multiple thruster failures and propulsion-system helium leaks by the time it pulled up at the space station after launch. Boeing conducted extensive thruster tests in space and on the ground, and contended the capsule could safely bring the astronauts back. But NASA disagreed, setting the complex ride swap in motion.

Starliner will make a faster, simpler getaway than planned, using springs to push away from the space station and then short thruster firings to gradually increase the distance. The original plan called for an hour of dallying near the station, mostly for picture-taking; that was cut to 20 or so minutes to reduce the stress on the capsule's thrusters and keep the station safe.

Additional test firings of Starliner's 28 thrusters are planned before the all-important descent from orbit. Engineers want to learn as much as they can since the thrusters won't return to Earth; the section containing them will be ditched before the capsule reenters.

The stuck astronauts--retired Navy captains--have lived on the space station before and settled in just fine, according to NASA officials. Even though their mission focus has changed, "they're just as dedicated for the success of human spaceflight going forward," flight director Anthony Vareha said.

Their blue Boeing spacesuits will return with the capsule, along with some old station equipment.

NASA hired Boeing and SpaceX a decade ago to ferry its astronauts to and from the space station after its shuttles retired. SpaceX accomplished the feat in 2020 and has since launched nine crews for NASA and four for private customers.
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      The latest news stories on chemistry, biochemistry, polymers, materials science from Phys.org


      
        Novel design strategy advances discovery of metal-organic frameworks
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Novel design strategy advances discovery of metal-organic frameworks

										

    
        
            [image: Novel design strategy advances discovery of metal-organic frameworks]
             
                Discovery of new Zr6-based MOFs with bct (1) and scu (1) configurations. Credit: Nature Synthesis (2024). DOI: 10.1038/s44160-024-00638-x
            
        

    


An innovative strategy, known as the "Up-Down Approach," has the potential to dramatically accelerate the creation of metal-organic frameworks (MOFs). The paper is published in the journal Nature Synthesis.



										      
																																	The research team, led by Professor Wonyoung Choe at Ulsan National Institute of Science and Technology (UNIST), South Korea, has developed a novel strategy for designing MOFs. MOFs, which consist of metal clusters and organic molecules, are emerging as crucial materials for various applications, including carbon dioxide capture, storage, and catalysis.

Their primary advantage lies in their customizable structure, which enables the creation of materials with tailored properties.

Traditionally, MOFs have been designed using either a bottom-up or top-down approach. The bottom-up approach begins by selecting the metal clusters and organic ligands, followed by the exploration of potential structures. In contrast, the top-down approach begins with a desired structure and identifies the appropriate components to achieve the target structure.

The Up-Down Approach merges these methodologies, facilitating a broader exploration of structures based on metal clusters before selecting suitable organic ligands. This approach overcomes the limitations of traditional methods, which are often constrained by predefined components and structural restrictions.

By enabling new combinations of diverse elements, the Up-Down Approach opens new avenues for discovering novel structures that were previously inaccessible.

By applying this strategy, the team identified 26 new zirconium-based MOFs, which are renowned for their high chemical stability. They successfully synthesized two of these new structures, demonstrating the effectiveness of the Up-Down Approach.


																																						
    
     




																																			Additionally, the team employed a "Ribbon Representation" to visualize the precise geometric features of organic ligands, further enhancing the accuracy and efficiency of the design process.

Jiyeon Kim, the first author of the study, stated, "The Up-Down Approach provides a powerful tool for rapidly exploring and developing new materials with a range of chemical properties. This method significantly enhances the efficiency of material development research."

Co-first author Dongsik Nam added, "This research paves the way for the discovery of innovative materials that can be applied across various fields, including catalysis, gas storage, and environmental remediation."

Professor Wonyoung Choe remarked, "Our study represents a major advancement in expanding the chemical space of MOFs, significantly broadening their potential applications. We anticipate that this will mark a transformative moment in functional materials research."


																																																					
																				
																						More information:
												Jiyeon Kim et al, Up-down approach for expanding the chemical space of metal-organic frameworks, Nature Synthesis (2024). DOI: 10.1038/s44160-024-00638-x
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Chemists create industrially important alkyl amines from dinitrogen and alkenes

										

    
        
            [image: Chemists create industrially important alkyl amines from dinitrogen and alkenes]
             
                Titanium polyhydride (center) directly converts dinitrogen and a simple alkene (left) into an alkyl amine (right). Credit: Takanori Shima
            
        

    


A critical chemical bond can be assembled using dinitrogen (N2)--a molecule freely available in the air around us--chemists at RIKEN have shown in a new article published in Nature.



										      
																																	This demonstration has the potential to make the synthesis of industrially important compounds such as polymers and drugs much more energy efficient.

Dinitrogen is everywhere, making up nearly 80% of the air we breathe. But despite dinitrogen's high availability, it is challenging to use it directly in chemical reactions. That's because the molecule's strong triple bond needs to be severed.

For applications such as the synthesis of alkyl amines for making drugs and polymers, dinitrogen is first split in two to generate ammonia, in an additional step called the Haber-Bosch process. The easily accessible alkene component also has to be pre-activated by converting it into an alcohol or carboxylic acid. These extra steps add time and inefficiency to the process.

They have another disadvantage. "Synthesizing these nitrogen and carbon sources also consumes a lot of energy," notes Takanori Shima of the RIKEN Center for Sustainable Resource Science.

Researchers are searching for better alternatives to this approach. "It would be better to directly use dinitrogen and alkenes to synthesize alkyl amines under mild conditions," he adds. "But such a reaction was unknown and expected to be highly challenging."



    
        
            [image: Researchers create industrially important alkyl amines by using titanium polyhydrides]
             
                Activation and transformation of propylene and N2 in a trititanium hydride framework. Credit: Nature (2024). DOI: 10.1038/s41586-024-07694-5
            
        

    



Previously, Shima and his collaborators had discovered a way to overcome these challenges using titanium polyhydrides, which are chemical complexes of titanium atoms bridged by hydrogen atoms.


																																						
    
     




																																			"We have found that titanium polyhydride exhibits extremely high reactivity toward stable small molecules such as dinitrogen and benzene," says Shima.

Now, Shima and his team have shown that the multiple titanium-hydride units within titanium polyhydride can work cooperatively to generate alkyl amines from dinitrogen and alkenes.

"When we reacted alkenes with titanium polyhydride, the alkenes were activated--but many titanium-hydride units remained after the reaction," Shima says.

When the team then added dinitrogen, the free titanium-hydride units cooperatively cleaved the dinitrogen molecule, and then clipped the activated carbon and nitrogen species together via a new nitrogen-carbon bond, producing the alkyl amine.

A computational analysis revealed that the key to the reaction is that after activating both substrates, the formation of nitrogen-carbon bonds selectively occurs in the titanium polyhydride framework. That is because the formation of nitrogen-carbon bonds is much more energetically favorable than other possible pathways, such as nitrogen-hydrogen or carbon-hydrogen bond formations.

Shima and his team are now exploring ways to turn this transformation into a catalytic process.


																																																					
																				
																						More information:
												Takanori Shima et al, Hydroamination of alkenes with dinitrogen and titanium polyhydrides, Nature (2024). DOI: 10.1038/s41586-024-07694-5
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New filter removes chemical contaminants from water even at very low concentrations

										

    
        
            [image: New filter removes chemical contaminants from water even at very low concentrations]
             
                New membrane materials, pore-networked membranes (PNMs), featuring a continuous porous network are created for the simultaneous removal and detection of trace-level contaminants from water. Credit: Communications Materials (2024). DOI: 10.1038/s43246-024-00607-z
            
        

    


Pharmaceuticals and personal care products pose a major environmental threat. These chemicals, found in everyday items like medicines and cosmetics, can pollute waterways, harming the plants and animals living in the waterways and the humans who use the water.



										      
																																	The pollutants are often present at very low concentrations, and existing filtration methods aren't always selective enough to remove the chemicals that cause environmental damage.

A team of researchers from Japan and the United States, led by Professor Shuhei Furukawa from the Institute for Integrated Cell-Material Sciences (WPI-iCeMS) at Kyoto University, have developed a new method for removing these chemicals from water.

"Current workflows for water treatment involve steps for pollutant detection and pollutant removal, and the two steps are normally conducted separately through different materials or industrial set-up," explains Professor Furukawa. "We developed new membrane materials that can simultaneously detect and remove trace-level pollutants."

The new approach uses a polymer membrane that houses an interconnected network of pores constructed from metal-organic polyhedra, which are like tiny cages to filter and capture the targeted chemical molecules.

The design of the pores is critical to the effectiveness of the membrane. The chemicals in pharmaceuticals and personal care products are relatively large, and most current adsorbents have pores that are too small to capture these molecules.

The researchers tested the pore-networked membrane against 13 different pharmaceuticals and personal care products at different concentrations, and they compared its performance to a variety of existing filtration systems.


																																						
    
     




																																			They found that the new membrane was better at filtering out these chemicals than existing systems, and it could also be refined to selectively adsorb particular pharmaceutical products, even at incredibly low concentrations.

The findings are published in the journal Communications Materials.

"An optimized pore-networked membrane detected and removed target drugs below the parts-per-billion level in real water samples, demonstrating the potential for its use in real water-treatment workflows," says Dr. Idaira Pacheco-Fernandez, an environmental scientist from WPI-iCeMS, Kyoto University, who contributed to this project for water analysis.

The new membrane is also designed so the captured molecules can be extracted into solution for testing, enabling real-time monitoring of contamination.

The next step for the researchers is to vary the pore-networked membrane design by using other types of porous fillers which could filter out different types and sizes of molecules. They're also interested in whether this approach could capture and detect small molecules from other liquids, such as blood.


																																																					
																				
																						More information:
												Zaoming Wang et al, Pore-networked membrane using linked metal-organic polyhedra for trace-level pollutant removal and detection in environmental water, Communications Materials (2024). DOI: 10.1038/s43246-024-00607-z
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                Clara Silva is positioning a sample for measurements in the X-ray emission spectrometer at the Rossendorf Bbeamline (ROBL). Credit: Maureen Thierry / ESRF
            
        

    


The heavy metal uranium is, besides its radioactive reputation, known for its intricate chemistry and diverse bonding behaviors. Now, an international team of scientists have utilized synchrotron light at the Rossendorf Beamline (ROBL) to explore the unique properties of low-valent uranium compounds, as the researchers report in the journal Nature Communications.



										      
																																	At the European Synchrotron Radiation Facility (ESRF) in Grenoble, the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) runs four experimental stations for radiochemical experiments.

Uranium, belonging to the periodic table's actinide elements, has long intrigued scientists due to its complex electron configurations. Its unusual and diverse bonding characteristic manifests itself in a variety of oxidation states--at times, even exotic.

