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Title: NMR Crystallographic Journey from Light to Heavy Atoms of Mercury(II)-DOTAM Complexes and Extraction of Related Structural
Parameters
Author(s): Obuch, J (Obuch, Jakub); Novotny, J (Novotny, Jan); Czernek, J (Czernek, Jiri); Cisarova, I (Cisarova, Ivana); Hermann, P (Hermann,
Petr); Marek, R (Marek, Radek); Bryce, DL (Bryce, David L.); Kobera, L (Kobera, Libor); Brus, J (Brus, Jiri)
Source: INORGANIC CHEMISTRY  Volume: 64  Issue: 42  Pages: 21130-21144  DOI: 10.1021/acs.inorgchem.5c03503  Early Access Date:
OCT 2025  Published Date: 2025 OCT 27  
Abstract: Complexes of macrocyclic ligands are routinely used as MRI contrast agents and radionuclide carriers for PET and SPECT diagnostics
and radiotherapy. This study explores the structural and electronic environments of two materials containing [Hg(dotam)]2+ cations, using an
integrated approach combining single-crystal X-ray diffraction (SC-XRD), multinuclear solid-state magnetic resonance (ssNMR) spectroscopy
(13C, 15N, 199Hg), and relativistic density functional theory (DFT) calculations. SC-XRD revealed distinct coordination motifs, including octa-
and heptacoordinated [Hg(dotam)]2+ cations. Scalar and spin-orbit relativistic DFT computations accurately reproduced 13C and 15N chemical
shifts, with a root-mean-square deviation of similar to 0.7 ppm for 13C and similar to 4.8 ppm for 15N, highlighting the importance of relativistic
heavy atom effects. For 199Hg NMR, relativistic cluster-based methods (ADF/ReSpect) outperformed nonrelativistic approaches. An empirical
regression model (chi) linked 199Hg shifts to the coordination number (CN) and averaged donor electronegativity (chi) (R 2 = 0.86), enabling rapid
structural inference. The isotropic 199Hg shift correlates with the charge on the Hg atom, influencing the p-type frontier molecular orbitals and
their paramagnetic contributions to NMR shielding. This work highlights the potential of 199Hg NMR as a structural descriptor and offers a
strategy for NMR crystallography involving heavy elements with possible implications for catalysis, ionic liquids, and Hg-based pharmaceuticals.
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Title: LossFIQA: A Shortcut Solution to Image Quality Assessment Using Loss for Faces and Beyond
Author(s): Vasko, M (Vasko, Marek); Herout, A (Herout, Adam)
Source: IEEE ACCESS  Volume: 13  Pages: 126915-126924  DOI: 10.1109/ACCESS.2025.3589778  Published Date: 2025   
Abstract: We introduce a novel approach to model-based quality assessment of input images. Our approach is very simple, and we demonstrate
experimentally that it is not limited to a single domain (typically face recognition in the literature). Our approach generates per-sample quality
pseudo-labels directly from the objective function used during the training of the target model. We evaluate the proposed method on eight large and
respected datasets (from the face recognition on LFW, CALFW, CPLFW, XQLFW, CFP-FP, AgeDB, IJB-C, and retinopathy detection domain on
EyePACS dataset) and using multiple state-of-the-art models (AdaFace, MagFace, ArcFace, ElasticFace, and CuricularFace). Compared to state-of-
the-art methods for face quality assessment that are considerably more complex, our solution yields competitive results while being much simpler
and not limited to one application.
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Title: Challenges in Automatic Differentiation and Numerical Integration in Physics-Informed Neural Networks Modelling
Author(s): Danek, J (Danek, Josef); Pospísil, J (Pospisil, Jan)
Source: INTERNATIONAL JOURNAL FOR NUMERICAL METHODS IN ENGINEERING  Volume: 126  Issue: 20  Article Number:
e70148  DOI: 10.1002/nme.70148  Published Date: 2025 OCT 30  
Abstract: In this paper, we numerically examine the precision challenges that emerge in automatic differentiation and numerical integration in
various tasks now tackled by physics-informed neural networks (PINNs). Specifically, we illustrate how ill-posed problems or inaccurately
computed functions can cause serious precision issues in differentiation and integration. A major difficulty lies in detecting these problems. A
simple, large-scale view of the function, or good-looking loss functions or convergence results, may not reveal any potential errors, and the
resulting outcomes are often mistakenly considered correct. To address this, it is often critical to determine whether standard double-precision
arithmetic suffices or if higher precision is necessary, but using higher precision arithmetic with neural networks does not have to bring an
improvement at all. Three problematic use cases for solving differential equations using PINNs are analyzed in detail. For the case requiring
numerical integration, we also evaluate several numerical quadrature methods and suggest particular numerical analysis steps to choose the most
suitable method.
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Title: Molecular phylogeny and species delimitation unravel climate-driven diversification and cryptic radiation in Iranian steppe Vipers
(<i>Vipera ursinii-renardi</i> complex)
Author(s): Faridi, M (Faridi, Mohammad); Jozi, SA (Jozi, Seyed Ali); Zaeimdar, M (Zaeimdar, Mojgan); Nazarizadeh, M (Nazarizadeh, Masoud);
Kaboli, M (Kaboli, Mohammad)
Source: SCIENTIFIC REPORTS  Volume: 15  Issue: 1  Article Number: 42148  DOI: 10.1038/s41598-025-26158-y  Published Date: 2025
NOV 26  
Abstract: Accurate delineation of biodiversity units is essential for effective conservation, particularly in species complexes with cryptic diversity
and fragmented distributions. In this study, we investigated the genetic structure, phylogenetic relationships, and phylogeographic history of Iranian
populations within the Vipera ursinii-renardi complex by analysing two mitochondrial genes (cyt b, ND4) and three nuclear loci (PRLR, BDNF,
NT3) from 12 individuals sampled across the species' known range. Multilocus phylogenetic analyses revealed two well-supported evolutionary
lineages, including a previously unreported northwestern lineage (Lineage NW), which is sister to the Central Alborz lineage (V. ebneri sensu
stricto; Lineage CA). Genetic clustering and haplotype network analyses further supported the distinctiveness of these lineages, indicating limited
or no gene flow between them. Molecular-clock dating suggests that the divergence between Lineage CA and Lineage NW occurred during the
Late Pleistocene, likely driven by climatic oscillations that promoted ecological isolation. Based on reciprocal mitochondrial monophyly, nuclear
differentiation, and geographic separation, we recognize Lineage CA and Lineage NW as two evolutionarily significant units in Iran. Recognizing
and conserving this cryptic diversity is vital for preserving the evolutionary legacy of Iranian steppe vipers and for guiding effective conservation
strategies under increasing environmental and anthropogenic pressures.
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Title: Enhanced terahertz emission from the wakefield of CO2-laser-created plasma
Author(s): Maity, S (Maity, Srimanta); Arora, G (Arora, Garima)
Source: PHYSICAL REVIEW E  Volume: 111  Issue: 4  Article Number: 045205  DOI: 10.1103/PhysRevE.111.045205  Published Date: 2025
APR 10  
Abstract: High-field terahertz (THz) pulse generation is investigated through the interaction of an intense single-color CO2 laser pulse with helium
(He) gas targets. Employing particle-in-cell (PIC) simulations, this study reveals a substantial enhancement in THz generation efficiency, even with
a single-color laser pulse interacting with gas targets in the self-modulated-laser-wakefield (SMLWF) regime. Our study demonstrates that in the
presence of photoionization, a synergistic interplay of laser self-modulation, self-focusing, and local pump depletion leads to the generation of
robust THz pulses polarized parallel to the laser electric field. The dependence of THz generation efficiency on target density, laser intensity, and
laser pulse duration has been investigated. Our study identifies a favorable parametric regime for producing THz fields with amplitudes reaching
hundreds of GV/m, surpassing those reported in previous studies.
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Title: Helical sensors of membrane saturation: Changes in orientation and curvature preference
Author(s): Pal, S (Pal, Sushmita); Pajtinka, P (Pajtinka, Peter); Javanainen, M (Javanainen, Matti); Vácha, R (Vacha, Robert)
Source: BIOPHYSICAL JOURNAL  Volume: 124  Issue: 23  Pages: 4087-4095  DOI: 10.1016/j.bpj.2025.09.042  Early Access Date: DEC
2025  Published Date: 2025 DEC 2  
Abstract: The degree of unsaturation in lipids, which refers to the number of double bonds in their acyl chains, influences properties such as
fluidity and lipid packing. However, it is not well understood how the unsaturation affects the ability of peptides to sense membrane curvature. In
our study, we compared membranes with varying levels of unsaturation: monounsaturated POPC; bis-unsaturated DOPC; and polyunsaturated
PAPC. We investigated how these membranes interact with peptides of varying hydrophobicity. Using coarse-grained molecular dynamics
simulations, we found that increasing unsaturation leads to deeper peptide insertion into the lipid bilayer, which correlates with a shift in curvature
preference toward more negative values. We demonstrate that specific peptides preferentially localize on the positively curved regions in saturated
membranes but shift preference to negatively curved regions in unsaturated membranes, thereby functioning as sensors of membrane unsaturation.
In addition, polyunsaturated lipids facilitate the reorientation of peptides from a membrane-adsorbed state to a trans-membrane state. These
findings may play a role in biological processes such as vesicle formation, membrane fusion, and protein sorting and highlight the adaptability of
peptides to different lipid compositions in membranes. SIGNIFICANCE Unsaturated lipids contain one or more double bonds in their acyl chains.
These unsaturated lipids are abundant in cellular organelles such as the endoplasmic reticulum and in specific tissues including human heart and
brain. However, it remains unclear how the presence of unsaturated lipids affects the function of membrane proteins. This study demonstrates that a
higher degree of membrane unsaturation results in deeper insertion of amphiphilic peptides, shifting the sensing of membrane curvature to negative
values. Moreover, stabilization of transmembrane state in an unsaturated membrane can lead to reorientation of alpha-helices depending on the
membrane unsaturation level, providing a possibility for the regulation of protein localization and function.
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Title: Size matters: a new genus of tarantula with the longest male palps, and an integrative revision of <i>Monocentropus</i> Pocock, 1897
(Araneae, Theraphosidae, Eumenophorinae)
Author(s): Zamani, A (Zamani, Alireza); von Wirth, V (von Wirth, Volker); Fabianek, P (Fabianek, Premysl); Hoefling, J (Hoefling, Jonas); Just, P
(Just, Pavel); Korba, J (Korba, Jan); Petzold, A (Petzold, Alice); Stockmann, M (Stockmann, Mark); Elmi, HSA (Elmi, Hassan Sh Abdirahman);
Vences, M (Vences, Miguel); Opatova, V (Opatova, Vera)
Source: ZOOKEYS  Issue: 1247  Pages: 89-126  DOI: 10.3897/zookeys.1247.162886  Published Date: 2025   
Abstract: A taxonomic revision of the eumenophorine tarantula genus Monocentropus Pocock, 1897, which currently comprises three species, M.
balfouri Pocock, 1897 (male female; Socotra, Yemen), M. lambertoni Fage, 1922 (male female; Madagascar), and M. longimanus Pocock, 1903
(male female; Yemen), is presented. By integrating both morphological data and a molecular phylogeny based on mitochondrial (cox1) and nuclear
(28S, 18S) markers, the genus is herein redefined to include only the type species, M. balfouri. A new genus, Satyrex Zamani & von Wirth, gen.
nov., is established to comprise S. longimanus comb. nov., along with four new species from the Arabian Peninsula and the Horn of Africa
described herein: S. arabicus Zamani & von Wirth, sp. nov. (a; Saudi Arabia), S. ferox Zamani, von Wirth & Stockmann, sp. nov. (male female;
Yemen, Oman), S. somalicus Zamani & von Wirth, sp. nov. (a; Somaliland), and S. speciosus Zamani, von Wirth & Just, sp. nov. (male female;
Somaliland). The new genus is partially characterised by possessing the longest male palps known in tarantulas, possibly functioning in
cannibalism avoidance during mating. Both the molecular phylogeny and morphological characters suggest that M. lambertoni is probably not
congeneric with M. balfouri, and also indicate that multiple species may be currently subsumed under the former name. Therefore, M. lambertoni is
regarded as incerta sedis pending further studies to clarify its taxonomic placement, as it is also considered to represent a species complex. Finally,
the distribution of all studied taxa is discussed within a biogeographic framework.
Accession Number: WOS:001539414100001
PubMed ID: 40746630
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Opatova, Vera  F-3427-2019   
Just, Pavel  S-1080-2017  0000-0003-1983-6310 
Stockmann, Mark    0000-0003-2957-0181 
Elmi, Hassan Sh Abdirahman GYV-5262-2022  0000-0002-1810-8170 
Fabiánek, Přemysl    0009-0002-2147-7521 
Zamani, Alireza  Y-1121-2019  0000-0002-8084-9666 
Petzold, Alice  LGZ-6207-2024  0000-0002-0743-2004 
Korba, Jan    0009-0006-0578-1725 
ISSN: 1313-2989
eISSN: 1313-2970

Record 8 of 502
Title: Numerical Modelling of Wood Gasification in Thermal Plasma Reactor II. Parametric Study for Currents 400-600 A
Author(s): Hirka, I (Hirka, Ivan); Jenista, J (Jenista, Jiri); Zivny, O (Zivny, Oldrich)
Source: PLASMA CHEMISTRY AND PLASMA PROCESSING  Volume: 45  Issue: 3  Pages: 919-950  DOI: 10.1007/s11090-025-10543-
6  Early Access Date: FEB 2025  Published Date: 2025 MAY  
Abstract: Biomass gasification is a renewable technology for energy storage and hydrogen production. As a model example, in an earlier paper by
Hirka et al. Plasma Chem. Plasma Process. (2017) 37:947-965, the gasification process of crushed wood was numerically modelled for three
different mean diameters of the feed particles in a reactor using a water and argon generated DC-plasma torch at a current of 400 A and compared
with experimental data of the composition at the reactor outlet. Good agreement with experiment was obtained, however, a more extensive
parametric study is desirable for more general conclusions and optimization of operating conditions, which is the subject of this paper. Here,
currents of 400, 500, and 600 A and multiple mean particle diameters ranging from 0.2 to 20 mm were studied. The resulting parameters were
averaged over a sufficiently long iterative process. The resulting characteristics include temperature, velocity, current field distributions, molar
fraction of synthesis gas, as well as discrete phase and particle trajectories. With increasing diameter from about 1 mm, the produced synthesis gas
becomes concentrated in the center of the reactor chamber. The numerical model has been created using ANSYS Fluent software.
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Title: Expanding the known haemosporidian parasite diversity in Eurasian bluethroat<i> (Luscinia</i><i> svecica)</i> subspecies through
amplicon sequencing
Author(s): Damnjanovic, D (Damnjanovic, Dragomir); Nazarizadeh, M (Nazarizadeh, Masoud); Pavel, V (Pavel, Vaclav); Chutny, B (Chutny,
Bohumir); Johnsen, A (Johnsen, Arild); Nováková, M (Novakova, Milena); Stefka, J (Stefka, Jan)
Source: INTERNATIONAL JOURNAL FOR PARASITOLOGY  Volume: 55  Issue: 3-4  Pages: 137-150  DOI:
10.1016/j.ijpara.2024.11.007  Early Access Date: FEB 2025  Published Date: 2025 MAR  
Abstract: Monitoring haemosporidian parasites in birds is essential to comprehend the dynamics of avian malaria, a disease that significantly
affects bird populations worldwide. This study concentrated on the prevalence and diversity of haemosporidian parasites in 198 specimens from
two subspecies of the Eurasian blue- throat (Luscinia svecica), aiming to explore the genetic diversity and species richness of haemosporidian
fauna across the host populations. By utilizing next-generation amplicon high-throughput sequencing (NGS), we observed a marked increase in the
detection of haemosporidian diversity, revealing cryptic variants and species previously unidentified by Sanger sequencing. A high prevalence of
Plasmodium was seen in all studied sites, accompanied by a less frequent Leucocytozoon infection in the red- spotted subspecies and minimal
occurrence of Haemoproteus. Both previously known and new, low prevalence cryptic variants were detected, underscoring the complexity of
haemosporidian infections in avian hosts. The use of species delimitation tools provided a detailed understanding of haemosporidian species
diversity, their coexistence within hosts, and their phylogenetic relationships. Despite the varying ecological characteristics of the study sites, no
significant difference in haemosporidian alpha diversity among populations was found. However, significant differences in beta diversity were
identified, suggesting that habitat characteristics and geographic distance influence parasite distribution. These findings highlight the importance of
advanced molecular techniques in revealing the hidden diversity of parasites, offering valuable insights into the ecology and evolution of
haemosporidian infections. Given the threatened status of one of the host's populations, knowledge on local diversity of haemosporidian parasites
also has implications for possible conservation strategies. (c) 2024 Australian Society for Parasitology. Published by Elsevier Ltd. All rights are
reserved, including those for text and data mining, AI training, and similar technologies.
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Title: Halloysite as a carrier/sorbent of diclofenac: A molecular simulations study
Author(s): Gianni, E (Gianni, Eleni); Pospísil, M (Pospisil, Miroslav); Scholtzová, E (Scholtzova, Eva)
Source: SURFACES AND INTERFACES  Volume: 70  Article Number: 106710  DOI: 10.1016/j.surfin.2025.106710  Early Access Date: JUN
2025  Published Date: 2025 AUG 1  
Abstract: Halloysite clay mineral, due to its special features concerning its charge distribution and unique spiral nano-tubular morphology, is
intensively investigated for several uses, including pharmaceutical and environmental applications. Diclofenac, an active substance, is effectively
loaded on halloysite mineral for the targeted delivery of the drug into the human body. However, the mechanisms behind the loading are not known
precisely. In the present study, classical molecular simulations were used to investigate the mutual interactions between halloysite nanotube and
diclofenac in detail. Two forms of diclofenac, anionic (D-) and neutral (D0), were examined for a detailed understanding of halloysite's sorbent
mechanisms. Molecular simulations verified the potential of halloysite for diclofenac loading in both forms, with a slight preference for the neutral
one. Both forms of diclofenac tend to interact with the inner alumina surface of the halloysite, giving high stability to the calculated and tested
systems. Thus, halloysite can be used as a suitable drug carrier for both forms of diclofenac or as a potential sorbent for decontaminating soil or
wastewater that presents high concentrations of diclofenac.
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Title: First-principles insights into structure and magnetism in ultra-small tetrahedral iron oxide nanoparticles
Author(s): Berecová, V (Berecova, Valentina); Friák, M (Friak, Martin); Pizúrová, N (Pizurova, Nadezda); Pavlu, J (Pavlu, Jana)
Source: PHYSICAL CHEMISTRY CHEMICAL PHYSICS  Volume: 27  Issue: 40  DOI: 10.1039/d5cp01415h  Early Access Date: AUG
2025  Published Date: 2025 OCT 15  
Abstract: Structural and magnetic properties of ultra-small tetrahedron-shaped iron oxide nanoparticles were investigated using density functional
theory. Tetrahedral and truncated tetrahedral models were considered in both non-functionalized form and with surfaces passivated by pseudo-
hydrogen atoms. The focus on these two morphologies reflects their experimental relevance at this size scale and the feasibility of performing fully
relaxed, atomistically resolved first-principles simulations. Moreover, a novel application of pseudo-hydrogen passivation to magnetic iron oxide
nanoparticles is introduced as a practical strategy to probe intrinsic surface effects on magnetism while reducing artefacts from dangling bonds.
Although these terminations are simplified representations, they were found to capture essential aspects affecting nanoparticle behavior. In non-
functionalized models, significant distortions due to the undercoordination were observed, including Fe-O bond shortening by up to 0.46 & Aring;
and enhanced magnetic moments on oxygen atoms. These changes disrupted ferrimagnetic ordering, with spin-flipping in both tetrahedral and
octahedral sublattices leading to an almost 90% reduction in total magnetization. Upon passivation, these effects were largely mitigated: Fe-O bond
lengths became more uniform and ferrimagnetic alignment was stabilized as the energetically preferred state. Averaged spin-flip energies were
computed to be 58 meV and 72 meV for both geometries, which is markedly lower than values for bulk gamma-Fe2O3 (407-534 meV), suggesting
that magnetic disorder may emerge during synthesis at typical growth temperatures. Charge transfer analysis further showed that surface
coordination strongly affects electron distribution, with surface capping restoring near bulk-like charge states.
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Title: Electronic structure of CrO2 probed by NMR and DFT
Author(s): Chlan, V (Chlan, Vojtech); Shmyreva, AA (Shmyreva, Anna A.); Stepánková, H (Stepankova, Helena)
Source: PHYSICAL REVIEW B  Volume: 111  Issue: 2  Article Number: 024415  DOI: 10.1103/PhysRevB.111.024415  Published Date: 2025
JAN 21  
Abstract: The electronic structure of ferromagnetic half-metal CrO2 was studied by means of 53Cr nuclear magnetic resonance (NMR)
spectroscopy and density functional theory (DFT). The measured NMR spectrum consists of three distinct spectral lines and is interpreted as a
triplet arising due to electric quadrupole interaction. The observed NMR parameters agree well with those obtained from electronic structure
calculations, corresponding to the presence of Cr4+ with fully occupied localized dxy singlet and partially occupied degenerated dxz and dyz
states, as required by the ferromagnetic double exchange mechanism. With high accuracy, the orbital occupations and valence states of all Cr atoms
within the CrO2 structure are found to be uniform.
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Author(s): Kalla, E (Kalla, Erik); Semrád, H (Semrad, Hugo); Maier, L (Maier, Lukas); Paruch, K (Paruch, Kamil); Zipse, H (Zipse, Hendrik);
Munzarová, M (Munzarova, Marketa)
Source: EUROPEAN JOURNAL OF ORGANIC CHEMISTRY  Volume: 28  Issue: 43  DOI: 10.1002/ejoc.202500661  Early Access Date: SEP
2025  Published Date: 2025 NOV 24  
Abstract: Diels-Alder reactions of 2-methyl-6-substituted-p-benzoquinones are studied using quantum chemical calculations. The effect of 19
substituents, including halomethyl, alkyl, vinyl, ethynyl, nitrile, trifluoromethyl, methoxy, cyclohexenyl, phenyl, and trifluoromethoxyphenyl
groups, on the reaction barriers is explored by the B3LYP-D3, M06-2X, and DLPNO-CCSD(T) methods. Gibbs free activation energies are
compared for the two regioisomeric products experimentally observed in the reaction mixture. For 75% of the substituents, the calculated barrier
difference (Delta G double dagger<bold>b</bold> - Delta G double dagger<bold>a</bold>) lies within 2.0 kcal mol(-1) of the value determined
from the experimentally observed product ratio <bold>a</bold>/<bold>b</bold>. Activation barriers are further analyzed in terms of the
underlying deformation and interaction energies. The difference in deformation energies of transition states corresponding to the two regioisomers
ranges from -8.0 to +8.0 kcal mol(-1) and is directly proportional to experimental ln(<bold>a</bold>/<bold>b</bold>) values. Differences in
interaction energies between regioisomeric transition states are, in comparison, significantly smaller.
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Title: Sessile ⟨100⟩ self-interstitial clusters with non-parallel edge dumbbells in irradiated bcc Fe and other metals
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Source: SCRIPTA MATERIALIA  Volume: 255  Article Number: 116353  DOI: 10.1016/j.scriptamat.2024.116353  Early Access Date: SEP
2024  Published Date: 2025 JAN 15  
Abstract: Density Functional Theory calculations of self-interstitial atom clusters in bcc Fe unexpectedly show that from similar to 9-14 self-
interstitial atoms, an intriguing new family of sessile < 100 > clusters, surrounded by < 110 > dumbbells, are more stable than highly mobile
clusters of parallel < 111 > dumbbells. The < 110 > edge dumbbells find a favorable location in terms of strain energy on the tensile side around the
edges of the < 100 > center, thus stabilizing the clusters. These sessile clusters might explain resistivity recovery results that suggested an absence
of glissile self-interstitial clusters up to large cluster sizes in irradiated Fe, while smaller self-interstitial atom clusters likely would have been
present. The mechanism of non-parallel edge interstitials stabilizing an otherwise higher energy interstitial loop is also found in some fcc metals.
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Title: CO<sub>2</sub>@C<sub>84</sub>: DFT Calculations of Structure and Energetics
Author(s): Slanina, Z (Slanina, Zdenek); Uhlik, F (Uhlik, Filip); Akasaka, T (Akasaka, Takeshi); Lu, X (Lu, Xing); Adamowicz, L (Adamowicz,
Ludwik)
Source: INORGANICS  Volume: 13  Issue: 1  Article Number: 19  DOI: 10.3390/inorganics13010019  Published Date: 2025 JAN  
Abstract: Encapsulations of carbon dioxide into D2(22)-C84 and D2d(23)-C84 fullerenes are evaluated. The encapsulation energy is computed
with the DFT M06-2X/6-31+G* approach corrected for the basis set superposition error evaluated by the counterpoise method. The resulting
encapsulation energy for CO2@D2(22)-C84 and CO2@D2d(23)-C84 amounts to substantial values of -14.5 and -13.9 kcal/mol, respectively. The
energy gain is slightly larger than for CO@C60, already synthesized with a high-temperature and high-pressure treatment-so that a similar
preparation of CO2@C84 could be possible. The calculated rotational constants and IR vibrational spectra are presented for possible use in
detection. The stability of (CO2)2@C84 is also briefly discussed.
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Title: Deciphering the landscape of allosteric glutaminase 1 inhibitors as anticancer agents
Author(s): Vagaggini, C (Vagaggini, Chiara); D'Ursi, P (D'Ursi, Pasqualina); Poggialini, F (Poggialini, Federica); Fossa, P (Fossa, Paola);
Francesconi, V (Francesconi, Valeria); Trombetti, G (Trombetti, Gabriele); Orro, A (Orro, Alessandro); Dreassi, E (Dreassi, Elena); Schenone, S
(Schenone, Silvia); Tonelli, M (Tonelli, Michele); Carbone, A (Carbone, Anna)
Source: BIOORGANIC CHEMISTRY  Volume: 161  Article Number: 108523  DOI: 10.1016/j.bioorg.2025.108523  Early Access Date: APR
2025  Published Date: 2025 JUL 1  
Abstract: Glutamine is the second most utilised energy source after glucose for cancer cells to support their proliferation and survival.
Glutaminase 1 (GLS1) is the rate-limiting enzyme during the glutaminolysis pathway and thus represents a promising therapeutic target for the
development of innovative antitumor agents. Two main classes of GLS1 inhibitors, based on their different binding mode, are reported: the
substrate active site and the allosteric site inhibitors. Despite the intense efforts made to date, only two GLS1 inhibitors (i.e., CB-839 and
IPN60090) have entered clinical trials. Therefore, this research field remains to be explored to improve the effectiveness of anticancer therapy.
Hence, we describe the discovery and development of reversible allosteric GLS1 inhibitors disclosed in the last six years, dividing them based on
their structural similarity with bis-2-(5-phenylacetamido1,2,4-thiadiazol-2-yl)ethyl sulfide (BPTES) and CB-839. Furthermore, macrocyclic and
thiadiazole derivatives, and other structurally different compounds are discussed to present a wider picture of the chemical space under
investigation. The study of the binding interactions governing GLS1 inhibition is also analyzed, to help prospectively refine the structural features
for greater efficacy. Interestingly, an overview of a new class of irreversible allosteric inhibitors targeting GLS1 Lys320 key residue is provided for
the first time. We also summarize the most important biological studies conducted on CB-839 and IPN60090 and their significance for further
assessment. The insights garnered from this paper are expected to guide future drug design endeavours toward the identification of novel
therapeutics targeting GLS1 to complement and potentially enhance the arsenal of anticancer medications.
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Title: Multi-label Classification and Named Entity Recognition for Historical Documents
Author(s): Gruber, I (Gruber, Ivan); Hlavác, M (Hlavac, Miroslav); Neduchal, P (Neduchal, Petr); Hrúz, M (Hruz, Marek)
Edited by: Moosaei H; Kotsireas I; Pardalos PM
Source: DYNAMICS OF INFORMATION SYSTEMS, DIS 2024  Book Series: Lecture Notes in Computer Science  Volume: 14661  Pages: 24-
34  DOI: 10.1007/978-3-031-81010-7_2  Published Date: 2025   
Abstract: In this paper, we present improvements to our processing pipeline for historical document digitization. The original pipeline is extended
with two new functionalities - page labeling, and named entity recognition. We handle page labeling as a multi-label classification task, for which
we choose the Query2Label approach. Query2Label is tested on our internal NKVD dataset and reaches a mean average precision equal to 80.03%
on the test set. For the named entity recognition task we utilize pre-trained transformer-based models DeepPavlov and benchmark them on two
entities - person name, and location. The best model reaches promising results despite not being trained on our data at all.
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Title: Superconductivity in the spin-state crossover materials: Nickelates with planar-coordinated low-spin Ni2+ions
Author(s): Chaloupka, J (Chaloupka, Jiri); Khaliullin, G (Khaliullin, Giniyat)
Source: PHYSICAL REVIEW B  Volume: 112  Issue: 7  Article Number: 075157  DOI: 10.1103/s5b6-crzc  Published Date: 2025 AUG 28  
Abstract: We theoretically study quasi-two-dimensional nickel compounds, where the nickel ions assume Ni2+ d8 valence state and feature a low-
spin S = 0 ground state quasidegenerate with S = 1 ionic excitations. Such a level structure is supported by square-planar coordination of nickel
ions or a suitable substitution of apical oxygens. We construct the corresponding singlet-triplet exchange model and explore its phase diagram and
excitation spectrum. By hole doping, we further introduce mobile Ni3+ d7 ionic configurations with effective spins S = 1/2, and analyze their
interactions with the d8 singlet-triplet background. The interplay with the triplet excitations in the d8 sector is found to have a deep impact on the
propagation of the doped holelike charge carriers and is identified as a powerful source of Cooper pairing among them.
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Title: Stability of graphene hyperbolic pseudospheres under harsh conditions
Author(s): Klaver, TPC (Klaver, T. P. C.); Gabbrielli, R (Gabbrielli, R.); Tynianska, V (Tynianska, V.); Iorio, A (Iorio, A.); Legut, D (Legut, D.)
Source: APPLIED PHYSICS A-MATERIALS SCIENCE & PROCESSING  Volume: 131  Issue: 11  Article Number: 937  DOI:
10.1007/s00339-025-09040-6  Published Date: 2025 OCT 30  
Abstract: We demonstrate the high stability of simulated graphene hyperbolic pseudospheres under large externally imposed deformations and
high temperature annealing. Hyperbolic pseudospheres are produced in a two-step Molecular Dynamics simulation process. First, carbon atoms are
forced down a thin three-dimensional volume of a chosen shape. During this extrusion process the carbon atoms form a precursor to graphene that
is unrealistically less stable than graphite or diamond. Then the unstable carbon structure is annealed inside the thin volume at high temperature,
turning the carbon into realistic polycrystalline, curved graphene. Point defects naturally appear in numbers and places that stabilize the graphene
in the desired shape, without high residual stresses. We applied this new methodology to the creation of graphene hyperbolic pseudosphere
surfaces, which reproduce analogs to some aspects of classical or quantum gravity. The free edges of the pseudosphere cause bending of the
graphene. When these free edges are removed from the simulations by attaching periodic flat graphene sheets to the pseudosphere edges, the carbon
atoms assume positions just some tenths of angstrom from the mathematical hyperbolic pseudosphere surface. In demanding tests of their stability,
the hyperbolic pseudospheres proved stable against 20 degrees shearing or 20% elongation and then being released, which eventually raised their
temperatures by similar to 300 K. Our methodology is relatively easy to use and offers a practical way to create simulated curved graphene surfaces
of almost any shape. It allows for thorough testing in advance of the stability of graphene shapes that are to be produced experimentally.
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Title: Harnessing the power of 19F NMR for characterizing dimerization and ligand binding of 14-3-3 proteins
Author(s): Náplavová, A (Naplavova, Alexandra); Kozeleková, A (Kozelekova, Aneta); Crha, R (Crha, Radek); Gronenborn, AM (Gronenborn,
Angela M.); Hritz, J (Hritz, Jozef)
Source: INTERNATIONAL JOURNAL OF BIOLOGICAL MACROMOLECULES  Volume: 305  Article Number: 141253  DOI:
10.1016/j.ijbiomac.2025.141253  Early Access Date: FEB 2025  Published Date: 2025 MAY  Part: PT 2  
Abstract: The main role of dimeric 14-3-3 proteins is to modulate the activity of several hundred binding partners by interacting with
phosphorylated residues of the partner proteins, often located in disordered regions. The inherent flexibility or large size of 14-3-3 complexes
hampers their structural characterization by X-ray crystallography, cryo-electron microscopy (EM) and traditional solution nuclear magnetic
resonance (NMR) spectroscopy. Here, we employ solution 1D 19F-Trp NMR spectroscopy to characterize substrate binding and dimerization of
14-3-3 proteins, focusing on 14-3-3 zeta- an abundant human isoform as an example. Both conserved Trp residues are located in distinct
functionally important sites- the dimeric interface and the ligandbinding groove. We substituted them by 5F-Trp, thereby introducing a convenient
NMR probe. Fluorination of the two Trp did not impact the stability and interaction properties of 14-3-3 zeta in a substantive manner, permitting to
carry out 19F NMR experiments to assess 14-3-3's structure and behavior. Importantly, 5F-Trp228 reports on binding of substrates in the
amphipathic binding groove of 14-3-3 zeta and permitted to distinguish distinct recognition modes. Thus, we established that 19F NMR is a
powerful approach to evaluate the binding of partner proteins to 14-3-3 and to characterize the properties of the resulting complexes.
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Title: Split Membrane: A New Model to Accelerate All-Atom MD Simulation of Phospholipid Bilayers
Author(s): Hazrati, MK (Hazrati, Mehrnoosh Khodam); Sukeník, L (Sukenik, Lukas); Vácha, R (Vacha, Robert)
Source: JOURNAL OF CHEMICAL INFORMATION AND MODELING  Volume: 65  Issue: 2  Pages: 845-856  DOI:
10.1021/acs.jcim.4c01664  Early Access Date: JAN 2025  Published Date: 2025 JAN 8  
Abstract: All-atom molecular dynamics simulations are powerful tools for studying cell membranes and their interactions with proteins and other
molecules. However, these processes occur on time scales determined by the diffusion rate of phospholipids, which are challenging to achieve in
all-atom models. Here, we present a new all-atom model that accelerates lipid diffusion by splitting phospholipid molecules into head and tail
groups. The bilayer structure is maintained by using external lateral potentials, which compensate for the lipid split. This split model enhances
lateral lipid diffusion more than ten times, allowing faster and cheaper equilibration of large systems with different phospholipid types. The current
model has been tested on membranes containing PSM, POPC, POPS, POPE, POPA, and cholesterol. We have also evaluated the interaction of the
split model membranes with the Disheveled DEP domain and amphiphilic helix motif of the transcriptional repressor Opi1 as representative of
peripheral proteins as well as the dimeric fragment of the epidermal growth factor receptor transmembrane domain and the Human A2A Adenosine
of G protein-coupled receptors as representative of transmembrane proteins. The split model can predict the interaction sites of proteins and their
preferred phospholipid type. Thus, the model could be used to identify lipid binding sites and equilibrate large membranes at an affordable
computational cost.
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Title: WaterSplatting: Fast Underwater 3D Scene Reconstruction Using Gaussian Splatting
Author(s): Li, HP (Li, Huapeng); Song, WX (Song, Wenxuan); Xu, TN (Xu, Tianao); Elsig, A (Elsig, Alexandre); Kulhanek, J (Kulhanek, Jonas)
Book Group Author(s): IEEE COMPUTER SOC
Source: 2025 INTERNATIONAL CONFERENCE ON 3D VISION, 3DV  Book Series: International Conference on 3D Vision  Pages: 969-
978  DOI: 10.1109/3DV66043.2025.00094  Published Date: 2025   
Abstract: The underwater 3D scene reconstruction is a challenging, yet interesting problem with applications ranging from naval robots to VR
experiences. The problem was successfully tackled by fully volumetric NeRF-based methods which can model both the geometry and the medium
(water). Unfortunately, these methods are slow to train and do not offer real-time rendering. More recently, 3D Gaussian Splatting (3DGS) method
offered a fast alternative to NeRFs. However, because it is an explicit method that renders only the geometry, it cannot render the medium and is
therefore unsuited for underwater reconstruction. Therefore, we propose a novel approach that fuses volumetric rendering with 3DGS to handle
underwater data effectively. Our method employs 3DGS for explicit geometry representation and a separate volumetric field (queried once per
pixel) for capturing the scattering medium. This dual representation further allows the restoration of the scenes by removing the scattering medium.
Our method outperforms state-of-the-art NeRF-based methods in rendering quality on the un- derwater SeaThru-NeRF dataset. Furthermore, it
does so while offering real-time rendering performance, addressing the efficiency limitations of existing methods.
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Title: pH control of the reaction mechanism: interactions of the Au(i)-NHC complex with thioredoxin reductase (modeled by cysteine and
selenocysteine); <i>ab initio</i> and DFT calculations
Author(s): Sebesta, F (Sebesta, Filip); Nguen, MTH (Nguen, Man Thi Hong); Munzarová, M (Munzarova, Marketa); Burda, JV (Burda, Jaroslav
V.)
Source: PHYSICAL CHEMISTRY CHEMICAL PHYSICS  Volume: 27  Issue: 13  Pages: 6604-6615  DOI: 10.1039/d4cp04386c  Early Access
Date: FEB 2025  Published Date: 2025 MAR 26  
Abstract: Interactions of Cys and Sec amino acids with a simple model of the Au(i)-NHC complex were explored using DFT functionals and post-
HF methods. In addition to the conventional quantum chemical description with the NVT canonical ensemble, a transformation to the grand-
canonical ensemble was performed. This approach allowed for the consideration of chemical species with different numbers of protons and the
evaluation of reactions at constant pH. For this purpose, a new thermodynamic state function, the Gibbs-Alberty free energy (Delta GA0), was
introduced, with the proton chemical potential as the natural variable, and applied to Cys/Sec-Au(i)NHC interactions. Having determined all the
necessary pKa values, the pH-dependent equilibrium constant was expressed for both Cys and Sec coordination to the gold(i) complex. The
dependences of Delta GA0(Cys) and Delta GA0(Sec) as functions of varying pH demonstrated a clear preference for Sec coordination under acidic
and neutral conditions, which shifted near pH approximate to 8, where Cys coordination became thermodynamically more stable.
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Author(s): Shishkanova, TV (Shishkanova, Tatiana V.); Uhlíková, T (Uhlikova, Tereza); Synytsya, A (Synytsya, Alla); Nemeskalová, A
(Nemeskalova, Alzbeta); Otta, J (Otta, Jaroslav)
Source: SENSORS AND ACTUATORS B-CHEMICAL  Volume: 423  Article Number: 136760  DOI: 10.1016/j.snb.2024.136760  Early
Access Date: OCT 2024  Published Date: 2025 JAN 15  
Abstract: This study describes a label-free voltammetric detection of 2-aminoindane (2-AI), a novel psychoactive substance, using graphite
screen-printed electrode modified with an electrochemically oxidized cobalt bis(dicarbollide) derivative (CoK/G/SPE). Morphological, structural
and electrochemical characterization is assessed by using a computational approach, scanning electron microscopy, infrared spectrometry and
electrochemical techniques. The binding/recognition of 2-AI (as a primary analyte) and 2,5-dimethoxy-4-iodoamphetamine (DOI, as interferent
from category amphetamines) is compared, with CoK as a monomer as well as electrochemically deposited on the G/SPE surface. The mechanism
of selectivity is proposed. The experimental findings show that these two stimulants compete for the binding/recognition sites on the modified
electrode surface, with the adsorption constant values of (2.62 +/- 0.67) x 105 and (6.10 +/- 1.32) x 105, a linear range of 19.9 - 119 mu mol L-1
and 9.97 - 235 mu mol L-1, and the limit of detection 7.2 mu mol L-1 and 2.37 mu mol L-1 for 2-AI and DOI, respectively. An important point
considering the analytical applicability and significance of CoK/G/SPE for forensic analysis is the possibility to distinguish 2-AI from an
amphetamine derivative in a two-component mixture. The CoK/G/SPE electrodes are successfully applied to determine 19.9 mu mol L-1 2-AI in
spiked model samples with recovery values of 85.3-94.8 % and relative standard deviations 10-21 %. Such reproducibility is satisfactory
considering the low cost of the electrode fabrication route.
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Author(s): Lattova, E (Lattova, Erika); Skrickova, J (Skrickova, Jana); Hausnerova, J (Hausnerova, Jitka); Krystofova, K (Krystofova, Karolina);
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Source: JOURNAL OF TRANSLATIONAL MEDICINE  Volume: 23  Issue: 1  Article Number: 918  DOI: 10.1186/s12967-025-06904-
6  Published Date: 2025 AUG 14  
Abstract: BackgroundIt is well established that the cancerous transformation of cells is accompanied by profound alterations in glycosylation. In
this study, we demonstrate the diagnostic potential of N-glycan profiling in tissue specimens from patients, primarily representing the two major
types of lung cancer: non-small cell and small cell lung cancer.MethodsLung tissues and biopsies obtained from surgery and bronchoscopy
underwent sample processing and enzymatic digestion. After labeling, glycans were analyzed employing matrix-assisted laser desorption/ionization
mass spectrometry. Statistical analysis was conducted using methods following principles of compositional data analysis.ResultsComparison of
glycan profiles demonstrated an increase in paucimannose and high mannose glycans in most tumor specimens, including those with inflammation
and histological negative for malignancy. Cancerous tissues exhibited more profound changes in glycosylation. Despite the high heterogeneity in
profiles, two main groups of not detected glycans in peritumoral tissues, considered as controls, were observed to correlate with cancer progression
in patients. One with complex polylactosamine multifucosylated glycans frequently harboring terminal N-acetyl-glucosamine residues. These
glycans were present in most tumors, with their numbers and intensities increasing as cancer progressed. In contrast, the second group exhibited
polylactosamine glycans sporadically. Instead, the biopsies of several patients with rapid progression displayed a significant presence in a set of tri-
and tetra-antennary core fucosylated glycans having mostly unoccupied N-acetyl-glucosamine residues unless carrying additional fucose
unit(s).ConclusionsThe results imply distinct glycosylation patterns even in patients with the same histological type of lung cancer, supporting
trends toward personalized diagnosis and more tailored therapies. Currently, tissue biopsies remain the gold standard for diagnosing premalignant
and malignant lesions in the lung. Expanded knowledge on glycosylation in these lesions could contribute to improved diagnostic accuracy and
better monitoring of malignant disease progression in clinical practice.
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Title: Unleashing the Potential of All-Perovskite Tandem Solar Cell Structures: A Hybrid DFT and Numerical Simulation Insights
Author(s): Gupta, GK (Gupta, Goutam Kumar); Choudhury, DR (Choudhury, Debalina Roy); Kumar, N (Kumar, Nilesh); Chaurasiya, R
(Chaurasiya, Rajneesh)
Source: IEEE TRANSACTIONS ON NANOTECHNOLOGY  Volume: 24  Pages: 390-397  DOI: 10.1109/TNANO.2025.3592232  Published
Date: 2025   
Abstract: The widespread use of lead-based perovskites in photovoltaic (PV) applications is hindered by their toxicity, instability, and
environmental concerns, creating a critical need for sustainable alternatives. In this study, we explore the structural and optoelectronic properties of
the lead-free, all-inorganic Sr3NX3 (X = I, Br, Cl, F) perovskite family using density functional theory (DFT) and many-body perturbation theory
(GW-BSE). These materials exhibit direct bandgaps tunable from 1.04 eV to 2.65 eV and high absorption coefficients (10(5) cm(-1)),
demonstrating their potential as efficient absorber layers in photovoltaic devices. Numerical simulations using SCAPS-1D are performed to
evaluate device performance in both uni-junction and tandem solar cell (TSC) architectures. Among the uni-junction configurations, the Sr3NBr3-
based device achieved the highest power conversion efficiency (PCE) of 23.06%. Amonolithic TSC composed of Sr3NBr3 (top) and Sr3NI3
(bottom) absorbers attained a PCE of 30.22%, with an open circuit voltage (Voc) of 1.75 V and short circuit current density (Jsc) of 20.8
mA/cm(2). This work demonstrates the practical viability of lead-free Sr-based perovskites and offers a promising pathway toward high-efficiency,
stable, and environmentally friendly solar energy technologies.
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Author(s): Labuta, M (Labuta, Martin); Oprsal, I (Oprsal, Ivo); Landa, DA (Landa, Daniel-Aaron); Burjánek, J (Burjanek, Jan)
Source: SOIL DYNAMICS AND EARTHQUAKE ENGINEERING  Volume: 188  Article Number: 109072  DOI:
10.1016/j.soildyn.2024.109072  Early Access Date: NOV 2024  Published Date: 2025 JAN  Part: B  
Abstract: We introduce non-invasive seismic methods for identifying and characterizing maar sedimentary infills. We conducted a dense ambient
vibration survey and employed state-of-the-art 3D resonance analysis techniques to map the lateral extent and depths of the sedimentary layers, a
challenge with traditional geophysical methods due to unfavorable aspect ratios (depth > lateral dimension). The ambient vibrations of maars are
predominantly driven by normal mode motions due to 3D resonance of crater infills. Dense station coverage enabled detailed images of the normal
mode shapes revealing infill symmetries. The resonance results in extreme ground motion amplification, with factors reaching up to 30 on the
vertical component, challenging conventional beliefs about site effects and methodologies based on widely used horizontal-to-vertical spectral
ratios. These results are supported by numerical simulations of the maar's seismic response. The observed response is so specific that it can be used
to identify partly eroded maar structures in the field.
Accession Number: WOS:001356712700001
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Labuta, Martin  JGE-3012-2023   
Oprsal, Ivo  JMG-7106-2023  0000-0002-7940-9209 
Burjanek, Jan  H-5638-2011   
ISSN: 0267-7261
eISSN: 1879-341X