"In our current study we were focused on low-valent uranium, which contains more electrons in its inner shells compared to other, more common uranium compounds. Specifically, we investigated the behavior of uranium's so-called 5f electrons--electrons that, despite being located in the inner shells, play a crucial role in the element's chemical properties. These electrons significantly influence how uranium bonds with other elements," says Ph.D. student Clara Silva from HZDR's Institute of Resource Ecology.

"Due to the radioactive nature of uranium, the experiments were carried out here, a facility specifically designed for actinide research. This environment provided the necessary safety protocols and advanced equipment to conduct the study," says Prof. Kristina Kvashnina, head of ROBL and the Institute's Department Molecular Structure.

To gain the new insights, the team used a technique called resonant inelastic X-ray scattering known as RIXS. RIXS is a powerful method that involves bombarding a material with X-rays and then measuring the energy lost as the X-rays scatter off the material. This energy loss provides detailed information about the electronic structure of the material, helping scientists understand how electrons, like those in the 5f orbital of uranium, behave and interact.

The researchers supplemented their findings with another specialized X-ray technique: the so-called HERFD-XANES method provides highly detailed information about the electronic structure of materials by combining high-energy resolution fluorescence detection--the HERFD part--with X-ray absorption near edge structure analysis, abbreviated as XANES.


																																						
    
     




																																			Understanding uranium's unique bonding behavior

"For the first time, we were able to accurately identify and directly detect the three-valent oxidation state in uranium, or U(III) in short, revealing how uranium atoms interact and bond with elements such as fluorine and chlorine," Kvashnina outlines the results of her group's work which was 15 years in the making.

The findings shed new light onto the nature of actinide bonding and demonstrate how uranium's 5f electrons respond to changes in their environment.

Studying low-valent uranium compounds is not without its challenges. These compounds are less stable than other uranium-containing materials, requiring carefully controlled conditions to prevent unwanted reactions.

To maintain the stability of the uranium samples, the research was conducted under anoxic conditions--meaning no exposure to oxygen--and at extremely low temperatures. Additionally, the complexity of the data required the use of cutting-edge theoretical methods to accurately model the electronic structure and bonding properties of uranium.

Unexpected insights and broader implications

"One of the most surprising findings of the study was the degree of sensitivity of uranium's 5f electrons to their local environment, which affects the ionic character of its bonds. This discovery challenges existing theories about actinide bonding and opens up new avenues of research in actinide physics and chemistry," Silva says.


																																			And, besides being of its fundamental importance, the team s work is also interesting in practical terms, for instance, both for general aspects of radiation protection and for the safety of radioactive waste repositories. Low-valent uranium compounds are particularly notable for their low solubility, which reduces their environmental mobility and helps contain contamination.

Furthermore, the implications of this research could be far-reaching even beyond this point. By enhancing our understanding of low-valent uranium systems, scientists can now improve theoretical models that predict the behavior of such complex elements.

These insights will aid future research across various scientific disciplines, potentially leading to new developments in fields ranging from nuclear science to environmental chemistry.


																																																					
																				
																						More information:
												C. L. Silva et al, On the origin of low-valent uranium oxidation state, Nature Communications (2024). DOI: 10.1038/s41467-024-50924-7
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Composite plastic degrades easily with bacteria, offers environmental benefits

										

    
        
            [image: Plastic fantastic: Green, strong and edible]
             
                Top: A sheet of the new biodegradable composite plastic created in a Weizmann Institute lab. Bottom: Electron microscope images showing the material from above (left), in cross-section (center) and in a close-up of the cross-section (right) Credit: ACS Nano (2023). DOI: 10.1021/acsnano.3c02528
            
        

    


Billions of tons of plastic waste clutter our world. Most of it has accumulated on the ground and in the oceans or disintegrated into tiny particles known as microplastics that pollute the air and the water, penetrating vegetation and the bloodstreams of humans and other animals.



										      
																																	The scope of the danger posed by plastics grows with each passing year, since they are made from massive molecules, known as polymers, that do not readily biodegrade. Currently, biodegradable plastics make up less than one-fifth of the total amount of plastic produced, and the processes needed to break them down are relatively cumbersome.

In a study published in ACS Nano, Dr. Angelica Niazov-Elkan, Dr. Haim Weissman and Prof. Boris Rybtchinski of the Molecular Chemistry and Materials Science Department at the Weizmann Institute of Science have created a new composite plastic that degrades easily using bacteria.

This new material, produced by combining a biodegradable polymer with crystals from a biological substance, has three major benefits: It is cheap, easy to prepare and very strong. Also participating in the study were the late Dr. Eyal Shimoni, Dr. XiaoMeng Sui, Dr. Yishay Feldman and Prof. H. Daniel Wagner.

Currently, many industries are enthusiastically adopting composite plastics, which are made by combining two or more pure materials and possess various beneficial properties such as lightness and strength. These plastics now serve to manufacture key parts of a wide variety of industrial products, from airplanes and cars to bicycles.

Seeking to create a composite plastic that would meet the needs of industry while also being environmentally friendly, the Weizmann researchers decided to focus on commonplace, inexpensive source materials whose properties could be improved.


																																						
    
     




																																			They found that molecules of tyrosine--a prevalent amino acid that forms exceptionally strong nanocrystals--could be used as an effective component in a biodegradable composite plastic.

After examining how tyrosine combines with several types of polymers, they chose hydroxyethyl cellulose, a derivative of cellulose, which is employed extensively in the manufacture of medicines and cosmetics.

On its own, hydroxyethyl cellulose is a weak material that disintegrates readily. To combine it with tyrosine, the two materials were mixed together in boiling water. When they cooled and dried, an exceptionally strong composite plastic was formed, made of fiber-like tyrosine nanocrystals that grew into the hydroxyethyl cellulose and integrated with it.



    
        
            [image: Plastic fantastic: Green, strong and edible]
             
                A 0.04-millimeter-thick strip of the new biodegradable plastic withstood a weight of 6 kilograms. Credit: Weizmann Institute of Science
            
        

    



In one experiment that revealed the new plastic's strength, a 0.04-millimeter-thick strip of the material withstood a load of 6 kilograms. Moreover, the team discovered that the new material had several other unique characteristics, making it even more useful for industry.

Usually, when a material is strengthened, it loses plasticity. This new composite plastic, however, in addition to being very strong, is also more ductile (malleable) than its core component, hydroxyethyl cellulose. In other words, combining the two materials created a synergy that manifests itself in the emergence of extraordinary properties and, consequently, has massive industrial potential.


																																			Since both cellulose and tyrosine--the crystals of which can be found in various types of hard cheese--are edible, the biodegradable composite plastic can actually be eaten. Is it also tasty? We will have to wait to find out: Since the production process in the lab is not hygienic enough for foodstuffs, the researchers are yet to have a nibble.

Rybtchinski says, "The follow-up study that we have already started could advance the commercial potential of this new material, since we have replaced the boiling in water with melting, as is more common in industry. This means that we heat up the biodegradable polymers until they become liquid and then mix in the tyrosine or other suitable materials.

"If we manage to overcome the scientific and technical challenges involved in this process, we will be able to explore the possibility of producing this new composite plastic on an industrial scale."


																																																					
																				
																						More information:
												Angelica Niazov-Elkan et al, Emergent Self-Assembly of Sustainable Plastics Based on Amino Acid Nanocrystals, ACS Nano (2023). DOI: 10.1021/acsnano.3c02528
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Combining aesthetics with fire-resistance for improved wood protection

										

    
        
            [image: Wood protection breakthrough: combining aesthetics with fire-resistance]
             
                Proposed intumescent flame-retardant mechanism of the P2N2 coating. Credit: Chinese Journal of Polymer Science (2024). DOI: 10.1007/s10118-024-3100-1
            
        

    


Wood is a popular material for construction and furniture making due to its availability, easy processing, and strong mechanical properties. However, its flammability poses significant risks, particularly in historical buildings.



										      
																																	Despite progress in flame-retardant technologies, creating coatings that combine high transparency with fire resistance remains a challenge. These challenges underscore the urgent need for an effective, transparent, and eco-friendly fire-resistant coating for wooden materials.

Researchers from the State Grid Sichuan Electric Power Research Institute and Sichuan University have developed a novel transparent intumescent flame-retardant coating. Their study, published in the Chinese Journal of Polymer Science, introduces a coating that integrates phosphorus, nitrogen, and silicon, creating a synergistic protective layer.

The coating delivers outstanding flame-retardant performance while maintaining the wood's natural appearance, representing a significant leap forward in fire safety technology for wood.

The innovative coating combines phytic acid anion and quaternary ammonium cation to form a cross-linked network that significantly enhances its intumescent properties. This structure boosts the limiting oxygen index (LOI) to 35.5%, making the wood highly resistant to ignition. Additionally, the coating reduces total heat release by 13.9%, effectively slowing the combustion process.

The standout feature is its high transparency, which preserves the wood's natural beauty, making it ideal for historical preservation and aesthetic uses. The robust char layer formed during exposure to fire acts as an effective barrier against heat and oxygen, ensuring comprehensive protection for the wood beneath.


																																						
    
     




																																			"Balancing fire resistance with material transparency is a key breakthrough in flame-retardant technology. This new coating not only meets stringent safety standards for wooden structures but also preserves the wood's aesthetic value," said Professor Hai-Bo Zhao, senior researcher from Sichuan University. "This development has significant potential for heritage conservation and protecting culturally important sites."

This newly developed coating provides a practical, sustainable solution for enhancing the fire resistance of wooden materials, particularly in historical buildings and valuable furniture. Its applications go beyond fire safety, potentially playing a critical role in preserving ancient architecture and cultural heritage. By combining high performance with environmental responsibility, this coating could set a new standard in wood protection.


																																																					
																				
																						More information:
												Xiao-Liang Zeng et al, Highly Transparent Fire-resistant Coatings with Intumescent Three-source Integration, Chinese Journal of Polymer Science (2024). DOI: 10.1007/s10118-024-3100-1
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Governments have a duty to protect their citizens. While they won't go as far as telling us what we can and cannot put in our homes, we do expect them to ensure that the buildings we live in are safe from fire.



										      
																																	The final report of the Grenfell Tower inquiry confirms that this was not the case in 2017 when 72 people lost their lives to a fire that engulfed their home in west London.

There is a general principle that residents of high-rise buildings should be as safe as those living in typical two-story houses. This is achieved using what is known as "compartmentation"--a strategy of using fire-resistant construction to ensure that a fire in one flat cannot spread to neighboring flats.

This strategy worked for decades, in combination with the "stay put" policy for fire and rescue in high-rise buildings, which told people to remain in their home if theirs was not directly affected by fire.

By the 2000s, understandable demands to reduce carbon emissions fueled greater requirements to insulate buildings. In 2006, the government permitted the use of combustible insulation foams on high-rise buildings. It was a cheap way to save energy.

But the presence of combustible insulation and cladding panels on the outside of buildings completely circumvents compartmentation. It allows fire to spread from flat to flat around the outside of a building. As fire spreads up and across the walls, it successively ignites the contents of individual flats while filling each flat with toxic smoke.