Record 28 of 502
Title: Design of Zn-Binding Peptide(s) from Protein Fragments
Author(s): Kormanik, JM (Kormanik, Jan Michael); Herman, D (Herman, Daniel); Andris, E (Andris, Erik); Culka, M (Culka, Martin); Gutten, O
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Source: CHEMBIOCHEM  Volume: 26  Issue: 7  DOI: 10.1002/cbic.202401014  Early Access Date: FEB 2025  Published Date: 2025 APR 1  
Abstract: We designed a minimalistic zinc(II)-binding peptide featuring the Cys(2)His(2) zinc-finger motif. To this aim, several tens of thousands
of (His/Cys)-X-n-(His/Cys) protein fragments (n=2-20) were first extracted from the 3D protein structures deposited in Protein Data Bank (PDB).
Based on geometrical constraints positioning two Cys (C) and two His (H) side chains at the vertices of a tetrahedron, approximately 22 000
sequences of the (H/C)-X-i-(H/C)-X-j-(H/C)-X-k-(H/C) type, satisfying Nmetal-binding H=Nmetal-binding C=2, were processed. Several other
criteria, such as the secondary structure content and predicted fold stability, were then used to select the best candidates. To prove the viability of
the computational design experimentally, three peptides were synthesized and subjected to isothermal calorimetry (ITC) measurements to
determine the binding constants with Zn2+, including the entropy and enthalpy terms. For the strongest Zn2+ ions binding peptide, P1, the
dissociation constant was shown to be in the nanomolar range (K-D=similar to 220 nM; corresponding to Delta G(bind)=-9.1 kcal mol(-1)). In
addition, ITC showed that the [P1 : Zn2+] complex forms in 1 : 1 stoichiometry and two protons are released upon binding, which suggests that the
zinc coordination involves both cysteines. NMR experiments also indicated that the structure of the [P1 : Zn2+] complex might be quite similar to
the computationally predicted one. In summary, our proof-of-principle study highlights the usefulness of our computational protocol for designing
novel metal-binding peptides.
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Source: NANOMATERIALS  Volume: 15  Issue: 16  Article Number: 1287  DOI: 10.3390/nano15161287  Published Date: 2025 AUG 21  
Abstract: This article presents computational studies of non-metal fullerene endohedrals, which are useful for understanding and interpreting
experimental results. The encapsulated non-metal species are simple molecules like H2, N2, CO, HF, NH3, H2O2, H2O, and their aggregates.
Predictions of thermodynamic stability and reaction populations are reviewed, based on quantum-chemical and statistical-thermodynamic
treatments. As fullerene syntheses are performed at high temperatures, some of the calculations are based on both the encapsulation potential
energy and the encapsulation Gibbs energy changes.
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Abstract: Dy@C82 is one of the metallofullerenes studied as dopants for improvements of stability and performance of solar cells. Calculations
should help in formulating rules for selections of fullerene endohedrals for such new applications in photovoltaics. Structure, energetics, and
relative equilibrium populations of two potential-energy-lowest IPR (isolated pentagon rule) isomers of Dy@C82 under high synthetic
temperatures are calculated using the Gibbs energy based on molecular characteristics at the B3LYP/6-31G*similar to SDD level. Dy@ C 2 v ( 9 )
-C82 and Dy@ C s ( 6 ) -C82 are calculated as 58 and 42%, respectively, of their equilibrium mixture at a synthetic temperature of 1000 K, in
agreement with observations. The Dy@ C 2 v ( 9 ) -C82 species is found as lower in the potential energy by 1.77 kcal/mol compared to the Dy@ C
s ( 6 ) -C82 isomer.
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Abstract: A total of 81 strains morphologically corresponding to the circumscription of Mallomonas intermedia were isolated from 27 freshwater
localities across Europe and North America. Molecular genetic analyses revealed two distinct lineages with a strict geographical pattern, which
diverged approximately 8 million years ago. According to comparative morphological analyses, we concluded that European populations
corresponded to M. intermedia, whereas North American populations were described as a new species, M. retimedia sp. nov. The most notable
morphological difference between the species is in the number of pores enclosed in the mesh formed on the siliceous scales. While in M.
intermedia the mesh typically surrounds only one pore, meshes of M. retimedia usually encircle 3-4 pores. By incorporating fossil evidence into
our time-calibrated phylogeny, we propose that the ancestor of M. intermedia and six related species likely lacked a thick secondary layer but had a
distinct transverse rib, present in extant M. galeiformis, M. intermedia and M. retimedia species. The evolutionary history of this group further
reveals that parallel ribs on the siliceous scales have evolved independently at least three times during the Miocene epoch, suggesting an adaptive
significance, although their exact function remains unclear.
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Abstract: Here, we use a GFN-xTB (Geometries, Frequencies, and Noncovalent interactions Tight Binding) Hamiltonian of the density functional
tight binding (DFTB) method to study the structural, electronic, and magnetic properties of Ti2MC2 (M = Cr, Mo, and W) and Ti2MC2T2 (T = -F,
-O, -OH, and -Cl). By investigating the magnetic ordering, we found that the bare, F, -OH, and Cl-terminated Ti2MC2 MXenes prefer an
antiferromagnetic (AFM) alignment and show a metallic character. However, the magnetism is suppressed by O termination. This result suggests
that magnetism can be enhanced in the presence of F-, OH-, and Cl-surface functional groups. We also investigated the Ti and M vacancy defects.
We remark that the M-defect maintains the AFM ordering, whereas a magnetic transition from AFM to ferromagnetic (FM) ordering is shown by
the creation of a Ti vacancy. Among the studied double transition-metal MXenes, the Ti-defected systems show the highest magnetic moments, and
the magnetism is mainly due to the Ti atoms. Our DFTB investigations allow for efficient exploration of the magnetism in double metal MXenes
and the effect of functionalization on the electronic and magnetic properties of the studied materials. The obtained electronic properties suggest that
the Ti2MC2T2 monolayers are metals, the same behavior as compared to the majority of monotransition-metal MXenes. These findings can serve
as a guide for comprehending the electronic and magnetic properties of double metal MXenes.
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Source: GREEN CHEMISTRY  Volume: 27  Issue: 45  Pages: 14640-14647  DOI: 10.1039/d5gc04440e  Early Access Date: OCT
2025  Published Date: 2025 NOV 17  
Abstract: Screening libraries of low molecular weight (LMW) compounds are foundational in early-stage drug discovery. However, the parallel
synthesis of milligram-scale large libraries - especially for covalent inhibitors - remains constrained by resource-intensive purification protocols,
high solvent consumption, and limited scalability. Electrophilic fragments such as acrylamides are widely used to target nucleophilic cysteines in
disease-relevant proteins, but practical workflows to synthesize diverse covalent libraries in sufficient quantities and quality are lacking. Here, we
report a high-throughput, chromatography-free workflow to synthesize and analyze 1235 acrylamides using a modified Ugi four-component
reaction (U-4CR) featuring ammonia and acrylic acid. This strategy exploits direct product precipitation to replace chromatographic purification
steps with simple filtration, enabling synthesis at scale with common parallel lab instrumentation. Our protocol provides a sustainable and modular
solution to library generation, especially suitable for covalent drug discovery. Using complementary analytical methods - 1H NMR, UPLC-MS-UV,
and AEMS - we systematically evaluated compound purity, identity, and long-term stability. The large dataset was systematically processed using
PeakSel (R) (live dashboard at https://peaksel.elsci.io/a/domling_group/post/8gY7CqUMVtb), providing complementary information on compound
quality and long-term stability. This platform delivers the largest fully profiled covalent electrophile library to date and offers a generalizable
framework for sustainable library production and high-content analytical workflows. It complements emerging analytics-only approaches by
offering a complete synthesis-to-analysis pipeline accessible with standard laboratory instrumentation.
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Title: Mechanistic insights into interactions between ionizable lipid nanodroplets and biomembranes
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Source: JOURNAL OF BIOMOLECULAR STRUCTURE & DYNAMICS  Volume: 43  Issue: 17  Pages: 9983-9993  DOI:
10.1080/07391102.2024.2329307  Early Access Date: MAR 2024  Published Date: 2025 NOV 22  
Abstract: Delivery of RNA into cells using lipid nanoparticles (LNPs) has been a significant breakthrough in RNA-based medicine, with clinical
applicability expanded through the use of ionizable lipids (ILs). These unique lipids can alter their charge state in response to pH changes, which is
crucial for pH-triggered endosomal escape and effective lipid-mediated RNA delivery. In this study, we conducted a comprehensive set of
molecular dynamics (MD) simulations to investigate interactions between IL-containing lipid nanodroplets (LNDs) and cell membrane models.
Using an atomistic resolution model, we investigated the merging process of LNDs with cell membrane models under neutral conditions relevant to
an intercellular environment and acidic pH conditions found in late endosomes. Our observations revealed that at neutral pH, LNDs merged with
lipid membranes while preserving the bilayer structure. Under acidic conditions, the LNDs remained attached to the bilayer without fusing into the
membranes. Importantly, the presence of ILs did not disrupt the original biomembrane structure during the simulation period. The MD simulations
provided valuable atomistic insights into the mechanism of interaction between IL-containing nanodroplets and biomembranes, which could aid the
rational design of ILs to develop more efficient LNPs for RNA therapies.
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Book Group Author(s): ACM
Source: COMPANION PROCEEDINGS OF THE 22ND ACM INTERNATIONAL CONFERENCE ON COMPUTING FRONTIERS 2025
WORKSHOPS AND SPECIAL SESSIONS, CF2025  Pages: 157-162  DOI: 10.1145/3706594.3727579  Published Date: 2025   
Abstract: The Performance Optimisation and Productivity 3 (POP3) project, running from January 2024 to December 2026, is a Centre of
Excellence (CoE) in high-performance computing (HPC). Funded by the European High-Performance Computing Joint Undertaking under Horizon
Europe, POP3 focusses on analysing parallel HPC applications to enhance performance and efficiency. It provides performance assessment
services, develops best practices, and contributes to co-design efforts for next-generation computing systems and applications. This paper presents
its main pillars, objectives, and achievements.
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Access Date: JUL 2025  Published Date: 2025 OCT  
Abstract: Since the Hadean-Eoarchaean era of Earth's history, peptides/proteins and RNA have undergone a complex evolutionary trajectory.
Originating from simple monomeric units, these molecules evolved abiotically under various biochemical and biophysical constraints into
functional biomolecules that contributed to the emergence of the first living cells. Within these cells, their interactions could then evolve through
Darwinian selection. In this review, we examine current understanding of how protein-RNA interactions emerged under prebiotic conditions and
developed into today's iconic biomolecular machines such as the ribosome. Particular emphasis is placed on the types of physicochemical
interactions accessible to early protein-RNA complexes. Special attention is given to how the limited prebiotic amino acid repertoire influenced
these interactions and their roles in driving spatial organization and compartmentalization in protocellular environments.
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Abstract: Integrated computational materials engineering (ICME) has become a cornerstone for modern intelligent approaches, accelerating the
discovery and design of new materials by providing extensive datasets. To support this, we have developed a straightforward and efficient
command-line program named AAVDP (Atomistic Analyzer of Virtual Diffraction Patterns) for high-throughput (HT) virtual diffraction, structural
analysis, and in situ visualization of various atomic configurations. AAVDP has integrated a comprehensive suite of virtual diffraction methods,
spanning from X-ray diffraction (XRD), neutron diffraction (NED), kinematic electron diffraction (KED), and dynamical electron diffraction
(DED), to both kinematic and dynamical Kikuchi diffractions (KKD and DKD), making it a versatile tool for researching crystalline and defective
structures at atomic scale. Furthermore, AAVDP provides statistical tools, including the radial distribution function (RDF) and the static structure
factor (SSF), which are crucial for understanding amorphous and liquid systems. As a commandline program, AAVDP allows for the customization
of complex workflows and the extraction of high-volume statistical results with minimal scripting efforts. The program's functionality and
efficiency have been rigorously validated through a series of critical evaluations and tests, which empower users to delve deeper into the intricate
diffraction behaviors and diverse material structures.
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Source: PROCEEDINGS OF THE 2025 GENETIC AND EVOLUTIONARY COMPUTATION CONFERENCE COMPANION, GECCO 2025
COMPANION  Pages: 123-126  DOI: 10.1145/3712255.3726665  Published Date: 2025   
Abstract: In this paper, we investigate the inherent structural bias of BBOB and CEC benchmark sets. First, we theoretically derive the advantage
of central evaluation against random search on the Sum of Squares-like functions. We then provide an experimental analysis of the effectiveness of
the central evaluation on functions from BBOB, CEC2014, and CEC2017. We utilize four variants of the Differential Evolution (DE) algorithm, in
which by changing the boundary handling technique, we introduce different types of structural bias in the method and show the link between the
performance of the biased DE variants and the inherent biases in the benchmark sets. We find that the high use of Sum of Squares-like functions
and the BBOB-specific location of the optima give a substantial advantage to the center-biased DE variants, especially in high dimension on low
function evaluation settings. On the selected CEC functions, this effect was much less pronounced.
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Abstract: In this paper, we propose a comparative benchmark of seven multiobjective optimization methods from the PlatEMO platform using the
COCO framework for performance assessment and the bi-objective test suite bbob-biobj. A mix of both standard methods and newer techniques
from various sources that were implemented in the PlatEMO framework was selected for the comparison. We find that although the selected
methods were overall mostly inferior to the top-performing methods from the bbob-biobj data archive, they performed quite well in certain
computational budget ranges and specific function subgroups.
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2025   
Abstract: A robust representative dataset is a critical component in proper training of any neural network. In this paper, we present a dataset
designed specifically for training models of nonlinear systems relevant to electric guitar, including distortion effects and amplifiers. Our dataset,
which reflects developments in the design of electric guitars, is carefully selected and ready for further extension using readily available
commercial recording equipment. The introduced dataset consists of source audio signals recorded on several guitars and short synthesized
samples, and corresponding output signals from several systems at several setting combinations.
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Abstract: AimThe evolutionary history of European alpine plant species with medium to large geographical ranges is relatively well explored.
Here, we investigate the genetic structure and diversity of an extremely narrow endemic and one of the world's rarest plants.LocationEastern
Carpathians, Romania.TaxonAndryala laevitomentosa (Asteraceae), an evolutionarily isolated herb species with a worldwide range limited to five
micropopulations distributed along a 1.8 km long mountain ridge.MethodsWe used three plastid loci, nuclear ribosomal ITS and genome-wide,
mostly nuclear 26,272 Single-Nucleotide Polymorphism (SNPs) obtained from RAD-seq data. We assessed haplotype and genotype diversity, dated
the resulting phylogeographic structure, quantified seed production and inferred vegetative propagation.ResultsMaternally inherited plastid markers
and nuclear genomic data revealed a concordant pattern: (i) limited genetic diversity, with seven cpDNA haplotypes and 11 RAD-seq multilocus
genotypes; (ii) a strong geographic structure corresponding to spatially isolated genets (clones). The species is likely of early Pleistocene origin (c.
2 Mya), and the estimated age of individual clones varied from c. 24 to 64 Kya. The average seed set assessed over 3 years was only 0.4%.
However, the species reproduces veg by axillary and adventitious rosettes formed on rhizomes and roots, respectively.Main ConclusionsThe strong
trade-off between sexual and vegetative reproduction explains not only a deep and ancient phylogeographic structure but also the rarity of the
species. Its survival depends almost entirely on vegetative reproduction. The genets of A. laevitomentosa are amongst the oldest clones ever
documented in angiosperms. The persistence of these clones in situ for tens of thousands of years suggests an exceptional ability of this species to
adapt to major climatic oscillations throughout the Pleistocene and Holocene and challenge our perception of the extent of resilience in plants.
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Abstract: Hetero-phase interfaces typically accommodate misfit dislocations, which dominate the interface-facilitated plasticity. Despite
advancements in understanding such plasticity, the complexity of interface degrees of freedom has overshadowed the exploration of related
dependent parameters. In this study, we present a novel investigation to systematically analyze critical parameters influencing dislocation
nucleation at semicoherent interfaces by twisting one phase against the other. Our results reveal variations in critical nucleation stress with node
distance, line-orientation misalignment, and spiral features around the nodes. To quantify these correlations semi-quantitatively, we propose
Orowan and misalignment descriptors that incorporate the effect of node distance and the combined influence of line-orientation misalignment and
spiral features around the nodes. These descriptors determine transitions from Friedel-Escaig-like to partially aligned, fully aligned, and misaligned
Fleischer-like cross-slip mechanisms. These findings establish a clear structure-property relationship at hetero-phase interfaces and enable high-
performance alloy design through interface engineering.
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Abstract: We calculate the nuclear matrix element (NME), effective axial-vector current coupling geffA, and half-life of double-8 ( 8 8) decay
using the transition operator perturbed by the nuclear interaction. The correction terms for the NME are obtained by extending the hadron sector to
a higher order in terms of the Rayleigh-Schr & ouml;dinger perturbation theory. The NME calculations are performed for the neutrinoless 8 8 (0v 8
8) and the two-neutrino 8 8 (2v 8 8) decays of 136Xe. The nuclear wave functions are calculated by the quasiparticle random-phase approximation
(QRPA) with the Skyrme, the Coulomb, and the contact pairing interactions. Sufficiently large single-particle valence spaces are used. The
correction terms for the NME are comparable with the leading term in absolute value, and the sum of the corrections has the opposite sign
compared to that of the leading term. The geff A's for the 8 8 NME are calculated by a few methods depending on the truncation of the NME and
the half-life referred to. Similarities are found between some of these geffA's, including those of the 0v 8 8 NME. This leads to the conclusion that
the value of geff A can indeed be determined by the perturbed transition operator. It is in a comparable range of the gA for the 2v 8 8 NME. The
perturbation effect on the 2v 8 8 half-life is discussed by comparing the calculated half-lives with the different gA's and the NME components.
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Abstract: G protein-coupled receptors (GPCRs) are membrane proteins that represent the largest and most therapeutically targeted receptor class,
accounting for 30% of currently marketed drugs. Two binding motifs for membrane cholesterol, the cholesterol recognition amino acid consensus
(CRAC) domain and the cholesterol consensus motif (CCM), have been postulated. Using a simulation of the molecular dynamics of cholesterol
association with the receptor, we predicted the binding of membrane cholesterol to non-canonical sites, distinct from CRAC and CCM, at
muscarinic and opioid receptors. We identified a binding site common to muscarinic and opioid receptors at TM6, with arginine 6.35 as the major
residue. Membrane cholesterol depletion mimics the effects of R6.35 mutations, confirming its role in receptor modulation. Targeting cholesterol-
binding sites offers novel pharmacotherapeutic strategies, including tissue-specific sterol-based modulation.
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Abstract: Variational Quantum Algorithms (VQAs) provide a promising framework for solving electronic structure problems using the
computational capabilities of quantum computers to explore high-dimensional Hilbert spaces efficiently. This research investigates the performance
of VQAs in electronic structure calculations of gallium arsenide (GaAs), a semiconductor with a zinc-blende structure. Utilizing a tight-binding
Hamiltonian and a Jordan-Wigner-like transformation, we map the problem to a 10-qubit Hamiltonian. We analyze the impact of quantum circuit
architectures, algorithm hyperparameters, and optimization methods on two VQAs: Variational Quantum Deflation (VQD) and Subspace Search
Variational Quantum Eigensolver (SSVQE). We observed that while both algorithms offer promising results, the choice of ansatz and
hyperparameter tuning were especially critical in achieving reliable outcomes, particularly for higher energy states. Adjusting the hyperparameters
in VQD significantly enhanced the accuracy of higher energy state calculations, reducing the error by an order of magnitude, whereas tuning the
hyperparameters in SSVQE had minimal impact. Our findings provide insights into optimizing VQAs for electronic structure problems, paving the
way for their application to more complex systems on near-term quantum devices.
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Abstract: Surface-enhanced Raman spectroscopy (SERS) is a highly sensitive and selective technique. It greatly enhances the signal of an analyte
compared to classical Raman spectroscopy, due to analyte-substrate interactions. A promising substrate for SERS is boron-doped graphene (B-
graphene). At low boron concentrations of similar to 1.39 at.%, it has been shown to enhance the Raman signal of simple organic molecules such
as pyridine. The potential use of high-concentration B-graphene materials for SERS remains unexplored. Therefore, in our study, we investigate the
influence of dopant concentration and relative adsorbate/substrate geometry on the effectiveness of B-graphene as a SERS substrate, with glucose
as the analyte. We perform Density Functional Theory simulations using the PBE functional and the DFT-D2 van der Waals correction. By
combining analysis of interatomic force constants and phonon eigenvector composition, we conclude that higher doping concentrations provide a
larger enhancement to the Raman signal of glucose, while the molecule's orientation relative to the surface plays a fundamental role in the Raman
response. We suggest that 12.5 at.% B-graphene represents a potential substrate for SERS-based detection of glucose. Additionally, the phonon-
based analysis can be promptly applied in the search for promising substrate materials for enhanced Raman response.
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Abstract: The practical application of Li-S batteries is hindered by the shuttle effect and sluggish sulfur conversion kinetics. To address these
challenges, this work proposes an efficient strategy by introducing single atoms (SAs) into sulfur-functionalized MXenes (S-MXenes) catalysts and
evaluate their potential in Li-S batteries through first-principles calculations. Using high-throughput screening of various SA-modified S-MXenes,
this work identifies 73 promising candidates that exhibit exceptional thermodynamic and kinetic stability, along with the effective immobilization
of polysulfides. Notably, the incorporation of Ni, Cu, or Zn as SAs into S-MXenes results in a significant Gibbs free energy barrier reduction by
51%-75%, outperforming graphene-based catalysts. This reduction arises from SA-induced surface electron density that influences the adsorption
energies of intermediates and thereby disrupts the scaling relations between Li2S2 and other key intermediates. Further enhancement in catalytic
performance is achieved through strain engineering by shifting the d-band center of metal atoms to higher energy levels, increasing the chemical
affinity for intermediates. To elucidate the intrinsic adsorption properties of intermediates, this work develops a machine learning model with high
accuracy (R2 = 0.88), which underscores the pivotal roles of SA electronegativity and local coordination environment in determining adsorption
strength, offering valuable insights for the rational design of catalysts.
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Abstract: Background The flea beetle Omophoita octoguttata (Coleoptera, Chrysomelidae) is a member of a group in which the males completely
lack meiotic recombination (male-specific achiasmy) and that have extraordinarily large X and Y chromosomes. We combined genome sequencing,
including microdissected Y and X chromosomes, and cytogenetic in situ hybridization studies, to evaluate the potential role of satellite DNAs
(satDNAs) in the differentiation of those gigantic sex chromosomes.
Results We report flow cytometry results showing that this species has a very large genome size (estimated to be 4.61 and 5.47 pg, or roughly 4.6
and 5.5 gigabases, for males and females, respectively), higher than the estimates from two other Alticinae species without giant sex chromosomes,
suggesting that these sequences have greatly expanded on both the sex chromosomes, and that the Y has not greatly shrunk like the ones of other
insects such as Drosophila with male achiasmy. About 68% of this large genome is made up of repetitive DNAs. Satellite DNAs (OocSatDNAs)
form similar to 8-9% of their genomes, and we estimate how much of the sex chromosome expansions occurred due to differential amplification of
different satellite classes. Analysis of divergence between sequences in the X and Y chromosomes suggests that, during the past roughly 20 mya,
different OocSatDNAs amplified independently, leading to different representations. Some are specific to the Y or X chromosome, as expected
when males are achiasmate, completely preventing genetic exchanges between the Y and X.
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Abstract: The recent experimental syntheses of carbon nitrides (oP8-CN, tI14-C3N4, tI24-CN2, and hP126-C3N4) have created great scientific
interest in the long-standing debate on their stability, ultra-incompressibility, and superhardness [D. Laniel et al., Adv. Mater. 36, 2308030 (2024)].
Herein, this study presents a systematic investigation of pressure-induced variations in thermodynamic and dynamic stability for these materials
using high-throughput first-principles calculations. The results demonstrate that all structures transition from thermodynamic instability at ambient
pressure to stability under high pressure, showing excellent agreement with experimental results. Mechanical characterization at ambient conditions
reveals intrinsic ultra-incompressibility and superhard characteristics across the series, with exceptional bulk moduli (339-399 GPa) and ideal
strength values (37.8-41.8 GPa). Within the maximum pressure range considered, up to 160 GPa, bulk moduli increase by 238-260% and ideal
strength improves by 181-327% compared to ambient-pressure values. Analysis of bond deformation trajectories reveals that the mechanical
anisotropy originates from the cooperative alignment of C-N tetrahedral units. Electronic structure analysis shows that pressure-induced charge
accumulation enhances sp-orbital hybridization between C and N atoms while suppressing electronic reorganization of N lone pairs, governing
structural strengthening and toughening mechanisms. These findings advance the understanding of the newly synthesized C-N superhard materials,
and they provide theoretical guidance for strengthening mechanisms under extreme high pressures.
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Abstract: Designing high-performance high-entropy alloys (HEAs) with transformation-induced plasticity (TRIP) or twinning-induced plasticity
(TWIP) effects requires precise control over stacking fault energy (SFE) and phase stability. However, the vast complexity of multicomponent
systems poses a major challenge for identifying promising candidates through conventional experimental or computational methods. A high-
throughput CALPHAD framework is developed to identify compositions with potential TWIP/TRIP behaviors in the Cr-Co-Ni and Cr-Co-Ni-Fe
systems through systematic screening of stacking fault energy (SFE), FCC phase stability, and FCC-to-HCP transition temperatures (T0). The
approach combines TC-Python automation with parallel Gibbs energy calculations across hundreds of thousands of compositions, enabling
efficient extraction of metastable FCC-dominant alloys. The high-throughput results find 214 compositions with desired properties from 160,000
candidates. Detailed analysis of the Gibbs energy distributions, phase fraction trends, and temperature-dependent SFE evolution reveals critical
insights into the thermodynamic landscape governing plasticity mechanisms in HEAs. The results show that only a narrow region of the
compositional space satisfies all screening criteria, emphasizing the necessity of an integrated approach. The screened compositions and trends
provide a foundation for targeted experimental validation. Furthermore, this work demonstrates a scalable, composition-resolved strategy for
predicting deformation mechanisms in multicomponent alloys and offers a blueprint for integrating thermodynamic screening with mechanistic
understanding in HEA design.
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Abstract: Diffusion tensor image analysis along the perivascular space (DTI-ALPS) is a potential non-invasive marker of glymphatic function that
typically relies on manual region of interest (ROI) placement. This study compared ALPS indices in treatment-na & iuml;ve, de novo diagnosed
patients with Parkinson's disease (PD), patients with isolated REM behavior disorder (iRBD), and healthy controls using both manual and
automatic approaches to the ROI selection used in ALPS-index calculation. ALPS indices were analyzed bilaterally and correlated with clinical
severity (MDS-UPDRS) and nigrostriatal denervation (DAT-SPECT). ANCOVA revealed significant inter-group differences using both manual (p
= 0.018) and automatic (p = 0.002) ROI selection methods. The automatic ROI selection approach showed significantly lower ALPS indices in PD
compared to controls (p = 0.001) and iRBD (p = 0.009). ALPS indices correlated with symptom severity and nigrostriatal denervation. These
findings underscore the reliability of the automatic ROI placement approach for ALPS index calculation and may indicate early glymphatic
alterations in Parkinson's disease.
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Source: OPTICS DAMAGE AND MATERIALS PROCESSING BY EUV/X-RAY RADIATION, XDAM9  Book Series: Proceedings of
SPIE  Volume: 13533  Article Number: 135330B  DOI: 10.1117/12.3054957  Published Date: 2025   
Abstract: This proceeding discusses nonequilibrium effects in matter exposed to XUV/X-ray irradiation. When ultrashort, intense XUV/X-ray
pulses interact with materials, they trigger a complex sequence of processes, including electronic excitation, nonequilibrium electron kinetics,
energy exchange with the atomic system, electronic thermalization, and subsequent atomic dynamics These effects were investigated using
XTANT-3, a hybrid simulation tool that simultaneously models all relevant dynamics XTANT-3 integrates (a) a Monte Carlo transport method for
photon absorption and fast electron kinetics, (b) the Boltzmann equation for nonequilibrium slow electron dynamics, (c) a transferable tight-
binding approach for electronic structure evolution and interatomic potential modeling, and (d) molecular dynamics for atomic system response.
This approach enables a detailed study of nonequilibrium effects in each subsystem and their interplay with nonthermal damage, where electronic
excitation alters the interatomic potential. Methods of quantifying the nonequilibrium in the electronic and atomic subsystems are discussed.
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Abstract: Context. Observations suggest that the magnetic fields of disk-bearing stars can have non-dipolar configurations. However, the influence
of these configurations on magnetospheric accretion remains poorly understood. Aims. We aim to simulate magnetospheric accretion by
incorporating non-dipolar and strong magnetic field. Our model is informed by observations of IRAS 17449+2320, a post-merger belonging to the
group of FS CMa stars, which indicate a dominant dipolar magnetic field with an additional quadrupole component. Methods. Using the PLUTO
code, we conducted 2.5-D nonideal viscous-resistive (alpha(nu) = 1 and alpha(m )= 1) magnetohydrodynamic simulations of star-disk
magnetospheric interactions. We considered a thin accretion disk and a strong stellar magnetic field (B-star = 6.2 kG) under four configurations:
pure dipole, pure quadrupole, dipole plus quadrupole, and dipole plus octupole. In the latter two cases, different magnetic polar strength ratios were
explored. Results. For asymmetric magnetic field configurations, we find that accretion exhibits funnel streams below the midplane, indicating the
dominance of the quadrupolar and octupolar components. In contrast, in dipolar configurations, we observe the formation of two symmetrical
funnels with respect to the midplane. However, in the quadrupolar configuration, accretion is entirely confined to the disk midplane forming a cone-
like pattern that leads to disk widening. Remarkably, the presence of a quadrupolar component gives rise to highly asymmetric substructures in the
corona region. Conclusions. Multipolar stellar magnetic fields drive nonuniform accretion and lead to asymmetric density distributions in both the
disk and corona. These results resemble observed features of some FS CMa post-mergers and Herbig Ae/Be stars, highlighting the critical role of
magnetic field complexity in shaping circumstellar environments.
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Abstract: Conventional aviation fuels contribute significantly to carbon emissions and environmental pollution. Developing sustainable alternative
fuels and propulsion technologies, including microalgae based fuels and fuel cell systems, is critical to reducing the aviation industry's carbon
footprint. This study investigates microalgae fuel blends' performance and ecological characteristics in a micro gas turbine (MGT) engine. In
addition, life cycle assessment (LCA) and circular economy (CE) analysis were performed to calibrate the effect of the fuel blends on the
environment. Four microalgae blends based on the concentration ranging from 20% to 35% (A20, A25, A30, and A35), are prepared by mixing
Nannochloropsis sp. microalgae biodiesel with neat Jet A fuel in various proportions. A series of tests were conducted on performance, combustion,
and emission characteristics, along with LCA. The MGT was tested at speeds ranging from 30,000 to 70,000 RPM. The LCA and CE study assess
the environmental performance of the fuel blends, considering energy efficiency, global warming potential, and wellto-wheel emissions of both
carbon dioxide (CO2) and nitrogen oxide (NOx). The experimental results indicate that microalgae blends lead to a reduction in the production of
thrust and an increase in thrust-specific fuel consumption compared to Jet A fuel. However, the Nannochloropsis sp. blends exhibit lower turbine
inlet and exhaust gas temperatures due to the cooling effect caused by the moisture content in the blends. This has a direct implication on engine
component durability. The blends' NOx emissions are slightly higher than those of Jet A fuels, while CO2 emissions are consistently lower. The
LCA and CE results show that the microalgae biodiesel blends have lower energy efficiency but exhibit reduced global warming potential and well-
to-wheel CO2 emissions compared to Jet A fuel. In this study, the combination of experimental testing, LCA and CE provided key insights into the
performance and environmental characteristics of these alternative fuels in the MGT.
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Abstract: Nanostructured cubic boron nitride (NS-cBN) has attracted significant attention due to its high hardness and excellent thermal stability,
yet a systematic strategy to balance strength and toughness through atomically structural design remains elusive. Here, we integrate plasticity
theory with large-scale atomistic simulations to elucidate the size-dependent roles of internal defects, i.e., twin boundaries (TBs), stacking faults
(SFs), and dislocation networks, and amorphous interfacial layers (AILs) in NS-cBN. In samples containing TBs and SFs, we demonstrate uniquely
that the competition between hard slip modes (e.g., dislocation penetration) and soft slip modes (e.g., sliding parallel to defects), together with
grain-boundary sliding, governs the scaling of strength and crack-initiation strain. Specially, a cross-slip of 1/2[110] screw dislocations emerges as
the dominant plastic mechanism penetrating planar defects, while high-density SFs leverage stress concentration to activate the destacking fault
mechanism, thereby improving crack-initiation strain with high strength. Introducing pre-existing dislocation networks shifts deformation from a
grain-boundary-dominated to a dislocation-dominated regime, achieving a 76% increase in failure strain (up to 15% compressive strain) and a
metal-like plastic plateau at a dislocation density of 0.115 nm-2. Moreover, a 0.5 nm-thick AIL is found to simultaneously enhance strength and
toughness by homogenizing stress, suppressing shear bands, and crack-initiation; further thickening of the AIL leads to softening, while increasing
its density or bond strength amplifies its reinforcing effect. By synergistically tailoring internal defects and AILs, we achieve NS-cBN materials
that combine high strength with high toughness, and thereby, we establish general design principles to guide the development of next-generation
superhard materials.
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Abstract: BackgroundCurrent experimental data on RNA interactions remain limited, particularly for non-coding RNAs, many of which have only
recently been discovered and operate within complex regulatory networks. Researchers often rely on in-silico interaction detection algorithms, such
as TargetScan, which are based on biochemical sequence alignment. However, these algorithms have limited performance. RNA-seq expression
data can provide valuable insights into regulatory networks, especially for understudied interactions such as circRNA-miRNA-mRNA. By
integrating RNA-seq data with prior interaction networks obtained experimentally or through in-silico predictions, researchers can discover novel
interactions, validate existing ones, and improve interaction prediction accuracy.ResultsThis paper introduces Pi-GMIFS, an extension of the
generalized monotone incremental forward stagewise (GMIFS) regression algorithm that incorporates prior knowledge. The algorithm first
estimates prior response values through a prior-only regression, interpolates between these prior values and the original data, and then applies the
GMIFS method. Our experimental results on circRNA-miRNA-mRNA regulatory interaction networks demonstrate that Pi-GMIFS consistently
enhances precision and recall in RNA interaction prediction by leveraging implicit information from bulk RNA-seq expression data, outperforming
the initial prior knowledge.ConclusionPi-GMIFS is a robust algorithm for inferring acyclic interaction networks when the variable ordering is
known. Its effectiveness was confirmed through extensive experimental validation. We proved that RNA-seq data of a representative size help infer
previously unknown interactions available in TarBase v9 and improve the quality of circRNA disease annotation.
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Abstract: Chlorinated hydrocarbons, widely used in industrial applications, pose significant environmental and health risks due to their persistence
and toxicity. Conventional remediation methods often face efficiency limitations, necessitating the exploration of innovative materials for effective
pollutant degradation. MXenes, a novel class of two-dimensional materials, have emerged as promising candidates for environmental remediation
due to their exceptional chemical reactivity and tunable surface properties. This study employs density functional theory to investigate
trichloroethylene's (TCE) adsorption and dechlorination mechanisms on variously terminated MXenes. Our results reveal that Ti2C(OH)2 and
V2C(OH)2 facilitate spontaneous TCE dechlorination. With realistic termination ratios, the reaction barriers of TCE dechlorations are below 1 eV.
Remarkably, only with just 17% of -O terminations substituted by -OH, non-defected Ti2CO2 demonstrates robust dechlorination, forming
dichloroethylene and hydrochloric acid (HCl). Additionally, single terminal vacancy MXenes exhibit highly favorable reaction pathways with
barriers as low as 0.1 eV. Beyond TCE, chlorinated hydrocarbons lindane and dichlorodiphenyltrichloroethane (DDT) spontaneously dechlorinate
on pristine Ti2C(OH)2, underscoring the broad applicability of MXenes in chlorinated hydrocarbon remediation. This work highlights MXenes as
scalable, efficient, and versatile materials for addressing persistent organic pollutants, providing critical insights into their mechanisms and



scalable, efficient, and versatile materials for addressing persistent organic pollutants, providing critical insights into their mechanisms and
potential for practical implementation in environmental cleanup strategies.
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Source: 2025 IEEE/CVF CONFERENCE ON COMPUTER VISION AND PATTERN RECOGNITION (CVPR)  Book Series: IEEE Conference
on Computer Vision and Pattern Recognition  Pages: 9794-9803  DOI: 10.1109/CVPR52734.2025.00915  Published Date: 2025   
Abstract: We propose a training-free method for open-vocabulary semantic segmentation using Vision-and-Language Models (VLMs). Our
approach enhances the initial per-patch predictions of VLMs through label propagation, which jointly optimizes predictions by incorporating patch-
to-patch relationships. Since VLMs are primarily optimized for crossmodal alignment and not for intra-modal similarity, we use a Vision Model
(VM) that is observed to better capture these relationships. We address resolution limitations inherent to patch-based encoders by applying label
propagation at the pixel level as a refinement step, significantly improving segmentation accuracy near class boundaries. Our method, called
LPOSS+, performs inference over the entire image, avoiding window-based processing and thereby capturing contextual interactions across the full
image. LPOSS+ achieves state-of-the-art performance among training-free methods, across a diverse set of datasets. Code: https:
//github.com/vladan-stojnic/LPOSS
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Abstract: Ribosylated forms of the plant hormones cytokinins (CKs) are the dominant CK species translocated over long distances. The
irreplaceable role of root-to-shoot translocated trans-zeatin riboside in the mediation of shoot development implies the existence of a yet-
uncharacterized CK riboside-specific membrane transport system. In this work, we report significant differences in the kinetics of the membrane
transport of CK nucleobases and ribosides and the overall affinity of membrane-bound carriers towards the two CK forms. We further characterize
the membrane transport of CK nucleobases and ribosides mediated by Arabidopsis EQULIBRATIVE NUCLEOSIDE TRANSPORTER 3
(AtENT3) in tobacco BY-2 cells. Combining experimental data with computational modelling, we show that residues Tyr61 and Asp129, which are
conserved among plant ENTs but not among ENTs from other species, are necessary for CK binding and that their mutation abolishes the ability of
AtENT3 to transport CKs. Finally, we show that changes in AtENT3 have different effects on the concentrations of trans-zeatin riboside throughout
Arabidopsis plants and on the overall CK concentrations in roots, implying that AtENT3 participates in both the long- and the short-distance
transport of CKs.
Cytokinin ribosides are transported by a distinct set of membrane-bound carriers, including EQUILIBRATIVE NUCLEOSIDE TRANSPORTER 3,
whose transport function maintains cytokinin homeostasis in Arabidopsis shoots.
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Abstract: Social insects employ diverse strategies, including individual and collective sanitary care as well as colony-level hygiene, to prevent,
manage and control pathogen transmission. The immune system constitutes a key component of the individual defensive repertoire, but its
activation entails trade-offs with other life history traits due to its high metabolic cost. In this study, we investigated how different immune
strategies interact in social insects. We challenged workers of the leaf-cutting ant Atta cephalotes with an entomopathogen to compare hygienic
behavior and survival rates in the presence and absence of a previously activated immune encapsulation response. Entomopathogenic-challenged
ants: (a) increased the production of infrabuccal pellets, formed by collecting detritus and fungal conidia and mixing them with antimicrobial
compounds as a prophylactic behavior to avoid conidia germination; and (b) exhibited a reduced encapsulation response. Although the
encapsulation response of insects is typically initiated within a few hours after infection, in our experiment neither pellet production nor
encapsulation response depended on the timing of the prior immune challenge. Moreover, simultaneous activation of the immune system with both
a foreign body (nylon implant) and entomopathogenic fungal conidia significantly reduced survival rates. Our findings suggest that when the ant
immune system is chronically challenged to encapsulate a foreign body, its defensive capacity against a fungal pathogen is weakened.
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Abstract: Within the disordered tangles of Tau is a proline-rich region, which is selectively targeted by the SH3 domain of BIN1, a known genetic
factor for Alzheimer disease, and may hold the key to understanding the disorder and treatment strategies. Hyperphosphorylation of Tau is known
to disrupt complex formation, providing researchers with excellent preventative or remediative targets. This work compiles an extensive (>60 mu s)
collection of all-atomistic molecular dynamics simulations of the Tau(210-240) fragment, representing the majority of the P2 subdomain of the
proline-rich region, benchmarking various force fields, phosphorylations, and modifications against experimental NMR chemical shifts and spin-
spin coupling for comparison. Additionally, several simulations of the binding complex were analyzed for their binding energies by MMGBSA
calculations and computational alanine scanning to pinpoint the exact residues involved and the disruptions caused by the phosphate group. We
noted that the additional charges decrease salt bridges formed by positive residues in Tau, particularly on R221, and negative residues in BIN1 by
up to 32%, and a strong preference in Tau, particularly in the latter half, for contact toward the distal and n-Src loops instead of residues in the RT-
Src loop.
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Abstract: The preparation, isolation, and identification of dinitro, trinitro, and tetranitro metalloporphyrins bearing nitro groups on pyrrole rings-
desirable intermediates that enable fundamental changes in the chemico-physical properties of the porphyrin core-are studied. All six possible
dinitro-Ni-TPP isomers are formed; three are isolated as pure substances using column chromatography, while the remaining three are inseparable.
All possible trinitro-Ni-TPP isomers are prepared and isolated, except for the 2,7,13 isomer. Attempts to synthesize tetranitro-Ni-TPP either
through direct nitration of metalloporphyrin or via direct condensation of the nitropyrrole building blocks are unsuccessful. The molecular
structures are unambiguously identified using 2D NMR experiments. Some experimental observations, though not all, are consistent with quantum
chemical calculations performed on the geometry, energy, Fukui indices, dipole moments of nitroporphyrins, and the energy of nitration
intermediates.
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Abstract: Resonant drag instabilities (RDIs) in protoplanetary discs are driven by the aerodynamic back-reaction of dust on gas and occur when
the relative dust-gas motion resonate with a wave mode intrinsic to the gas fluid. Axisymmetric models indicate that the RDI generates filamentary
perturbations, leading to grain clumping and planetesimal formation. Motivated by these findings, we investigate the dust-gas interaction in a non-
axisymmetric inviscid protoplanetary disc with an embedded low-mass planet ($M_{\mathrm{p}}\in [0.3, 3] \, \rm M_{\oplus }$, here $\, \rm
M_{\oplus }$ is the Earth mass). We conduct global 3D high-resolution two-fluid simulations, with the dust being parametrized by the Stokes
number $\mathrm{St}\in [0.01,0.5]$. We find that planetary waves (PWs; also known as Rossby waves), which propagate along the downstream
separatrices of the horseshoe region, resonate with the streaming motion and trigger the RDI. The consequent development of a global-scale
filamentary dust distribution does not sensitively depend on the Stokes number, nor does it depend on the fast dust settling that takes place in an
inviscid disc. The rapid onset of this instability, which is comparable to the dynamical orbital time-scale, suppresses the formation of asymmetric
structures in the dust in the vicinity of the planet (such as dust voids and filaments). Additionally, we find that the dust feedback enables buoyancy
resonances in an otherwise non-buoyant (globally isothermal) disc. Therefore, our results provide the first numerical evidence of RDIs generation
driven by planetary waves.
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Abstract: Research on plasma generated by electrical discharge in gas-filled capillaries plays an important role in advancing laser wakefield
accelerators. We present a comprehensive study of the temporal and spatial distribution of plasma density within a short, 1 cm long, square-shaped
capillary filled with hydrogen gas. Two transverse capillary sizes, 500 mu m and 300 mu m, were investigated achieving peak plasma densities of
0.9 x 10(18) cm(-3) and 2.5 x 10(18) cm(-3), respectively, at the capillary center. In addition, we explore how these distributions depend on
discharge parameters, specifically discharge current and gas flow through the capillary. Plasma density was determined by analyzing the Stark
broadening of the hydrogen Balmer-alpha line. The results obtained were compared with the theoretical models and simulations. The comparison
between the model predictions and the experimental data at the transient ionization stage of the discharge reveals a discrepancy of a factor of
similar to 1.3-2.1, depending on the capillary size, which is thoroughly discussed. (c) 2025 Author(s). All article content, except where otherwise
noted, is licensed under a Creative Commons Attribution-NonCommercialNoDerivs 4.0 International (CC BY-NC-ND) license
(https://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abstract: Understanding the molecular mechanisms of pore formation is crucial for elucidating fundamental biological processes and developing
therapeutic strategies, such as the design of drug delivery systems and antimicrobial agents. Although experimental methods can provide valuable
information, they often lack the temporal and spatial resolution necessary to fully capture the dynamic stages of pore formation. In this study, we
present two novel collective variables (CVs) designed to characterize membrane pore behavior, particularly its energetics, through molecular
dynamics (MD) simulations. The first CV-termed Full-Path-effectively tracks both the nucleation and expansion phases of pore formation. The
second CV-called Rapid-is tailored to accurately assess pore expansion in the limit of large pores, providing quick and reliable method for
evaluating membrane line tension under various conditions. Our results clearly demonstrate that the line tension predictions from both our CVs are
in excellent agreement. Moreover, these predictions align qualitatively with available experimental data. Specifically, they reflect higher line
tension of 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) membranes containing 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-l-serine
(POPS) lipids compared to pure POPC, the decrease in line tension of POPC vesicles as the 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol
(POPG) content increases, and higher line tension when ionic concentration is increased. Notably, these experimental trends are accurately captured
only by the all-atom CHARMM36 and prosECCo75 force fields. In contrast, the all-atom Slipids force field, along with the coarse-grained Martini
2.2, Martini 2.2 polarizable, and Martini 3 models, show varying degrees of agreement with experiments. Our developed CVs can be adapted to
various MD simulation engines for studying pore formation, with potential implications in membrane biophysics. They are also applicable to
simulations involving external agents, offering an efficient alternative to existing methodologies.
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Abstract: Glymphatic dysfunction potentially contributes to Parkinson's disease (PD) via impaired clearance of metabolic waste products.
Obstructive sleep apnea (OSA) can disturb sleep, which is necessary for proper glymphatic function, and is frequent in PD. We investigated the
glymphatic function in de novo PD and its relation to OSA. Fifty-four PD patients (mean age 58.9 +/- 12.2 years) and 32 controls (mean age 59.4
+/- 8.3 years) underwent polysomnography and 3 T magnetic resonance imaging of the brain. Diffusion tensor imaging along the perivascular
space (DTI-ALPS) was calculated using atlas-based automatic regions of interest selection. In PD, ALPS-index negatively correlated with apnea-
hypopnea index (rho = -0.41; p = 0.002), oxygen desaturation index (rho = -0.38; p = 0.006), sleep stage N1 (rho = -0.42; p = 0.002), and arousal
index (rho = -0.24; p = 0.018), while in controls, no such correlations were observed. Glymphatic dysfunction is related to OSA severity in de novo
PD but not in controls. We suggest that OSA may contribute to neurodegeneration via glymphatic impairment in PD.
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Abstract: In this study, three dinuclear copper(II) complexes of ligand 2,6-bis[(N-methyl-piperazine-1-yl)methyl]-4-formyl phenol (L1) and one of
2,6-bis[(N-methylpiperazine-1-yl)methyl]-4-formyl phenol dimethylacetal (L2) with copper(II) ions have been investigated as new types of
biomimetic catalysts for the oxidative transformation of different aminophenols and phenyldiamines. All the complexes of interest were newly
synthesized and further characterized by IR spectroscopy, UV-Vis and mass spectrometry, X-ray diffraction, and selected electrochemical
measurements. Crystal structures of these dinuclear copper(II) complexes have revealed that the coordination-shell geometry of copper atoms is
close to a tetragonal pyramid. Catecholase, phenoxazinone synthase, and horseradish peroxidase-like activities were observed in pure methanol and
water-methanol mixtures in the presence of molecular oxygen. The potential applicability of the complexes under study is discussed with respect to
their possibilities and limitations in the replacement of natural copper-containing oxidoreductases in the oxidative degradation of water-insoluble
chlorinated aminophenols in the dye industry or in the production of phenoxazine-based drugs.
Accession Number: WOS:001431571700001
PubMed ID: 40004069
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Sýs, Milan  O-4841-2018  0000-0002-3982-3659 
Česlová, Lenka    0000-0002-1044-2991 
Liska, Alan  O-4810-2014   
Švancara, Ivan    0000-0001-6667-345X 
Kašpar, Michal    0009-0005-0589-735X 
Vojtíšek, Pavel  B-1234-2017   
ISSN: 1661-6596
eISSN: 1422-0067

Record 69 of 502
Title: Scalable effective models for superconducting nanostructures: Applications to double, triple, and quadruple quantum dots
Author(s): Bobok, D (Bobok, Daniel); Frk, L (Frk, Lukas); Pokorny, V (Pokorny, Vladislav); Zonda, M (Zonda, Martin)
Source: PHYSICAL REVIEW B  Volume: 112  Issue: 20  Article Number: 205418  DOI: 10.1103/mxsl-fc96  Published Date: 2025 NOV 14  
Abstract: We introduce a versatile and scalable framework for constructing effective models of superconducting (SC) nanostructures described by
the generalized SC Anderson impurity model with multiple quantum dots and leads. Our chain expansion (ChE) method maps each SC lead onto a
finite tight-binding chain with parameters obtained from Pad & eacute; approximants of the tunneling self-energy. We provide an explicit algorithm
for the general case as well as simple analytical expressions for the chain parameters in the wide-band and infinite-chain limits. This mapping
preserves low-energy physics while enabling efficient simulations: short chains are tractable using exact diagonalization, and longer ones are
handled with density matrix renormalization group methods. The approach remains reliable and computationally efficient across diverse
geometries, both in and out of equilibrium. We use ChE to map the ground-state phase diagrams of double, triple, and quadruple quantum dots
coupled to a single SC lead. While half-filled symmetric systems show similar overall diagrams, the particular phases differ substantially with the
dot number. Here, large parameter regions are entirely missed by the widely used zero-bandwidth approximation but are captured by ChE. Away
from half-filling, additional dots markedly increase diagram complexity, producing a rich variety of stable phases. These results demonstrate ChE
as a fast, accurate, and systematically improvable tool for exploring complex SC nanostructures.
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Abstract: Sulfate radical-based process (SRP) is a class of remediation technologies that may be more effective under certain circumstances than
conventional oxidation methods. This study investigated a thermally (30-60 degrees C) activated persulfate to degrade vancomycin (VAN), an
organic micropollutant in water. The bimolecular rate constant between sulfate radical and VAN was determined by competition kinetics to be 3.4 x
10(8) M-1 s(-1). The acidic and alkaline pH and common natural water constituents [HCO3-, Cl- and humic acid (HA)] influence the VAN
oxidation by the sulfate radical (however, VAN at a concentration of 6.9 mu M was always completely degraded in less than one hour). The
scavenging test showed that the sulfate radicals (SO4 center dot-) were responsible for VAN degradation; however, the observed increase in
degradation in the presence of HCO3- suggests the involvement of an additional radical species, CO3 center dot-. An oxidation by-product
(acetylated VAN also without CH3N fraction) was predicted by the quantum chemical calculations and verified by HPLC-qTOF-HRMS analysis.
Furthermore, it was proven by Algaltoxkit F (R) toxicity test that the by-product was much less toxic for Selenastrum capricornutum microalgae
than VAN. It may be concluded that the reaction of sulfate radicals with VAN is fast (3.4 x 10(8) M-1 s(-1)), and due to the high selectivity of
sulfate radicals to electron-rich moieties, it can be efficiently applied for VAN removal in various environmental matrices.
Accession Number: WOS:001568018900001
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Dionysiou, Dionysios  K-1193-2019   
Wacławek, Stanisław  K-2323-2016  0000-0002-8430-8269 
Thekkae Padil, Vinod Vellora E-1079-2016  0000-0002-0816-526X 
Thekkae Padil, Vinod Vellora B-4390-2013  0000-0002-0816-526X 
Silvestri, Daniele  AAG-8978-2020  0000-0002-5657-4818 
Xiao, Ruiyang    0000-0001-9516-2202 
ISSN: 1383-5866
eISSN: 1873-3794

Record 71 of 502
Title: Spontaneous crystal thermal Hall effect in insulating altermagnets
Author(s): Hoyer, R (Hoyer, Rhea); Jaeschke-Ubiergo, R (Jaeschke-Ubiergo, Rodrigo); Ahn, KH (Ahn, Kyo-Hoon); Smejkal, L (Smejkal, Libor);
Mook, A (Mook, Alexander)
Source: PHYSICAL REVIEW B  Volume: 111  Issue: 2  Article Number: L020412  DOI: 10.1103/PhysRevB.111.L020412  Published Date:
2025 JAN 28  
Abstract: We show that magnetic insulators with a collinear and compensated order can exhibit a thermal Hall effect even at zero magnetic field if
they have altermagnetic symmetries. We predict a finite thermal Hall conductivity vector kappa H for a rutile-inspired effective spin model with
Dzyaloshinskii-Moriya interaction. Within the linear spin-wave theory, we identify two magnon branches that carry identical Berry curvature and
give rise to a finite kappa H, which can be controlled by the N & eacute;el vector orientation and by strain. The thermal Hall response is further
complemented with a spin Nernst response to contrast spin and heat transport in altermagnetic insulators with those in ferromagnets and
antiferromagnets. Our results establish the crystal thermal Hall effect of magnons and we discuss material candidates for experimental realization,
such as MnF2, CoF2, and NiF2.
Accession Number: WOS:001417412000002
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Šmejkal, Libor  G-8927-2014   
Mook, Alexander  Q-6800-2019  0000-0002-8599-9209 
Jaeschke-Ubiergo, Roigo LRT-3373-2024  0000-0002-4821-8303 
Ahn, Kyo-Hoon    0000-0001-8188-8926 
Hoyer, Rhea  KHZ-6580-2024  0000-0003-2285-435X 
ISSN: 2469-9950
eISSN: 2469-9969

Record 72 of 502
Title: On multipoint constraints in FETI methods
Author(s): Hrusková, P (Hruskova, Pavla); Dostál, Z (Dostal, Zdenek); Vlach, O (Vlach, Oldrich); Vodstrcil, P (Vodstrcil, Petr)
Source: APPLICATIONS OF MATHEMATICS  Volume: 70  Issue: 1  Pages: 47-64  DOI: 10.21136/AM.2025.0114-24  Early Access Date:
JAN 2025  Published Date: 2025 FEB  
Abstract: FETI (finite element tearing and interconnecting) based domain decomposition methods are well-established massively parallel methods
for solving huge linear systems arising from discretizing partial differential equations. The first steps of FETI decompose the domain into
nonoverlapping subdomains, discretize the subdomains using matching grids, and interconnect the adjacent variables by multipoint constraints.
However, the multipoint constraints enforcing identification of the corners' variables do not have a unique representation and their proper choice
and modification can improve the performance of FETI. Here, we briefly review the main options, including orthogonal, fully redundant, or
localized constraints, and use the basic linear algebra and spectral graph theory to examine the quantitative effect of their choice on the effective
control of the feasibility error and rate of convergence of FETI.
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Source: PHYSICAL CHEMISTRY CHEMICAL PHYSICS  Volume: 27  Issue: 37  Pages: 20050-20062  DOI: 10.1039/d5cp01391g  Early
Access Date: SEP 2025  Published Date: 2025 SEP 24  
Abstract: In living organisms, proteins and peptides are often under the influence of mechanical forces, especially in confined spaces such as
membrane channels, the ribosome exit tunnel, or the proteasome gate. Due to the directional nature of proteins as polymers with distinct ends,
forces have the potential to influence protein conformational dynamics in a direction-dependent manner. In this study, we employed force-probe
molecular dynamics simulations to investigate the impact of pulling a peptide through a confined environment versus pushing it in the same
direction. Our model involves a carbon nanotube and one of three decapeptides with varying amino acid sequences. The simulations reveal that the
difference between pulling the C-terminus and pushing the N-terminus is relatively minor when considering the conformational ensembles of the
peptides. The loading rate of the force probe and the amino acid sequence of the peptide play a more important role. However, the application of
force to the peptide influences the relative motion of the peptides with respect to the nanotube. Pulling the peptide results in a smoother
translocation through the nanotube compared to pushing, although the internal conformational dynamics of the peptide add complexity in either
case. Our findings shed light on how short peptides navigate confined spaces within the cellular environment, emphasizing the importance of force-
probe simulation studies in understanding these processes.
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Abstract: Hierarchical diamond nanocomposites, incorporating diverse coherently interfaced diamond polytypes, exhibit remarkable fracture
toughness while maintaining exceptional hardness. However, the underlying mechanisms governing the strengthening and toughening of these
polytypic heterointerfaces (PHIs) remain elusive. In this study, we employed first-principles approaches to derive the ideal strength and Peierls
stress, conducting a comprehensive investigation into the influence of various PHIs on the plasticity of nanostructured diamond. A ubiquitous
strengthening effect was observed across all PHI types under uniform shear deformation, as the introduction of PHIs invariably aligned a portion of
the crystal in the hard shear direction, yielding strength comparable to that of the nanotwinned diamond. Surprisingly, graphitization and bond
collapse were suppressed through a sequential transformation of stacking sequences, including an experimentally observed non-3C to 3C polytype
transition. This phenomenon was attributed to the systematic bond realignment driven by continuous metallization confined to specific atomic
layers. The heterointerface-mediated bonding reorganization effectively dissipated energy through phase transitions, thereby achieving
supertoughness. Under localized deformation, all PHIs were found to enhance the barrier against parallel slip of 1/2 < 110 > shuffle-set full
dislocations and 1/6 < 112 > glide-set partial dislocations, leading to a pronounced strengthening effect. These findings not only deepen our
fundamental understanding of the synergistic strengthening and toughening of diamond through PHIs but also offer valuable insights for the design
of other superhard materials and engineering ceramics via coherent heterointerfaces.
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Abstract: The binding of the alkaloid cryptolepine (CRP) with human serum albumin (HSA) was studied employing different spectroscopic
techniques. The order of binding constant was found to be around 104 M- 1 at 25 degrees C and temperature dependence of the binding constant
infers the association to be exothermic. CRP quenched the fluorescence intensity of the protein. Studies revealed the mode of quenching to be static
in nature. Calculations show that the distance between CRP and tryptophan of HSA was less than 8 nm which is ideal for fluorescence resonance
energy transfer (FRET). Theoretical studies reveal that CRP is inserted into the III A subdomain of HSA. Negative value of Delta G degrees infers
that the overall process is spontaneous. Results obtained from our studies provide detail insight of the interaction of CRP with HSA and this in turn
may lead to better understanding of the distribution of pharmacologically active compounds via blood plasma.
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Source: 2025 IEEE/CVF CONFERENCE ON COMPUTER VISION AND PATTERN RECOGNITION (CVPR)  Book Series: IEEE Conference
on Computer Vision and Pattern Recognition  Pages: 14777-14787  DOI: 10.1109/CVPR52734.2025.01377  Published Date: 2025   
Abstract: This work introduces ILIAS, a new test dataset for Instance-Level Image retrieval At Scale. It is designed to evaluate the ability of
current and future foundation models and retrieval techniques to recognize particular objects. The key benefits over existing datasets include large
scale, domain diversity, accurate ground truth, and a performance that is far from saturated. ILIAS includes query and positive images for 1,000
object instances, manually collected to capture challenging conditions and diverse domains. Largescale retrieval is conducted against 100 million
distractor images from YFCC100M. To avoid false negatives without extra annotation effort, we include only query objects confirmed to have
emerged after 2014, i.e. the compilation date of YFCC100M. An extensive benchmarking is performed with the following observations: i) models
fine-tuned on specific domains, such as landmarks or products, excel in that domain but fail on ILIAS ii) learning a linear adaptation layer using
multi-domain class supervision results in performance improvements, especially for vision-language models iii) local descriptors in retrieval re-
ranking are still a key ingredient, especially in the presence of severe background clutter iv) the text-to-image performance of the vision-language
foundation models is surprisingly close to the corresponding image-to-image case. website: https://vrg.fel.cvut.cz/ilias/
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Abstract: Dependence of x-ray magnetic circular dichroism on the experimental geometry is described by a frequencydependent Hall vector.
Using group theory, we derive a general relationship between the Hall vector and the orientation of the N & eacute;el vector L in altermagnets
within the free valence spin (FVS) approximation, where the spin-orbit coupling of the valence electrons and their exchange interaction with the
core electrons are neglected. For a given spin point group, the full L dependence of the Hall vector can be expressed in terms of several irreducible
spectral functions. This derivation generalizes earlier results for the special cases of MnTe and MnF2. Depending on the system symmetry, x-ray
magnetic circular dichroism may be present within the FVS approximation, emerge only when the FVS-neglected terms are included, or be
completely forbidden.
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Abstract: Lipid order parameters are an important metric for quantifying the molecular structure of biological membranes. They can be derived
from both molecular simulations and experimental measurements, enabling robust comparisons between the two. Although methods for calculating
lipid order parameters from molecular dynamics simulations of membrane systems at various resolutions are well established, a comprehensive and
user-friendly package for these calculations is lacking, which has even led some researchers to use tools that are known to perform the calculations
incorrectly. To address this, we have developed gorder, an analysis tool capable of calculating lipid order parameters in atomistic, united-atom, and
coarse-grained systems, compatible with any force field, and applicable to both planar and curved membrane geometries. gorder is designed to be
fast and versatile, providing a unified solution for lipid order calculations. The tool is freely available from https://crates.io/crates/gorder and
https://github.com/Ladme/gorder under the MIT License.
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Abstract: The upper limit on the mass of the Majorana neutrino, extracted from the limits on the nonobservation of the neutrinoless double- 8 (0v
8 8) decay, is hampered by uncertainties in the matrix elements of the transition operators. Recently, we have shown that the values of the effective
axial-vector current coupling constants (geff for the 0v 8 8 and the two-neutrino double- 8 decays are close. This striking result was obtained for
the first time by including vertex corrections and two-body currents in these matrix elements. In this Letter, we calculate the half-life for the 0v 8
8decay (T1/20v) of 136Xe using this closeness and show the convergence of the half-life with respect to the variation of the method to determine
geffA . The closeness of the geff a decisive role in predicting T1/20v. The appropriate value of geffA depends on the assumptions made for the
sectors of the nuclear structure and transition operators of the calculations within the perturbation scheme. The value A approximate to 1 is
obtained when the SkM* is used to describe the nuclear structure component, while a smaller value of A is obtained by applying a less realistic
interaction like the SGII one.
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Abstract: Carbon dots (CDs) are fluorescent carbon nanomaterials that are considered for applications in optoelectronics, sensorics, and biofields
due to their low-cost and robust synthesis, and versatile optical properties. Herein, it is demonstrated how chemical functionalization of hydrophilic
or amphiphilic CDs with polyethylene glycol influences their energy level structure and hence the emission properties. Functionalization of CDs
with polyethylene glycol results in an increase in emission quantum yield: from 30% to 75% for hydrophilic CDs and from 20% to 25% for
amphiphilic CDs. The estimated absolute values of energy levels, including the highest occupied molecular orbital and the lowest unoccupied
molecular orbital energies, are dependent on chemical composition and size of CDs. Moreover, polyethylene glycol-functionalized CD can form
good quality films based on their composite with polyvinylcarbazole (PVK), that together with intense emission is crucial for light-emitting diode
(LED) fabrication. By studying spectral properties of fabricated CD-LEDs, it is shown that their electroluminescence (EL) originates from mixed
energy levels of CD and PVK in the composite, resulting in the shifting of the EL maximum from blue to green during several seconds of LED
operation. The optimized CD-LEDs show brightness up to 2600 cd m-2.
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Abstract: The emission of a photon by an electron in an intense laser field is one of the most fundamental processes in electrodynamics and
underlies the many applications that utilize high-energy photon beams. This process is typically studied for electrons colliding head-on with a
stationary-focus laser pulse. Here, we show that the energy lost by electrons in the quantum regime and the yield of emitted photons can be
substantially increased by replacing a stationary-focus pulse with an equal-energy flying-focus pulse whose focus copropagates with the electrons.
These advantages of the flying focus result from the energy loss and the photon yield scaling more favorably with the interaction time than the laser
intensity in the quantum regime, with the latter also holding in the classical regime. Monte Carlo simulations of electrons colliding with equal-
energy stationary and flying-focus laser pulses demonstrate these advantages.
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Abstract: Phospholipid membranes serve as essential barriers in biological systems, and protein-mediated lipid flip-flop is a crucial process for
lipid homeostasis in membranes, which is vital for various cellular functions. These phenomena can be studied using the Martini coarse-grained
force field, a valuable tool for membrane simulations that balances computational efficiency with chemical accuracy while capturing key membrane
properties. However, the accuracy of the newer Martini 3 force field in describing energetics of phospholipid flip-flop remains unknown. Here, we
show dramatic differences in the free energy barriers of lipid flip-flop when simulated with Martini 3, Martini 2.2, and CHARMM36m force fields.
Using umbrella sampling simulations of six phospholipids (POPC, DPPA, POPE, POPG, POPS, and DPTAP) in the POPC membrane, we
demonstrate that Martini 3 predicts significantly lower flip-flop barriers compared to all-atom simulations and the older Martini 2.2 version, with
particularly severe underestimation for the positively charged lipid (DPTAP). For DPTAP, we identified that altered Lennard-Jones parameters
between choline and alkyl tail beads likely contribute to this discrepancy, as evidenced by our systematic parameter testing. These findings
highlight limitations in the current Martini 3 parametrization that should be considered when studying processes involving molecular transport
across membranes and suggest potential refinements to improve the model's accuracy for such phenomena. To complete the picture, we also discuss
the energetics of flip-flops of phospholipids with various lipid tail lengths (DLPC, DMPC, DPPC, DSPC) and lipid tail saturation (DOPC).
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Abstract: The diffusion of macromolecules, nanoparticles, viruses, and bacteria is essential for targeting hosts or cellular destinations. While these
entities can bind to receptors and ligands on host surfaces, the impact of multiple binding sites-referred to as multivalency-on diffusion along
strands or surfaces is poorly understood. Through numerical simulations, we have discovered a significant acceleration in diffusion for particles
with increasing valency, while maintaining the same overall affinity to the host surface. This acceleration arises from the redistribution of the
binding affinity of the particle across multiple binding ligands. As a result, particles that are immobilized when monovalent can achieve near-
unrestricted diffusion upon becoming multivalent. Additionally, we demonstrate that the diffusion of multivalent particles with a rigid ligand
distribution can be modulated by patterned host receptors. These findings provide insights into the complex diffusion mechanisms of multivalent
particles and biological entities, and offer new strategies for designing advanced nanoparticle systems with tailored diffusion properties, thereby
enhancing their effectiveness in applications such as drug delivery and diagnostics.
Accession Number: WOS:001369389100001
PubMed ID: 39628400
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Lund, Mikael  B-7121-2008  0000-0001-8178-8175 
Bartoš, Ladislav    0000-0002-4869-0843 
Vacha, Robert  M-3809-2019   
ISSN: 1744-683X
eISSN: 1744-6848