Inhalation of toxic smoke is one of the primary causes of fire-related deaths. In his introductory statement to the final publication of the Grenfell Tower inquiry report, chairman Martin Moore-Bick said that "all those who died in the building were overcome by toxic gases".


																																						
    
     




																																			When certain types of plastics burn, they release hydrogen cyanide as well as carbon monoxide. As the fire grows, it becomes limited by the air supply, and the amount of both toxicants increases by a factor of ten to 50. Some flame retardants, added to the product in order to pass the regulatory test, slow ignition but result in much more toxic, thicker, blacker smoke, even when there is plenty of air. When these products burn without enough air, the toxicity is even greater.

PIR (polyisocyanurate) is based on polyurethane, and gives off hydrogen cyanide and carbon monoxide when burning. PIR foam insulation, containing flame retardants, was used on Grenfell Tower. Its smoke is highly toxic, containing large quantities of hydrogen cyanide and carbon monoxide. At low concentrations, hydrogen cyanide causes rapid loss of consciousness, preventing escape but leaving the victim inhaling more toxic smoke.

Carbon monoxide has no smell, and hydrogen cyanide has a slight, sweet smell. The unpleasant, acrid components of the thick black smoke reported by those escaping are actually less harmful than the undetectable hydrogen cyanide and carbon monoxide.


																																			Toxicity reporting

Prior to the Grenfell tragedy, the architects and specifiers for new tall buildings and those being refurbished had to choose between non-combustible insulation (products such as glass wool and stone wool) or two types of combustible insulation--phenolic foam or PIR foam.

Had they chosen non-combustible insulation for Grenfell, the fire would not have taken hold. Had they chosen phenolic foam, with similar flammability but around a fifth of the smoke toxicity of PIR, fewer people would have been trapped and lost consciousness, but the fire would have spread in a similar way.

Unfortunately, although manufacturers have to provide information on the fire behavior of construction products, there is no requirement to quantify the toxicity of the smoke. There is also little publicly available information for architects and specifiers to inform their decisions about which materials to use and how toxic each might be.

For example, if the team refurbishing Grenfell Tower had access to information that the smoke from PIR was five times more toxic than from phenolic foam, but the price and performance in other respects was comparable, would they still have chosen the PIR?

Some progress has already been made towards averting a further disaster. Since January 2019, combustible materials have been banned from the external walls of tall, residential buildings. However, thousands of buildings with combustible facades that would not be allowed today are still standing across the country.


																																						
    
     




																																			In 2020, the previous government announced a four-year, PS600,000 research project to investigate the feasibility of regulating smoke toxicity for construction products. I am a member of the steering committee for that project, which followed my own research on this topic. It is due for completion in September 2024.

The conclusions of the Grenfell Tower inquiry are now part of longer standing statistics that show that the inhalation of toxic gases is one of the primary causes of fire-related deaths. This demonstrates a very clear need to quantify smoke toxicity, and to set regulatory limits on the smoke toxicity of construction products used in high-risk applications, like tall buildings. The conclusions of that research project are therefore eagerly awaited.
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      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        Researchers develop molecular biosensors that only light up upon binding to their targets
        Biosensors--devices that use biological molecules to detect the presence of a target substance--have enormous potential for detecting disease biomarkers, molecules-in-action in diverse biological processes, or toxins and other harmful substances in the environment.

      

      
        Algorithm maps protein degradation patterns to improve infection diagnosis and treatment
        Peptides are small fragments of proteins, mainly found in the skin and mucous membranes. Some peptides act as a barrier, protecting the body against infections by fighting off microorganisms like bacteria, viruses, and other pathogens, while others participate in the regulation of inflammation.

      

      
        For many animals sleep is a social activity, but the interconnections are not fully understood
        Group sleeping can impact when animals sleep, how long they sleep for, and how deeply they sleep. For example, groups of meerkats time their sleep according to "sleep traditions"; olive baboons sleep less when their group size increases; bumblebees suppress sleep in the presence of offspring; and co-sleeping mice can experience synchronized REM sleep.

      

      
        Labs collaborate to enhance imaging tools for cell observation
        Two labs at the University of Utah's Department of Chemistry joined forces to improve imaging tools that may soon enable scientists to better observe signaling in functioning cells and other molecular-scale processes central to life.

      

      
        Northern elephant seals use deep-sea research sonar as dinner bell
        Northern elephant seals were repeatedly captured on camera in the deep Pacific Ocean using sonar from an Ocean Networks Canada (ONC) observatory as a dinner bell to forage for their next fish feast, according to a new study led by University of Victoria researchers.

      

      
        Replacement crop treatment not safe for important pollinator, experts say
        A novel pesticide thought to be a potential successor to banned neonicotinoids caused 100% mortality in mason bees in a recent test. The novel pesticide, flupyradifurone, is thought to pose less risk to pollinators and, consequently, has been licensed globally for use on bee-visited crops.

      

      
        An ecological history of resilience and rewilding of a tall forest in southern Italy
        Human disturbance has altered the integrity and functionality of forests throughout the globe, with the greatest impact on regions characterized by historical human cultural development and long-term natural resource exploitation. This is the case in the Mediterranean Basin, where terrestrial ecosystems have been shaped and simplified for thousands of years.

      

      
        Research team designs efficient bioenergy crops that need less water to grow
        Drought stress has long been a limiting factor for crop production around the world, a challenge exacerbated by climate change.

      

      
        Dolphin-friendly? New research shows that vague environmental labeling is common on NZ seafood products
        Many seafood products sold in New Zealand make environmental claims, but our new research shows most of them are too ambiguous and may serve as greenwashing.

      

      
        Unraveling the evolutionary secrets of how whales and dolphins adapted their backbones for aquatic life
        If you've ever seen a dolphin swim, you may have wondered why they undulate their bodies up and down when swimming, instead of side to side as fishes do. Though they have a fishlike body, cetaceans (a group comprised of whales, dolphins, and porpoises) are mammals that descended from land-dwelling ancestors--same as cats, dogs, mice, elephants, cows, and humans.

      

      
        Regulatory gene influences shape recognition in medaka fish, scientists discover
        Medaka fish that lack functional Hmgn2 genes are unable to distinguish between simple shapes, revealing a new function for the regulatory gene.

      

      
        Fish kill results in about 24,000 dead fish in Baltimore's Inner Harbor
        Maryland officials investigated a fish kill on Sept 04 in Baltimore's Inner Harbor, after about 24,000 dead fish were observed between the Rusty Scupper and the Maryland Science Center, as well as near Piers 5 and 6.

      

      
        Critically endangered California condor shot and killed in Colorado
        A rare California condor passing through southwestern Colorado was shot and killed this year, and state and federal authorities on Wednesday asked the public to help track down those responsible.

      

      
        Wildlife trafficking ring killed at least 118 eagles, prosecutors say
        A man helped kill at least 118 eagles to sell their feathers and body parts on the black market as part of a long-running wildlife trafficking ring in the western U.S. that authorities allege killed thousands of birds, court filings show.
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                Binding-activated biosensors exposed to an "excitation light" of a specific wavelength only emit fluorescent light of a different fluorescent wavelength when their fluorogenic fluorescent scaffolds are sandwiched between the biosensor protein and target protein. Credit: Wyss Institute at Harvard University
            
        

    


Biosensors--devices that use biological molecules to detect the presence of a target substance--have enormous potential for detecting disease biomarkers, molecules-in-action in diverse biological processes, or toxins and other harmful substances in the environment.



										      
																																	One of the more common types, fluorescent biosensors, consists of a target-binding biomolecule attached to a probe molecule that emits fluorescent light. However, fluorescent biosensors are typically low-contrast reagents because their fluorescent probes are always "on," and un-bound biosensor molecules need to be washed away before an accurate signal can be detected.

A major step forward are high-contrast "binding-activated fluorescent biosensors" (nanosensors) that only light up when they bind to their target molecule, but creating such nanosensors is challenging as effective target-binding and a fluorescence on-switch need to be combined in a small molecular package that also can be efficiently delivered to various types of samples, and cost-efficiently manufactured at scale.

Now, a collaborative research team at the Wyss Institute at Harvard University, Harvard Medical School (HMS), MIT, and the University of Edinburgh, UK, has developed a synthetic biology platform to streamline the discovery, molecular evolution, and cost-effective manufacturing of small and highly efficient nanosensors that can detect specific proteins, peptides, and small molecules by increasing their fluorescence up to 100-fold in less than a second.

As a key component, the platform uses new fluorogenic amino acids (FgAAs) that can be encoded into target-binding small protein sequences (binders) with the help of an innovative methodology that enables the in vitro expansion of the genetic code.

Through a process of high-throughput sensor screening, validation, and directed evolution, the platform enables the rapid and cost-effective transformation of protein binders into high-contrast nanosensors for a wide range of applications in fundamental research, environmental monitoring, medical diagnostics and augmented therapeutics. The findings are published in Nature Communications.

"We have long worked on expanding the genetic code of cells to endow them with new capabilities to enable research, biotechnology and medicine in different areas, and this study is a highly promising extension of this endeavor in vitro," said Wyss Core Faculty member George Church, Ph.D., who led the study.

"This novel synthetic biology platform solves many of the obstacles that stood in the way of upgrading proteins with new chemistries, as exemplified by more capable instant biosensors, and is poised to impact many biomedical areas."

Church is a leader of the Wyss Institute's Synthetic Biology Platform, and also the Robert Winthrop Professor of Genetics at HMS and Professor of Health Sciences and Technology at Harvard University and MIT.


																																						
    
     




																																			Protein plus scaffold equals nanosensor

The team, spearheaded by co-first and co-corresponding author Erkin Kuru, Ph.D. in Church's group, built on the previous discovery that FgAAs could convert known protein binders into optical sensors whose fluorescence is switched on when their FgAA is sandwiched between their binder sequence and the target molecule.

The Wyss researchers collaborated with co-corresponding author Marc Vendrell, Ph.D., a Professor at the University of Edinburgh and expert in translational chemistry and biomedical imaging on the study with whom Kuru shared an early interest in FgAAs.

Starting out in the pandemic, the team first envisioned an "instant COVID-19 diagnostic" and focused on a miniature engineered antibody (nanobody) that binds to the SARS-CoV-2 Spike protein on the virus's surface.

They created hundreds of variants of the binder in which they essentially assembled FgAAs by chemically linking cysteine or lysine amino acids that were genetically introduced to positions known to be in close contact with the Spike target to one of 20 different chemical fluorogenic scaffolds.

Using a simple binding assay, they selected the fluorogenic variants that produced the highest increases in fluorescence within milliseconds upon target-binding.

They then used the same process to engineer nanosensors from nanobodies or mini-proteins that bind to different SARS-CoV-2 target sites, as well as to a range of other molecular targets, including the cancer-relevant cellular growth factor receptor EGFR, the ALFA-tag peptide used by cell biologists to track proteins within cells, and the stress hormone cortisol.

Importantly, the nanosensors also effectively signaled the presence of their targets in human cells and live bacteria under the microscope, demonstrating their utility as effective imaging tools.


																																			Nanoensor evolution

Despite its potential, the first version of the platform was limited by relying on a labor- and time-intensive process involving multiple purification steps of the produced binder sequences. "We wanted to expand our molecular design space much further by increasing the platform's high-throughput capabilities," said Kuru.

"To achieve this, we enabled the ribosome, which naturally synthesizes all proteins in cells, to do most of the work in an engineered cell-free process."

In the 2.0 version of their platform, the team pre-fabricated a so-called "synthetic amino acid" with a fluorogenic scaffold already pre-attached to it. Synthetic amino acids already have proven their value in therapeutics such as the weight-loss drug Ozempic; however, they cannot be easily incorporated into protein sequences because there is no natural machinery for them to be handled by the ribosome.

"To overcome this obstacle, we reassigned a rarely used codon in the universal genetic code with the help of a new genetic expansion chemistry, so that it could encode synthetic amino acids like our pre-fabricated non-standard FgAAs.

Essentially, we retrofitted the protein synthesis process for the construction of binding-activated fluorescent nanosensors," said co-first author Jonathan Rittichier, Ph.D., who co-developed the method.

Their new process not only enabled the researchers to produce millions of nanosensor candidates at a time, but also helped accelerate the subsequent testing of the nanosensors, as the entire synthesis mix could be directly combined with the target molecule or added to living cells without any additional purification.


																																						
    
     




																																			They can now investigate hundreds of variants in a day rather than a few dozen over several weeks. Highlighting the advanced platform's power, they discovered a specific position to encode their FgAAs in the original SARS-CoV-2 nanobody binder that, unexpectedly, resulted in a higher-affinity nanosensor than their original COVID-19 nanosensor upon contacting the Spike target protein.

Finally, as this would significantly increase the potential to create superior nanosensors, the team leveraged their platform to optimize the nanobody sequence itself. They took advantage of a classical synthetic biology process known as "directed evolution" in which proteins are optimized through iterative design-build-test cycles that use versions of a protein with maximum capabilities identified in one cycle as the basis to find even better ones in the following one.

Starting with the best nanosensor that they had previously engineered to instantly detect the original SARS-CoV-2 strain's Spike protein, Kuru, Rittichier, and the team created expansive nanobody libraries encompassing variants that kept the non-standard FgAA at the original position but had many standard amino acids at other critical positions substituted with structurally different ones.

Evolving the best of them further led them to new nanosensors with orders of magnitude higher binding affinities toward the Spike protein. Interestingly, by using a tweaked version of this directed evolution system, they discovered nanosensors that were able to selectively detect distinct newer omicron variants.


																																			"This is an important step forward in our capabilities to quickly design low-cost fluorescent biosensors for real-time disease monitoring and with huge potential for diagnostics and precision medicine," said Vendrell.

Kuru added, "we can also incorporate synthetic amino acids with many other functionalities into all kinds of proteins to create new therapeutics, and a much broader range of research tools."

Indeed, Kuru and co-authors Helena de Puig, Ph.D. and Allison Flores, along with Church and senior author and Wyss Core Faculty member James Collins, Ph.D., have also embarked on the Wyss Institute's AminoX project, which leverages the platform to develop new therapies.

"This highly innovative work enabling a new and more powerful generation of binding-activated biosensors demonstrates the remarkable powers of synthetic biology.

"The Wyss team succeeded in engineering a fundamental biological process into a platform with vast potential for ultimately solving many diagnostic and therapeutic problems," said Wyss Founding Director Donald Ingber, M.D., Ph.D., who also is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital, and the Hansjorg Wyss Professor of Biologically Inspired Engineering at SEAS.

Additional authors on the study are Subhrajit Rout, Isaac Han, Abigail Reese, Thomas Bartlett, Fabio De Moliner, Sylvie Bernier, Jason Galpin, Jorge Marchand, William Bedell, Lindsay Robinson-McCarthy, Christopher Ahern, Thomas Bernhardt, and David Rudner.
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												Erkin Kuru et al, Rapid discovery and evolution of nanosensors containing fluorogenic amino acids, Nature Communications (2024). DOI: 10.1038/s41467-024-50956-z
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Algorithm maps protein degradation patterns to improve infection diagnosis and treatment

										

    
        
            [image: Faster detection of dangerous infections]
             
                Wounds were created on pigs and overlaid with a dressing. The wound drainage, containing proteins and peptides, is absorbed into the dressing. The dressings were changed and sampled every day over a two- to three-day period. The fluid was extracted from the dressings, whereafter proteins were filtered out by a mass filter of 30 kDa. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-51589-y
            
        

    


Peptides are small fragments of proteins, mainly found in the skin and mucous membranes. Some peptides act as a barrier, protecting the body against infections by fighting off microorganisms like bacteria, viruses, and other pathogens, while others participate in the regulation of inflammation.



										      
																																	When we have a wound or undergo surgery, this balance can sometimes be disrupted, allowing microorganisms to penetrate and cause acute infection and, in the worst cases, sepsis.

"To be able to diagnose infections today, the doctor first makes a clinical assessment and then sends a culture sample for further analysis. It usually takes a couple of days to get results on which bacteria are present in the wound, and this does not always provide a clear picture of the severity of the infection," says Artur Schmidtchen, professor of dermatology and venereology at Lund University, and consultant at Skane University Hospital, Sweden.

In an infected wound, there is a battle between the immune system and bacteria. Bacteria break down proteins into peptides as a strategy to acquire nutrients and spread, while the body uses similar strategies to fight bacteria and regulate inflammation. This interaction is incredibly complex, influenced by the types of bacteria present as well as the severity of the infection.

The research team aimed to understand the degradation patterns of proteins to more quickly identify the bacteria involved and assess the risk of sepsis. The rise of antibiotic resistance has also increased the demand for alternative ways to diagnose and combat infections. The work is published in the journal Nature Communications.


																																						
    
     




																																			"In order to investigate the number and types of peptides in a wound, we 'squeezed' peptides out of wound dressings and then analyzed them using mass spectrometry. This allowed us to identify up to 45,000 different peptides from a single infected wound," says Johan Malmstrom, Professor of mass spectrometry at Lund University.

This enormous amount of information is difficult to grasp and utilize for understanding the degradation patterns of proteins. It was not until Erik Hartman, an engineer and Ph.D. student at Lund University, developed an algorithm that reduces the compilation of peptides by 95%, down to just a few hundred peptide clusters, that the data could be analyzed and used.

By clustering the peptides, he was able to train machine-learning models to determine the quantities and types of bacteria present in the wound. After identifying unique peptide patterns and changes in these patterns based on different types of bacteria, the researchers can now assess the severity of the infection.

"We have mapped how protein degradation patterns vary in different types of wound infections, gaining better insight into how they differ by systematically analyzing the peptide clusters. This allows us to easily identify subgroups that can guide treatments," says Erik Hartman.


																																			These unique biomarkers can lead to earlier and more accurate diagnoses, enabling the faster detection and treatment of potential infections. With mass spectrometry and machine learning, the entire process takes only a few minutes.

"The cool thing is that the algorithm is not limited to wound infections; it is general and can be applied to many different diseases where protein degradation plays a significant role. Peptides thus become a new source of information that can, in the next step, help tailor treatments and contribute to finding new drug candidates," says Erik Hartman.

The next step for the researchers is to conduct larger studies to further validate the results, refine the methodology and analyze other types of diseases, such as sepsis. They also want to explore how the method can be applied clinically in real diagnostic situations to assess its practical usefulness.


																																																					
																				
																						More information:
												Erik Hartman et al, Peptide clustering enhances large-scale analyses and reveals proteolytic signatures in mass spectrometry data, Nature Communications (2024). DOI: 10.1038/s41467-024-51589-y
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For many animals sleep is a social activity, but the interconnections are not fully understood
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Group sleeping can impact when animals sleep, how long they sleep for, and how deeply they sleep. For example, groups of meerkats time their sleep according to "sleep traditions"; olive baboons sleep less when their group size increases; bumblebees suppress sleep in the presence of offspring; and co-sleeping mice can experience synchronized REM sleep.



										      
																																	To fully understand both sleep and animal social structures, we need to pay more attention to the "social side" of sleep, animal behaviorists argue in an opinion paper published September 5 in the journal Trends in Ecology & Evolution.

Although many animals sleep in groups, most sleep studies are conducted under laboratory conditions that only consider one animal at a time. These laboratory sleep studies provide high-resolution information on sleep depth and phase, but they are unable to capture the environmental or social contexts in which sleep usually occurs.

To understand the interconnections between sleeping and sociality, the researchers say that we need to study groups of sleeping animals in the wild.

"Social sleep is a research frontier that we believe holds exciting potential for new insights into both sleep science and wild animals' lives," write the researchers, who include behavioral ecologists Pritish Chakravarty and Margaret Crofoot of the Max Planck Institute of Animal Behavior and the University of Konstanz Germany.

"We propose a new framework that leverages simultaneous monitoring of the sleep of members of social groups, combined with time-series and social network analyses, to investigate how the social environment shapes (and is shaped by) sleep."


																																						
    
     




																																			To study sleep in the wild, the researchers recommend leveraging technologies such as wearable or implantable accelerometers, which provide information on animal movements with video or direct observations of the animals' behavior.

Pairing this sleep data with measurements of the group's social networks like dominance hierarchies and kinship relationships, for example, could provide important ecological and evolutionary insights into the impact of sleep on the fitness and survival of both individuals and groups of animals, the researchers say.

"It is likely that key aspects of group behavior, including coordination, decision-making, and cooperative potential, will be influenced by the sleep of its members," they write.

"By collecting data on sleep and sociality and applying our proposed tools to analyze social sleep, we can begin unraveling the adaptive functions and evolutionary trade-offs of sleep that may not be revealed by studying individual animals alone."


																																																					
																				
																						More information:
												The sociality of sleep in animal groups, Trends in Ecology & Evolution (2024). DOI: 10.1016/j.tree.2024.07.011
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Labs collaborate to enhance imaging tools for cell observation
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                Credit: Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c05397
            
        

    


Two labs at the University of Utah's Department of Chemistry joined forces to improve imaging tools that may soon enable scientists to better observe signaling in functioning cells and other molecular-scale processes central to life.



										      
																																	The Noriega and Hammond labs, with complementary expertise in materials chemistry and chemical biology, made critical discoveries announced this month in the Journal of the American Chemical Society that could advance this goal.

"We're trying to develop a new kind of imaging method, a way to look into cells and be able to see both their structural features, which are really intricate, while also capturing information about their activity," co-author Ming Hammond said.