Record 84 of 502
Title: Reliable Modeling of Anharmonic Spectra Line-Shapes from VPT2 and Hybrid QM Models: IR Spectrum of Uracil as a Test Case
Author(s): Xu, RQ (Xu, Ruiqin); Yang, Q (Yang, Qin); Bloino, J (Bloino, Julien); Biczysko, M (Biczysko, Malgorzata)
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Date: JUN 2025  Published Date: 2025 JUN 25  
Abstract: Hybrid methods combining different levels of electronic structure quantum mechanical computations with vibrational perturbation
theory have been increasingly used in anharmonic simulations of vibrational spectra to achieve accurate results with containable computational
costs. However, energy has often been the main focus of these studies, so precision in predicting intensities was systematically overlooked. This
situation is largely due to two aspects stemming from theory and experiment. Theoretically, implementations are fewer, and intensity-specific
resonance analysis methods were not available until very recently and are still lacking extensive testing. Experimentally, high-resolution vibrational
spectra of suitable molecular systems, which could really show the effects of different hybrid schemes on the vibrational intensities, remain scarce.
A good candidate in this regard is uracil. Having been extensively studied experimentally, its IR spectrum is well-known over a wide range and at
high definition. The patterns displayed by the band shapes represent an excellent challenge to validate and tune our recently developed automated
tool to identify intensity-specific resonances. In this work, we compare the newly simulated spectra with state-of-the-art experimental data and
propose an extensive analysis over a wide range covering 300 to 6200 cm-1, including 3-quanta transitions. These will provide valuable guides and
references for further measurements in the mid-infrared (MIR) and near-infrared (NIR) regions, which have not been reported until now. The
methods and protocols applied in this article can also be used for other molecules with complex resonance patterns.
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Abstract: We propose a novel approach to enable the use of large, single-speaker ASR models, such as Whisper, for target speaker ASR. The key
claim of this method is that it is much easier to model relative differences among speakers by learning to condition on frame-level diarization



claim of this method is that it is much easier to model relative differences among speakers by learning to condition on frame-level diarization
outputs than to learn the space of all speaker embeddings. We find that adding even a single bias term per diarization output type before the first
transformer block can transform single-speaker ASR models into target-speaker ASR models. Our approach also supports speaker-attributed ASR
by sequentially generating transcripts for each speaker in a diarization output. This simplified method outperforms baseline speech separation and
diarization cascade by 12.9% absolute ORC-WER on the NOTSOFAR-1 dataset.
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Abstract: Movements of Europa in Jupiter's magnetic field generate an induced magnetic field in the moon's interior. Its measurements by the
Galileo space probe led to the discovery of Europa's subsurface ocean. However, interactions of the ocean flow with Jupiter's background magnetic
field also generate the motionally induced electrical currents in the ocean and the corresponding ocean-induced magnetic field (OIMF), which has
not yet been studied in detail. A single study estimated the OIMF <= 20nT using a simplified scaling relation. In this paper, we revisit this estimate
using a physically consistent modeling setup. Based on the numerical simulations of ocean convection, we show that two modes can exist in
Europa's ocean. Mode I is dominated by a prograde zonal flow at the equator with negligible radial and meridional flows. Mode II is characterized
by Hadley-like meridional circulation cells in both hemispheres and a retrograde zonal flow at the equator. The scaling analysis based on our
dataset strongly indicates that Mode II is appropriate for Europa's ocean with velocities around 0.3 m/s. We then calculate Europa's OIMF using a
time-domain EM induction solver, which properly accounts for self-induction and diffusion of the magnetic field in the silicate and ice layers, and
implicitly covers the full temporal spectrum. Our calculations suggest that even under the most favorable circumstances ( 150 km thick ocean with
a conductivity of 18 S/m located under a 1 km thick ice layer) the magnitude of Europa's OIMF forced by the flow in Mode II is approximately 1
nT, at the lower bound of the sensitivity of the Europa Clipper measurements and more than one order of magnitude smaller than previously
predicted. The discrepancy is primarily caused by amore sluggish ocean flow and a correct treatment of EM induction. Moreover, Europa's OIMF is
affected by the electrical conductivity and thickness of ice and ocean, which we demonstrate in a parametric study.
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Abstract: Aspect-based sentiment analysis (ABSA) is a fine-grained sentiment analysis task that focuses on understanding opinions at the aspect
level, including sentiment towards specific aspect terms, categories, and opinions. While ABSA research has seen significant progress, much of the
focus has been on monolingual settings. Cross lingual ABSA, which aims to transfer knowledge from resource-rich languages (such as English) to
low-resource languages, remains an under-explored area, with no systematic review of the field. This paper aims to fill gap by providing a
comprehensive survey of cross-lingual ABSA. We summarize key ABSA tasks, including aspect term extraction, aspect sentiment classification,
and compound tasks involving multiple sentiment elements. Additionally, we review the datasets, modelling paradigms, and cross-lingual transfer
methods used to solve these tasks. We also examine how existing work in monolingual and multilingual ABSA, as as ABSA with LLMs,
contributes to the development of cross-lingual ABSA. Finally, we highlight the main challenges and suggest directions for future research to
advance cross-lingual ABSA systems.
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Abstract: Applying electrochemical nitrate reduction reaction (NO3RR) to produce ammonia offers a sustainable alternative to the energy-
intensive Haber-Bosch process, which is crucial for clean energy and agricultural applications. While 2D MXenes hold great promise as
electrocatalysts for NO3RR, their application for ammonia production remains underexplored. This study combines experimental and theoretical
approaches to evaluate the catalytic performance of a series of MXenes with different central metal atoms for NO3RR. Among the materials
studied (Ti3C2Tx, Ti3CNTx, Ti2CTx, V2CTx, Cr2CTx, Nb2CTx, and Ta2CTx), Ti3-based MXenes exhibit superior faradaic efficiency, ammonia
yield rate, and stability. Density functional theory calculations offer further insights explaining the structure-activity-based observations. This
research establishes a foundation for future studies aimed at leveraging MXenes for electrochemical nitrate reduction for green synthesis of
ammonia.
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Abstract: Deep learning has revolutionized computer vision, but it achieved its tremendous success using deep network architectures which are
mostly hand-crafted and therefore likely suboptimal. Neural Architecture Search (NAS) aims to bridge this gap by following a well-defined
optimization paradigm which systematically looks for the best architecture, given objective criterion such as maximal classification accuracy. The
main limitation of NAS is however its astronomical computational cost, as it typically requires training each candidate network architecture from
scratch. In this paper, we aim to alleviate this limitation by proposing a novel training-free proxy for image classification accuracy based on Fisher
Information. The proposed proxy has a strong theoretical background in statistics and it allows estimating expected image classification accuracy of
a given deep network without training the network, thus significantly reducing computational cost of standard NAS algorithms. Our training-free
proxy achieves state-of-the-art results on three public datasets and in two search spaces, both when evaluated using previously proposed metrics, as
well as using a new metric that we propose which we demonstrate is more informative for practical NAS applications. The source code is publicly
available at https://www. github.com/ondratybl/VKDNW.
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Abstract: We apply various unsupervised machine learning methods for phase classification to investigate the finitetemperature phase diagram of
the spinless Falicov-Kimball model in two dimensions. Using only particle occupation snapshots from Monte Carlo simulations as input, each
technique, including a straightforward classification based on principal component analysis (PCA), successfully identifies the phase boundary
between ordered and disordered phases, independent of the type of phase transition. Remarkably, these techniques also distinguish between the
weakly localized and Anderson-localized regimes within the disordered phase, accurately identifying their crossover, which is a challenging task
for standard methods. Among the machine learning approaches used, PCA based analysis outperforms more complex methods, such as neural
network predictors and autoencoders. These results underscore the effectiveness of simple unsupervised techniques in examining phase transitions
and electron localization in complex correlated systems.
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Abstract: Accurate object detection in LiDAR point clouds is a key prerequisite of robust and safe autonomous driving and robotics applications.
Training the 3D object detectors currently involves the need to manually annotate vasts amounts of training data, which is very time-consuming
and costly. As a result, the amount of annotated training data readily available is limited, and moreover these annotated datasets likely do not
contain edge-case or otherwise rare instances, simply because the probability of them occurring in such a small dataset is low.
In this paper, we propose a method to train 3D object detector without any need for manual annotations, by exploiting existing off-the-shelf vision
components and by using the consistency of the world around us. The method can therefore be used to train a 3D detector by only collecting sensor
recordings in the real world, which is extremely cheap and allows training using orders of magnitude more data than traditional fully-supervised
methods.
The method is evaluated on KITTI and Waymo Open datasets, where it outperforms all previous weakly-supervised methods and where it narrows
the gap when compared to methods using human 3D labels.
The source code of our method is publicly available at https://www.github.com/jskvrna/TCC-Det.
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Abstract: Norovirus is a highly contagious virus and the leading cause of acute gastroenteritis worldwide. The World Health Organization (WHO)
estimates that approximately 685 million cases of norovirus infection occur each year, with around 200 million affecting children under the age of
five. The impact of this virus is substantial, contributing to roughly 200,000 deaths annually-about 50,000 of which are among young children-
mostly in low-income countries. In addition to the human toll, norovirus imposes a significant economic burden, with global costs reaching
approximately $60 billion each year due to healthcare expenses and lost productivity. In this paper, we present a fractional-order mathematical
analysis of the norovirus epidemic model, focusing on its transmission dynamics, incorporating memory effects. The total population, denoted as
N(t), is categorized into four compartments: susceptible, exposed, infected, and recovered. We analytically derive the equilibrium points and the
basic reproduction number of the model. Furthermore, we discuss the properties of positivity, boundedness, uniqueness, and existence to ensure the
model's validity. The non-linear model is linearized around its equilibrium points, and local stability is analyzed using the eigenvalues of the
Jacobian matrix. In addition, global stability is examined using the Lyapunov function and LaSalle's invariance principle. To validate the theoretical
findings, a numerical scheme based on the GL-Non-Standard Finite Difference (NSFD) method is developed, which serves to verify the theoretical
analysis of the norovirus epidemic model.
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Abstract: Cadmium sulfide is a valuable material for solar cells, photovoltaic, and radiation detectors. It is thus important to evaluate the material
damage mechanisms and damage threshold in response to irradiation. Here, we simulate the ultrafast XUV/X-ray irradiation of CdS with the
combined model, XTANT-3. It accounts for nonequilibrium electronic and atomic dynamics, nonadiabatic coupling between the two systems,
nonthermal melting and bond breaking due to electronic excitation. We find that the two phases of CdS, zinc blende and wurtzite, demonstrate very
close damage threshold dose of similar to 0.4-0.5 eV per atom. The damage is mainly thermal, whereas with increase of the dose, nonthermal
effects begin to dominate leading to nonthermal melting. The transient disordered state is a high-density liquid, which may be semiconducting or
metallic depending on the dose. Later recrystallization may recover the material back to the crystalline phase, or at high doses create an amorphous
phase with variable bandgap. The revealed effects may potentially allow for controllable tuning of the band gap via laser irradiation of CdS.
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Abstract: The Antarctic Peninsula (AP) and James Ross Island (JRI) region have experienced exceptionally warm spells in recent decades, leading
to substantial glacier mass loss. This study investigates a sequence of three massive heat waves between November 2022 and January 2023, leading
to extreme surface ablation. Their impact was examined through a wide range of in-situ atmospheric and glaciological observations on two JRI
glaciers: the cirque-based Triangular Glacier and the dome-shaped Davies Dome. Furthermore, the Weather Research and Forecasting model was
used with a very-high horizontal resolution of 300 m to provide insights into surface-atmosphere interactions and the synoptic- and meso-scale
drivers of the exceptionally high near-surface air temperatures. The three investigated events generated total surface ablation of 1237 mm w.e. on
Triangular Glacier and 271 mm w.e. on Davies Dome contributing to annual ablation >= 4 times higher than a recent mean on Triangular Glacier. A
striking local variability in atmosphere-glacier energy exchange was found in the complicated topography of the northeastern AP region. A
complex foehn mechanism analysis revealed that isentropic drawdown with a small contribution of latent heat release played a crucial role in
enhancing leeward warming and surface melt.
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Abstract: The treatment of pnictinidenes [2-(RNHCH2)-6-(RN=CH)C6H3]E (1As/Sb) (where E=As or Sb) with benzoyl peroxide provided
compounds [2-(DippNCH2)-6-(DippN=CH)C6H3]E(O2CPh) (2As/Sb) as a result of two step procedure, i. e. oxidation of the pnictogen centre
followed by the elimination of benzoic acid. The reaction between 1As and diphenyl disulfide proceeded in the same vein yielding thiophenol and
[2-(DippNCH2)-6-(DippN=CH)C6H3]As(SPh) (3As). Analogous reaction of 1Sb furnished a mixture of [2-(DippNHCH2)-6-
(DippN=CH)C6H3]Sb(SPh)2 (3'Sb), [2-(DippNCH2)-6-(DippN=CH)C6H3]Sb(SPh) (3Sb) and PhSH, while NMR studies proved the existence of
a dynamic equilibrium between all three compounds in solution and removal of incipient PhSH was necessary for the isolation of 3Sb. Both 1As/Sb
smoothly reacted with 2-nitrosotoluene leading to [2-(DippNCH2)-6-(DippN=CH)C6H3]E(O-NH-2-Me-Ph) 4As/Sb and with 4-phenyl-1,2,4-
triazoline-3,5-dione giving [2-(DippNCH2)-6-(DippN=CH)C6H3]E[(N(CO)-NH(CO))N-Ph] 5As/Sb. All compounds were characterized by IR,
Raman, NMR spectroscopy, and the molecular structures, except for 3As and 5Sb, were determined by single-crystal X-ray diffraction.
Furthermore, we scrutinized the thermally induced reductive elimination of benzoic acid and thiophenol from 2-3As/Sb, respectively, and that of 4-
phenylurazole from 5As. These eliminations involve C-H activation at the CH2N group, and the recovery of the pnictinidene center in [2,6-
(RN=CH)2C6H3]E (6As/Sb). Using DFT calculations a plausible mechanism was suggested for all the investigated reactions, which are in good
agreement with the experimental observations.
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Abstract: Robotic simulators play a crucial role in the development and testing of autonomous systems, particularly in the realm of Uncrewed
Aerial Vehicles (UAV). However, existing simulators often lack high-level autonomy, hindering their immediate applicability to complex tasks
such as autonomous navigation in unknown environments. This limitation stems from the challenge of integrating realistic physics, photorealistic
rendering, and diverse sensor modalities into a single simulation environment. At the same time, the existing photorealistic UAV simulators use
mostly hand-crafted environments with limited environment sizes, which prevents the testing of long-range missions. This restricts the usage of
existing simulators to only low-level tasks such as control and collision avoidance. To this end, we propose the novel FlightForge UAV open-source
simulator. FlightForge offers advanced rendering capabilities, diverse control modalities, and, foremost, procedural generation of environments.
Moreover, the simulator is already integrated with a fully autonomous UAV system capable of long-range flights in cluttered unknown
environments. The key innovation lies in novel procedural environment generation and seamless integration of high-level autonomy into the
simulation environment. Experimental results demonstrate superior sensor rendering capability compared to existing simulators, and also the ability
of autonomous navigation in almost infinite environments.
Accession Number: WOS:001582497400147
Conference Title: 2025 International Conference on Robotics and Automation-ICRA-Annual
Conference Date: MAY 19-23, 2025
Conference Location: Atlanta, GA
Conference Sponsors: Institute of Electrical and Electronics Engineers Inc
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Vonásek, Vojtěch GRJ-7653-2022   
Capek, David  G-9005-2014   
Saska, Martin  L-3669-2013   
Pěnička, Robert  AAC-4673-2019   
ISBN: 979-8-3315-4140-8; 979-8-3315-4139-2

Record 97 of 502
Title: TPC track denoising and recognition using convolutional neural networks
Author(s): Gajdos, M (Gajdos, Matej); da Luz, HN (da Luz, Hugo Natal); Souza, GGA (Souza, Geovane G. A.); Bregant, M (Bregant, Marco)
Source: COMPUTER PHYSICS COMMUNICATIONS  Volume: 312  Article Number: 109608  DOI: 10.1016/j.cpc.2025.109608  Early
Access Date: APR 2025  Published Date: 2025 JUL  
Abstract: The capability of convolutional neural networks to remove spurious signals caused by electronic noise, microdischarges and other
effects from experimental data obtained with Time Projection Chambers is studied. A generator of synthetic data for the training of the neural
network is described and its performance is compared with the results obtained with a conventional algorithm. The Physical meaning of the data
resulting from the neural network and conventional denoising algorithms is thoroughly analysed, demonstrating the potential of convolutional
neural networks in the preparation of raw data for analysis.
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Author(s): Pittner, J (Pittner, Jiri)
Source: MOLECULAR PHYSICS  Volume: 123  Issue: 19-20  Special Issue: SI  DOI: 10.1080/00268976.2025.2500632  Early Access Date:
MAY 2025  Published Date: 2025 OCT 18  
Abstract: Orbital entropies, pair entropies and mutual information have become popular tools for the analysis of strongly correlated wave
functions. They can quantitatively measure how strongly an orbital (e.g. from the DMRG active space) participates in the strong correlation and
reveals the correlation pattern between different orbitals. However, this pattern can become rather complicated and sometimes difficult to interpret
for large active spaces and is not invariant with respect to the spin projection ( $ M_s $ Ms) component of the spin multiplet state. We introduce a
modified spin-free orbital entropy, pair entropy and mutual information, which simplify the correlation analysis and are invariant with respect to $
M_s $ Ms. By comparing these quantities with their 'original' spin-including counterparts, one can distinguish static correlation due to spin
couplings from the 'genuine' strong correlation due to a multiconfigurational character of the wave function. We illustrate the approach on a model
consisting of a non-interacting dimer of triplet diradicals and on a more realistic example of iron-sulphur bound complexes with one and two iron
atoms.
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Title: The Actinobacillus pleuropneumoniae apxIV operon encodes an antibacterial toxin-immunity pair
Author(s): Slivenecka, E (Slivenecka, Eva); Jurnecka, D (Jurnecka, David); Holubova, J (Holubova, Jana); Stanek, O (Stanek, Ondrej);
Brazdilova, L (Brazdilova, Ludmila); Cizkova, M (Cizkova, Monika); Bumba, L (Bumba, Ladislav)
Source: MICROBIOLOGICAL RESEARCH  Volume: 292  Article Number: 128043  DOI: 10.1016/j.micres.2024.128043  Early Access Date:
DEC 2024  Published Date: 2025 MAR  
Abstract: The ApxIVA protein belongs to a distinct class of a "clip and link" activity of Repeat-in-ToXin (RTX) exoproteins. Along with the three
other pore-forming RTX toxins (ApxI, ApxII and ApxIII), ApxIVA serves as a major virulence factor of Actinobacillus pleuropneumoniae, the
causative agent of porcine pneumonia. The gene encoding ApxIVA is located on a bicistronic operon downstream of the orf1 gene and is expressed
exclusively under in vivo conditions. Both ApxIVA and ORF1 are essential for full virulence of A. pleuropneumoniae, but the molecular
mechanisms by which they contribute to the pathogenicity are not yet understood. Here, we provide a comprehensive structural and functional
analysis of ApxIVA and ORF1 proteins. Our findings reveal that the Nterminal segment of ApxIVA shares structural similarity with colicin M
(ColM)-like bacteriocins and exhibits an antimicrobial activity. The ORF1 protein resembles the colicin M immunity protein (Cmi) and, like Cmi,
is exported to the periplasm through its N-terminal signal peptide. Additionally, ORF1 can protect bacterial cells from the antimicrobial activity of
ApxIVA, suggesting that ORF1 and ApxIVA function as an antibacterial toxin- immunity pair. Moreover, we demonstrate that fetal bovine serum
could elicit ApxIVA and ORF1 production under in vitro conditions. These findings highlight the coordinated action of various RTX determinants,
where the fine-tuned spatiotemporal production of ApxIVA may enhance the fitness of A. pleuropneumoniae, facilitating its invasion to a resident
microbial community on the surface of airway mucosa.
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Title: Ternary recombination of excited Ar<SUP>+</SUP>(<SUP>2</SUP>P<sub>1/2</sub>) ions. II. Internal states of nascent Ar<sub>2</sub>
<SUP>+</SUP> and a novel view on the elementary recombination processes
Author(s): Kalus, R (Kalus, R.); Benhenni, M (Benhenni, M.); Gadea, FX (Gadea, F. X.); Yousfi, M (Yousfi, M.)
Source: JOURNAL OF CHEMICAL PHYSICS  Volume: 163  Issue: 1  Article Number: 014302  DOI: 10.1063/5.0276161  Published Date:
2025 JUL 7  
Abstract: Electronic states and internal energies of stabilized Ar-2(+) ions resulting from ternary collisions of Ar+(P-2(1/2)) with argon atoms are
analyzed at close to thermal conditions (E/N = 1 Td). For the former, a quasiadiabatic behavior has been observed with the electronic states of the
stabilized dimer ions almost exclusively asymptotically correlating to the P-2(1/2) state of the colliding atomic ion. Transitions to the electronic
states with the P-2(3/2) asymptote are of only marginal importance. The internal energies of stabilized dimer ions are found around the (2)P(1/2
)dissociation limit, with a non-negligible number of the ions formed in rotationally metastable states. The calculations performed for Ar+(P-2(1/2))
are compared with selected data obtained for Ar+(P-2(3/2) ). Qualitatively, the same behavior is seen for both types of ions. The results obtained
for both types of Ar+ ions lead us to the conclusion that the simple picture of the ternary recombination of Ar+ ions generally shared in the
literature will have to be replaced by a more complex one.
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Author(s): Plomerová, J (Plomerova, Jaroslava)
Source: ANNALS OF GEOPHYSICS  Volume: 68  Issue: 5  Article Number: DM573  DOI: 10.4401/ag-9266  Published Date: 2025   
Abstract: MOBNET pool of seismic stations of the Institute of Geophysics of the Czech Academy of Sciences has been created since nineties of
the 20th century. It grew from a nucleus of 6 broad-band units (seismometer and data acqusition system) up to the current 80 portable stations for
temporary installations. The need of having a dense network of transportable seismic stations to be installed temporarily in regions with different
tectonics and to record data for detailed modelling of 3D anisotropic structure of the upper mantle, triggered formation of this pool. Since then, the
pool equipment has been involved in several passive seismic experiments, both small-and international large-scale ones, which were in operation
for only few months at the beginning up to several years nowadays. Data recorded during the experiments has contributed to different significant
findings about the Earth, including those which revealed that the mantle lithosphere is formed by individual domains with their own tilted
anisotropic fabrics. Changes of the fabric orientations mark boundaries of the domains amalgamated to cores of continental plates. Data from the
passive experiments are essential for detailed research of the Earth structure and inferences about processes of plate formation.
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Monitoring and Markov State Modeling
Author(s): Dolezal, R (Dolezal, Rafael)
Source: JOURNAL OF PHYSICAL CHEMISTRY B  Volume: 129  Issue: 7  Pages: 1976-1996  DOI: 10.1021/acs.jpcb.4c06767  Early Access
Date: FEB 2025  Published Date: 2025 FEB 12  
Abstract: In this study, we investigated the stability of the fully activated conformation of the orexin receptor 2 (OX2R) embedded in a pure POPC
bilayer using MD simulations. Various thermodynamic ensembles (i.e., NPT, NVT, NVE, NPAT, mu VT, and NP gamma T) were employed to
explore the dynamical heterogeneity of the system in a comprehensive way. In addition, informational similarity metrics (e.g., Jensen-Shannon
divergence) as well as Markov state modeling approaches were utilized to elucidate the receptor kinetics. Special attention was paid to assessing
surface tension within the simulation box, particularly under NP gamma T conditions, where 21 nominal surface tension constants were evaluated.
Our findings suggest that traditional thermodynamic ensembles such as NPT may not adequately control physical properties of the POPC
membrane, impacting the plausibility of the OX2R model. In general, the performed study underscores the importance of employing the NP
gamma T ensemble for computational investigations of membrane-embedded receptors, as it effectively maintains zero surface tension in the
simulated system. These results offer valuable insights for future research aimed at understanding receptor dynamics and designing targeted
therapeutics.
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Title: Dynamic mixing protocol for mixing enhancement in unbaffled bioreactor with eccentric bottom-mounted impeller
Author(s): Gebousky, O (Gebousky, Ondrej); Haidl, J (Haidl, Jan); Bílek, V (Bilek, Vojtech); Pivokonsky, M (Pivokonsky, Martin)
Source: CHEMICAL ENGINEERING SCIENCE  Volume: 312  Article Number: 121645  DOI: 10.1016/j.ces.2025.121645  Early Access Date:
APR 2025  Published Date: 2025 JUN 15  
Abstract: The study introduces a novel mixing approach for industries requiring sterility, easy cleanability, and low shearing. It aims at an
ultrapure mixing configuration comprising an unbaffled cylindrical vessel with an asymmetrically placed levitating impeller. However, that solution
may be prone to forming a poorly mixed central vortex region worsening its overall mixing characteristics. To eliminate these adverse effects, a
dynamic mixing protocol consisting of periodic changes in the impeller speed and direction is developed. Experiments conducted in a pilot-scale
vessel (60L) confirm that this method eliminates the poorly mixed zone and reduces homogenization time by more than 50% compared to a fixed-
speed impeller. Additionally, numerical simulations reveal no excessive shearing due to speed and direction changes. It is shown that dynamic
mixing protocol allows for significant improvement in vessel mixing characteristics while maintaining gentle handling of shear-sensitive materials.
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Author(s): Rájecky, M (Rajecky, Michal); Gajdusková, P (Gajduskova, Pavla); Maník, P (Manik, Peter); Hluchy, M (Hluchy, Milan); Hegedusová,
E (Hegedusova, Eva); Krystofová, K (Krystofova, Karolina); Potesil, D (Potesil, David); Martinková, P (Martinkova, Petra); Slabá, Z (Slaba,
Zuzana); Khirsariya, P (Khirsariya, Prashant); Sebesta, M (Sebesta, Marek); Paruch, K (Paruch, Kamil); Friedel, CC (Friedel, Caroline C.);
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Source: NUCLEIC ACIDS RESEARCH  Volume: 53  Issue: 22  Article Number: gkaf1343  DOI: 10.1093/nar/gkaf1343  Published Date: 2025
DEC 11  
Abstract: Cyclin-dependent kinase 11 (CDK11) is essential for the regulation of pre-mRNA splicing via phosphorylation of the core spliceosome
component SF3B1. This phosphorylation is a marker of the catalytically active spliceosomes; thus, it is important to identify the mechanisms that
regulate CDK11 itself. Here, we report that a small subset of CDK11 is phosphorylated on the activation T-loop threonine 595 (Thr595) and is
associated with the activated spliceosome on chromatin in gene bodies. Mutational analyses revealed that Thr595 is essential for the formation of
the active CDK11 complex with cyclin L and SAP30BP. CDK11 transiently associates with CDK7, a transcriptional kinase that also promotes the
activation of other CDKs. Inhibition of CDK7 initially decreases transcription, but longer durations of inhibition lead to production of unspliced
pre-mRNAs. The onset of the CDK7-mediated splicing defect correlates with the sequential dephosphorylation of CDK11 Thr595 and SF3B1.
SILAC-based phosphoproteomics upon brief CDK11 inhibition identified SF3B1, CDC5L, and ESS2 as CDK11 substrates, which overlap with the
previously identified CDK7 substrates in the spliceosome. In summary, our study suggests that CDK7 likely acts via CDK11 Thr595
phosphorylation to regulate pre-mRNA splicing in cells. The identification of additional CDK11 substrates points to its broader role in spliceosome
regulation.
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Author(s): Simkanin, J (Simkanin, Jan); Kyselica, J (Kyselica, Juraj)
Source: PHYSICAL REVIEW FLUIDS  Volume: 10  Issue: 10  Article Number: 103705  DOI: 10.1103/b7ym-jxrf  Published Date: 2025 OCT
27  
Abstract: Solidification processes at the boundary between the Earth's inner and outer core are the primary source of buoyancy forces that drive
convection and Geodynamo in the outer core. This study aims to numerically investigate the impact of different buoyancy sources on convection
within the Earth's core and the resulting magnetic field. We analyze three models: thermally driven, chemically driven, and thermochemically
driven dynamos. The results confirm that both the magnetic field and the convective velocity field depend on the sources of buoyancy. Additionally,
dipole polarity reversals and the super-rotation of the Earth's inner core are influenced by different buoyancy sources. As the Ekman number
decreases, this dependence weakens.
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Title: DOUBLE-BETA DECAY OF <SUP>48</SUP>Ca WITHIN SECOND TAMM-DANCOFF APPROXIMATION
Author(s): Vesely, P (Vesely, P.); Denisova, D (Denisova, D.); Knapp, F (Knapp, F.); Simkovic, F (Simkovic, F.)
Source: ACTA PHYSICA POLONICA B PROCEEDINGS SUPPLEMENT  Volume: 18  Issue: 2  Article Number: 2A9  DOI:
10.5506/APhysPolBSupp.18.2-A9  Published Date: 2025   
Abstract: The neutrinoless double-beta decay (0v beta beta) nuclear matrix elements (NMEs) cannot be directly deduced from any experimental
data, and their reliable calculation remains a significant challenge for the nuclear physics community. Advanced nuclear structure approaches have
been developed and applied to evaluate nuclear transitions of experimental interest. However, the calculated values of 0v beta beta NMEs still vary
widely among different methods, affecting predictions of decay rates and constraints on various lepton violation parameters. The two-neutrino
double-beta (2v beta beta) decay, which has been experimentally confirmed for eleven isotopes, plays a crucial role in testing nuclear structure
models. In this context, we present the modified formalism of the Second Tamm-Dancoff Approximation (STDA) for the calculation of double-beta
decay transitions. For 2v beta beta of Ca-48, the corresponding NMEs are calculated within the STDA, and their dependence on relevant nuclear
structure parameters is investigated. Our findings indicate that a significant quenching of the axial-vector coupling constant is necessary to
accurately reproduce the half-life of 2v beta beta decay.
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Source: NEW JOURNAL OF PHYSICS  Volume: 27  Issue: 1  Article Number: 013012  DOI: 10.1088/1367-2630/ada4d2  Published Date:
2025 JAN 1  
Abstract: In a variant of communication tasks, players cooperate in choosing their local strategies to compute a given task later, working
separately. Utilizing quantum bits for communication and sharing entanglement between parties is a recognized method to enhance performance in
these situations. In this work, we introduce the game for which three parties, Alice, Bob and Charlie, would like to discover the hidden order in
which they make the moves. We show the advantage of quantum strategies that use shared entanglement and local operations over classical setups
for discriminating operations' composition order. The role of quantum resources improving the probability of successful discrimination is also
investigated. Our research provides a basis for examining computational model featuring a specific gate set while examining the diverse operations
achievable through permutations of its elements.
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Simon Michael)
Source: CLIMATIC CHANGE  Volume: 178  Issue: 6  Article Number: 113  DOI: 10.1007/s10584-025-03958-9  Published Date: 2025 JUN
2  
Abstract: This study assesses projected changes in precipitation (\documentclass[12pt]{minimal} \usepackage{amsmath} \usepackage{wasysym}
\usepackage{amsfonts} \usepackage{amssymb} \usepackage{amsbsy} \usepackage{mathrsfs} \usepackage{upgreek} \setlength{\oddsidemargin}
{-69pt} \begin{document}$$P$$\end{document}), discharge (\documentclass[12pt]{minimal} \usepackage{amsmath} \usepackage{wasysym}
\usepackage{amsfonts} \usepackage{amssymb} \usepackage{amsbsy} \usepackage{mathrsfs} \usepackage{upgreek} \setlength{\oddsidemargin}
{-69pt} \begin{document}$$Q$$\end{document}), and soil moisture (\documentclass[12pt]{minimal} \usepackage{amsmath}
\usepackage{wasysym} \usepackage{amsfonts} \usepackage{amssymb} \usepackage{amsbsy} \usepackage{mathrsfs} \usepackage{upgreek}
\setlength{\oddsidemargin}{-69pt} \begin{document}$$SM$$\end{document})-based droughts in Ukraine using CMIP6 bias-corrected climate
models and the mesoscale Hydrologic Model (mHM). Despite model variability, results reveal substantial increases in \documentclass[12pt]
{minimal} \usepackage{amsmath} \usepackage{wasysym} \usepackage{amsfonts} \usepackage{amssymb} \usepackage{amsbsy}
\usepackage{mathrsfs} \usepackage{upgreek} \setlength{\oddsidemargin}{-69pt} \begin{document}$$Q$$\end{document}- and
\documentclass[12pt]{minimal} \usepackage{amsmath} \usepackage{wasysym} \usepackage{amsfonts} \usepackage{amssymb}
\usepackage{amsbsy} \usepackage{mathrsfs} \usepackage{upgreek} \setlength{\oddsidemargin}{-69pt}
\begin{document}$$SM$$\end{document}-droughts' duration and severity across all scenarios, with the most severe impacts under SSP5-8.5 in
the end of the century. Specifically, for both drought types, 50-year extreme \documentclass[12pt]{minimal} \usepackage{amsmath}
\usepackage{wasysym} \usepackage{amsfonts} \usepackage{amssymb} \usepackage{amsbsy} \usepackage{mathrsfs} \usepackage{upgreek}
\setlength{\oddsidemargin}{-69pt} \begin{document}$$SM$$\end{document}- and \documentclass[12pt]{minimal} \usepackage{amsmath}
\usepackage{wasysym} \usepackage{amsfonts} \usepackage{amssymb} \usepackage{amsbsy} \usepackage{mathrsfs} \usepackage{upgreek}
\setlength{\oddsidemargin}{-69pt} \begin{document}$$Q$$\end{document}-droughts are projected to be the norm by 2055, exhibiting at least a
twofold increase in duration and severity by the end of the century under SSP5-8.5. \documentclass[12pt]{minimal} \usepackage{amsmath}
\usepackage{wasysym} \usepackage{amsfonts} \usepackage{amssymb} \usepackage{amsbsy} \usepackage{mathrsfs} \usepackage{upgreek}
\setlength{\oddsidemargin}{-69pt} \begin{document}$$P$$\end{document}-droughts, in contrast, are projected to show relatively modest
increases in severity and duration. Beyond enhanced droughts, water availability is anticipated to decline across the country, further exacerbating
Ukraine's water- and agriculture-related issues in a war-affected context. These findings underscore the urgent need for adaptive water management
to secure Ukraine's agricultural sector-a cornerstone of regional and global food security-against the dual threats of drought intensification and the
ongoing conflict.
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JUN 3  
Abstract: Plant functional traits have been extensively studied using remote sensing. In this study, we compared three approaches for retrieving
leaf chlorophyll and carotenoid content in the Lan & zcaron;hot forest, Czech Republic. For the statistical-based approach, we used field data for
both training (calibration portion) and validating (test portion) the models. The physical-based approach utilized a large, simulated look-up table as
the training dataset. Lastly, we introduced a new hybrid approach, where a subset of the look-up table was selected based on performance on the
calibration portion of the field data. All methods were applied to four Harmonised Landsat Sentinel-2 product images across contrasting
phenological phases of vegetation growth. Although the statistical-based approach showed the best results, the hybrid approach presents a
promising alternative with potential for future improvement.
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Source: ASTRONOMY & ASTROPHYSICS  Volume: 700  Article Number: A82  DOI: 10.1051/0004-6361/202554623  Published Date: 2025
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Abstract: The cold outer regions of protoplanetary disks are expected to contain a midplane-centered layer where gas-phase CO molecules freeze
out and their overall abundance is low. The layer then manifests itself as a void in the channel maps of CO rotational emission lines. We explore
whether the frozen-out layer can expose the circumplanetary environment of embedded accreting protoplanets to observations. To this end, we
performed 3D radiative gas-dust hydrodynamic simulations with opacities determined by the redistribution of submicron- and millimeter-sized dust
grains. A Jupiter-mass planet with an accretion luminosity of similar to 10(-3)L(circle dot) was considered as the nominal case. The accretion
heating sustains a warm bubble around the planet, which locally increases the abundance of gas-phase CO molecules. Radiative transfer predictions
of the emergent sky images show that the bubble becomes a conspicuous CO emission source in channel maps. It appears as a low-intensity
optically thick spot located in between the so-called dragonfly wings that trace the fore-and backside line-forming surfaces. The emission intensity
of the bubble is nearly independent of the tracing isotopolog, suggesting a very rich observable chemistry, as long as its signal can be deblended
from the extended disk emission. This can be achieved with isotopologs that are optically thin or weakly thermally stratified across the planet-
induced gap, such as (CO)-O-18. For these, the bubble stands out as the brightest residual in synthetic ALMA observations after subtraction of
axially averaged channel maps inferred from the disk kinematics, enabling new automatic detections of forming protoplanets. By contrast, the
horseshoe flow steadily depletes large dust grains from the circumplanetary environment, which becomes unobservable in the submillimeter
continuum, in accordance with the scarcity of ALMA detections.
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Author(s): Han, JY (Han, Jiangyu); Landini, F (Landini, Federico); Rohdin, J (Rohdin, Johan); Silnova, A (Silnova, Anna); Diez, M (Diez,
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Source: INTERSPEECH 2025  Book Series: Interspeech  Pages: 1583-1587  DOI: 10.21437/Interspeech.2025-484  Published Date: 2025   
Abstract: Self-supervised learning (SSL) models like WavLM can be effectively utilized when building speaker diarization systems but are often
large and slow, limiting their use in resource-constrained scenarios. Previous studies have explored compression techniques, but usually for the
price of degraded performance at high pruning ratios. In this work, we propose to compress SSL models through structured pruning by introducing
knowledge distillation. Different from the existing works, we emphasize the importance of fine-tuning SSL models before pruning. Experiments on
far-field single-channel AMI, AISHELL-4, and AliMeeting datasets show that our method can remove redundant parameters of WavLM Base+ and
WavLM Large by up to 80% without any performance degradation. After pruning, the inference speeds on a single GPU for the Base+ and Large
models are 4.0 and 2.6 times faster, respectively. Our source code is publicly available.
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Abstract: Blastocrithidia nonstop is a protist with a highly unusual nuclear genetic code, in which all three standard stop codons are reassigned to
encode amino acids, with UAA also serving as a sole termination codon. In this study, we demonstrate that this parasitic flagellate is amenable to
genetic manipulation, enabling gene ablation and protein tagging. Using preassembled Cas9 ribonucleoprotein complexes, we successfully
disrupted and tagged the non-essential gene encoding catalase. These advances establish this single-celled eukaryote as a model organism for
investigating the malleability and evolution of the genetic code in eukaryotes.
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Abstract: The performance of automatic speaker verification (ASV) and anti-spoofing drops seriously under real-world domain mismatch
conditions. The relaxed instance frequency-wise normalization (RFN), which normalizes the frequency components based on the feature statistics
along the time and channel axes, is a promising approach to reducing the domain dependence in the feature maps of a speaker embedding network.
We advocate that the different frequencies should receive different weights and that the weights' uncertainty due to domain shift should be
accounted for. To these ends, we propose leveraging variational inference to model the posterior distribution of the weights, which results in
Bayesian weighted RFN (BWRFN). This approach overcomes the limitations of fixed-weight RFN, making it more effective under domain
mismatch conditions. Extensive experiments on cross-dataset ASV, cross-TTS anti-spoofing, and spoofing-robust ASV show that BWRFN is
significantly better than WRFN and RFN.



significantly better than WRFN and RFN.
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Abstract: The precise anchoring of single metal atoms on solid supports remains a key challenge in the design of singleatom catalysts (SACs),
particularly for carbon-based materials where metal coordination environments are often poorly defined. We report a graphene-based support
covalently functionalized with 1,10-phenanthroline-5amine groups via nucleophilic substitution on fluorographene in DMSO. This approach
introduces well-defined chelating sites that enable the rational and selective immobilization of transition metals. A copper-based SAC was
synthesized by impregnating the functionalized graphene with a CuCl2 solution. Spectroscopic and microscopic analyses confirmed the formation
of atomically dispersed Cu(I) species coordinated by phenanthroline ligands, with no detectable nanoparticle formation. The resulting catalyst
exhibited high activity in the Chan-Lam coupling of 1H-imidazole with phenylboronic acid, achieving a turnover frequency of 3.8 h- 1, and
outperformed heterogeneous benchmark systems, including commercial CuO nanoparticles. However, recyclability tests revealed a decline in
catalytic activity after four cycles, primarily due to the leaching of Cu-phenanthroline complexes. These findings demonstrate the potential of
functionalized graphene as a platform for developing SACs with well-defined coordination environments. Nevertheless, enhancing catalyst
stability, e.g., through secondary anchoring strategies, optimized metalation protocols, or post-synthetic stabilization, is needed for future industrial
applications.
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Abstract: This study explores the structural and electronic factors affecting the absorption spectra of 5-carboxy-tetramethylrhodamine (TAMRA)
in water, a widely used fluorophore in imaging and molecular labeling in biophysical studies. Through molecular dynamics (MD) simulations and
density functional theory (DFT) calculations, we examine TAMRA UV absorption spectra together with TAMRA-labeled peptides (Arg(9), Arg(4),
Lys(9)). We found that DFT calculations with different functionals underestimate TAMRA maximum UV absorption peak by similar to 100 nm,
resulting in the maximum at ca. 450 nm instead of the experimental value of ca. 550 nm. However, incorporating MD simulation snapshots of
TAMRA in water, the UV maximum peak shifts and is in close agreement with the experimental results due to the rotation of TAMRA N(CH3)(2)
groups, effectively captured in MD simulations. The method is used to estimate the UV absorption spectra of TAMRA-labeled peptides, matching
experimental values.
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Source: LANGMUIR  Volume: 41  Issue: 8  Pages: 5387-5398  DOI: 10.1021/acs.langmuir.4c04942  Early Access Date: FEB 2025  Published
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Abstract: When using dialysis ultra- or diafiltration to purify protein solutions, a dialysis buffer in the permeate is employed to set the pH in the
protein solution. Failure to achieve the target pH may cause undesired precipitation of the valuable product. However, the pH in the permeate
differs from that in the retentate, which contains the proteins. Experimental optimization of the process conditions is time-consuming and
expensive, while accurate theoretical predictions still pose a major challenge. Current models of dialysis account for the Donnan equilibrium, acid-
base properties, and ion-protein interactions, but they neglect the patchy distribution of ionizable groups on the proteins and its impact on the
solution properties. Here, we present a simple computational model of a colloidal particle with weakly acidic sites on the surface, organized in
patches. This minimalistic model allows systematic variation of the relevant parameters, while simultaneously demonstrating the essential physics
governing the acid-base equilibria in protein solutions. Using molecular simulations in the Grand-Reaction ensemble, we demonstrate that
interactions between ionizable sites significantly affect the nanoparticle charge and thereby contribute to pH difference between the permeate and
retentate. We show that the significance of this contribution increases if the ionizable sites are located on a smaller patch. Protein solutions are
governed by the same physics as our simple model. In this context, our results show that models which aim to quantitatively predict the pH in
protein solutions during dialysis need to account for the patchy distribution of ionizable sites on the protein surface.
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Abstract: Self-supervised learning (SSL) models have significantly advanced speech processing tasks, and several benchmarks have been
proposed to validate their effectiveness. However, previous benchmarks have primarily focused on single-speaker scenarios, with less exploration
of target-speaker tasks in noisy, multi-talker conditions-a more challenging yet practical case. In this paper, we introduce the Target-Speaker
Speech Processing Universal Performance Benchmark (TS-SUPERB), which includes four widely recognized target-speaker processing tasks that
require identifying the target speaker and extracting information from the speech mixture. In our benchmark, the speaker embedding extracted from
enrollment speech is used as a clue to condition downstream models. The benchmark result reveals the importance of evaluating SSL models in
target speaker scenarios, demonstrating that performance cannot be easily inferred from related single-speaker tasks. Moreover, by using a unified
SSL-based target speech encoder, consisting of a speaker encoder and an extractor module, we also investigate joint optimization across TS tasks to
leverage mutual information and demonstrate its effectiveness.(1)
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SEP 2025  Published Date: 2025 DEC 15  
Abstract: Owing to the regenerative nature of metal-coordination bonds, transition metal-crosslinked alginates are of increasing technological
relevance. However, due to their amorphous character and paramagnetic nature, their atomic-resolution structure, which is crucial for optimizing
physicochemical properties, has long remained elusive. By employing very fast (VF) magic angle spinning (MAS) nuclear magnetic resonance
(NMR) we overcame experimental challenges and obtained previously unreported data on the structure, network density, and domain architecture
of alginates crosslinked by paramagnetic Cu2+ and Fe3+ ions, and modified by lactic acid-a pharmaceutically relevant ingredient that alters pH and
crosslinking mechanism. We identified a high proportion of carboxyl units COOH coexisting with deprotonated carboxylate COO-groups,
nanoscale acidic domains, and strongly hyperfine-coupled nuclei within the paramagnetic matrix, revealing the specific coordination geometry of
the Cu2+ and Fe3+ ions utilizing hydroxyl groups. These results provide new insight into the structural complexity of amorphous paramagnetic
biopolymers and demonstrate the analytical power of VF/MAS NMR in challenging environments. The present research thus aims to provide one
of the first experimentally confirmed representations of the complex interactions in alginates crosslinked with paramagnetic transition metal ions.
These findings have direct implications for the synthesis of novel functional materials based on carbohydrate polymers.
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Abstract: Cyclohexane (CAS: 110-82-7), a colorless organic solvent derived from petroleum, is a valuable reference standard for Raman shift
calibration and serves as a model for six-membered ring structures in complex chemical and biological systems. In this study, we measured
polarized Raman spectra of gaseous cyclohexane at room temperature using cavity-enhanced Raman spectroscopy (CERS) across the range of 200-
3200 cm-1. The observed vibrational wavenumbers, intensities, and depolarization ratios were compared with calculated values, enabling the
assignment of several dozen Raman-active bands, including many overtone and combination bands. This work demonstrates the capability of
CERS for vibrational analysis of gas-phase polyatomic molecules.
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Abstract: The effective magnetocrystalline anisotropy energy associated with magnetostriction is studied for tetragonal L10-FePt by means of
first-principles calculations, which is expressed in terms of the intrinsic anisotropy for an undeformed crystal, the magnetostrictive coefficients, and
the elastic tensor. A very small correction is found for the first anisotropy constant Delta K1/K1 = 0 . 07 %, while a much more significant
contribution is obtained for the second one Delta K2/K2 = 21.86%. General analysis of this effect for tetragonal crystals is provided, finding that
Delta K1 will be always positive for any stable phase with this symmetry. The potential implications and applications of these results are discussed.
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Abstract: End-to-end neural diarization has evolved considerably over the past few years, but data scarcity is still a major obstacle for further
improvements. Self-supervised learning methods such as WavLM have shown promising performance on several downstream tasks, but their
application on speaker diarization is somehow limited. In this work, we explore using WavLM to alleviate the problem of data scarcity for neural
diarization training. We use the same pipeline as Pyannote and-improve the local end-to-end neural diarization with WavLM and Conformer.
Experiments on far-field AMI, AISHELL-4, and AliMeeting datasets show that our method substantially outperforms the Pyannote baseline and
achieves new state-of-the-art results on AMI and AISHELL4, respectively. In addition, by analyzing the system performance under different data
quantity scenarios, we show that WavLM representations are much more robust against data scarcity than filterbank features, enabling less data
hungry training strategies. Furthermore, we found that simulated data, usually used to train end-to-end diarization models, does not help when
using WavLM in our experiments. Additionally, we also evaluate our model on the recent CHiME8 NOTSOFAR-1 task where it achieves better
performance than the Pyannote baseline. Our source code is publicly available at https://github.com/BUTSpeechFIT/DiariZen.
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Abstract: Symbolic regression, a type of machine learning technique, can efficiently disregard variables that are not significant to the final output,
even if they were initially preselected as inputs. Various input parameters are tested in the three examples presented here, where the outputs are
modeled using symbolic regression: estimating the middle plasma torch temperature used for waste gasification, the active energy of a solar power
plant, and the diameter of a pipe with a known flow and pressure drop through it. Final highly accurate formulas are produced after numerous
attempts with lower performances. The process for rejecting the parameters without or with limited influence is automatic and can be performed
without human intervention and supervision. The results obtained using symbolic regression are easily interpretable by human experts. This
approach shows how to use machine learning-based modeling as an additional tool for sensitivity analysis.
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Abstract: Synthesis of porous metallosilicate materials from siloxane oligomers is a promising approach for constructing well-defined structures at
a molecular level. Here, we use quantum chemistry DFT methods and demonstrate a computationally cheap method for screening potential
precursors for synthesizing porous metallosilicates. We estimate the thermodynamic parameters of condensation reactions of the
octakis(trimethyltin)spherosilicate Si8O20(SnMe3)8 (CUBE) building block with metal chlorides and alkyl metals. These reactions represent the
initial steps in the non-hydrolytic synthesis of metallosilicate gels containing potentially uniform single-site metal centers. Our main emphasis was
on the spontaneity and irreversibility of the condensation and the computational screening of potential metal center sources. The precursors
previously reported in successful condensations with CUBE, such as AlCl3, [AlCl4]-, Si-Cl compounds, PCl3, TiCl4, and VOCl3, are shown to
undergo sufficiently irreversible reactions, as are the untested precursors BCl3, VCl4, and POCl3. Interestingly, AlMe3 proves to be twice as
exoergic as AlCl3. The first chloride in Cp2TiCl2 reacts readily, but the second may be partially reversible. SbCl3 and Ph3SbCl2 are borderline
cases, and the reversibility of their condensations might pose a problem. SnCl4 was found unsuitable as a precursor to stannosilicates. It should be
possible to prepare zincosilicates from ZnEt2, but not from ZnCl2, as the affinity of Zn for Cl- is so high that in the presence of a source of Cl-,
zincosilicate structures will dissolve back to CUBE and ZnCl2. The oxophilicity of the metal in the precursor is the main factor in the driving force
for the condensation with CUBE. Alkyl metals and lighter elements are more prone to the reaction than the corresponding metal chlorides and
heavier analogs. The propensity of [SnMe3]+ to bind to Cl- in preference to CUBE has a supporting effect. At low temperatures, the condensation
is slightly disfavored, while at the experimentally used temperature of 100 degrees C, this process contributes over 20 kJ mol-1 of the additional
driving force and helps to complete the condensation. The reliability of B3LYP-D3 and PBE0-D3, together with the CBS extrapolation scheme, is
also evaluated in calculations.
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Abstract: Motivation MicroRNAs (miRNAs) are crucial regulators of gene expression, but the precise mechanisms governing their binding to
target sites remain unclear. A major contributing factor to this is the lack of unbiased experimental datasets for training accurate prediction models.
While recent experimental advances have provided numerous miRNA-target interactions, these are solely positive interactions. Generating negative
examples in silico is challenging and prone to introducing biases, such as the miRNA frequency class bias identified in this work. Biases within
datasets can compromise model generalization, leading models to learn dataset-specific artifacts rather than true biological patterns.Results We
introduce a novel methodology for negative sample generation that effectively mitigates the miRNA frequency class bias. Using this methodology,
we curate several new, extensive datasets and benchmark several state-of-the-art methods on them. We find that a simple convolutional neural
network model, retrained on some of these datasets, is able to outperform state-of-the-art methods reaching average precision scores between 0.81
and 0.86 in test datasets. This highlights the potential for leveraging unbiased datasets to achieve improved performance in miRNA binding site
prediction. To facilitate further research and lower the barrier to entry for machine learning researchers, we provide an easily accessible Python
package, miRBench, for dataset retrieval, sequence encoding, and the execution of state-of-the-art models.Availability and implementation The
miRBench Python package is accessible at https://github.com/katarinagresova/miRBench/releases/tag/v1.0.1.
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Abstract: In this work, we approach spoken Dialogue State Tracking (DST) by bridging the representation spaces of speech encoders and LLMs
via a small connector module, with a focus on fully open-sourced and open-data components (WavLM-large, OLMo). We focus on ablating
different aspects of such systems including full/LoRA adapter fine-tuning, the effect of agent turns in the dialogue history, as well as fuzzy
matching-based output post-processing, which greatly improves performance of our systems on named entities in the dialogue slot values. We
conduct our experiments on the SpokenWOZ dataset, and additionally utilize the Speech-Aware MultiWOZ dataset to augment our training data.
Ultimately, our best-performing WavLM + connector + OLMo-1B aligned models achieve state of the art on the SpokenWOZ test set (34.66%
JGA), and our system with Gemma-2-9B-instruct further surpasses this result, reaching 42.17% JGA on SpokenWOZ test.
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Abstract: This study explores the application of in-context learning (ICL) to the dialogue state tracking (DST) problem and investigates the factors
that influence its effectiveness. We use a sentence embedding based k-nearest neighbour method to retrieve the suitable demonstrations for ICL.
The selected demonstrations, along with the test samples, are structured within a template as input to the LLM. We then conduct a systematic study
to analyse the impact of factors related to demonstration selection and prompt context on DST performance. This work is conducted using the
MultiWoZ2.4 dataset and focuses primarily on the OLMo-7B-instruct, Mistral-7B-Instruct-v0.3, and Llama3.2-3B-Instruct models. Our findings
provide several useful insights on in-context learning abilities of LLMs for dialogue state tracking.
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Author(s): Sundermann, M (Sundermann, Martin); Okauchi, T (Okauchi, Takaki); Ito, N (Ito, Naoki); Christovam, DS (Christovam, Denise S.);
Marino, A (Marino, Andrea); Takegami, D (Takegami, Daisuke); Gloskovskii, A (Gloskovskii, Andrei); Rosa, PFS (Rosa, Priscila F. S.); Kunes, J
(Kunes, Jan); Fujimori, SI (Fujimori, Shin-ichi); Tjeng, LH (Tjeng, Liu Hao); Severing, A (Severing, Andrea); Hariki, A (Hariki, Atsushi)
Source: PHYSICAL REVIEW RESEARCH  Volume: 7  Issue: 4  Article Number: 043195  DOI: 10.1103/t6hm-q647  Published Date: 2025
NOV 20  
Abstract: We investigate the nature of the 5 f electrons in the unconventional odd-parity superconductor UTe2, focusing on the degree of
covalency, localization versus itinerancy, and dominant electronic configuration. This is achieved using density functional theory (DFT) in
combination with dynamical mean-field theory (DMFT) calculations. A key aspect of our approach is the material-specific tuning of the double-
counting correction parameter, mu dc, within the DFT + DMFT part. This tuning is guided by the energy dependence of photoionization cross
sections in valence band photoelectron spectroscopy. The reliability of the parameters is confirmed by the accurate reproduction of the angle-
resolved valence-band photoemission spectra and the U 4 f core-level data. The DFT + DMFT model reveals that in UTe2 U 5 fn configurations
with n = 1-4 contribute to the ground state, with the 5 f 2 configuration being most prevalent and an average 5 f shell filling close to 2.5. The model
further suggests that the 5 f electrons form narrow bands and that charge fluctuations due to degeneracy play a role in addition to coherent valence
dynamics arising from hybridization with the conduction bath. Additionally, the significance of the U 6d states in UTe2 is discussed.
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Source: JOB SCHEDULING STRATEGIES FOR PARALLEL PROCESSING, JSSPP 2024  Book Series: Lecture Notes in Computer
Science  Volume: 14591  Pages: 1-19  DOI: 10.1007/978-3-031-74430-3_1  Published Date: 2025   
Abstract: User-provided job walltime (runtime) estimates are often used in current job schedulers to optimize performance and predictability when
scheduling parallel jobs on computing resources. Since the walltime estimate is usually the upper runtime limit after which a job is forcibly
terminated, user-provided estimates are usually overestimated, inaccurate, and rather coarse-grained. In this situation, the performance of crucial
scheduling policies (e.g., the ability to backfill jobs) can be degraded. In this paper, we present a large real-life workload trace from the Czech
National Grid Infrastructure MetaCentrum that contains automatically generated runtime estimates that improve original (user-provided) job
walltime estimates. We also present our experience with using an automated system to improve user-provided estimates in an actual HPC system.
Last but not least, we provide insights into the nature of the workload and also share several tools used to develop, debug, and analyze our
predictor, scheduling policies, and the workload itself.
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Source: CALPHAD-COMPUTER COUPLING OF PHASE DIAGRAMS AND THERMOCHEMISTRY  Volume: 88  Article Number:
102774  DOI: 10.1016/j.calphad.2024.102774  Early Access Date: DEC 2024  Published Date: 2025 MAR  
Abstract: The binary phase diagram of the Fe-Se system was modeled by the thermodynamic CALPHAD approach for the first time. The
thermodynamic description of this system was mainly based on the available experimental isobaric molar heat capacity of the Fe1.042Se (beta)
phase in the temperature range of 25-777 degrees C and on the published proposed experimental phase diagrams. The formation enthalpies of
Fe1.042Se (beta), Fe7Se8, Fe3Se4, FeSe (delta) and FeSe2 phases at 25 degrees C were also implemented into the phase diagram modeling.
Magnetic properties and formation energy of the Fe3Se4 (gamma) phase were theoretically calculated by ab initio methods and implemented in the
assessment.
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Author(s): Maity, S (Maity, Srimanta); Sasorov, P (Sasorov, Pavel); Molodozhentsev, A (Molodozhentsev, Alexander)
Source: JOURNAL OF PHYSICS D-APPLIED PHYSICS  Volume: 58  Issue: 14  Article Number: 145204  DOI: 10.1088/1361-
6463/adb6b9  Published Date: 2025 APR 7  
Abstract: The multi-stage method of laser wakefield acceleration (LWFA) presents a promising approach for developing stable, full-optical, high-
energy electron accelerators. By segmenting the acceleration process into several booster stages, each powered by independent laser drivers, this
technique effectively mitigates challenges such as electron dephasing, pump depletion, and laser diffraction. A critical aspect of multi-stage LWFA
is the nonlinear interaction between the injected electron beam and the laser-driven wakefields in the booster stage. This study investigates the
injection and acceleration of external electron beams within wakefields in the booster stage using multi-dimensional particle-in-cell simulations.
We provide both qualitative and quantitative descriptions of the observed physical processes. Key parameters influencing charge coupling process
and the resultant beam quality have been identified. Furthermore, we have examined how off-axis injection relative to the driver laser influences the
acceleration process and beam quality. Our findings provide valuable insights for advancing and optimizing multi-stage plasma-based accelerators.
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Abstract: Background: This study aims to evaluate the feasibility of generating pseudo-normal single photon emission computed tomography
(SPECT) data from potentially abnormal images. These pseudo-normal images are primarily intended for use in an on-the-fly data harmonization
technique. Material and methods: The methodology was tested on brain SPECT with [123I]Ioflupane. The proposed model for generating a pseudo-
normal image was based on a variational autoencoder (VAE) designed to process 2D sinograms of the brain [123I]-FP-CIT SPECT, potentially
exhibiting abnormal uptake. The model aimed to predict SPECT sinograms with corresponding normal uptake. Training, validation, and testing
datasets were created by SPECT simulator from 45 brain masks segmented from real patient's magnetic resonance (MR) scans, using various
uptake levels. The training and validation datasets each comprised 612 and 360 samples, respectively, drawn from 36 brain masks. The testing
dataset contained 153 samples based on 9 brain masks. VAE performance was evaluated through brain dimensions, Dice similarity coefficient
(DSC) and specific binding ratio. Results: Mean DSC was 80% for left basal ganglia and 84% for right basal ganglia. The proposed VAE
demonstrated excellent consistency in predicting basal ganglia shape, with a coefficient of variation of DSC being less than 1.1%. Conclusions: The
study demonstrates that VAE can effectively estimate an individualized pseudo-normal distribution of the radiotracer [123I]-FP-CIT SPECT from
abnormal SPECT images. The main limitations of this preliminary research are the limited availability of real brain MR data, used as input for the
SPECT data simulator, and the simplified simulation setup employed to create the synthetic dataset.
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Abstract: I perform a further study regarding a renormalization-group (RG) issue-which concerns a wide variety of the so-called perturbative
power counting under effective field theories (EFTs)-as pointed out by Gasparyan and Epelbaum [A. M. Gasparyan and E. Epelbaum, Phys. Rev. C
107, 034001 (2023)]. I show that the issue could originate from a wrong power counting, or from treating those incomplete, truncated amplitudes
beyond the degree to which they should be trusted. Meanwhile, under EFT principles, one should always associate the result with an uncertainty
that is adequate to its EFT order. One way to accommodate this is to encode its effect in a more general form of contact terms. In this regard, no RG
issue is found in the 3P0 nucleon-nucleon scattering under the Long and Yang power counting. In contrast, the RG issue under Weinberg's
pragmatic proposal remains a problem even with uncertainty taken into account.
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Title: The genuine phylogenetic affinities of <i>Hypnum flotovianum</i> Sendtn.
Author(s): Kucera, J (Kucera, Jan); Müller, F (Mueller, Frank)
Source: JOURNAL OF BRYOLOGY  Volume: 47  Issue: 2  Pages: 105-117  DOI: 10.1080/03736687.2025.2514429  Early Access Date: JUN
2025  Published Date: 2025 APR 3  
Abstract: MethodsWe analysed sequences of nuclear ITS and plastid trnF-trnS regions from available Cirriphyllum species together with a
selection of species of Sciuro-hypnum and other brachytheciaceous genera in a phylogenetic context. The types of Hypnum flotovianum and its
heterotypic synonyms were checked to confirm that they matched our concept of the species.Key resultsThe analysed specimens of Sciuro-hypnum
flotovianum are most closely related to the more widely distributed Cirriphyllum crassinervium. This result is fully supported by the morphological
characters of the species. The types of Hypnum flotovianum, H. reichenbachianum and H. velutinoides agree morphologically with the molecularly
analysed specimens.ConclusionsThe recent transfer of the species originally described as Hypnum flotovianum to Sciuro-hypnum was based on the
misidentification of a molecularly analysed specimen. Both molecular affinities and morphological features suggest that the species should be
placed in the genus Cirriphyllum. The generic delimitation of Cirriphyllum could possibly be extended to include Okamuraea, which forms a sister
lineage to Cirriphyllum.
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Source: PARALLEL PROCESSING AND APPLIED MATHEMATICS, PPAM 2024, PT II  Book Series: Lecture Notes in Computer
Science  Volume: 15580  Pages: 77-90  DOI: 10.1007/978-3-031-85700-3_6  Published Date: 2025   
Abstract: Scientific computing centers or private (in-house) cloud data centers do not rely on the standard pay-as-you-go business model which is
common in commercial clouds to allocate resources. Instead, the system is typically shared by a set of selected users, and the administrator's job is
to ensure that resources are shared fairly given the existing policies of that organization. One common approach, especially in batch systems, is to
deploy a fairshare-based prioritization in the scheduler, where a prioritization mechanism balances resource consumption so that individual users
get the right shares of resources over time. In this paper, we present a tool developed to simulate the fairshare setting in a batch system. Using a set
of experiments, we demonstrate the utility of this tool in tuning fairshare settings in a standard HPC/HTC scheduler and present the impact of
often-overlooked additional options for modifying the basic fairshare settings. All the findings in this paper are based on our real-world experience
of running and optimizing a distributed national computing infrastructure in the Czech Republic.
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Title: Nanoparticles hybridization in bidirectional flowing of Prandtl-Eyring material with temperature-dependent conductivity: A numerical
approach
Author(s): Zan-Ul-Abadin, Q (Zan-Ul-Abadin, Qazi); Ahmad, I (Ahmad, Iftikhar); Riaz, MB (Riaz, Muhammad Bilal); Faisal, M (Faisal,
Muhammad)
Source: NUMERICAL HEAT TRANSFER PART B-FUNDAMENTALS  Volume: 86  Issue: 6  Pages: 1957-1983  DOI:
10.1080/10407790.2024.2327474  Early Access Date: MAR 2024  Published Date: 2025 JUN 3  
Abstract: Due to the vast applications of nanofluids in hybrid cooling processes and their role in improving heat transfer in thermal systems, an
attempt has been made to investigate the consequence of temperature-dependent thermal conductivity in the bidirectional flowing of Prandtl-Eyring
(PE) hybrid nanomaterial. Zirconium dioxide (ZrO2) and copper (Cu) nanoparticles have been dispersed into an engine oil (EO) to create an
effective hybrid nanomaterial. Viscous dissipation, magnetization, linear thermal radiation, and Ohmic heating mechanisms also influence the
dynamics of the hybrid nanomaterial. The governing equations have been parameterized by using similarity transformations and the
thermophysical properties of nanoparticles. Keller-Box simulations for the modeled problem have been conducted using an in-house code
developed in MATHEMATICA. Convergence analysis has been presented and robust validation of the results has been performed to certify the
accuracy of the numerical inspection. Post-processing of the results has been carried out by plotting temperature and velocity curves. Drag
coefficient and Nusselt number have been formulated and analyzed in tabular forms. The rate of heat transfer is developed with the hybridization of
ZrO2 and Cu nanoparticles into the base liquid, while drag forces are enhanced when utilizing PE material as the base liquid.
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Author(s): Malavasi, V (Malavasi, Veronica); Puszmi, M (Puszmi, Martin); Jankowska, K (Jankowska, Katarzyna); Zakrys, B (Zakrys, Bozena);
Skaloud, P (Skaloud, Pavel)
Source: FOTTEA  Volume: 25  Issue: 2  Pages: 121-127  DOI: 10.5507/fot.2025.001  Published Date: 2025   
Abstract: Loricate golden algae (Chrysophyceae) are photosynthetic microorganisms characterized by a lorica, a rigid or semi-rigid protective
casing made of organic material, sometimes reinforced with silica or iron. The lorica's diverse shapes and intricate ornamentation serve as both
adaptive strategies and taxonomic markers. Here, we identified, for the first time, the molecular phylogenetic position of a loricate genus
Chrysococcus, based on genetic investigations of two freshwater populations in Poland. The genus was resolved to form a wellsupported clade with
Chrysosaccus within the order Chrysosaccales. Accordingly, this order represents one of the morphologically most diverse lineages of
Chrysophyceae, including naked flagellates, coccoid organisms, amoebae and flagellates dwelling in loricae, and mucilage-secreting cells. The
phylogenetic resolution of Chrysococcus provides key evidence for understanding the evolutionary transitions within Chrysophyceae, highlighting
the complex relationships between loricate and non-loricate taxa.
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Author(s): Singh, U (Singh, Ujjwal); Nasreen, S (Nasreen, Sadaf); Tripathi, G (Tripathi, Gaurav); Mehrishi, P (Mehrishi, Pragya); Pradhan, RK
(Pradhan, Rajani Kumar); Bestakova, P (Bestakova, Poppova); Singh, VV (Singh, Vivek Vikram); Gouda, KC (Gouda, K. C.); Sharma, LK
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Source: JOURNAL OF BIG DATA  Volume: 12  Issue: 1  Article Number: 151  DOI: 10.1186/s40537-025-01208-4  Published Date: 2025
JUN 20  
Abstract: Accurate precipitation estimation at high spatial and temporal resolutions is essential for hydrological and meteorological applications,
especially in regions experiencing water resource degradation. This study presents a robust non-parametric framework for disaggregating coarse-
resolution satellite precipitation data to finer scales, using a hybrid model that integrates Extreme Gradient Boosting (XGBoost) with multivariate
spatio-temporal fuzzy clustering. Eight clusters were delineated based on Integrated Multi-satellite Retrievals for GPM (IMERG) precipitation and
Shuttle Radar Topography Mission (SRTM) elevation data, with one representative station per cluster used for training and validation, and an
additional 19 stations employed solely for independent validation. We downscaled 255 months (June 2000-September 2021) of IMERG
precipitation data from 11 to 1 km spatial resolution across the Czech Republic. The disaggregated precipitation demonstrated marked accuracy
improvements when evaluated against observed station data, with R2\documentclass[12pt]{minimal} \usepackage{amsmath}
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\setlength{\oddsidemargin}{-69pt} \begin{document}$$R<^>2$$\end{document} values ranging from 0.63 to 0.85, RMSE between 17.43 mm
and 32.41 mm, NSE from 0.39 to 0.82, and KGE spanning 0.67 to 0.86-indicating a significant reduction in the bias inherent in the original IMERG
data. The proposed methodology achieved (1) enhanced agreement between disaggregated and observed monthly precipitation, (2) significant
improvement in IMERG data accuracy at finer scales, and (3) demonstrated operational potential in regions with sparse ground-based observations.
This approach offers a promising solution for generating reliable, high-resolution precipitation datasets in data-scarce environments, with broad
applicability in global hydrological and meteorological modelling.
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Source: INTERNATIONAL JOURNAL OF MODELLING AND SIMULATION  Volume: 45  Issue: 6  Pages: 2130-2145  DOI:
10.1080/02286203.2024.2315534  Early Access Date: FEB 2024  Published Date: 2025 NOV 2  
Abstract: The dynamics of hyperbolic tangent nanofluid, coupled with thermal radiation and chemical reactions, find extensive applications in
various fields, including drying processes, oil emulsions, ceramics, prevention of crop damage from freezing, and dehydration processes.
Therefore, the primary objective of the present contribution is to scrutinize the dynamic behavior of hyperbolic tangent nanofluid with
consideration for both chemical reactions and thermal radiation effects subject to a prescribed thermal system. To model the nanofluid's behavior,
we have employed Buongiorno's nanofluid model, which incorporates random motion and thermo-diffusion of nanostructured particles. The
thermal performance of the hyperbolic tangent nanofluid is analyzed under two boundary conditions: prescribed surface temperature (PST) and
prescribed heat flux (PHF). To facilitate the analysis, we have transformed the transport PDEs in Cartesian configuration into ODEs. Subsequently,
we have employed the highly efficient HAM (homotopy analysis method) to solve the obtained system. The study explores the influence of various
flowing constraints on key configurations such as temperature formation, velocity formation, concentration formation, local drag formation, Nusselt
number, and Sherwood number. Notably, the Nusselt number diminishes with the inclusion of thermo $\left({0.2 \le {N_t} \le 1.1} \right)$0.2 <=
Nt <= 1.1 and Brownian $\left({0.3 \le {N_b} \le 1.1} \right)$0.3 <= Nb <= 1.1 diffusions of nanoparticles, while it increases with an escalation in
the thermal radiation $\left({0.0 \le {R_d} \le 2.5} \right)$0.0 <= Rd <= 2.5 parameter.
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Abstract: BackgroundIntensifying fire regimes and changing climatic conditions raise concerns about the capacity of forests to naturally recover
after fire. Linking long-term observations of post-fire natural tree regeneration with the environmental and spatiotemporal context is thus becoming
increasingly important to guide restoration efforts worldwide. Especially where fires have been rare, snapshot and short-term monitoring efforts
prevail, thereby failing to recognize the post-fire species dynamics and wider community trends. Using multivariate Bayesian and spatial point
process modeling, we evaluated the main environmental drivers of post-fire tree species recovery, its compositional and structural components, and
species' spatiotemporal co-occurrence patterns over 15 years post-fire in a Central European Pinus sylvestris forest.ResultsTopography-related
conditions and ground cover were the prevalent drivers of tree species responses. In addition to diverse species-specific and size-dependent
responses, higher site moisture and moss cover were beneficial for most species, while steep and warm habitats with exposed mineral soil and lack
of litter mostly represented harsh conditions. We demonstrate the transition of the Pinus sylvestris forest to early successional broadleaves. Betula
pendula seedlings and saplings began to dominate 10 and 5 years after the fire, respectively. Pinus sylvestris seedlings showed a similar abundance
to Betula pendula and Populus tremula 5 years after the fire but declined sharply thereafter. We identified synchronized but species-specific patterns
of seedling decline and sapling basal area build-up in early successional broadleaves. Fagus sylvatica, Picea abies, and Pinus sylvestris saplings
showed synchronized recovery 15 years post-fire.ConclusionsWe highlight the need for a detailed recognition of species-environment relationships,
particularly where species with diverse levels of natural recovery are challenged along wide topographic gradients. Our findings also demonstrate
that the compositional and structural components of post-fire recovery were shaped by species and wider community dynamics depending on time
since fire. Exploring these species' unique and synchronized trajectories through spatiotemporal co-occurrence patterns is essential for setting
realistic expectations of future forest recovery and can also help guide active restoration efforts in various post-disturbance contexts.
AntecedentesLa intensificaci & oacute;n en los reg & iacute;menes de fuego y los cambios en las condiciones clim & aacute;ticas, incrementan la
preocupaci & oacute;n sobre la capacidad de los bosques de recuperarse naturalmente luego de incendios. El relacionamiento entre las
observaciones de largo plazo sobre la regeneraci & oacute;n natural de & aacute;rboles y el contexto ambiental y espaciotemporal, est & aacute;
siendo incrementalmente importante para guiar los esfuerzos de restauraci & oacute;n en todo el mundo. Especialmente donde los incendios han
sido particularmente raros, prevalecen las observaciones instant & aacute;neas y los esfuerzos de monitoreo a corto plazo, lo que impide reconocer
la din & aacute;mica de las especies y su tendencia en el desarrollo de la comunidad en el post fuego. Usando modelos multivariados bayesianos y
de puntos espaciales, evaluamos los principales conducentes ambientales en la recuperaci & oacute;n post fuego de especies de & aacute;rboles,
sus componentes composicionales y estructurales, y los patrones de co-ocurrencia espacio temporal por 15 a & ntilde;os despu & eacute;s de un
incendio en un bosque de pino silvestre en Europa Central.ResultadosLas condiciones relacionadas con la topograf & iacute;a y la cobertura del
suelo fueron los conducentes prevalentes en las respuestas de las especies de & aacute;rboles. Adicionalmente a las respuestas de diversas especie-
espec & iacute;ficas y de tama & ntilde;o- dependientes, la humedad m & aacute;s alta de algunos sitios y con cobertura de musgos, fueron
beneficiosos para la mayor & iacute;a de las especies, mientras que sitios con pendiente y h & aacute;bitats c & aacute;lidos con suelo mineral
expuesto y sin mantillo, presentaron condiciones m & aacute;s severas. Demostramos la transici & oacute;n entre de bosques de pino silvestre a
una etapa sucesional temprana de latifoliadas. Las pl & aacute;ntulas y brinzales de Betula pendula comenzaron a dominar entre cinco y diez a &
ntilde;os luego del fuego, respectivamente. Las pl & aacute;ntulas de pino silvestre mostraron una abundancia similar a Betula pendula y Populus
tremula cinco a & ntilde;os luego del incendio, pero declinaron r & aacute;pidamente de ah & iacute; en m & aacute;s. Identificamos patrones sincr
& oacute;nicos especie-espec & iacute;ficos de declinaci & oacute;n de pl & aacute;ntulas y el crecimiento del & aacute;rea basal de brinzales de
latifoliadas en estadios tempranos de la sucesi & oacute;n. Las pl & aacute;ntulas de Fagus sylvatica, Picea abies, y pino silvestre mostraron una
recuperaci & oacute;n sincronizada 15 a & ntilde;os luego del incendio.ConclusionesSubrayamos la necesidad de un detallado reconocimiento de
las relaciones entre las especies y su ambiente, particularmente donde las especies con diversos niveles de recuperaci & oacute;n natural se
enfrentan con amplios gradientes topogr & aacute;ficos. Nuestros resultados tambi & eacute;n demuestran que los componentes composicionales y
estructurales de la recuperaci & oacute;n estuvieron modelados por las especies y la amplia din & aacute;mica de la comunidad, dependiendo del
tiempo desde el incendio. El explorar las trayectorias & uacute;nicas y sincronizadas de estas especies a trav & eacute;s de los patrones de co-
ocurrencia espacio-temporales, se torna esencial para determinar expectativas realistas de la recuperaci & oacute;n futura del bosque, y puede tambi
& eacute;n ayudar a guiar en los esfuerzos de restauraci & oacute;n activa en varios contextos del pos
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Source: TAIWANIA  Volume: 70  Issue: 1  Pages: 65-74  DOI: 10.6165/tai.2025.70.65  Published Date: 2025 JAN 16  
Abstract: The new monotypic genus Hayarum K.Z.Hein, Prehsler, Saensouk & S.L.Low from Thailand, with the sole species Hayarum
mirispathum K.Z.Hein, Prehsler, Saensouk & S.L.Low, is described based on comprehensive morphological and phylogenetic evidence. A detailed
taxonomic account of the new genus, morphological comparisons with related genera, and brief observations on its flowering biology and spathe
movement are provided.
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Title: On-Resin Assembly of Macrocyclic Inhibitors of Cryptococcus neoformans May1: A Pathway to Potent Antifungal Agents
Author(s): Krystufek, R (Krystufek, Robin); Verner, V (Verner, Vaclav); Sácha, P (Sacha, Pavel); Hadzima, M (Hadzima, Martin); Trajhan, F
(Trajhan, Filip); Starková, J (Starkova, Jana); Tloustová, E (Tloustova, Eva); Dvoráková, A (Dvorakova, Alexandra); Pecina, A (Pecina, Adam);
Brynda, J (Brynda, Jiri); Chalupsky, K (Chalupsky, Karel); Hájek, M (Hajek, Miroslav); Boucher, MJ (Boucher, Michael J.); Majer, P (Majer,
Pavel); Rezác, J (Rezac, Jan); Madhani, HD (Madhani, Hiten D.); Craik, CS (Craik, Charles S.); Konvalinka, J (Konvalinka, Jan)
Source: JOURNAL OF MEDICINAL CHEMISTRY  Volume: 68  Issue: 9  Pages: 9623-9637  DOI: 10.1021/acs.jmedchem.5c00396  Early
Access Date: APR 2025  Published Date: 2025 APR 22  
Abstract: Macrocyclic inhibitors have emerged as a privileged scaffold in medicinal chemistry, offering enhanced selectivity, stability, and
pharmacokinetic profiles compared to their linear counterparts. Here, we describe a novel, on-resin macrocyclization strategy for the synthesis of
potent inhibitors targeting the secreted protease Major Aspartyl Peptidase 1 in Cryptococcus neoformans, a pathogen responsible for life-
threatening fungal infections. By employing diverse aliphatic linkers and statine-based transition-state mimics, we constructed a focused library of
624 macrocyclic compounds. Screening identified several subnanomolar inhibitors with desirable pharmacokinetic and antifungal properties. Lead
compound 25 exhibited a K i of 180 pM, significant selectivity against host proteases, and potent antifungal activity in culture. The streamlined
synthetic approach not only yielded drug-like macrocycles with potential in antifungal therapy but also provided insights into structure-activity
relationships that can inform broader applications of macrocyclization in drug discovery.
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International Conference on Acoustics Speech and Signal Processing ICASSP  Article Number: 5318  DOI:
10.1109/ICASSP49660.2025.10889058  Published Date: 2025   
Abstract: Self-supervised learning (SSL) models for speaker verification (SV) have gained significant attention in recent years. However, existing
SSL-based SV systems often struggle to capture local temporal dependencies and generalize across different tasks. In this paper, we propose
context-aware multi-head factorized attentive pooling (CA-MHFA), a lightweight framework that incorporates contextual information from
surrounding frames. CA-MHFA leverages grouped, learnable queries to effectively model contextual dependencies while maintaining efficiency by
sharing keys and values across groups. Experimental results on the VoxCeleb dataset show that CA-MHFA achieves EERs of 0.42%, 0.48%, and
0.96% on Vox1-0, Voxl-E, and Voxl-H, respectively, outperforming complex models like WavLM-TDNN with fewer parameters and faster
convergence. Additionally, CA-MHFA demonstrates strong generalization across multiple SSL models and tasks, including emotion recognition
and anti-spoofing, highlighting its robustness and versatility.(1)
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Source: IEEE ROBOTICS AND AUTOMATION LETTERS  Volume: 10  Issue: 4  Pages: 3214-3221  DOI:
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Abstract: The asymptotically optimal version of Rapidly-exploring Random Tree (RRT*) is often used to find optimal paths in a high-dimensional
configuration space. The well-known issue of RRT* is its slow convergence towards the optimal solution. A possible solution is to draw random
samples only from a subset of the configuration space that is known to contain configurations that can improve the cost of the path (omniscient set).
A fast convergence rate may be achieved by approximating the omniscient with a low-volume set. In this letter, we propose new methods to
approximate the omniscient set and methods for their effective sampling. First, we propose to approximate the omniscient set using several (small)
hyperellipsoids defined by sections of the current best solution. The second approach approximates the omniscient set by a convex hull computed
from the current solution. Both approaches ensure asymptotical optimality and work in a general n-dimensional configuration space. The
experiments have shown superior performance of our approaches in multiple scenarios in 3D and 6D configuration spaces.
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Source: SPEECH COMMUNICATION  Volume: 170  Article Number: 103221  DOI: 10.1016/j.specom.2025.103221  Early Access Date:
MAR 2025  Published Date: 2025 MAY  
Abstract: Languages with limited training resources, such as Danish, Swedish, and Norwegian, pose a challenge to the development of modern
end-to-end (E2E) automatic speech recognition (ASR) systems. We tackle this issue by exploring different ways of exploiting existing multilingual
resources. Our approaches combine speech data of closely related languages and/or their already trained models. From several proposed options,
the most efficient one is based on initializing the E2E encoder parameters by those from other available models, which we call donors. This
approach performs well not only for smaller amounts of target language data but also when thousands of hours are available and even when the
donor comes from a distant language. We study several aspects of these donor-based models, namely the choice of the donor language, the impact
of the data size (both for target and donor models), or the option of using different donor-based models simultaneously. This allows us to
implement an efficient data collection process in which multiple donor-based models run in parallel and serve as complementary data checkers.
This greatly helps to eliminate annotation errors in training sets and during automated data harvesting. The latter is utilized for efficient processing
of diverse public sources (TV, parliament, YouTube, podcasts, or audiobooks) and training models based on thousands of hours. We have also
prepared large test sets (link provided) to evaluate all experiments and ultimately compare the performance of our ASR system with that of major
ASR service providers for Scandinavian languages.
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Source: JOURNAL OF MATHEMATICS AND COMPUTER SCIENCE-JMCS  Volume: 37  Issue: 1  Pages: 106-131  DOI:
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Abstract: Important mathematical topics include existence, uniqueness, continuous dependency, regularity, and the averaging principle. In this
research work, we establish these results for the conformable fractional stochastic pantograph differential equations (CFSPDEs) in L-p space. The
situation of p = 2 is generalized by the obtained findings. First, we establish the existence and uniqueness results by applying the contraction
mapping principle under a suitably weighted norm and demonstrating the continuous dependency of solutions on both the initial values and
fractional exponent 4). . The second section is devoted to examining the regularity of time. As a result, we find that, for each Phi is an element of (
0, Phi - 1/2 ), the solution to the considered problem has Phi-Holder continuous version. Next, we study the averaging principle by using Jensen's,
Gronwall-Bellman's, Holder's, and BurkholderDavis-Gundy's inequalities. To help with the understanding of the theoretical results, we provide
three applied examples at the end.
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Abstract: Active Brownian particles (ABPs) are a generic model for synthetic active matter systems, such as active colloids, characterized by their
ability to self-propel while also exhibiting Brownian motion. Under confinement, ABPs display propulsion-induced wall accumulation, a behavior
that can be harnessed for microfluidic and lab-on-a-chip applications. We investigate ABPs confined in slit pores using overdamped Langevin
dynamics and study their wall accumulation as a function of particle activity and slit width, at both gas and liquid densities. Furthermore, we
examine the correspondence between confined ABPs and their equilibrium counterparts, confined fluid particles capable of completely wetting the
slit walls.
Accession Number: WOS:001571145600001
PubMed ID: 40948119
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Lisal, Martin  A-8176-2011  0000-0001-8005-7143 
Šindelka, Karel E-8790-2014  0000-0003-3925-924X 
ISSN: 1744-683X
eISSN: 1744-6848