"Current methods provide high-resolution details on cellular structure but have a challenging 'blind spot' when it comes to function. In this paper, we study a tool that might be applied in electron microscopy to report on structure and function at the same time."

Biological samples often need "markers," or molecules that are the source of detectable signals, explained co-author Rodrigo Noriega. A widely used type of markers are flavoproteins which, when photoexcited, trigger a chemical reaction that yields metal-absorbing polymer particles whose high contrast in electron microscopy is easily seen.

"Previous work focused on the markers without the materials they generate, but our study incorporates the materials chemistry steps in the model," said Noriega, who was named a Sloan Research Fellow this year under a program that recognizes early-career scientists whose research has the potential to revolutionize their fields.
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                Ming Hammond, associate professor of chemistry. Banner photo, courtesy of Unsplash, shows a CDC scientist using an electron microscope studying the virus that causes smallpox. Credit: Dave Titensor, University of Utah
            
        

    



Scientists had long assumed that a mechanism involving singlet oxygen generation, a special kind of reactive oxygen species, was at play. However, the U team found that electron transfer between the photoexcited marker and the polymer building blocks is the main contributor to the process.


																																						
    
     




																																			"We're studying a tool that other people have used a lot as the basis for this new kind of imaging, and everyone thought that it worked a certain way," Hammond said, "but our photophysical studies revealed a surprising mechanism." This previously overlooked electron transfer pathway generates reactive species that yield the desired source of contrast for electron microscopy, without the need for singlet oxygen.

This new information could help scientists improve the design of these markers, according to Noriega and Hammond. The U's collaborative team, for example, has built upon these results to expand the number and types of polymer building blocks employed, as well as using markers that are poor singlet oxygen sources but are excellent electron transfer partners, and growing contrast agents in environments that were not feasible before.

"Beyond their use in electron microscopy, what these markers allow you to do is obtain two images from the same sample, one using light microscopy and another one with electron microscopy, and this sort of multilayer image contains much more information than either of them alone," Noriega said. This method, called correlative microscopy, is like the different layers in Google Maps, Noriega explained.

These advances may enable scientists to better understand cell signaling, one of the fundamental processes of life, and not just within individual cells, but among communities of cells.

"Cells use chemicals to communicate with each other. That's their language, how they know whether their neighbors are friendly or antagonistic. It's how they work together, compete, and even disguise themselves within a community," Hammond said.

Mapping these chemical signals between groups of cells in a complex spatial arrangement requires them to detect activity levels within the context of the sample structure. "We would love to be able to see their communication, but we also want to see their neighborhood."


																																																					
																				
																						More information:
												Mohd Sajid Lone et al, Electron Transfer Drives the Photosensitized Polymerization of Contrast Agents by Flavoprotein Tags for Correlative Microscopy, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c05397
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Northern elephant seals use deep-sea research sonar as dinner bell

										

    
        
            [image: Northern elephant seals use deep-sea research sonar as dinner bell]
             
                A young, male northern elephant seal (Mirounga angustirostris) chases an offscreen sablefish (Anoplopoma fimbria) at Ocean Networks Canada's NEPTUNE's Barkley Canyon observatory site off the west coast of Vancouver Island, Canada. Credit: Ocean Networks Canada
            
        

    


Northern elephant seals were repeatedly captured on camera in the deep Pacific Ocean using sonar from an Ocean Networks Canada (ONC) observatory as a dinner bell to forage for their next fish feast, according to a new study led by University of Victoria researchers.



										      
																																	The study, published in PLOS ONE, provides a unique, first-ever visual glimpse into the elusive mammal's deep-sea behaviors, with a focus on their sophisticated feeding strategies, prey preferences as well as resting habits.

Altogether, at least eight male elephant seals, ages 4 to 7, were observed on camera and detected by hydrophones during multiple visits to the 645-meter-deep research site at Barkley Canyon along ONC's subsea cabled observatory NEPTUNE off the British Columbia west coast between 2022 and 2023.

The findings came almost by chance; UVic, Instituto de Ciencias del Mar (ICM-CSIC), a Barcelona-based research institute, and ONC researchers were studying the effects of light and bait on fish and invertebrate behavior at Barkley Canyon, using a high-definition camera, acoustic imaging sonar, hydrophone, pair of LED lights, and automatic bait release.

But a review of the camera, acoustic images and sound data revealed the surprise visitors.

"We suspect the seals have learned to associate sonar noise from the research instrument with the presence of food--a phenomenon known as the 'dinner bell' effect.



    
    
    
        
        
    
            
            Seal catches sablefish. Credit: PLOS ONE (2024). DOI: 10.1371/journal.pone.0308461
  

"The seals appeared to use this sound to locate an area with prey and may take advantage of fish disturbed by the camera lights, particularly targeting sablefish, their preferred meal, as seen in the video footage," says Heloise Frouin-Mouy, lead author of the publication.


																																						
    
     




																																			Frouin-Mouy, a visiting scientist at UVic in the department of biology and assistant scientist at the University of Miami, collaborated on this research with Francis Juanes, UVic biology professor and Liber Ero Chair for Fisheries Research, and adjunct professor Rodney Rountree. ICM-CSIC's Jacopo Aguzzi and ONC's Fabio De Leo Cabrera are also co-authors on the paper.

In one instance, the repeated visits over 10 days by four of the identified seals to the research site also demonstrate that they quickly learned to use the infrastructure to forage for food more efficiently, adds Frouin-Mouy.

"We became familiar with the mammals and ended up naming them in the paper after members of The Beach Boys to differentiate between the frequency of visits and observed habits," she says.

The adolescent males visiting the site predominantly targeted actively swimming sablefish, ignoring the over dozen other stationary or drifting prey options. Several individuals were interestingly recorded on camera and hydrophone bobbing their heads and producing low-frequency sounds while chasing prey.
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                A northern elephant seal (Mirounga angustirostris) attempts to catch a sablefish (Anoplopoma fimbria), captured by Ocean Networks Canada's high-definition camera at the Barkley Canyon NEPTUNE observatory site, off the west coast of Vancouver Island, Canada. Credit: Ocean Networks Canada
            
        

    



Sonar videos also revealed seals power-napping on the seafloor at Barkley Canyon, another new and never-seen behavior from the adolescent male northern elephant seal.

NEPTUNE's real-time monitoring capacity allowed the researchers to adapt the use of ONC's subsea instruments deployed at the research site for the fish study to pick up on the presence of the seals and observe them for nearly a year.

Although northern elephant seal colonies are found as far north as Alaska and southern towards the Baja Peninsula, they are typically studied using biotags to track movement, or found primarily on land.

Results from the also-completed fish acoustics experiment study will be published in the near future.


																																																					
																				
																						More information:
												Heloise Frouin-Mouy et al, Deep-sea cabled video-observatory provides insights into the behavior at depth of sub-adult male northern elephant seals, Mirounga angustirostris, PLOS ONE (2024). DOI: 10.1371/journal.pone.0308461
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Replacement crop treatment not safe for important pollinator, experts say
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                Solitary bees (Osmia lignaria), tagged with paint, foraging on wildflower (Phacelia tanacetifolia). Credit: Harry Siviter
            
        

    


A novel pesticide thought to be a potential successor to banned neonicotinoids caused 100% mortality in mason bees in a recent test. The novel pesticide, flupyradifurone, is thought to pose less risk to pollinators and, consequently, has been licensed globally for use on bee-visited crops.



										      
																																	However, research by scientists at the University of Bristol and the University of Texas at Austin, discovered, contrary to their expectations, that the chemical was lethal in the bees Osmia lignaria exposed to pesticide-treated wildflowers.

They also found a number of sublethal effects. Seven days post-application, bees released into the pesticide-treated plants were less likely to start nesting, had lower survival rates, and were less efficient foragers, taking 12.78% longer on average to collect pollen and nectar than control bees.

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

Lead author Harry Siviter from Bristol's School of Biological Sciences explained, "These results demonstrate that exposure to flupyradifurone poses a significant risk to important pollinators and can have negative impacts on wild bees at field-realistic concentrations."

Bees are vital pollinators of crops and wildflowers. Neonicotinoid pesticides can have significant negative impacts on pollinators, which have led to high profile restrictions in their use in the EU and other regions, which has increased the demand for "novel" insecticides.

"Due to limitations in formal ecotoxicology assessments, there is an urgent need to evaluate potential replacement crop treatments," added Siviter.


																																						
    
     




																																			"These results caution against the use of novel insecticides as a direct replacement for neonicotinoids.

"Our findings add to a growing body of evidence demonstrating that pesticide risk assessments do not sufficiently protect wild bees from the negative consequences of pesticide use."

To avoid continuing cycles of novel pesticide release and removal, with concomitant impacts on the environment, the team say a broad evidence base needs to be assessed prior to the development of policy and regulation.

Siviter said, "Restricting the use of commercial pesticides containing flupyradifurone to non-flowering crops would be sensible while more research is conducted.

"In the long-term, as we are already seeing in the EU, a move towards a more holistic approach to risk assessment that considers the biology of non-Apis bees is required to better protect pollinators from the unintended negative impacts of pesticides."

The team now plan to extend their research to measuring the impact of exposure through soil on solitary bees.


																																																					
																				
																						More information:
												Harry Siviter et al, A novel pesticide has lethal consequences for an important pollinator, Science of The Total Environment (2024). DOI: 10.1016/j.scitotenv.2024.175935
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An ecological history of resilience and rewilding of a tall forest in southern Italy
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                Understory of the secondary old-growth beech-fir forest in Gariglione (Sila National Park, southern Italy). Credit: Gianluca Piovesan
            
        

    


Human disturbance has altered the integrity and functionality of forests throughout the globe, with the greatest impact on regions characterized by historical human cultural development and long-term natural resource exploitation. This is the case in the Mediterranean Basin, where terrestrial ecosystems have been shaped and simplified for thousands of years.



										      
																																	The challenge today is to restore primeval habitats and ecosystems through the implementation of effective recovery strategies based on actual dynamics of compositional, structural and functional recovery. Such knowledge would be pivotal to meeting biodiversity conservation and climate change mitigation targets.

A new study performed in southern Italy and published in Science of the Total Environment, reveals the patterns and processes of forest regrowth and ecological recovery in an open-air laboratory: the Gariglione Forest in the Sila National Park. This mixed beech-fir forest was extensively harvested between 1930 and 1950, removing up to 91% of the biomass to respond to the market's growing demand for wood.

After this period, the forest was managed using conservation practices and then led to passive rewilding. Today, Gariglione features a tall structure (up to 40 m in height), a complex vertical profile and secondary old-growth traits.

A team of researchers at the University of Tuscia, Accademia Italiana di Scienze Forestali and the University of Calabria in collaboration with the Sila National Park have reconstructed growth histories, climate-growth relationships and time-series of growth dominance of trees in the Gariglione Forest, revealing the mechanism of species and ecosystem resilience to large-scale perturbations in a hotspot of biodiversity and climate change.