Record 147 of 502
Title: Comparative Analysis of Quantum-Mechanical and Standard Single-Structure Protein-Ligand Scoring Functions with MD-Based Free
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Abstract: Single-structure scoring functions have been considered inferior to expensive ensemble free energy methods in predicting protein-ligand
affinities. We are revisiting this dogma with the recently developed semiempirical quantum-mechanical (SQM)-based scoring function, SQM2.20,
comparing its performance to the standard scoring functions on one hand and state-of-the-art molecular dynamics (MD)-based free-energy methods
on the other hand. The comparison is conducted on a well-established Wang data set comprising eight protein targets with 200 ligands. The initial
low correlation of SQM2.20 scores with the experimental binding affinities of R 2 = 0.21 was improved to R 2 = 0.47 by a systematic refinement of
the input structures and omission of the ligand deformation energy. Consequently, SQM2.20 representing accurate single-structure scoring
functions, exhibited an average performance comparable to that of MD-based methods (R 2 = 0.52) and surpassed the performance of standard
scoring functions (R 2 = 0.26). The per-target analysis highlighted the pivotal role of high-quality input structures on the outcomes of single-
structure methods. In the instances where such structures are available, SQM2.20 scoring has been shown to rival or even exceed MD-based
methods in predicting protein-ligand binding affinities, while exhibiting significantly reduced computation time.
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Abstract: Alkali halides find application not only under standard thermodynamic conditions but also at elevated temperatures, for example, in
molten salt reactors or heat transfer and storage in solar applications. This study presents the temperature dependence of the thermochemical
properties of their salts at normal pressure and temperatures ranging from 298.15 K up to the boiling points of the salts. The values were obtained
using molecular simulations with polarizable DLM/2022-BK3 force fields. In most cases, our results show excellent agreement with experiments
and often similar or better predictive capability compared to the most accurate polarizable models available in the literature developed for
simulations of anhydrous alkali halides. Relatively worse predictions are observed for salts in which very small anions strongly polarize large
cations. Our results for density, energy, chemical potential, and heat capacity of melts and crystals, and also melting temperatures, confirm the
excellent phase transferability of the force fields used. They also serve as a substitute for missing experimental data for rubidium and cesium
halides and highlight inaccuracies in some experimental data for the densities of LiBr, NaF, and NaBr crystals found in the literature.
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Abstract: Monitoring haemosporidian (Genus Plasmodium) infections in passerine birds is essential for understanding the intricate dynamics of
avian malaria and its implications for ecology and evolution of avian populations. In this study, we investigated the prevalence and diversity of
malaria infections caused by Plasmodium species in three passerine species in Cat-Tien National Park, Vietnam. Using next-generation amplicon
sequencing (NGS) of haemosporidian cytochrome b gene, we identified two known and ten novel Plasmodium lineages. Our genetic analysis
revealed a high rate of Plasmodium infections in the little spiderhunter (Arachnothera longirostra; Nectariniidae), the white-rumped shama
(Copsychus malabaricus; Muscicapidae) and the blue-winged pitta (Pitta moluccensis; Pittidae). Species delimitation methods identified five
distinct operational taxonomic units (OTUs), consistently across the majority of the used methods. Each of the passerine species was infected with
a specific subset of the total Plasmodium diversity. Phylogenetic analysis showed that sympatric Plasmodium OTUs are not closely related and
possess overlapping host preferences. Our findings may reflect differences in habitat use, such as the vertical strata occupied by different bird
species, which contribute to varying exposure levels to suitable vectors, thereby influencing infection rates and parasite diversity. Our findings
corroborate the view that avian malaria parasites are not uniformly opportunistic; rather, their distribution is filtered by host identity and ecology.
Understanding these dynamics is crucial for avian conservation and broader ecological studies, as avian malaria serves as a model for studying
parasite-vector-host co-evolution and the impact of environmental changes on disease dynamics.
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Abstract: Current generalizable object pose estimators, i.e., approaches that do not need to be trained per object, rely on accurate 3D models.
Predominantly, CAD models are used, which can be hard to obtain in practice. At the same time, it is often possible to acquire images of an object.
Naturally, this leads to the question of whether 3D models reconstructed from images are sufficient to facilitate accurate object pose estimation. We
aim to answer this question by proposing a novel benchmark for measuring the impact of 3D reconstruction quality on pose estimation accuracy.
Our benchmark provides calibrated images suitable for reconstruction and registered with the test images of the YCB-V dataset for pose evaluation
under the BOP benchmark format. Detailed experiments with multiple state-of-the-art 3D reconstruction and object pose estimation approaches
show that the geometry produced by modern reconstruction methods is often sufficient for accurate pose estimation. Our experiments lead to
interesting observations: (1) Standard metrics for measuring 3D reconstruction quality are not necessarily indicative of pose estimation accuracy,
which shows the need for dedicated benchmarks such as ours. (2) Classical, non-learning-based approaches can perform on par with modern
learning-based reconstruction techniques and can even offer a better reconstruction time-pose accuracy tradeoff. (3) There is still a sizable gap
between performance with reconstructed and with CAD models. To foster research on closing this gap, the benchmark is made available at
https://github.com/VarunBurde/ reconstruction_pose_benchmark.
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Abstract: Whole-genome duplication (WGD), a widespread macromutation across eukaryotes, is predicted to affect the tempo and modes of
evolutionary processes. By theory, the additional set(s) of chromosomes present in polyploid organisms may reduce the efficiency of selection
while, simultaneously, increasing heterozygosity and buffering deleterious mutations. Despite the theoretical significance of WGD, empirical
genomic evidence from natural polyploid populations is scarce and direct comparisons of selection footprints between autopolyploids and closely
related diploids remains completely unexplored. We therefore combined locally sampled soil data with resequenced genomes of 76 populations of
diploid-autotetraploid Arabidopsis arenosa and tested whether the genomic signatures of adaptation to distinct siliceous and calcareous soils differ
between the ploidies. Leveraging multiple independent transitions between these soil types in each ploidy, we identified a set of genes associated
with ion transport and homeostasis that were repeatedly selected for across the species' range. Notably, polyploid populations have consistently
retained greater variation at candidate loci compared with diploids, reflecting lower fixation rates. In tetraploids, positive selection predominantly
acts on such a large pool of standing genetic variation, rather than targeting de novo mutations. Finally, selection in tetraploids targets genes that
are more central within the protein-protein interaction network, potentially impacting a greater number of downstream fitness-related traits. In
conclusion, both ploidies thrive across a broad gradient of substrate conditions, but WGD fundamentally alters the ploidies adaptive strategies:
tetraploids leverage their greater genetic variation and redundancy to compensate for the predicted constraints on the efficacy of positive selection.
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Abstract: The house mouse, Mus musculus, is a widely used animal model in biomedical research, with classical laboratory strains (CLS) being
the most frequently employed. However, the limited genetic variability in CLS hinders their applicability in evolutionary studies. Wild-derived
strains (WDS), on the other hand, provide a suitable resource for such investigations. This study quantifies genetic and phenotypic data of 101
WDS representing 5 species, 3 subspecies, and 8 natural Y consomic strains and compares them with CLS. Genetic variability was estimated using
whole mtDNA sequences, the Prdm9 gene, and copy number variation at two sex chromosome-linked genes. WDS exhibit a large natural variation
with up to 2173 polymorphic sites in mitogenomes, whereas CLS display 92 sites. Moreover, while CLS have two Prdm9 alleles, WDS harbour 46
different alleles. Although CLS resemble M. m. domesticus and M. m. musculus WDS, they differ from them in 10 and 14 out of 16 phenotypic
traits, respectively. The results suggest that WDS can be a useful tool in evolutionary and biomedical studies with great potential for medical
applications.
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Abstract: Alzheimer's Disease remains one of the challenges in modern-day medicine, lacking any blockbuster therapy. Despite understanding the
pathology and identifying neurofibrillary tangles as a hallmark of the disease, the molecular mechanisms behind it still remain unclear.
Understanding post-translational modifications (PTMs) and 14-3-3 protein role can be crucial in uncovering tauopathies progression. Our study
was focused on the phosphorylation of recombinant full-length Tau by Glycogen synthase kinase-3 beta (GSK3(3). We targeted phosphorylation,
particularly at the C terminus and residues identified as AD phospho-biomarkers. Additionally, our study investigated the effect of 14-3-3 zeta
(highly abundant in the human brain) on the fibrillisation of Tau phosphorylated by GSK3(3. Using our optimised fibrillisation conditions, we
compared Tau fibril formation both in the presence and absence of 14-3-3 zeta protein. Notably, 14-3-3 zeta protein significantly inhibited fibril
formation under these conditions. This conclusion was supported by both quantitative measurements using the Thioflavin T (ThT) assay and
qualitative assessments through visualisation techniques, including negative-stain electron microscopy (NS-EM) and atomic force microscopy
(AFM). Besides, chemical cross-linking and nuclear magnetic resonance spectroscopy (NMR) revealed direct interaction between 14-3-3 zeta and
GSK3(3-phosphorylated Tau, proposing the molecular mechanism of inhibition. These findings suggest that 14-3-3 zeta may exert a protective role
in Alzheimer's Disease by modulating Tau aggregation.
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Abstract: Background and Objective: Metabolomic interaction networks provide critical insights into the dynamic relationships between
metabolites and their regulatory mechanisms. This study introduces MInfer, a novel computational framework that integrates outputs from
MetaboAnalyst, a widely used metabolomic analysis tool, with Jacobian analysis to enhance the derivation and interpretation of these networks.
Methods: MInfer combines the comprehensive data processing capabilities of MetaboAnalyst with the mathematical modeling power of Jacobian
analysis. This framework was applied to various metabolomic datasets, employing advanced statistical tests to construct interaction networks and
identify key metabolic pathways. Results: The application of MInfer revealed significant metabolic pathways and potential regulatory mechanisms
across multiple datasets. The framework demonstrated high precision, sensitivity, and specificity in identifying interactions, enabling robust
network interpretations. Conclusions: MInfer enhances the interpretation of metabolomic data by providing detailed interaction networks and
uncovering key regulatory insights. This tool holds significant potential for advancing the study of complex biological systems.
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Abstract: The combination of unique narrow bandgap electronic and optical properties, along with van der Waals surfaces in 2D materials, makes
this class of materials highly promising for advancing photodetectors. In this study, we employ first-principles calculations to investigate the
structural, electronic, and vibrational properties of the 2D CuInP2Ses van der Waals material. Theoretical studies reveal phase-dependent properties
in CuInP2Ses, including bulk paraelectric, bulk ferroelectric, and monolayer paraelectric phases. Notably, the material exhibits a tunable electronic
band structure through phase transitions and layer thickness modulation. Among the explored phases, the paraelectric monolayer demonstrates a
strong second harmonic generation response while also displaying lower thermal conductivity, making it suitable for nonlinear optical applications.
The theoretically predicted optical properties were validated experimentally by synthesizing CuInP2Ses using multi-step solid-state and chemical
vapor transport reactions. A fabricated photodevice, configured as Au/CuInP2Ses/SiO2 via standard optical lithography, exhibited UV-visible
photodetection with a maximum photoresponsivity at 405 nm. Similarly, a modelled photodevice with the same configuration also demonstrated
photodetection, attaining a maximum photoresponsivity at 405 nm. Furthermore, encapsulating silicene is expected to further modulate the
electronic band structure and enhance photodetection performance, paving the way for future advancements in integrated UV-Vis-NIR
optoelectronic devices. The significant improvement in photoconductive gain in the NIR range is attributed to an efficient charge transport pathway
and interfacial encapsulation.
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Abstract: Proper characterization of molecular chiroptical properties is vital for organic chemistry and drug development. Nonetheless, narrow
spectral ranges and the necessity for specialized equipment often limit traditional methods such as optical rotatory dispersion and electronic circular
dichroism. Here, we introduce Mueller matrix polarimetry (MMP) as a more versatile tool for chiroptical analysis, capable of simultaneously
capturing circular dichroism and optical rotatory dispersion spectra across ultraviolet to near-infrared wavelengths in a single measurement. We
applied MMP to chiral metal complexes of Al, Mn, and Co, commonly used as catalysts in asymmetric syntheses. Using a robust experimental
methodology, MMP distinguished enantiomeric forms and provided reliable chiroptical information by leveraging the inherent relationship between
circular dichroism and optical rotatory dispersion. We interpreted our findings on the basis of density functional theory simulations, compared them
to traditional electronic circular dichroism and absorption spectroscopies, and performed the Kramers-Kronig analysis. The combined approach of
chiroptical MMP and ab-initio, for example, reveals delicate near-infrared chiroptical spectra of a neutral cobalt metal complex. Although MMP is
more commonly used for solid state, the developed experimental protocol significantly expands its capabilities to solutions. It allows measurements
without the need for both enantiomers and offers new insights into molecular chirality with potential applications across traditional and
interdisciplinary branches of science and industry.
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Abstract: Hypertrophic cardiomyopathy (HCM) caused by autosomal-dominant mutations in genes coding for structural sarcomeric proteins, is the
most common inherited heart disease. HCM is associated with myocardial hypertrophy, fibrosis and ventricular dysfunction. Hypoxia-inducible
transcription factor-1 alpha (Hif-1 alpha) is the central master regulators of cellular hypoxia response and associated with HCM. Yet its exact role
remains to be elucidated. Therefore, the effect of a cardiomyocyte-specific Hif-1a knockout (cHif1aKO) was studied in an established alpha-
MHC719/+ HCM mouse model that exhibits the classical features of human HCM. The results show that Hif-1 alpha protein and HIF targets were
upregulated in left ventricular tissue of alpha-MHC719/+ mice. Cardiomyocyte-specific abolishment of Hif-1a blunted the disease phenotype, as
evidenced by decreased left ventricular wall thickness, reduced myocardial fibrosis, disordered SRX/DRX state and ROS production. cHif1aKO
induced normalization of pro-hypertrophic and pro-fibrotic left ventricular remodeling signaling evidenced on whole transcriptome and proteomics
analysis in alpha-MHC719/+ mice. Proteomics of serum samples from patients with early onset HCM revealed significant modulation of HIF.
These results demonstrate that HIF signaling is involved in mouse and human HCM pathogenesis. Cardiomyocyte-specific knockout of Hif-1a
attenuates disease phenotype in the mouse model. Targeting Hif-1 alpha might serve as a therapeutic option to mitigate HCM disease progression.
Accession Number: WOS:001401672000032
PubMed ID: 39820339
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Fröhlich, Thomas  C-6735-2011  0000-0002-4709-3211 
Chen, Xinpei    0009-0005-4857-4585 
Seidman, Christine    0000-0001-6380-1209 
Zdrahal, Zbynek  D-9491-2012   
Petry, Andreas  MEO-1677-2025   
Bryant, Manuel  JQW-0075-2023   
Potesil, David  D-9696-2012   
Bauer, Sabine  AAX-8967-2021   
Seidman, Jon  JXN-4736-2024   
SANTAMARIA, Gianluca  ISV-4451-2023   
Klop, Mathieu  PDW-3563-2025   
Hruška, Pavel  HSI-2639-2023   
Wolf, Cordula  MVT-5139-2025   
Holdenrieder, Stefan  JCO-7468-2023   
Yishi, Qin  KCZ-2457-2024   
ISSN: 2045-2322

Record 158 of 502
Title: Wide spectral range optical characterization of terbium gallium garnet (TGG) single crystal by universal dispersion model
Author(s): Franta, D (Franta, Daniel); Muresan, MG (Muresan, Mihai-George); Ondracka, P (Ondracka, Pavel); Hroncová, B (Hroncova, Beata);
Vizd'a, F (Vizd'a, Frantisek)
Source: OPTICS AND LASER TECHNOLOGY  Volume: 181  Article Number: 111916  DOI: 10.1016/j.optlastec.2024.111916  Early Access
Date: OCT 2024  Published Date: 2025 FEB  Part: C  
Abstract: Terbium gallium garnet (TGG - Tb3Ga5O12) 3 Ga 5 O 12 ) single crystal was optically characterized using the multi-sample and multi-
instrument method across a wide spectral range with the help of the universal dispersion model. The obtained optical constants cover the spectral
range from the far-IR region ( 25 cm -1 ) to the vacuum-UV region (10.3 eV). The applied dispersion model includes all elementary absorption
processes occurring within the spectral range that affect the dielectric response, including phonons and valence electron excitations. The primary
objective was to accurately determine the optical constants with the highest possible precision. The optical results were compared with ab initio
density functional theory calculations to gain insight into the nature of the absorption edge and the distribution of the f-electron excitations.
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Abstract: Bemisia tabaci is a highly destructive pest that affects many crops worldwide. Its feeding behavior on phloem sap and secretion of
honeydew on leaves leads to the accumulation of mold, which impairs photosynthesis and fruit quality. Additionally, it transmits more than 100
plant viruses, which interfere with plant growth and reduce crop productivity. In this work, we targeted the ecdysone receptor (EcR) of B. tabaci, as
it is involved in metamorphosis, cell differentiation, and reproduction processes. The EcR sequence was retrieved from the UniProt database
(A0A142K0N3), and multiple sequence alignment (MSA) revealed that the ligand-binding domain is conserved among other plant-destroying pests
and insects. The EcR structure of B. tabaci (PDB ID: 1Z5X) was used for high-throughput virtual screening with 32,552 secondary metabolites,
retrieved from the NPAtlas 2.0 database using iDock 2.2.3. The top 40 metabolites were selected based on their predicted binding energy by iDock
2.2.3 and redocked using AutoDock Vina 1.1.2. The complexes of the top four compounds with EcR were selected for molecular dynamics
simulation (total simulation time: 0.5 mu s) and compared with the apo-EcR structure. Additionally, umbrella sampling simulations were performed
for 1.64 mu s. The insecticide-like properties and toxicity of the four metabolites were compared with conventional pesticides such as ponasterone
A. Our computational predictions suggest that NPA008492, NPA006374, NPA012964, and NPA012752 are potential lead molecules and promising
candidates for experimental validation.
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Abstract: Generative artificial intelligence (AI) models trained on natural protein sequences have been used to design functional enzymes.
However, their ability to predict individual reaction steps in enzyme catalysis remains unclear, limiting the potential use of sequence information
for enzyme engineering. In this study, we demonstrated that sequence information can predict the rate of the SN2 step of a haloalkane dehalogenase
using a generative maximum-entropy (MaxEnt) model. We then designed lower-order protein variants of haloalkane dehalogenase using the model.
Kinetic measurements confirmed the successful design of protein variants that enhance catalytic activity, above that of the wild type, in the overall
reaction and in particular in the SN2 step. On the simulation side, we provided molecular insights into these designs for the SN2 step using the
empirical valence bond (EVB) and metadynamics simulations. The EVB calculations showed activation barriers consistent with experimental
reaction rates, while examining the effect of amino acid replacements on the electrostatic effect on the activation barrier and the consequence of
water penetration, as well as the extent of ground state destabilization/stabilization. Metadynamics simulations emphasize the importance of the
substrate positioning in enzyme catalysis. Overall, our AI-guided approach successfully enabled the design of a variant with a faster rate for the
SN2 step than the wild-type enzyme, despite haloalkane dehalogenase being extensively optimized through natural evolution.
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Abstract: X-ray magnetic circular dichroism provides a means to identify ferromagnetic, chiral, and altermagnetic orders via their time-reversal-
symmetry (T ) breaking. However, the symmetry properties that govern circular dichroism (CD) in resonant inelastic x-ray scattering (RIXS)
remain poorly understood. We show that, due to the inherent irreversibility of the RIXS process, RIXS-CD does not require T breaking to be
present, but reflects the change in unitary symmetries associated with magnetic ordering. Using the altermagnetic MnTe as a model system, we
observe an azimuthal-angle dependent RIXS-CD signal in the magnon excitations. Our findings highlight the sensitivity of RIXS-CD to the
relativistic symmetry in magnetic systems and its potential application as a probe of magnetic domains.
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Abstract: Gaining insight into a complex problem often requires combining data from multiple datasets. For this reason, SPARQL query support
within a federated environment is an important feature. However, several pitfalls have been encountered in practice, significantly complicating the
use of SPARQL queries in such setups. These challenges include uninformative error responses, performance bottlenecks and unintended semantic
changes introduced by SPARQL endpoints. To address these pitfalls, this paper introduces a newly implemented SPARQL query debugger, which is
available as a web application at https://sparql-debugger.elixir-czech.cz. It has been developed for the purpose of monitoring, in real time, the
execution of SPARQL queries that incorporate the service pattern. This monitoring is crucial for error detection and performance optimization.
Detailed service execution data (such as SPARQL requests and responses, durations, etc.) can help identify the specific instance of a service
responsible for a problem, even if it is deeply nested within the service execution tree. The tool is based on the principle of redirecting all requests
to a debugging proxy server, so it can be used with all SPARQL-compliant endpoints without the need for their modification. The debugging tool
presented in the paper enables the identification and resolution of issues that are otherwise difficult to address and has proven its effectiveness in
practice.
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Abstract: Illegal waste disposal has direct consequences on people's quality of life in affected areas. Exposure to hazardous waste substances has
been linked to increased rates of multiple forms of cancer. Traditional inspection methods require time and manpower. Advances in UAV
technology, combined with AI-enabled Computer Vision, offer a promising solution to significantly reduce survey time and the required workforce.
The main contributions of this work are the evaluation of two Object Detection models, YOLOv8 and Faster R-CNN, trained to identify 7 waste
materials from UAV imagery and the presentation of a practical pipeline to implement the proposed model in environmental agency workflows. To
the best of our knowledge, no existing dataset or model has been designed to detect such a diverse range of waste types from UAV images. Results
suggest that Object Detection is highly effective for regularly shaped waste categories such as Textile, Pallets and Tires, with the best YOLOv8
model achieving AP scores of 80.22%, 69.24% and 62.47% respectively. However, for waste materials with irregular boundaries, such as Rubble or
Mixed Items, detection remains challenging. These findings provide valuable insights for future research in AI-driven environmental crime
detection.
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Abstract: The biological mechanisms underlying the spontaneous and recurrent transition to seizures in the epileptic brain are still poorly
understood. As a result, seizures remain uncontrolled in a substantial proportion of patients. Brain stimulation is an emerging and promising
method to treat various brain disorders, including drug-refractory epilepsy. Selected stimulation protocols previously demonstrated therapeutic
efficacy in reducing the seizure rate. The stimulation efficacy critically depends on chosen stimulation parameters, such as the time point,
amplitude, and frequency of stimulation. This study aims to explore the neurobiological impact of 1Hz stimulation and provide the mechanistic
explanation behind its seizure-delaying effects. We study this effect using a computational model, a modified version of the Epileptor-2 model, in
close comparison with such stimulation effects on spontaneous seizures recorded in vitro in a high-potassium model of ictogenesis in rat
hippocampal slices. In particular, we investigate the mechanisms and dynamics of spontaneous seizure emergence, the seizure-delaying effect of
the stimulation, and the optimal stimulation parameters to achieve the maximal anti-seizure effect. We show that the modified Epileptor-2 model
replicates key experimental observations, and captures seizure dynamics and the anti-seizure effects of low-frequency electrical stimulation (LFES)
observed in hippocampal slices. We identify the critical thresholds in the model for seizure onset and determine the optimal stimulation parameters-
timing, amplitude, and duration-that exceed specific thresholds to delay seizures without triggering premature seizures. Our study highlights the
central role of sodium-potassium pump dynamics in terminating seizures and mediating the LFES effect.
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Source: CHEMSUSCHEM  Volume: 18  Issue: 12  DOI: 10.1002/cssc.202402488  Early Access Date: APR 2025  Published Date: 2025 JUN
17  
Abstract: Climate change and the depletion of fossil fuels increase the demand for sustainable energy. Biodiesel synthesized using heterogeneous
acid catalysts is a promising clean-energy carrier that supports a circular carbon economy. Herein, the efficient synthesis of biodiesel is reported
using a reusable solid acid graphene catalyst functionalized with a natural aminosulfonic acid. Experimental and theoretical studies reveal the key
role of functionalities that simultaneously contain amino and sulfonate groups, which impart superior acidity. Excellent activity and selectivity for
oleic acid conversion to oleic acid methyl esters (a sustainable biofuel) are obtained, offering a strategy for achieving improved catalytic
performance compared to earlier or benchmark catalysts in the field. Notably, the catalyst also effectively converts common vegetable oils into
biodiesel via transesterification and facilitates carbohydrate dehydration to value-added chemicals, demonstrating broad applicability. Two
additional variants of aminosulfonic acid-functionalized graphene show similar activity, confirming the crucial role of these functionalities in
achieving high acidity and catalytic performance. The development of such potent, recyclable catalysts is crucial because acid catalysis is highly
versatile, underpinning many biological and synthetic transformations.
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Abstract: Developing electrocatalysts for converting CO2 into value-added multicarbon products is a fascinating energy strategy, but it still suffers
from a high energy barrier, low selectivity and limited mechanism understanding. Herein, an efficient solution by constructing MXene-based non-
noble metal dual-atom catalysts (DACs) is proposed. Experimental results indicate that the homonuclear Co-Co DAC with an asymmetric C-C
coupling pathway of *CH3-CO can reduce CO2 to ethanol at an ultralow limiting potential (UL) of 0.22 V, much lower than that of the well-known



coupling pathway of *CH3-CO can reduce CO2 to ethanol at an ultralow limiting potential (UL) of 0.22 V, much lower than that of the well-known
Cu (111) surface (0.94 V). Such high activity is attributed to its relatively moderate d-band center, which enables d-electrons to appropriately fill
the antibonding orbitals to properly adsorb the reaction intermediates. Upon introducing Fe atoms, the Co-Fe heteronuclear DAC exhibits better
ethanol selectivity due to the synergistic interaction between dual-atoms via the electron delocalization mechanism (EDM), which favors the step of
C-C coupling (-0.67 eV) over the competing hydrogenation reaction (-0.14 eV). Moreover, an easily computable descriptor psi related to dual-atom
electronegativity is proposed, which can predict the reaction UL for quick screening of MXene-based DACs with sufficient precision (R2 = 0.93).
These findings provide not only novel excellent candidate catalysts for CO2 reduction with an elucidated reaction mechanism, but also effective
guidance for designing high-performance DACs for multicarbon products.
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Abstract: The acidobasic and complexing properties of 1-methyl-2-mercaptoimidazole ( Methimazole , an anti-thyroid drug) were investigated.
The pKa K a 11.49 +/- 0.03 was estimated by molecular absorption spectroscopy (I I = 0.10 M NaCl, t = 25.0 +/- 0.1 degrees C). This value is in
good agreement with the value 11.58 +/- 0.05, obtained using the solvent- extraction technique. Theoretical (LFER and quantum chemical
calculations) and experimental (1H/13C 1 H/ 13 C NMR spectroscopy) methods confirmed that the ligand prefers to be in the thion form, and the
proton dissociation takes place on the nitrogen atom. Using glass electrode potentiometry, the complexation of the Pd(II) ion by the methimazole
ligand occurs without the participation of protons. The best chemical model considers the [Pd (HL)]2+, 2+ , [Pd(HL)2]2+ 2 ] 2+ and [Pd(HL)3]2+
3 ] 2+ complex species, whose stability constants were also determined using spectroscopy and capillary zone electrophoretic (CZE)
measurements. The metal complexes dissociate at -log [H+] + ] > 7, where an uncharged palladium(II) hydroxide is formed. The formation kinetics
of the palladium(II) complex with methimazole were studied in perchloric and hydrochloric acids (I I = 1.00 M, t = 15-40 degrees C) and the
determined rate constants and activation parameters are consistent with literature values determined for the reactions of the Pd(II) ion with thiourea
derivatives. The rate constants decrease by two orders of magnitude in both media, which can be assigned to a lower tendency of the chloride ion to
dissociate from the [PdCl4]2- 4 ] 2- complex species than the water molecule from the [Pd(H2O)4]2+ 2 O) 4 ] 2+ ion. The presented results can be
utilized for the design of new Pd and Pt metallodrugs.
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Abstract: Urea stands as a vital industrial material with notable applications in energy and agriculture. However, the Haber-Bosch synthesis
process, characterized by high energy consumption and emissions, poses significant challenges. Electrocatalytic C-N coupling offers a promising
alternative but is constrained by the scarcity of efficient catalysts. In this work, Cr4/Ti2CO2 is emerged as an optimal candidate with a remarkable
low overpotential of 0.29 V and a kinetic energy barrier of 0.40 eV. A comprehensive investigation into the influence of electrochemical potential
on C-N coupling revealed that the d orbitals of active sites in different chemical environments within the clusters led to distinct hybridization
mechanisms with the pi* orbitals of adsorbed N2, which is defined as Mixed Cooperative Orbital Hybridization Mechanism. Specifically, the
synergistic activation of the N equivalent to N bond by the d(x2-y2) of top atom and the d-band center of bottom atoms determined the critical step
C-N coupling energy barrier under electrode potential regulation. Additionally, Cr4/Ti2CO2 demonstrated optimal catalytic activity at a potential of
0.40 V versus the reversible hydrogen electrode (RHE) under acidic conditions (pH 0). These findings not only rationalize the design of an efficient
electrocatalyst for urea synthesis but also elucidates the electronic mechanisms underlying potential-dependent catalytic activity.
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Abstract: We present a model of non-ionizing scattering of electrons on atomic ensemble in matter, applicable in a wide electron energy range
from similar to eV up to relativistic ones. The approach based on the dynamic-structure factor formalism considers collective response of the
atomic and electronic systems of a target. It accounts for dynamical screening of atomic nuclei in matter by valence (collective) and core-shell
electrons during the scattering events, dependent on the incident electron velocity. The proposed formalism for the cross section enables us to
describe in a unified manner the electron scattering on the ensemble of isolated atomic nuclei at high incident electron energies, reducing to the
scattering on phonons with a decrease in the energy. Our model can be used, e.g., in transport Monte Carlo codes to describe the energy exchange
between excited electrons and atomic ensemble in matter. An example of swift heavy ion track formation in quartz simulated with the proposed
cross section shows reasonable agreement with the experiment validating the model.
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Abstract: Bent-core liquid crystals represent a fascinating class of self-assembling materials. This is due to their unique organized fluidic states -
mesophases - that are widely studied for their electro-optical and photonic responses. We designed and synthesized two series of mesogens based
on laterally substituted 3-hydroxybenzoic acid, systematically tuning their properties by varying the linking group in both side arms. The
mesomorphic behaviour was investigated using polarizing optical microscopy, differential scanning calorimetry (DSC) and X-ray diffraction,
revealing the presence of several types of smectic phases. For homologues containing a photoresponsive azo group, we evaluated their light-
induced switching in solution as well as in mesophase, under external UV irradiation. We demonstrated that these materials can completely
undergo the light-induced switching from a mesophase to an isotropic liquid under in situ illumination during X-ray measurements. Unlike
previously reported analogues with related structures, the studied compounds exhibited nematic phases with surprisingly narrow temperature range
and stable enantiotropic antiferroelectric polar smectic C phases. A transition from a polar SmC to SmCAPA phase is also documented.
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Abstract: Long-duration energy storage (LDES) systems play a critical role in the integration of intermittent renewable energy sources into the
grid. Thermochemical energy storage (TCES) systems, particularly Limestone ones, offer promising solutions due Limestone's high energy storage
density and cost-effectiveness. However, the cycling performance of Limestone is hindered by sintering phenomena and pore plugging. This paper
explores the enhancement of Limestone's TCES performance by incorporating Mayenite, a mesoporous ternary oxide, as an additive. Mayenite can
improve the cycling performance of Limestone by enhancing: (1) the Ca2+ ion migration at high temperatures promoting the carbonation reaction
and (2) the CO2 diffusion as shown by the carbonation reaction rate analysis of the mixture samples. In detail, three different Mayenite samples
with unique Ca to Al ratios were synthesized and added to Limestone in varying concentrations. The mixture sample containing 5 % Mayenite
(with a lower Ca to Al ratio) enhanced 2.5 times Limestone's energy storage performance after 40 cycles, boosting it from 455 kJ/kg to 1137 kJ/kg.
Characterization techniques including X-ray diffraction, scanning electron microscopy, and thermogravimetric analysis provide insights into the
structural and kinetic changes induced by Mayenite addition. On the other hand, Density Functional Theory Calculations showed that migration of
Ca2+ ions is promoted at high temperatures, improving the carbonation reaction of Limestone. The results demonstrate the potential of Mayenite as
an effective additive for improving the performance of Limestone TCES systems, paving the way for more efficient and reliable long-duration
energy storage solutions.
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Abstract: The importance of electrode shape, alongside electrode size, as key factors in controlling the reversibility or otherwise of
electrochemical responses, is recognized at the microscopic level but is explored here via finite-element simulation on the macroscopic scale.
Reduced overpotential is seen for concave surfaces relative to flat or convex surfaces, providing an unexplored avenue for the design and
fabrication of electrodes, including composites for diverse applications where enhanced reversibility is desirable, such as in sensors and battery
materials where the promotion of electrocatalytic responses is important.
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Abstract: Both the Fundamental frequency (F0) and Energy are prominent features of prosody. Together, they have been used across a wide
variety of speech-processing tasks. However, there is a lack of freely available pre-trained vector representations of these features. Therefore, in
this paper, we provide the research community with high-quality joint embeddings of the frame-level F0 and Energy features, using the VQ-VAE
architecture. By converting the F0 and Energy into a single stream of vector embeddings, we make it possible to seamlessly use prosody in modern
architectures, such as multimodal LLMs. In order to ensure maximum embedding quality, we conduct a large-scale hyperparameter search, totaling
over 150 experiments on the LibriTTS dataset. We outperform previous works on F0 embeddings, reaching FFE error below 1 percent, while
simultaneously embedding the additional feature of Energy. We publish our best-performing models on the HuggingFace website.
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Abstract: Carbon nanostructures play a crucial role in improving the performance of rechargeable Li-ion batteries by forming LiCoO2/C
interfaces. In this work, we employ two-component density functional theory calculations to investigate the electronic properties of these
interfaces. Our study demonstrates that positrons confined at the interface serve as effective probes of buried interfaces in the cathodes. We further
reveal that different Li-termination can affect the positron interface states. Moreover, positron annihilation calculations show significant overlap
with both LiCoO2 and carbon orbitals, and the momentum distribution indicates a clearly shift toward the low-momentum region, primarily driven
by the contributions from O-2p and C-2p orbitals. These findings establish a theoretical framework for future positron experiments, supporting the
development of advanced energy materials for batteries and catalysis.
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2025  Published Date: 2025 MAY  
Abstract: With almost six thousand security certificates for IT products and systems, the Common Criteria for Information Technology Security
Evaluation has bred an ecosystem entangled with various kinds of relations between the certified products. Yet, the prevalence and nature of
dependencies among Common Criteria-certified products remain largely unexplored. This study devises a novel method for building the graph of
references among the Common Criteria certified products, determining the different contexts of references with a supervised machine-learning
algorithm, and measuring how often the references constitute actual dependencies between the certified products. With the help of the resulting
reference graph, this work identifies just a dozen of certified components that are relied on by at least 10% of the whole ecosystem - making them a
prime target for malicious actors. The impact of their compromise is assessed, and potentially problematic references to archived products are
discussed. Processing of all public certificate artifacts additionally provides insights into the dynamics of the whole certification ecosystem in time,
including the popularity of categories, average assurance levels, length of validity periods, the adoption rate of selected cryptographic algorithms,
and cross-referencing among national schemes.
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Svoboda, T (Svoboda, Tomas); Racek, T (Racek, Tomas); Buceková, G (Bucekova, Gabriela); Schindler, O (Schindler, Ondrej); Antol, M (Antol,
Matej); Krenek, A (Krenek, Ales); Berka, K (Berka, Karel); Svobodová, R (Svobodova, Radka)
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Abstract: The volume of molecular dynamics (MD) simulation data shared via public repositories is rapidly increasing; however, fragmentation
across multiple independent repositories, each employing distinct dataset identifiers and metadata schemas, hinders the efficient exploration and
reuse of these data. In this study, we present GROMACS MetaDump, a tool for automatic annotation of output files from GROMACS MD
simulations producing human- and machine-readable metadata leveraging the native GROMACS metadata (gmx dump) output. The tool takes the
run input simulation file (.tpr) as the basis for the metadata output, optionally extending it with annotations from topology and structure files (.top,
.gro). The tool is available as a web application (https://gmd.ceitec.cz/), API service, and a command-line utility. By automating the metadata
extraction process, GROMACS MetaDump aims to simplify and standardise the extraction of rich, structured metadata from GROMACS MD
simulations, making it easier to share, discover, and reuse simulation data within the research community.Scientific contributionThis work
introduces GROMACS MetaDump, a software tool for the automatic extraction of metadata from molecular dynamics (MD) simulations
performed with GROMACS. GROMACS MetaDump captures all extractable simulation parameters, such as software version, force field, water
model, box geometry, temperature, etc., and returns them in a structured JSON or YAML file. As a result, GROMACS MetaDump supports the
creation of unified metadata annotations of MD simulations, making datasets indexable and findable in line with the FAIR principles.
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International Conference on Transparent Optical Networks-ICTON  DOI: 10.1109/ICTON67126.2025.11125262  Published Date: 2025   
Abstract: High sensitivity, versatility, and electromagnetic interference resistance and availability of novel fabrication methods made 3D printed
Fabry-Perot interferometers attractive for research in recent years. This paper presented a simulation investigation of a Fabry-Perot interferometer
device on a fiber tip, originally prepared by Direct Laser Writing (DLW). This paper presents an analysis of a Fabry-Perot interferometer prepared
using 3D DLW and placed on the tip of a fiber to serve as an environmental sensor. The two cavity structure was first analyzed using the Rigorous
Coupled Wave Analysis simulation method and subsequently characterized in an isolated chamber while changing the pressure and temperature of
the surrounding media. Afterwards, the obtained spectral data was analyzed using a Fast Fourier Transform algorithm to obtain the phase values for
each measurement step. The phase values reflected changes in the structure in a similar way to the spectral peak shift. The obtained phase data
showed a higher degree of nonlinearity for temperature measurements compared to pressure measurements.
Accession Number: WOS:001572094700228
Conference Title: 25th International Conference on Transparent Optical Networks-ICTON-Annual
Conference Date: JUL 06-10, 2025
Conference Location: Barcelona, SPAIN
Conference Sponsors: Institute of Electrical and Electronics Engineers Inc, IEEE Photonics Society, Universitat Politecnica de Catalunya Spain
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Pudiš, Dušan  AAF-5678-2021   
Goraus, Matej  AAE-2485-2021   
Ziman, Martin KQU-5332-2024   
Feiler, Martin  ACW-3907-2022   
Latal, Jan  ITU-7975-2023   
ISSN: 2162-7339
ISBN: 979-8-3315-9778-8; 979-8-3315-9777-1