																																						
    
     




																																			"The presence of historical records describing the Gariglione Forest before the intense wood harvest along with detailed documentation about harvesting operations, offered a unique chance to reconstruct and analyze patterns of forest biomass recovery after extensive and intensive disturbance," explains Gianluca Piovesan, Professor of Silviculture and Ecological Forest Planning at the University of Tuscia and coordinator of the study.
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                Vertical profile in the Gariglione Forest (Sila National Park, southern Italy). Credit: Gianluca Piovesan
            
        

    



Results indicate the role of trees that survived cuts in restoring a tall and complex forest structure in less than a century. "The presence of two late successional co-dominant species (beech and fir) has supported a quick forest regeneration and conferred community stability over the last decades," adds Michele Baliva, dendrochronologist at the University of Tuscia and first author of the study. The post-harvesting fir regeneration had a key role in the ecosystem restoration.

The study has also investigated long-term growth trends and the influence of climate change on tree growth in a network of mature and old-growth beech forests in southern Italy. Stand dynamics in the Gariglione beech forest show recent negative productivity trends in advanced rewilding stages.

Surprisingly, forests located at lower elevations showed increasing mean growth in the last decades, while high-mountain forests displayed a remarkably stable low oscillating growth. Also, the analysis of growth dominance revealed that large and old trees are showing growth acclimation despite increased aridity, demonstrating the importance of complex natural ecosystems in facing global changes.

The history of the Gariglione Forest is an example of the effective restoration of forest integrity in the Mediterranean mountains and win-win integration of environmental and social systems. Today, more than ever, it is strategic to guarantee strict protection to secondary old-growth forests.

"We would like to propose the inclusion of Gariglione in the World Heritage Serial Site Ancient and Primeval Beech Forests of the Carpathians and Other Regions of Europe because it is a unique example of resilience to human and global change disturbances in a Mediterranean mountain environment located at the extreme southern edge of the distribution of beech, fir and other temperate tree species," concludes Piovesan.


																																																					
																				
																						More information:
												Michele Baliva et al, The return of tall forests: Reconstructing the canopy resilience of an extensively harvested primary forest in Mediterranean mountains, Science of The Total Environment (2024). DOI: 10.1016/j.scitotenv.2024.175806
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Research team designs efficient bioenergy crops that need less water to grow
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                A side-by-side comparison of wildtype sorghum and the improved variety with fewer stomata shows how the engineered plants can maintain plant productivity with less water. Credit: Daniel Lunn/Center for Advanced Bioenergy and Bioproducts Innovation (CABBI)
            
        

    


Drought stress has long been a limiting factor for crop production around the world, a challenge exacerbated by climate change.



										      
																																	For more than a century, scientists have targeted a key plant trait known as water use efficiency (WUE) to help crops grow with less water and avoid suffering from drought stress. Greater WUE can help plants avoid drought stress--but for most crops it's also associated with lower productivity when water is plentiful.

In a pair of studies published in the Journal of Experimental Botany, researchers at the Center for Advanced Bioenergy and Bioproducts Innovation (CABBI) used genetic engineering to advance improvement of WUE in climate-friendly C4 bioenergy crops without sacrificing yield, a significant advance for the development of a sustainable bioeconomy.

In the first study, the CABBI team was able to reduce the amount of water escaping from sorghum plants by decreasing the number of stomata, or pores, on the leaf surface, improving WUE without limiting photosynthesis and biomass production. Researchers inserted a gene into the plants that altered their developmental pattern and reduced stomatal density.

"With C4 species, we think we can get a free lunch. We can have improved water use efficiency without having to compromise on how well the plant grows when it does have enough water. And that's a special case," said CABBI Director Andrew Leakey, team leader on the two studies.


																																						
    
     




																																			Researchers in the second study discovered that reducing stomatal density in sugarcane and other C4 crops coincided with the pores opening wider. This offset some of the expected improvement in WUE.
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                This image of a C4 grass stomata illustrates how it opens to take up CO2 for photosynthesis but also loses water. CABBI studies in the Journal of Experimental Botany showed that reducing stomatal density in C4 crops improved water use efficiency (WUE) without affecting yield, but it coincided with the pores opening wider, offsetting some expected improvement in WUE. The discovery represents a valuable new target for engineering an even more efficient plant. Credit: Daniel Lunn/Center for Advanced Bioenergy and Bioproducts Innovation (CABBI)
            
        

    



The underlying mechanism for this response isn't fully understood, so the discovery represents a valuable new target for engineering an even more efficient plant.

Together, these findings will help maximize bioenergy feedstock production, aid crops in mitigating the effects of inadequate water supply, and open up new avenues of plant research, said Leakey, the Michael Aiken Chair and Professor in the Departments of Plant Biology and Crop Sciences and the Carl R. Woese Institute of Genomic Biology (IGB) at the University of Illinois Urbana-Champaign.

"It provides an exciting opportunity for new scientific discovery and engineering strategies," said CABBI Postdoctoral Researcher Daniel Lunn of Plant Biology, IGB, and the Center for Digital Agriculture at Illinois, primary author on the sugarcane study.

Major CABBI collaborators on this research included Feedstock Production Co-PIs Tom Clemente, Eugene W. Price Distinguished Professor of Biotechnology at the University of Nebraska, and Fredy Altpeter, Professor of Agronomy at the University of Florida. The primary author of the sorghum paper was John Ferguson, a former Postdoctoral Researcher at IGB.


																																			During photosynthesis in plants, light energy is captured and used to convert water and carbon dioxide (CO2) into energy-rich organic compounds.

Water use efficiency refers to how much photosynthetic carbon gain a plant achieves--or more generally, how much biomass is being produced--relative to the amount of water it uses. In these studies, researchers focused on the leaf level, measuring the amount of water and CO2 going in and out through the stomata.

In the vast majority of plants, and the vast majority of efforts to boost WUE in plants, scientists face a tradeoff that stifles crop improvement: Making them more water efficient reduces their inherent productivity, photosynthetic carbon gain, and growth rate. "And so they do better when they don't have enough water, but they do worse when they do have enough water. From a broader agricultural perspective, that's a pretty undesirable tradeoff," Leakey said.
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                CABBI Director Andrew Leakey, right, and Postdoctoral Researcher Daniel Lunn with sugarcane, miscanthus, and sorghum plants in the CABBI greenhouse at the University of Illinois Urbana-Champaign. Credit: Center for Advanced Bioenergy and Bioproducts Innovation (CABBI)
            
        

    



But C4 crops--including sorghum, sugarcane, and miscanthus, CABBI's target bioenergy crops--are built differently. They have a "fuel-injected version of photosynthesis" that concentrates CO2 inside the leaf before capturing it, "whereas most plants are like a Model T Ford, where they're running on a naturally aspirated engine," Leakey said.

Although C4 crops make up only 5% of all plant species, they're becoming more vital to agricultural production of food, fuel, and fiber. They are important examples of emerging biomass crops, including canes and miscanthus, that sequester carbon while providing a foundation for making bioproducts.


																																						
    
     




																																			With the new WUE research, "we're taking the plants that already have an advantage as crops and then potentially making them even better without any drag on carbon gain," Leakey said.

The team is exploring this engineering approach in more CABBI plant species and fine-tuning the design. Groundbreaking work on miscanthus by other researchers on CABBI's Feedstock Production team--sequencing the miscanthus genome and developing the first gene-editing techniques--will "allow us to pursue this engineering strategy in a very important, emerging perennial feedstock crop that is capable of sequestering a lot of carbon," Leakey said.

"Overcoming water limitations to crop production is really very central to achieving our mission of underpinning a profitable, sustainable, and resilient bioeconomy," he added.

Leaves, roots, and other plant features have evolved to deal with the fundamental tradeoff between carbon gain and water loss in photosynthesis, and those processes have an overriding impact on where crops can grow without irrigation, Leakey said.

Developing crops that need 10% to 20% less water could expand the U.S. rainfed agricultural region further west, and allow farmers in the current growing zone to maintain profitable harvests even in years without sufficient rainfall--a more frequent threat under climate change.

"Part of what we're trying to do here is maintain increased productivity in times and places where water supply is inadequate," Leakey said.


																																																					
																				
																						More information:
												John N Ferguson et al, Reducing stomatal density by expression of a synthetic epidermal patterning factor increases leaf intrinsic water use efficiency and reduces plant water use in a C4 crop, Journal of Experimental Botany (2024). DOI: 10.1093/jxb/erae289

Daniel Lunn et al, Greater aperture counteracts effects of reduced stomatal density on water use efficiency: a case study on sugarcane and meta-analysis, Journal of Experimental Botany (2024). DOI: 10.1093/jxb/erae271
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Many seafood products sold in New Zealand make environmental claims, but our new research shows most of them are too ambiguous and may serve as greenwashing.



										      
																																	We looked into the labeling and environmental claims on packaged fish and seafood products in major New Zealand supermarkets, investigating 369 products such as canned tuna or other fish, vacuum-packed salmon and frozen fish or seafood.

Just under half of the products (41.2%) we investigated contained at least one self-declared environmental claim, such as "sustainably fished," "responsibly caught" or "dolphin-friendly."

Nearly 80% of these claims were vague and therefore contrary to international best practice and New Zealand Commerce Commission guidance. This states environmental claims need to be specific to avoid misleading consumers, and it lists the "dolphin-friendly" claim as an example that should not be used.

However, we found 42 products available in New Zealand supermarkets carrying a "dolphin-friendly" or "dolphin-safe" claim. Such hard-to-substantiate claims can potentially mislead consumers into thinking they are choosing to buy products that are less damaging to the environment than they might actually be.

Our results show we need stronger enforcement of existing regulations and clearer rules around labeling of fish and seafood products to encourage transparency around fishing practices.


																																						
    
     




																																			Lack of information about fishing practices

Under New Zealand's Fair Trading Act, seafood product manufacturers are not allowed to make misleading or unsubstantiated claims. But they are not required to state the harvest location or method (for example, pole and line caught, mid-water trawl, dredged).

We found only about half of the products stated the harvest location and less than 10% mentioned the harvest method. This means consumers usually don't know where and how their fish and seafood was caught.

Making it compulsory for manufacturers to declare harvest location and fishing methods would mean consumers could choose products that cause less environmental damage. It may also encourage companies to adopt better fishing practices.

Other countries are cracking down on greenwashing

A European Commission study found more than half of the environmental claims on products they investigated from the European Union (EU) were potentially misleading.

As a result, the EU will now ban generic environmental claims that do not provide proof. The EU is also proposing that companies should have to submit evidence for environmental claims and get pre-approval before being allowed to put labels on their products.


																																			The Australian Competition and Consumer Commission (ACCC) carried out an audit of businesses and found that more than half were making concerning environmental claims. The most common issue was vague claims such as "green," "eco-friendly," "responsible" or "sustainable."

The ACCC is now updating and developing targeted guidance and engaging with industry to improve practices.

In the UK, the Competition and Markets Authority is conducting a review of compliance with consumer law. They have investigated environmental claims in the fashion sector and found vague statements commonplace.

In response, three fashion businesses with a major share of UK fashion sales have formally agreed to avoid using vague terms such as "eco," "responsible" and "sustainable."

The authority is currently investigating environmental claims on food, drink, cleaning products and toiletries. They are also revising and tailoring their guidance to businesses around environmental claims.


																																						
    
     




																																			Preventing greenwashing in New Zealand

Greenwashing and vague claims make it difficult to monitor whether businesses are actually making meaningful changes and improving their practices.

We need an independent investigation of greenwashing claims (including claims around biodegradable or compostable packaging) across all New Zealand industries. To understand the full extent of the problem, this should include food and household products.

Currently, consumers can make a complaint about a vague claim to the Commerce Commission or Advertising Standard Authority. However, our finding that almost 80% of environmental claims on seafood products are vague suggests providing guidance isn't enough and it shouldn't be left to consumers to make complaints.

We need proactive enforcement of the existing Commerce Commission guidance and the Fair Trading Act to avoid the display of vague environmental claims on seafood, as well as on products from other sectors.
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Unraveling the evolutionary secrets of how whales and dolphins adapted their backbones for aquatic life
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                Common dolphin off the coast of Australia. This species lives in the open ocean, can reach high swimming speeds, has more than 70 vertebrate and up to eight regions in their backbone. Credit: Amandine Gillet
            
        

    


If you've ever seen a dolphin swim, you may have wondered why they undulate their bodies up and down when swimming, instead of side to side as fishes do. Though they have a fishlike body, cetaceans (a group comprised of whales, dolphins, and porpoises) are mammals that descended from land-dwelling ancestors--same as cats, dogs, mice, elephants, cows, and humans.



										      
																																	However, unlike their land-dwelling relatives, cetaceans have undergone profound changes in their body and skeletal structure to thrive in aquatic environments, including the reduction of hindlimbs and the evolution of flippers and tail flukes, resulting in a streamlined body.

Despite these adaptations, cetaceans retain key features of their terrestrial origins, such as lungs and the ability to nurse their young with milk. And, as for those undulating movements, they also retained the similar vertical movements that allow land mammals to run really fast. But the mystery remains of how the transition from land to water, approximately 53 million years ago, impacted the construction and function of their backbone, a central element of the skeleton.

Now, in a study published in Nature Communications, an international team of researchers shed light on how these marine mammals' backbones were re-organized as their ancestors adapted to life in water.

The team found that, contrary to previous assumptions, the cetacean backbone is highly regionalized, despite being more homogeneous in shape along its length. The way in which the backbone is regionalized, however, is drastically different from terrestrial mammals.

"When their ancestor went back into the water, whales and dolphins lost their hind legs and developed a fish-like body," said lead author Dr. Amandine Gillet, Marie Curie Fellow in the Department of Organismic and Evolutionary Biology at Harvard and in the Department of Earth and Environmental Sciences at the University of Manchester, UK.


																																						
    
     




																																			"But that morphological change also means the vertebral column is now the main part of the skeleton driving locomotion in an aquatic environment."

The vertebral column of terrestrial mammals moving on land must provide support to help the legs carry the body weight. When cetaceans transitioned from land to water, the forces of gravity shifted from air to buoyant water releasing the pressure to carry body weight. The new body structure and movements needed to move through water meant the backbone of these animals would have to shift in some way to fit their new environments.

Previous studies have looked at the backbone from a morphological view, eyeing changes in vertebrae morphology. In a 2018 paper published in Science, co-authors Professor Stephanie Pierce and Dr. Katrina Jones explored the complex evolutionary history of the mammalian backbone using a novel statistical method first developed to study the backbone of snakes.

Pierce and Jones revised the model to fit their study, which allowed them to demonstrate that the vertebral column of terrestrial mammals is characterized by numerous, distinct regions in comparison to amphibians and reptiles.
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                Nested Regions Hypothesis for cetacean backbone construction: The Nested Regions hypothesis proposes a model where the backbone of cetaceans is divided into precaudal and caudal segments with each further divided into a number of modules common to all cetaceans. Each module can be further subdivided into multiple regions, with a minimum of six and a maximum of nine post-cervical regions across all extant cetaceans. Credit: Amandine Gillet
            
        

    



"It's a challenge to understand how the regions of a terrestrial mammal can be found in whales and dolphins and one reason is because their backbone looks very different in terms of morphology, even though they evolved from them," said Pierce, Professor of Organismic and Evolutionary Biology at Harvard and senior author of the study.


																																			"They lost the sacrum, a fused string of vertebrae bracing the hind legs and a critical landmark needed to distinguish the tail from the rest of the body."

The vertebrae of cetaceans are further complicated in that they became more homogeneous in their anatomical features. So, the transition from one vertebra to another is gradual compared to the extreme transitions found in terrestrial mammals, making it more difficult to identify regions.

"Not only do they have very similar vertebrae, but certain species, in particular porpoises and dolphins, have many more vertebrae than terrestrial mammals, with some species having close to 100 vertebrae," said Jones, Presidential Fellow in the Department of Earth and Environmental Sciences at the University of Manchester, UK.

"This makes it really challenging to translate regions found in terrestrial mammals to the backbones in whales and dolphins."

Traditional statistical methods used to identify regionalization patterns require the exact same number of elements across specimens. The statistical method Pierce and Jones implemented (called Regions) allowed them to overcome this issue by analyzing the backbone of each specimen individually.

While the method worked well for the constrained backbone of terrestrial mammals, it proved computationally challenging for the high counts of vertebrae in cetaceans. Gillet collaborated with the Data Science Services team at the Harvard Institute for Quantitative Social Science to re-write the code, allowing the program to obtain results within minutes on a laptop. The researchers made the new program, called MorphoRegions, publicly available for the scientific community as a computational software R package.


																																						
    
     




																																			"This is definitely one of the biggest advances of our study," said Pierce. "Amandine spent months refining the program so that it could analyze a system of high repeating units without crashing the computer."

Gillet applied the MorphoRegions method to the data she previously collected during her Ph.D. work. She visited six museums in Europe, South Africa and U.S. gathering morphological data on 139 specimens from 62 cetacean species, two-thirds of the almost 90 living species. In total, Gillet measured 7,500 vertebrae and ran them through the analytical pipeline.



    
        
            [image: A whale of a tail: Unraveling the evolutionary secrets of how whales and dolphins adapted their backbones for aquatic life]
             
                Correlation between the number of vertebrae and regions with habitat: Picture of the backbone of a species living in shallow waters (left) and the open ocean (right) showing the differences in number of vertebrae, number of regions (represented by colored boxes), and number of modules (represented by colored lines under the regions). Credit: Amandine Gillet
            
        

    



"Our large dataset allowed us to demonstrate that not only does the organization of the cetacean backbone differ from terrestrial mammals, but also that the patterns vary within cetaceans as we identified between six and nine regions depending on the species," said Gillet.

"We then worked from there to find commonalities across regions and identified a pattern common to all cetaceans, which is summarized by our Nested Regions Hypothesis."

The hypothesis proposed by the team introduces a hierarchical organization of the backbone in which a precaudal and a caudal segment are first identified. The two segments are then each divided into several modules common to all cetaceans: cervical, anterior thoracic, thoraco-lumbar, posterior lumbar, caudal, peduncle, and fluke. Next, depending on the species, each module is further subdivided into one to four regions, with a minimum of six and a maximum of nine post-cervical regions along the backbone.


																																			"Surprisingly, this showed us that, compared to terrestrial mammals, the precaudal segment has less regions, whereas the caudal area has more," said Pierce. "Terrestrial mammals use their tails for a variety of different functions, but not usually for generating propulsive forces, like cetaceans do. Having more regions in the tail may allow for movement in very specific regions of tail."

"Based on previous observational studies, we know that whales, dolphins and porpoises don't exactly swim the same way," said Gillet.

"One species might need to swim slow, but with more maneuverability to catch prey, or because it's living in a shallow environment with lots of obstacles. Other species living in the open ocean might need to be able to go fast in a straight line without requiring much body flexibility."

So, the team explored how regions in the backbone correlate to habitat and swimming speed. They discovered that species living offshore, farther from the coast, have more vertebrae, more regions, and higher burst swimming speed. Species living in rivers and bays, so, closer to shore, have less vertebrae and fewer regions, but their regions are more different to one another, potentially affording them greater maneuverability.

"It's a beautiful study," said Pierce. "You go from dusty skeletons in a museum to showing how the backbone of one of the most charismatic groups of mammals was repatterned due to their aquatic environment. And we can directly relate this back to habitat and swimming performance in living animals."

With a better understanding of the organization of the cetacean backbone, the researchers plan to next tackle understanding how these morphological regions correlate with function using experimental data on the flexibility of the vertebral column collected in the lab.

These data collected on modern taxa should allow them to infer swimming abilities of fossil whales and help inform how the backbone shifted from a weight-bearing structure on land to a propulsion-generating organ in the water.


																																																					
																				
																						More information:
												Amandine Gillet et al, Repatterning of mammalian backbone regionalization in cetaceans, Nature Communications (2024). DOI: 10.1038/s41467-024-51963-w
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Regulatory gene influences shape recognition in medaka fish, scientists discover

										

    
        
            [image: Regulatory gene influences shape recognition in medaka fish]
             
                A medaka fish from the study. Credit: Saori Yokoi
            
        

    


Medaka fish that lack functional Hmgn2 genes are unable to distinguish between simple shapes, revealing a new function for the regulatory gene.



										    
																																	The medaka, also known as the Japanese rice fish (Oryzias latipes), is a model organism for the study of biology, as well as a popular aquarium fish. As a model organism, much research has been carried out to understand all aspects of the medaka, but much still remains to be done, especially in the area of genetics.

A research team led by Assistant Professor Saori Yokoi of the Faculty of Pharmaceutical Sciences, Hokkaido University, has discovered an evolutionarily distinct variant of the gene Hmgn2 in medaka, which influences shape preference in the species. Their findings were published in the journal Communications Biology.

"We identified this Hmgn2 variant, oHmgn2, as part of our research on identifying genes expressed in the medaka brain with unknown functions," Yokoi explains. "HMGN proteins play crucial roles in chromatin remodeling and gene expression regulation in other vertebrates."



    
    
    
        
        
    
         
             
         

        Shape preferences of wild type medaka (WT) vs. oHmgn2 knockout mutants (ohmgn2 mutant) in a Y maze with triangles in one arm (blue) and circles in the other (pink). The WT medaka exhibits a preference for triangles over circles, spending more time in that arm of the maze, while the ohmgn2 mutant spends an almost equal time in both arms of the maze. Video plays at 8X speed. Credit: Saori Yokoi
  

oHgmn2 was selected as it was an unknown gene that was characteristically expressed in medaka brains. After confirming that the gene coded for an HMGN protein, sequencing oHmgn2 RNA showed that it was 99 base pairs shorter than Hmgn2 from other vertebrates. Evolutionary analysis confirmed that oHmgn2 was a unique variant.


																																						
    
     




																																			"The most striking difference was the presence of oHmgn2 in the nucleolus, the region in the nucleus where transcription from DNA to RNA occurs," Yokoi elaborates. "oHmgn2 is predicted to have a weaker interaction with DNA-binding proteins called histones, compared to the typical interaction, explaining its distribution."

oHmgn2 expression is localized in the neurogenic regions of the brain, and the team found indications that it was involved in neural progenitor cell function. Knockout studies showed that the lack of functional oHmgn2 affected the development of the telencephalon--the region of the brain that corresponds to the cerebrum/frontal lobes in humans.



    
        
            [image: Regulatory gene influences shape recognition in medaka fish]
             
                oHmgn2 shows different nuclear localization compared to related Hmgn proteins (FLAG, purple). oHmgn1 is associated with the nucleoplasm (DAPI, blue) of the nucleus, and is not associated with the nucleolus (FBL, green). However, oHmgn2 is dispersed throughout the nucleus. Credit: Shuntaro Inoue, Yume Masaki, Shinichi Nakagawa, Saori Yokoi. Communications Biology. August 23, 2024
            
        

    



Most interestingly, wild type medaka exhibits a preference for triangles over circles, spending more time in that arm of the maze, while oHmgn2 knockout medaka spend an almost equal time in both arms of the maze--indicating deficits in their ability to recognize shapes.

"Our study has revealed that the oHmgn2 gene is a key player in the molecular evolution of brain development and cognitive behavior within the medaka," Yokoi concludes. "Future work will focus on understanding the mechanisms by which oHmgn2 affects shape recognition in medaka."


																																																					
																				
																						More information:
												Shuntaro Inoue et al, An evolutionarily distinct Hmgn2 variant influences shape recognition in Medaka Fish, Communications Biology (2024). DOI: 10.1038/s42003-024-06667-8
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Fish kill results in about 24,000 dead fish in Baltimore's Inner Harbor
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Maryland officials investigated a fish kill on Sept 04 in Baltimore's Inner Harbor, after about 24,000 dead fish were observed between the Rusty Scupper and the Maryland Science Center, as well as near Piers 5 and 6.



										      
																																	The dead were almost exclusively Atlantic menhaden, though Maryland Department of the Environment investigators also observed several catfish, white perch and a few blue crabs, wrote agency spokesman Jay Apperson in a statement.

MDE investigators do not believe that a particular pollution incident is to blame, Apperson said. Instead, they believe the die-off can be explained by a natural phenomenon known as a turnover event.

Turnover events tend to occur in the Baltimore Harbor near Memorial Day and Labor Day, when warm days quickly give way to cool nights, said Alice Volpitta, Baltimore Harbor Waterkeeper for the nonprofit Blue Water Baltimore.

When night falls, bringing far colder temperatures, the top layer of water in the harbor rapidly cools off and becomes denser, causing it to sink toward the bottom. That brings the water formerly on the bottom of the harbor to the top.

That's a problem because the water near the harbor bottom is depleted of oxygen. Fish trapped in the low-oxygen water will perish, causing large-scale fish kills, Volpitta said.

Though the turnover event was caused by a natural process, the existence of that low-oxygen water, often called a dead zone, isn't natural. It is the result of pollution, including from fertilizers, wastewater and other sources of nutrients, flowing into the water.

"The issue is exacerbated by the fact that we have this dead zone at the bottom of our harbor to begin with," Volpitta said. "While this is a natural turnover event caused by dropping temperatures as we approach the fall, the problem is exacerbated by pollution that's flowing off of the land into the water."


																																						
    
     




																																			Atlantic menhaden--small, nutrient-packed fish--are critical to the bay's ecosystem, and serve as a key food source for bay predators like rockfish and bluefish.

Menhaden are particularly susceptible to low-oxygen conditions, Volpitta said, so it isn't surprising they make up most of the death toll. But if the conditions persist, other harbor wildlife could be impacted as well.

"In previous years, when we see these fish kills, we'll see all kinds of things and so it remains to be seen whether or not it'll be bad enough to affect other fish species as well," Volpitta said.

Officials from the National Aquarium said in a news release that they had seen small animals taking shelter in the shallow channel that houses the aquarium's new floating wetland exhibit. The exhibit has an aeration system that can increase water oxygen levels amid low-oxygen events.

Aquarium officials believe the Inner Harbor is experiencing "pistachio tide" and "mahogany tide" algae blooms. The former is a result of the turnover process, bringing sulfur bacteria to the surface. The mahogany tide is caused by a combination of nutrient runoff and "a stretch of warm, dry days with little water disruption from wind or rain."

"These conditions are perfect for the creation of a brown algae that impacts how deeply sunlight can permeate the water's surface," read the aquarium's news release.


																																			On Aug. 22, Blue Water Baltimore reported a similar fish kill, which also impacted menhaden, near Domino Sugar along the waterfront. They also observed a green "pistachio tide" in the water and low-oxygen conditions.

MDE counted 1,700 deceased fish then, and also measured oxygen-depleted conditions in the harbor, Apperson said.

Blue Water's monitoring team visited the Inner Harbor by boat, and Volpitta received their photographs of thousands of floating dead fish.

Crews worked to remove the deceased fish that washed up on the promenade along the water, and used a boat outfitted with conveyor belts to scoop them from the harbor.

"It's really sad. It's heartbreaking," Volpitta said. "It's always interesting to me when we see a fish kill, because that's the time you can see the true biodiversity of what's living in there--but they're all dead."
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Critically endangered California condor shot and killed in Colorado

										

    
        
            [image: condor]
             
                Credit: Unsplash/CC0 Public Domain
            
        

    


A rare California condor passing through southwestern Colorado was shot and killed this year, and state and federal authorities on Wednesday asked the public to help track down those responsible.



										      
																					A critically endangered species, condors flying in the wild and rugged canyons of northern Arizona and southern Utah number only 85--a population hard hit in 2023 by avian influenza. They're seldom seen in Colorado. But in late March this year, somebody killed one in a remote area northeast of Lewis and west of McPhee Reservoir in Montezuma County, Colorado Parks and Wildlife officials said in a news release.

This massive dead bird was discovered about 24 hours after it was killed, CPW officials stated.

"Previous leads have not yielded results," the officials said, so CPW and U.S. Fish and Wildlife Service officials are asking for any information regarding the killing and those who are responsible.

California condors are protected under the Endangered Species Act, which means it is illegal for anyone to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect them. Anyone involved in killing this condor could face a third-degree felony charge of wanton destruction of protected wildlife, with a maximum fine of $5,000, restitution of $1,500, and a five-year prison sentence, CPW officials said.

In 1987, the California condor population had declined to just 22 birds in the wild. A federally led recovery program has relied on captive breeding and release of condors. The total world population numbers more than 560, officials said. More than half are flying free in Arizona, Utah, California, and Mexico.

Anybody with information about the bird's killing can call the Colorado Operation Game Thief hotline. Anybody providing information that leads to a successful prosecution may be eligible for a reward, CPW and USFWS officials said, adding that any requests for confidentiality will be respected.
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Wildlife trafficking ring killed at least 118 eagles, prosecutors say
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                This undated image from a court document provided by the U.S. Attorney for the District of Montana shows golden eagle feet recovered by law enforcement officers from a Washington state man's vehicle. Credit: Courtesy of the U.S. Attorney for the District of Montana via AP, File
            
        

    


A man helped kill at least 118 eagles to sell their feathers and body parts on the black market as part of a long-running wildlife trafficking ring in the western U.S. that authorities allege killed thousands of birds, court filings show.



										      
																																	Travis John Branson is scheduled to be sentenced in federal court on Sept. 18 for his role in the trafficking ring that operated on the Flathead Indian Reservation in Montana and elsewhere.

Prosecutors say the Cusick, Washington man made between $180,000 and $360,000 from 2009 to 2021 selling bald and golden eagle parts illegally.

"It was not uncommon for Branson to take upwards of nine eagles at a time," prosecutors with the U.S. Attorney's Office in Montana wrote in a Tuesday court filing. "Not only did Branson kill eagles, but he hacked them into pieces to sell for future profits."

Eagle wings, tails, feathers and other parts are highly sought after by Native Americans who use them in ceremonies.

Prosecutors asked Judge Dana Christensen to sentence Branson to "significant imprisonment" and restitution totaling $777,250. That includes $5,000 for every dead eagle and $1,750 for each of 107 hawks that investigators said he and his co-conspirators killed.

Branson's attorney disputed the prosecutors' claims and said they overstated the number of birds killed. The prosecution's allegation that as many as 3,600 birds died came from a co-defendant, Simon Paul, who remains at large. Branson's attorney suggested in court filings that the stated death toll has fueled public outcry over the case.


																																						
    
     




																																			"It is notable that Mr. Paul himself went from a 3,600 to 1,000 bird estimate," Federal Defender Andrew Nelson wrote in a Tuesday filing, referring to a statement Paul made to authorities in a March 13, 2021, traffic stop.

Nelson also said restitution for the hawks was not warranted since those killings were not included in last year's grand jury indictment. He said Branson had no prior criminal history and asked for a sentence of probation.
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                An adult golden eagle circles overhead in a remote area of Box Elder County, Utah, May 20, 2021. Credit: Spenser Heaps/The Deseret News via AP, File
            
        

    



Branson and Paul grew up in the Flathead Reservation area. Since their indictment, Paul has been hiding in Canada to evade justice, according to Nelson.

Paul's defense attorney did not immediately respond to a telephone message seeking comment.

Investigators documented the minimum number of eagles and hawks killed through Branson's text messages, prosecutors said. Two years of his messages were not recovered, leading prosecutors to say the "full scope of Branson's killings is not captured."

Government officials have not revealed any other species of birds killed.

Bald and golden eagles are sacred to many Native Americans. U.S. law prohibits anyone without a permit from killing, wounding or disturbing eagles, or taking their nests or eggs.

Illegal shootings are a leading cause of golden eagle deaths, according to a recent government study.

Members of federally recognized tribes can get feathers and other bird parts legally through from the National Eagle Repository in Colorado and non-government repositories in Oklahoma and Phoenix. There's a yearslong backlog of requests at the national repository.

Branson pleaded guilty in March to conspiracy, wildlife trafficking and two counts of trafficking federally protected bald and golden eagles. He faced a maximum of five years in prison and a $250,000 fine on the most serious charge, conspiracy. Under a plea deal, prosecutors said they would seek to dismiss additional trafficking charges.

Federal guidelines call for a sentence of roughly three to four years in prison for Branson, they said.
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