Record 178 of 502
Title: Assembly of FETI dual operator using CUDA
Author(s): Homola, J (Homola, Jakub); Vavrík, R (Vavrik, Radim); Meca, O (Meca, Ondrej); Brzobohaty, T (Brzobohaty, Tomas); Ríha, L (Riha,
Lubomir)
Book Group Author(s): IEEE COMPUTER SOC
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10.1109/IPDPSW66978.2025.00062  Published Date: 2025   
Abstract: FETI is a numerical method used to solve engineering problems. It builds on the ideas of domain decomposition, which makes it highly
scalable and capable of efficiently utilizing whole supercomputers. One of the most time-consuming parts of the FETI solver is the application of
the dual operator F in every iteration of the solver.
It is traditionally performed on the CPU using an implicit approach of applying the individual sparse matrices that form F right-to-left. Another
approach is to apply the dual operator explicitly, which involves a simple dense matrix-vector multiplication and can be efficiently performed on
the GPU. However, this requires additional preprocessing on the CPU where the dense matrix is assembled, which makes the explicit approach
beneficial only after hundreds of iterations are performed.
In this paper, we use the GPU to accelerate the assembly process as well. This significantly shortens the preprocessing time, thus decreasing the
number of solver iterations needed to make the explicit approach beneficial.
With a proper configuration, we only need a few tens of iterations to achieve speedup relative to the implicit CPU approach. Compared to the CPU-
only explicit approach, we achieved up to 10x speedup for the preprocessing and 25x for the application.
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Abstract: We analyze circular dichroism (CD) in resonant inelastic x-ray scattering (RIXS) in magnetic materials. We define RIXS-CD as the
difference between scattering amplitudes for the right- and left-circularly polarized incoming photons and unpolarized (total) outgoing photons. We
employ the impurity approximation, in which the interference between scattering events on different atoms is neglected. We perform a symmetry
analysis of several common antiferromagnetic and altermagnetic structures and outline a general approach. This analysis is supported by numerical
calculations using an atomic model with realistic crystal fields obtained from first principles. We show that RIXS-CD is distinguished from first-
order spectroscopies such as x-ray magnetic circular dichroism by its insensitivity to the time-reversal symmetry breaking. As a result we find that
RIXS-CD is present in the paramagnetic state of materials with lower symmetry. In antiferromagnets the RIXS-CD is invariant under N & eacute;el
vector reversal. In altermagnets and ferromagnets the RIXS-CD spectra for time-reversed states are, in general, independent, except for the special
case when there is a unitary symmetry of the Hamiltonian connecting the two states.
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Abstract: Understanding the non-equilibrium behavior of stainless steel under extreme electronic excitation remains a critical challenge for laser
processing and radiation science. We employ a hybrid framework integrating density-functional tight binding, transport Monte Carlo, and
Boltzmann equations to model austenitic stainless steel (Fe0.5875Cr0.25Mn0.09Ni0.07C0.0025) under ultrafast irradiation. The developed
approach uniquely bridges atomic-scale electronic dynamics and mesoscale material responses, enabling the quantitative mapping of electron-
temperature-dependent properties (electronic heat capacity, thermal conductivity, and electron-phonon coupling) up to the electronic temperatures
Te similar to 25 000 K. Two distinct lattice disordering mechanisms are identified: nonthermal melting at Te similar to 11 400 K (the dose similar to
1.8 eV atom-1), where the lattice collapses on sub-picosecond timescales without atomic heating driven by electronic excitation modifying the
interatomic potential; and thermal melting (at similar to 0.45 eV atom-1), induced by electron-phonon coupling on picosecond timescales. The
derived parameters enable predictive modeling of stainless steel under extreme conditions, with implications for laser machining and radiation-
resistant material design.
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Abstract: Non-precious metal-based electrocatalysts are earth-abundant and cost-effective, which are expected to be alternative to traditional
precious metal-based electrocatalysts. However, Cu-based electrocatalysts are plagued by low intrinsically catalytic activity for hydrogen evolution
reaction (HER) and oxygen evolution reaction (OER) and deactivation at high potentials. Herein, the doping effect of 3d transition metal elements
including Co, Cr, Fe, Mn, and Ni on the HER activity of Cu3P and the OER activity of CuOOH were theoretically determined by first principles
calculations. Co-Cu3P and Co-CuOOH exhibit improved HER and OER activities, respectively, which are attributed to the decreasing electron
transfer between the substrate and OH/H induced by the doping Co atom. Experiments confirmed that Co-Cu(OH)2 and Co-Cu3P yield
overpotentials of 242.6 mV and 78.8 mV at a current density of 10 mA cm- 2 for OER and HER, respectively. A working voltage of 1.54 V at a
current density of 10 mA cm- 2 was achieved for a Co-Cu(OH)2 || Co-Cu3P electrolyzer, comparable with that of the commercial RuO2/CF ||
Pt/C/CF. These findings show the enormous potential of theory-guided rational design of electrocatalysts, providing a new pathway to develop
high-performance electrocatalysts.
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Abstract: This work proposes a lightweight online approach to automatic punctuation and capitalization restoration (APCR). Our method takes
pure text as input and can be utilized in real-time speech transcription systems for, e.g., live captioning of TV or radio streams. We develop and
evaluate it in a series of consecutive experiments, starting with the task of automatic punctuation restoration (APR). Within that, we also compare
our results to another real-time APR method, which combines textual and acoustic features. The test data that we use for this purpose contains
automatic transcripts of radio talks and TV debates. In the second part of the paper, we extend our method towards the task of automatic
capitalization restoration (ACR). The resulting approach uses two consecutive ELECTRA-small models complemented by simple classification
heads; the first ELECTRA model restores punctuation, while the second performs capitalization. Our complete system allows for restoring question
marks, commas, periods, and capitalization with a very short inference time and a low latency of just four words. We evaluate its performance for
Czech and German, and also compare its results to those of another existing APCR system for English. We are also publishing the data used for our
evaluation and testing.
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Abstract: Treponema pallidum subsp. pallidum (T. pallidum), the fastidious causative agent of syphilis, has become more accessible for research
with its recently developed in vitro cultivation method. In this work, the proteomes of seven T. pallidum strains (Nichols-like: DAL-1, Haiti B, and
Madras; SS14-like: SS14, Mexico A, Philadelphia 1, and Grady), cultivated in vitro, were analyzed in biological triplicates by liquid
chromatography-tandem mass spectrometry (LC-MS/MS). The MS/MS data were processed against their corresponding genomes using various
annotation algorithms (DFAST, PGAP, Prodigal, Prokka, RAST, GeneMarkS, and manual GenBank annotation). Additionally, ORFfinder was used
to predict all ORFs encoding polypeptides exceeding 50 amino acids. While the RAST algorithm predicted the highest number of genes per
genome, GeneMarkS offered the best coverage of annotated genes (up to 88.9%). By combining annotations from seven T. pallidum strains, we
identified 911 unique treponemal proteins (74.9% of 1216 predicted sequences). The confidence of protein identifications was high, with 85.5%
identified by two or more peptides and 72.4% by three or more peptides. Overall, 51 proteins showed statistically significant quantitative
differences in intensity across T. pallidum strains. Furthermore, our proteome analysis revealed detectable quantitative proteomic differences
between strains in the Nichols-like and SS14-like groups.
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Abstract: We propose a new method - WildFusion - for individual identification of a broad range of animal species. The method fuses deep scores
(e.g., MegaDescriptor or DINOv2) and local matching similarity (e.g., LoFTR and LightGlue) to identify individual animals. The global and local
information fusion is facilitated by similarity score calibration. In a zero-shot setting, relying on local similarity score only, WildFusion achieved
mean accuracy, measured on 17 datasets, of 76.2%. This is better than the state-of-the-art model, MegaDescriptor-L, whose training set included 15
of the 17 datasets. If a dataset-specific calibration is applied, mean accuracy increases by 2.3% points. WildFusion, with both local and global
similarity scores, outperforms the state-of-the-art significantly - mean accuracy reached 84.0%, an increase of 8.5% points; the mean relative error
drops by 35%. We make the code and pre-trained models publicly available, enabling immediate use in ecology and conservation
(https://github.com/WildlifeDatasets/wildlife-tools).
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Abstract: Spurious signals caused by microdischarges are a known effect inherent to all gaseous detectors. During the reconstruction in imaging
and tracking detectors, such as time projection chambers, these signals are added to the actual track-generated signal as extra pixels or clusters,
compromising the performance of the detector. The usual approach to remove these noise patterns is by hardware-dependent heuristics and
conditions. In this work, we study the usage of denoising convolutional neural networks (NN) to clean the signals from a Time Projection Chamber
(TPC) prototype. We show that this denoising provides also a tool for the selection and rejection of detector events that do not contain any track.
The output provided by the neural network is compared with the results obtained using a conventional algorithm. The Physics of the events
measured by the detector (such as the shape of the tracks) is used to assess and compare the quality of the two algorithms and how much they
improve the existing data set.
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Source: CHEM  Volume: 11  Issue: 2  Article Number: 102316  DOI: 10.1016/j.chempr.2024.09.015  Early Access Date: FEB 2025  Published
Date: 2025 FEB 13  
Abstract: Molecular ir-magnets based on single organic molecules have attracted increasing attention for their potential applications in
optoelectronics and spintronics. Global aromaticity in conjugated macrocyclic polyradicaloids is still an open question that has only been tackled in
molecules with an even number of electrons. Here, we report the on-surface synthesis of a cyclopenta-ring-fused oligo(m-phenylene) macrocycle,
9MC, with an odd number of electrons. The generated polyradicaloid undergoes a surface-induced distortion to a D3h symmetry with a fully
delocalized doublet ground state. Interestingly, 9MC exhibits two aromatic annulene-within-an-annulene (AWA) ring currents in the inner and outer
rings.
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Abstract: In the literature, many studies have reported Ti, Ag, and Ta significantly improve the thermal stability of nanocrystalline NC-W for high-
temperature applications. However, their segregation behavior and impact on the mechanical properties of NC-W remain poorly understood. This
study investigates the segregation behavior and its effects on the mechanical properties of W-M binary alloys (where M represents Ti, Ag, or Ta).
Advanced transmission electron microscopy techniques and atomistic modeling are utilized for a comprehensive analysis. After high-temperature
annealing, distinct behaviors are observed for each alloying element. Ti and Ag exhibit heterogeneous segregation in NC-W, resulting in solute-
depleted/enriched grain boundaries (GBs). Conversely, Ta atoms form a solid solution without forming clusters. Hybrid Monte Carlo
(MC)/molecular dynamics (MD) simulations support and elucidate these findings. Moreover, MD tensile testing reveals that the addition of Ti and
Ag solutes results in softening, whereas the addition of Ta substantially enhances the strength of NC-W. The coalescence of small precipitates at the
GBs leads to the nucleation of intragranular fractures, promoting GB plasticity and consequently softening the material. Conversely, the
homogeneous distribution of Ta within the W matrix significantly suppresses the formation and extension of shear bands, thereby improving the
strength of the NC-W.
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Source: DATA INTELLIGENCE  Volume: 7  Issue: 1  Pages: 163-184  DOI: 10.3724/2096-7004.di.2025.0005  Published Date: 2025   
Abstract: In the dynamic environment of hospitals, valuable real-world data often remain underutilised despite their potential to revolutionize
cancer research and personalised medicine. This study explores the challenges and opportunities in managing hospital-generated data, particularly
within the Masaryk Memorial Cancer Institute (MMCI) in Brno, Czech Republic. Utilizing Next-Generation Sequencing (NGS) technology, MMCI
generates substantial volumes of genomic data. Due to inadequate curation, these data remain difficult to integrate with clinical records for
secondary use (such as personalised treatment outcome prediction and patient stratification based on their genomic profiles). This paper proposes
solutions based on the FAIR principles (Findability, Accessibility, Interoperability, and Reusability) to enhance data sharing and reuse. The primary
output of our work is the development of an automated pipeline that continuously processes and integrates NGS data with clinical and biobank
information upon their creation. It stores the data in a special secured repository for sensitive data in a structured form to ensure smooth retrieval.
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Author(s): Paloncyová, M (Paloncyova, Marketa); Valério, M (Valerio, Mariana); Dos Santos, RN (Dos Santos, Ricardo Nascimento); Kuhrova, P
(Kuhrova, Petra); Srejber, M (Srejber, Martin); Cechova, P (Cechova, Petra); Dobchev, DA (Dobchev, Dimitar A.); Balsubramani, A
(Balsubramani, Akshay); Banás, P (Banas, Pavel); Agarwal, V (Agarwal, Vikram); Souza, PCT (Souza, Paulo C. T.); Otyepka, M (Otyepka,
Michal)
Source: MOLECULAR PHARMACEUTICS  Volume: 22  Issue: 3  Pages: 1110-1141  DOI: 10.1021/acs.molpharmaceut.4c00744  Early Access
Date: JAN 2025  Published Date: 2025 JAN 29  
Abstract: Lipid-mediated delivery of active pharmaceutical ingredients (API) opened new possibilities in advanced therapies. By encapsulating an
API into a lipid nanocarrier (LNC), one can safely deliver APIs not soluble in water, those with otherwise strong adverse effects, or very fragile
ones such as nucleic acids. However, for the rational design of LNCs, a detailed understanding of the composition-structure-function relationships
is missing. This review presents currently available computational methods for LNC investigation, screening, and design. The state-of-the-art
physics-based approaches are described, with the focus on molecular dynamics simulations in all-atom and coarse-grained resolution. Their
strengths and weaknesses are discussed, highlighting the aspects necessary for obtaining reliable results in the simulations. Furthermore, a machine
learning, i.e., data-based learning, approach to the design of lipid-mediated API delivery is introduced. The data produced by the experimental and
theoretical approaches provide valuable insights. Processing these data can help optimize the design of LNCs for better performance. In the final
section of this Review, state-of-the-art of computer simulations of LNCs are reviewed, specifically addressing the compatibility of experimental
and computational insights.
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Abstract: We report on measurements of 1 and 1.5 MeV monoenergetic electrons with a Timepix3-based detector using a 0.5 mm thick silicon
sensor. A Sr-90 beta-emitting radioisotope was used as the source of electrons, and a monochromator equipped with an adjustable magnetic field
was employed to only pass electrons of desired energy into the detector. We provide experimental results of deposited-energy spectrum in the
sensor and linearity of detected tracks. Alongside with the experiment, the whole system has been modelled in software and a Monte Carlo
Geant4/Allpix2 simulation of the experiment has been carried out. Generally, we find a good agreement between the two.
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Title: Human Milk Oligosaccharides Multivalently Presented on Defined Synthetic Neo-Glycoproteins Are Nanomolar Ligands of Tandem-Repeat
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(Filipova, Eliska); Kulik, N (Kulik, Natalia); Hubálek, M (Hubalek, Martin); Cvacka, J (Cvacka, Josef); Petrásková, L (Petraskova, Lucie);
Florencio-Zabaleta, M (Florencio-Zabaleta, Mirane); Delgado, S (Delgado, Sandra); Pelantová, H (Pelantova, Helena); Bosáková, Z (Bosakova,
Zuzana); Elling, L (Elling, Lothar); Jiménez-Barbero, J (Jimenez-Barbero, Jesus); Ardá, A (Arda, Ana); Kren, V (Kren, Vladimir); Bojarová, P
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Source: BIOMACROMOLECULES  Volume: 26  Issue: 8  Pages: 4995-5009  DOI: 10.1021/acs.biomac.5c00377  Early Access Date: JUL
2025  Published Date: 2025 AUG 11  
Abstract: Galectins are small human proteins participating in inflammation processes, immune response, and cancerogenesis. Tandem-repeat
galectins comprising Gal-4, Gal-8, and Gal-9 are a vital yet less studied part of the galectin fingerprint in cancer-related processes. The present
work studies a library of prepared multivalent neo-glycoproteins decorated with poly-N-acetyllactosamine and human-milk-type oligosaccharides
as ligands of this underexplored family of tandem-repeat galectins. A thorough binding evaluation by ELISA and biolayer interferometry was
complemented with a detailed epitope mapping both from the galectin and the glycoconjugate viewpoints by nuclear magnetic resonance. The
found interactions in the galectin binding site were correlated to in silico data from molecular modeling. The present work reveals pioneer
information on the binding of tandem-repeat galectins to multivalent glycoconjugates carrying complex carbohydrate ligands and represents an
invaluable starting point for the development of new high-affinity tailored ligands of tandem-repeat galectins, needed both for diagnosis and
therapy.
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Source: SYSTEMATIC ENTOMOLOGY  Volume: 50  Issue: 4  Pages: 794-812  DOI: 10.1111/syen.12683  Early Access Date: APR
2025  Published Date: 2025 OCT  
Abstract: Cucujiformia forms a substantial part of beetle diversity; however, relationships within this group remain unsettled. We used large-scale
phylogenomic data to investigate early splits of the Tenebrionoid clade, focusing on the phylogenetic positions of Lymexylidae and Ripiphoridae.
In concert with previous phylogenetic studies, we recovered Lymexyloidea as sister to Tenebrionoidea, and the clade Ripiphoridae + Mordellidae
as sister to the remaining Tenebrionoidea. Based on their morphology and deep divergence, we designate the 'mordelloid clade' for Ripiphoridae
and Mordellidae. Lymexyloidea contained two major clades: Lymexylidae, with subfamilies Lymexylinae and Atractocerinae, and Hylecoetidae
sensu novo, with Hylecoetinae and Melittommatinae. Contrary to previous molecular studies, we found Ripiphoridae to be monophyletic, with
Ptilophorinae or Ripidiinae as sister to all remaining clades. Additionally, we studied the morphology and phylogeny of fossil tenebrionoids,
establishing the following new families: dagger Wuhuidae fam. nov., dagger Bellimordellidae fam. nov., and dagger Mirimordellidae fam. nov.
Furthermore, dagger Praemordellidae stat. nov. (originally a subfamily of Mordellidae) were elevated to family rank, and dagger Yakutiinae
subfam. nov. were proposed as a subfamily of Mordellidae. dagger Angimordella Bao et al. was transferred from Mordellinae to dagger
Apotomourinae, and dagger Primaevomordellida Bao et al. from Reynoldsiellini to Mordellini. The newly proposed classification is summarized
and discussed, with family-level identification keys provided for Lymexyloidea and the taxa in the 'mordelloid clade'. New nomenclatural changes
include the synonymies of Mordella bimaculata Fabricius syn. nov. with Mordella tricuspidata Goeze (now in Macrosiagon Hentz) and Trigonodera
Dejean syn. nov. with Pelecotoides Laporte, and the earlier authorship of Ctenidia Laporte (1833, not 1840).
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Source: NATURE COMMUNICATIONS  Volume: 16  Issue: 1  Article Number: 4875  DOI: 10.1038/s41467-025-60207-4  Published Date:
2025 MAY 26  
Abstract: Nedd4-2 E3 ligase regulates Na+ homeostasis by ubiquitinating various channels and membrane transporters, including the epithelial
sodium channel ENaC. In turn, Nedd4-2 dysregulation leads to various conditions, including electrolytic imbalance, respiratory distress,
hypertension, and kidney diseases. However, Nedd4-2 regulation remains mostly unclear. The present study aims at elucidating Nedd4-2 regulation
by structurally characterizing Nedd4-2 and its complexes using several biophysical techniques. Our cryo-EM reconstruction shows that the C2
domain blocks the E2-binding surface of the HECT domain. This blockage, ubiquitin-binding exosite masking by the WW1 domain, catalytic C922
blockage and HECT domain stabilization provide the structural basis for Nedd4-2 autoinhibition. Furthermore, Ca2+-dependent C2 membrane
binding disrupts C2/HECT interactions, but not Ca2+ alone, whereas 14-3-3 protein binds to a flexible region of Nedd4-2 containing the WW2 and
WW3 domains, thereby inhibiting its catalytic activity and membrane binding. Overall, our data provide key mechanistic insights into Nedd4-2
regulation toward fostering the development of strategies targeting Nedd4-2 function.
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Abstract: Irregular dynamics (especially chaotic) is often undesirable in economics because it presents challenges for predicting and controlling
the behavior of economic agents. In this paper, we used an overlapping generations (OLG) model with a control function in the form of
government spending as an example, to demonstrate an effective approach to forecasting and regulating chaotic dynamics based on a combination
of classical control methods and artificial intelligence algorithms. We showed that in the absence of control variables, both regular and irregular
(including chaotic) behavior could be observed in the model. In the case of irregular dynamics, a small control action introduced in the model
allows modifying the behavior of economic agents and switching their dynamics from irregular to regular mode. We used control synthesis by the
Pyragas method to solve the problem of regularizing the irregular behavior and stabilizing unstable periodic orbits (UPOs) embedded in the chaotic
attractor of the model. To maximize the basin of attraction of stabilized UPOs, we used several types of evolutionary algorithms (EAs). We
compared the results obtained by applying these EAs in numerical experiments and verified the outcomes by numerical simulation. The proposed
approach allows us to improve the forecasting of dynamics in the OLG model and make agents' expectations more predictable.
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Source: JOURNAL OF CHEMICAL PHYSICS  Volume: 162  Issue: 21  Article Number: 214301  DOI: 10.1063/5.0268731  Published Date:
2025 JUN 7  
Abstract: This study investigates the hydration reaction of a gold(I)-N-heterocyclic carbene [Au(I)-NHC] complex at both the quantum
mechanical (QM) level and combined Quantum Mechanics/Molecular Mechanics (QM/MM) MD simulations. The main goals are to analyze the
differences between implicit (PCM) and explicit solvation models and to compare the advantages and disadvantages of both approaches. Regarding
the QM part, the B97D3 and B3PW91 functionals are combined with double-zeta basis sets and the C-PCM/UFF implicit solvation model and
compared with the CCSD(T)/TZP computational level supplemented with the C-PCM (COSMO/Klamt radii) or D-PCM/scaled-UAKS solvation
model. In addition, reaction force and reaction electronic flux (REF) analyses are performed along the intrinsic reaction coordinate (IRC)
determined at the B3PW91/6-31+G(d)/SDD/C-PCM/UFF computational model for deeper insights into the reaction mechanism. Despite relatively
high endergonicity, the TS structure is quite close to the center of the reaction coordinate, contrary to the Hammond principle. In the QM/MM MD
part of the study, the B97D3 computational setting from the previous part is used as a QM core, and several different explicit water solvation
models are explored in the MM environment. The TIP3P water model is compared with the OPC, POL3, TIP4P, and SPCE ones. Nevertheless, they
all lead to very low activation barriers and mild endergonicity. Both Delta G(r) and Delta G(a) energies are visibly reduced compared to QM values
when PCM models are applied. Since partial charges of water atoms within the QM calculations are visibly smaller than point charges in all the
explored force-field water models, a modified TIP3P (with partial charges close to DFT RESP values and a LJ parameter conserving the correct
water density) is used. In this manner, the energy profile is closer to QM results (with Delta G(a) = 8.2 and Delta G(r) = 6.4 kcal mol(-1))-
especially to the CCSD(T)/TZP/D-PCM/scaled-UAKS model (Delta G(a) = 14.6 and Delta G(r) = 9.1). Nevertheless, the hydration process is
predicted to be endoergic in all explored models.
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Abstract: The Fulani people, one of the most important pastoralist groups in sub-Saharan Africa, are still largely underrepresented in population
genomic research. They speak a Niger-Congo language called Fulfulde or Pulaar and live in scattered locations across the Sahel/Savannah belt,
from the Atlantic Ocean to Lake Chad. According to historical records, their ancestors spread from Futa Toro in the Middle Senegal Valley to Futa-
Jallon in Guinea and then eastward into the Sahel belt over the past 1,500 years. However, the earlier history of this traditionally pastoral
population has not been well studied. To uncover the genetic structure and ancestry of this widespread population, we gathered genome-wide
genotype data from 460 individuals across 18 local Fulani populations, along with comparative data from both modern and ancient worldwide
populations. This represents a comprehensive geographically wide-scaled genome-wide study of the Fulani. We revealed a genetic component
closely associated with all local Fulani populations, suggesting a shared ancestral component possibly linked to the beginning of African
pastoralism in the Green Sahara. Comparison to ancient DNA results also identified the presence of an ancient Iberomaurusian-associated
component across all Fulani groups, providing additional insights into their deep genetic history. Additionally, our genetic data indicate a later
Fulani expansion from the western to the eastern Sahel, characterized by a clinal pattern and admixture with several other African populations
north of the equator.
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Abstract: Machine learning (ML) methods offer a promising route to the construction of universal molecular potentials with high accuracy and
low computational cost. It is becoming evident that integrating physical principles into these models, or utilizing them in a Delta-ML scheme,
significantly enhances their robustness and transferability. This paper introduces PM6-ML, a Delta-ML method that synergizes the semiempirical
quantum-mechanical (SQM) method PM6 with a state-of-the-art ML potential applied as a universal correction. The method demonstrates superior
performance over standalone SQM and ML approaches and covers a broader chemical space than its predecessors. It is scalable to systems with
thousands of atoms, which makes it applicable to large biomolecular systems. Extensive benchmarking confirms PM6-ML's accuracy and
robustness. Its practical application is facilitated by a direct interface to MOPAC. The code and parameters are available at
https://github.com/Honza-R/mopac-ml.
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Abstract: One of the main limitations in supporting experimental characterization of Al siting/pairing via modelling is the high computational cost
of ab initio calculations. For this reason, most works rely on static or very short dynamical simulations, considering limited Al pairing/siting
combinations. As a result, comparison with experiment suffers from a large degree of uncertainty. To alleviate this limitation we have developed
neural network potentials (NNPs) which can dynamically sample across broad configurational and chemical spaces of sodium-form aluminosilicate
zeolites, preserving the level of accuracy of the ab initio (dispersion-corrected metaGGA) training set. By exploring a wide range of Al/Na
arrangements and a combination of experimentally relevant Si/Al ratios, we found that the Na-23 NMR spectra of dehydrated high-silica CHA
zeolite offer an opportunity to assess the distribution and pairing of Al atoms. We observed that the Na-23 chemical shift is sensitive not only to the
location of sodium in 6- and 8MRs, but also to the Al-Si-n-Al sequence length. Furthermore, neglect of thermal and dynamical contributions was
found to lead to errors of several ppm, and has a profound influence on the shape of the spectra and the dipolar coupling constants, thus
necessitating the long-term dynamical simulations made feasible by NNPs. Finally, we obtained a predictive regression model for the Na-23
chemical shift in CHA (Si/Al = 35, 17, 11) that circumvents the need for expensive NMR density functional calculations and can be easily extended
to other zeolite frameworks. By combining NNPs and regression methods, we can expedite the simulations of NMR properties and capture the
effect of dynamics on the spectra, which is often overlooked in computational studies despite its clear manifestation in experimental setups.
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Abstract: Testosterone, the most important human male sex hormone, plays a key role in multiple important biological processes. Along with its
ester derivatives, they are often abused by amateur as well as professional sportsmen and bodybuilders for muscle growth enhancement. Their
overuse, however, can lead to serious health problems. In this work, electronic and vibrational circular dichroism (ECD, VCD) and density
functional theory (DFT) calculations were used for a detailed analysis of testosterone and testosterone propionate in solutions. Stable conformers
were found for both compounds, their spectra were calculated and subsequently compared to the experiment. In the case of testosterone propionate,
DFT and VCD combined with a shape fitting algorithm suggested relative abundances of the stable conformers, which should be independently
verified. Also, the influence of two different solvents (water and methanol) on the ECD spectra was examined. Chiroptical spectroscopy proved to
be a powerful tool for analysing steroid compounds, the biological activity of which has attracted attention for many decades.
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Abstract: Upgrading biomass feedstock into higher-value chemicals is central to improve the sustainability of the chemical industry and to reduce
its dependence on fossil raw materials. Heterogeneous photocatalysts are promising for the oxidation of 5-hydroxymethylfurfural (HMF) to 2,5-
furandicarboxylic acid (FDCA), a biomass-derived molecular platform for biopolymers, but their FDCA selectivity is negligible without the aid of
a base. Here we present a plasmonic photocatalyst integrating TiN nanocubes and bimetallic RuPt nanoparticles that in base-free conditions
exhibits complete HMF conversion and selective FDCA formation due to an unconventional mechanism of molecular oxygen activation. This
unique reactivity is enhanced by both photothermal heating and hot electrons, whose contribution is confirmed by kinetic isotopic effect
experiments. Density functional theory calculations support a scenario in which the activated nanoparticle-oxygen complex facilitates the rate-
determining step and enables an improved FDCA selectivity. Our results demonstrate the potential of plasmonic photocatalysts in the catalytic
transformation of biomass.
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Abstract: Doxorubicin (DOX) is a widely used chemotherapeutic agent known for intercalating into DNA. However, the exact modes of DOX
interactions with various DNA structures remain unclear. Using molecular dynamics (MD) simulations, we explored DOX interactions with DNA
duplexes (dsDNA), G-quadruplex, and nucleosome. DOX predominantly stacks on terminal bases of dsDNA and occasionally binds into its minor
groove. In the G-quadruplex, DOX stacks on planar tetrads but does not spontaneously intercalate into these structures. Potential of mean force
calculations indicate that while intercalation is the most energetically favorable interaction mode for DOX in dsDNA, the process requires
overcoming a significant energy barrier. In contrast, DOX spontaneously intercalates into bent nucleosomal DNA, due to the increased torsional
stress. This preferential intercalation of DOX into regions with higher torsional stress provides new insights into its mechanism of action and
underscores the importance of DNA tertiary and quaternary structures in therapies utilizing DNA intercalation.
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Abstract: The analysis of complex, weakly labeled data is increasingly popular, presenting unique challenges. Traditional unsupervised clustering
aims to uncover interrelated sets of objects using feature-based similarity of the objects, but this approach often hits its limits for complex
multimedia data. Thus, semi-supervised clustering that exploits small amounts of labeled training data has gained traction recently. In this paper,
we propose LabeledPAM, a semi-supervised extension of FasterPAM, a state-of-the-art k-medoids clustering algorithm. Our approach is applicable
in semi-supervised classification tasks, where labels are assigned to clusters with minimal labeled data, as well as in semi-supervised clustering
scenarios, identifying new clusters with unknown labels. We evaluate our proposal against other semi-supervised clustering techniques suitable for
arbitrary distances, demonstrating its efficacy and versatility.
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Abstract: Two-dimensional (2D) layered thiophosphates have garnered attention for advanced battery technology due to their open ionic diffusion
channels, high capacity, and unique catalytic properties. However, their potential in energy storage applications remains largely unexplored. In this
study, we report a 2D transition metal thiophosphate (Nb4P2S21) with high sulfur content, synthesized via chemical vapor transport (CVT). The
bulk material, exhibiting a layered quasi-one-dimensional (quasi-1D) structure, can be exfoliated into high-quality nanoplates using glue-assisted
grinding. Density functional theory (DFT) calculations reveal a direct bandgap of 1.64 eV (HSE06 method) for Nb4P2S21, aligning with its near-
infrared (NIR) photoluminescence at 755 nm. Despite an initial discharge capacity of 1500 mA h g-1, the material shows low reversible capacity
and rapid capacity decay at 0-2.6 V. In situ Raman confirms the formation of polysulfides during cycling. Given its high sulfur content, the material
was evaluated at 0.5-2.6 V, 1.0-2.6 V, and 1.5-2.6 V to assess its sulfur-equivalent cathode performance. In carbonate-based electrolytes,
electrochemical performance is hindered by polysulfide formation and side reactions, but switching to ether-based electrolytes improves initial
reversible capacity and coulombic efficiency due to additional LixS conversion above 2.2 V. EDS and TOF-SIMS analyses of cycled electrodes
show a significant sulfur loss, worsening the polysulfide shuttle effect and leading to battery failure. Adapting strategies from lithium-sulfur
batteries, such as polar host catalysts, could enhance the material's performance.
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Abstract: Poor aqueous solubility of crystalline active pharmaceutical ingredients (APIs) restricts their bioavailability. Amorphous solid
dispersions with biocompatible polymer excipients offer a solution to overcome this problem, potentially enabling a broader use of many drug
candidate molecules. This work addresses various aspects of the in silico design of a suitable combination of an API and a polymer to form such a
binary solid dispersion. Molecular interactions in such bulk systems are tracked at full atomic resolution within molecular-dynamics (MD)
simulations, enabling to identify API-polymer pairs that exhibit the most beneficial interactions. Importance of these interactions is manifold:
increasing the mutual miscibility, kinetic stabilization of their amorphous dispersions and impedance of the spurious recrystallization of the API
component. MD tools are used to investigate the structural and cohesive properties of pure compounds and mixtures, with a special emphasis on
molecular interactions, microscopic structures and internal dynamics. This analysis is then accompanied by a macroscopic image of the energetic
compatibility and vitrification tendency of the mixtures in terms of their excess enthalpies and glass transition temperatures. Density-functional
theory (DFT) and non-covalent interaction (NCI) analysis fortify our computational conclusions and enable us to map the intensities of particular
NCI among the individual target materials and relevant molecular sites therein. Three archetypal polymer excipients and four API molecules are
included in this study. The results of our computational analysis of molecular interactions in bulk systems agree with the experimentally observed
trends of solubility of the given API in polymers. Our calculations confirm PVP as the most potent acceptor of hydrogen bonding among the three
considered polymer excipients, whereas ibuprofen molecules are predicted to be the most efficient hydrogen bond donors among our four target
APIs. Our simulations also suggest that carbamazepine does not exhibit particularly strong interactions with the considered polymer excipients.
Although current MD cannot offer quantitative accuracy of many of the discussed descriptors, current computational models focusing on NCI of
APIs with polymer excipients contribute to understanding of the behavior of these materials at the molecular level, and thus also to the rational
design of novel efficient drug formulations.
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Abstract: Three-dimensional hydrodynamical simulations of common envelope evolution are often terminated soon after the initial dynamical
plunge of the companion transitions into a long-lasting post-dynamical inspiral with a slowly varying semimajor axis, a(b). This premature
termination is often due to insufficient numerical resolution and challenges associated with the softening of the gravitational potential of the two
cores. In this work we used statically refined 3D hydrodynamical simulations to study non-accreting binaries orbiting inside a common envelope,
exploring the effects of varying numerical resolution, delta, gravitational potential softening prescriptions, and the associated softening length
scale, & varepsilon;. We find that quantities such as the binary inspiral timescale or the volume-averaged shearing rate typically converge to
asymptotic values only for & varepsilon;<= 0.1a(b) and delta <= 6x10(-3)a(b), with smaller & varepsilon; requiring correspondingly smaller delta.
This suggests that many of the contemporary simulations could effectively be under-resolved. After a few tens of binary orbits, the two cores
become surrounded by a corotating, nearly hydrostatic gas structure that resembles the shared envelope of a contact binary. We propose that this
structure is responsible for the slowing of the dynamical inspiral, leading to an asymptotic inspiral timescale of approximately 10(5) orbital periods
for a binary mass ratio q=1/3, and approximately 10(6) orbital periods for a binary mass ratio q=1. Even in the absence of magnetic fields, we
observe intermittent polar outflows collimated by partially centrifugally evacuated polar funnels. We discuss the implications for the long-term
evolution in the post-dynamical inspiral phase and the ultimate emergence of the post-common-envelope binary.
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Abstract: Synura represents a common freshwater protist genus known for producing morphologically diverse silica scales with species-specific
secondary structures. In this study, we analysed 19 scale-bearing morphological traits across over 700 genetically verified records, spanning a broad
environmental gradient in Europe. Focusing on Synura from section Petersenianae, we identified 29 species-level lineages, 13 of which had not
been previously described. Interestingly, while species diversity increased northwards, morphological trait diversity exhibited the opposite trend,
being higher in southern Europe. This suggests that abiotic factors play a significant role in shaping these traits, which are differently responsive to
gradients than taxonomic diversity. We observed non-random distribution of scale morphological traits, influenced by abiotic factors such as
temperature, precipitation and pH. Scale elongation appears to be an adaptation for living in oligotrophic waters with reduced sunlight availability,
while the increasing distance between struts likely reflects an adaptation to low silica concentrations. Notably, specific morphological traits may
provide more informative insights into environmental drivers than taxonomic units. The study sheds light on the intricate relationship between
environmental conditions and the morphology of silica scales, emphasizing the importance of considering both taxonomic and morphological
diversity in ecological research.
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Abstract: While many side-channel attacks on elliptic curve cryptography can be avoided by coordinate randomization, this is not the case for the
zero-value point (ZVP) attack. This attack can recover a prefix of static ECDH key but requires solving an instance of the dependent coordinates
problem (DCP), which is open in general. We design a new method for solving the DCP on GLV curves, including the Bitcoin secp256k1 curve,
outperforming previous approaches. This leads to a new type of ZVP attack on multiscalar multiplication, recovering twice as many bits when
compared to the classical ZVP attack. We demonstrate a 63% recovery of the private key for the interleaving algorithm for multiscalar
multiplication. Finally, we analyze the largest database of curves and addition formulas with over 14 000 combinations and provide the first
classification of their resistance against the ZVP attack.
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Abstract: RNA G-quadruplexes (rG4s) are emerging as vital structural elements involved in processes like gene regulation, translation, and
genome stability. Found in untranslated regions of messenger RNAs (mRNAs), they influence translation efficiency and mRNA localization.
Additionally, rG4s of long noncoding RNAs and telomeric RNA play roles in RNA processing and cellular aging. Despite their significance, the
atomic-level folding mechanisms of rG4s remain poorly understood due to their complexity. We studied the folding of the r(GGGA)3GGG and
r(GGGUUA)3GGG (TERRA) sequences into parallel-stranded rG4 using all-atom enhanced-sampling molecular dynamics simulations, applying
well-tempered metadynamics coupled with solute tempering. The obtained folding pathways suggest that RNA initially adopts a compacted coil-
like ensemble characterized by dynamic guanine stacking and pairing. The three-quartet rG4 gradually forms from this compacted coil ensemble
via diverse routes involving strand rearrangements and guanine incorporations. While the folding mechanism is multipathway, various two-quartet
rG4 structures appear to be a common transitory ensemble along most routes. Thus, the process seems more complex than previously predicted, as
G-hairpins or G-triplexes do not act as distinct intermediates, even though some are occasionally sampled. We also discuss the challenges of
applying enhanced sampling methodologies to such a multidimensional free-energy surface and address the force-field limitations.
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Abstract: The electronic structure and magnetism of individual Dy atoms adsorbed on ferromagnetic (Gr)/Ni(111) substrate are investigated using
a combination of the density functional theory with the Hubbard-I approximation to the Anderson impurity model (DFT+U(HIA)). The divalent
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second Hund's rule. There is almost zero moment on (Gr)-atoms. The ferromagnetic Ni substrate moments are anti-aligned to the Dy 4f-shell
moment. The X-ray absorption (XAS) and magnetic circular dichroism (XMCD) spectra are calculated and can be compared to the experimental
data. The magnetic anisotropy energy (MAE) is calculated from the ground state energy difference for different directions of the magnetization,
E[100] - E[001] = 3.5 meV and E[010] - E[001] = 2.2 meV. This large and positive MAE can be important for ultra-high density magnetic
recording.
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first and third order magnetic anisotropies and strong and positive second order magnetic anisotropies. Our studies assist in resolving ambiguities of
conventional DFT+U applied to Dy on graphene. They can provide a viable route for further investigation and prediction of the rare-earth based
magnetic nanostructures.
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Abstract: Based on extraction experiments, the exchange extraction constant of the reaction H3O+(aq) + 1<middle dot>Na+(nb) -><- 1<middle
dot>H3O+(nb) + Na+(aq) in the system water-nitrobenzene (1 = enniatin B; aq = aqueous phase, nb = nitrobenzene phase) was evaluated to be log
K ex (H3O+, 1<middle dot>Na+) = 0.9 +/- 0.15. Furthermore, the stability constant of the 1<middle dot>H3O+ complex in water-saturated
nitrobenzene was calculated for a temperature of 25 degrees C as log K nb (1<middle dot>H3O+) = 6.4 +/- 0.2. Analogously, the stability constants
of some other univalent metal cations have been determined by a similar method. Additionally, quantum mechanical calculations (M06-
D3/DefSVPP in nitrobenzene) were used to determine the most probable structures of the cationic complexes 1<middle dot>H3O+ and 1<middle
dot>Na+. For comparison, three different conformers of 1<middle dot>H3O+ (nb) were also investigated, considering the nesting H3O+ ion into
the enniatin B ring. In the most stable resulting complex, the H3O+ cation is centrally positioned and stabilized by three relatively strong hydrogen
bonds to the three carbonyl oxygen atoms of the parent enniatin B ligand. The interaction energies, E(int), of the 1<middle dot>H3O+ and
1<middle dot>Na+ complexes in nitrobenzene were found to be 196.81 and 82.19 kJ/mol, respectively, confirming the formation of protonated
complexes.
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Abstract: Annual killifishes of the genus Nothobranchius are widespread across East Africa, with a particularly high biodiversity in lowland
Tanzania. While they are typically found in ephemeral pools, the pools vary greatly in size, connectivity and inundation patterns. It was previously
suggested that main river channels formed significant barriers to Nothobranchius dispersal. Here, we study the distribution of genetic lineages in an
equatorial part of their range where main river channels that may act as barriers occur and closely related lineages frequently coexist in secondary
contact zones. We used single-nucleotide polymorphism (SNP) dataset from double-digest restriction site-associated DNA (ddRAD) sequencing to
investigate how genetic diversity is structured in Nothobranchius species from the coastal lowlands of Tanzania. Our analyses resolved some
uncertain phylogenetic relationships within the N. melanospilus and N. guentheri species groups and placed N. flammicomantis outside the Coastal
clade. Rather than a shared intraspecific genetic diversity pattern across four coexisting and widely distributed species, we found highly diverse
patterns of intra-specific genetic structure among N. eggersi, N. janpapi, N. melanospilus and N. ocellatus. Populations of Nothobranchius species
from the humid coastal lowlands of Tanzania are therefore structured, but not constrained by barriers formed by river channels or by basins - in
contrast to Nothobranchius species from the dry part of their distribution. Some of the genetic relationships determined call for a re-evaluation of
taxonomic delimitations.
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DEC 2025  Published Date: 2025 DEC 22  
Abstract: Recent experiments highlighted the significance of Au(I)<middle dot><middle dot><middle dot>H interactions in the structures of
Au(I)-containing materials as well as in catalysis. However, they also raised the important question of whether similar interactions could be
observed for Ag(I) and Cu(I) analogues of Au(I). Herein, we present experimental and computational evidence for the formation of hydrogen
bonds between the Ag(I) center and the dimethylammonium group of protonated bis(1-adamantyl)(2-(dimethylamino)phenyl)phosphine ligand (1).
We support this in the gas phase by employing infrared (IR) photodissociation spectroscopy correlated with quantum chemical (QC) computations.
For the Ag(I) complex (1AgCl 2 H) in solution, we show by correlating the nuclear magnetic resonance data and QC calculations that the
formation of the Ag(I)<middle dot><middle dot><middle dot>H bond competes with the formation of the Cl<middle dot><middle dot><middle
dot>H bond depending on the polarity of the environment. We evaluated interaction energies between the dimethylammonium group and the
central metal across the coinage metal series (Au/Ag/Cu) using the relativistic CCSD(T) method. Furthermore, employing wave function analysis,
we gained qualitative insight into Au/Ag/Cu<middle dot><middle dot><middle dot>H bonding at the electronic level. The definition of Ag(I)
<middle dot><middle dot><middle dot>H interactions thus extends horizons in silver(I) chemistry.
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Olle); Borisov, V (Borisov, Vladislav)
Source: PHYSICAL REVIEW B  Volume: 112  Issue: 14  Article Number: 144414  DOI: 10.1103/q853-plvr  Published Date: 2025 OCT 1  
Abstract: GdRu2Si2 has recently drawn significant attention as a centrosymmetric magnet capable of hosting a short-period skyrmion square
lattice (SkL) in the absence of Dzyaloshinskii-Moriya interaction (DMI). In this system, Gd atoms are arranged on a square lattice, forming 2D
layers separated by the Ru-Si network in the out-of-plane direction. RKKY-type exchange between the Gd moments results in an exchange
frustration, which is the main source of non-collinearity in the spiral phases of the system. So far, the literature has emphasized the importance of
in-plane Q vectors in understanding the magnetic phases of the system as they appear and have been observed in the 2D Gd layers. In this work, we
calculate the Gd-Gd magnetic exchange interactions (Jij) and perform atomic spin dynamics (ASD) simulations, providing new insights about
GdRu2Si2. Our calculated Jij shows that the strongest magnetic interaction occurs between Gd atoms along the [111] body-diagonal direction of
the unit cell. This, along with the body-centered tetragonal structure of the Gd sublattice, points to the presence of a hitherto ignored modulation
vector, Q[111], along the [111] direction in the spiral phases of the system. We confirm this with ASD simulations and establish that the magnetic
phases in GdRu2Si2 are far more complex than they appear to be in the 2D Gd layers. This interlayer modulation vector Q[111], along with the
intralayer Q[100] and Q[010], determines the total magnetic ordering of the system. Despite its layered appearance, both structurally and
magnetically, it is in reality a strong 3D magnet, requiring additional considerations for its proper theoretical modeling. Taking these into account,
our ASD simulations provide an excellent description of the experimentally observed magnetic phase transitions. Furthermore, our work reveals
the critical influence of dipolar interactions on the ground-state magnetic properties of GdRu2Si2, a direct consequence of the large magnetic
moment of Gd. We observed a competition between dipolar interactions and uniaxial anisotropy, with each favoring a different magnetic ordering.
However, the dominance of the dipolar interaction is evident in the observed ground state. This suggests a weak uniaxial anisotropy in the system,
which aligns with the spherical symmetry of the Gd 4 f states. Our findings offer a deeper understanding of GdRu2Si2's complex magnetism and
highlight the potential for similar important interlayer effects in other layered magnetic systems.
Accession Number: WOS:001596827100011
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Mukherjee, Arnob    0000-0002-5863-0967 
Pathak, Rohit    0000-0001-6385-2524 
SARKAR, SAGAR  IUP-7643-2023  0000-0001-6710-5526 
Delin, Anna  HJP-4840-2023   
ISSN: 2469-9950
eISSN: 2469-9969

Record 214 of 502
Title: Realistic grain boundaries in nanocrystalline thin films
Author(s): Yadav, A (Yadav, Ankit); Bajtosová, L (Bajtosova, Lucia); Cieslar, M (Cieslar, Miroslav); Fikar, J (Fikar, Jan)
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055018  DOI: 10.1088/1361-651X/ade551  Published Date: 2025 JUL 31  
Abstract: Molecular dynamics simulations were conducted to investigate the mechanical properties of nanocrystalline aluminum (Al) with grain
sizes ranging from 10 to 22 nm. The grain size dependence of the elastic modulus, ultimate tensile strength, and engineering yield strength were
analyzed. The experimental in-situ TEM values for modulus and strength are significantly lower than the simulated values using Voronoi
tessellation. The grain boundaries (GBs) generated using traditional Voronoi tessellation are almost perfect, containing only geometrically
necessary defects, which may not accurately represent the real material structures. To simulate more realistic GBs, we employed a melt-cool
method to create initial polycrystalline samples and simulate more realistic GBs. In contrast to Voronoi-generated GBs, melt-cool GBs are less
perfect and feature defects such as dislocations and vacancies within the grains. The grain size in the melt-cool method is controlled by the cooling
rate, with faster cooling resulting in smaller grain sizes due to decreased recrystallization time. A comparison between the melt-cool and Voronoi
tessellation random samples was performed. Although the melt-cool results remain higher than the experimental values, they show an apparent
reduction compared to the Voronoi tessellation samples. This suggests that the more realistic grain-boundary structures produced by the melt-cool
method better reflect the imperfections found in real materials, offering a closer match to experimental observations.
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Series: International Symposium on Parallel and Distributed Processing Workshops and Phd Forum  Pages: 830-839  DOI:
10.1109/IPDPSW66978.2025.00133  Published Date: 2025   
Abstract: The push towards exascale and post-exascale computing in HPC and AI brings together thousands of CPUs and specialized accelerator
hardware, making energy optimization crucial as power costs rival system purchase prices. Energy efficiency techniques based on frequency and
voltage scaling have been developed and fine-tuned for CPUs, which led to deep understanding of how the CPU hardware behaves under frequency
adjustments. In contrast, accelerators, particularly GPUs, have not yet been studied to the same extent in this context.
We introduce a methodology to evaluate the latency coupled with accelerator frequency scaling driven by the control CPU (GPU switching
latency). The approach employs a minimal, iterative workload that allows statistically distinguishing runtime differences between frequency pairs.
It first measures execution times for each frequency and then determines the latency of switching from an initial to a target frequency by tracking
runtime changes and repeating measurements to ensure statistical robustness. Finally, the methodology filters out outliers from external factors like
driver management or system interruptions.
The methodology is implemented in the tool LATEST with support for CUDA accelerators. Evaluated on three Nvidia GPUs - GH200, A100-
SXM4, and RTX Quadro 6000 - the analysis reveals significant differences in the switching latency, evaluates optimal frequency change rates, and
identifies frequency pairs to avoid due to high overhead.
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Source: MYCOLOGICAL PROGRESS  Volume: 24  Issue: 1  Article Number: 32  DOI: 10.1007/s11557-025-02048-5  Published Date: 2025
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Abstract: Three new Cortinarius species from coniferous forests are formally described based on morphological characters and molecular data,
and their ecology and distribution are discussed. Cortinarius minutus (section Acetosi) is characterised by very small basidiomata resembling
Galerina species, a white universal veil forming fibrils and tiny scales on the pileus margin, and ellipsoid to narrowly amygdaloid, finely verrucose
basidiospores. Cortinarius rubrobadius (section Obtusi) looks like most species of the section, but can be defined by a red brown pileus, a white
universal veil, and ellipsoid basidiospores. Cortinarius sphagnofulvescens (section Laeti) represents a molecularly well-supported species of the
Cortinarius fulvescens complex, from which it differs morphologically in longer basidiospores. Detailed macroscopic and microscopic descriptions
are provided, and the phylogenetic analysis based on ITS rDNA sequences is discussed. The phylogenetic analysis of sections Acetosi, Laeti, and
Obtusi reveals that each of these three new species forms a well-supported lineage within their respective section.
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SYSTEMS, DDECS  Book Series: IEEE International Symposium on Design and Diagnostics of Electronic Circuits & Systems  Pages: 127-
130  DOI: 10.1109/DDECS63720.2025.11006818  Published Date: 2025   
Abstract: Assessing the structural similarity of different implementations of logic functions is of importance in many areas of digital design, such
as iterative resynthesis, engineering change order (ECO) based design, design of reliable redundant systems (duplex, TMR), etc. In general,
numerous metrics exist that describe such similarity, mostly based on its intended application. In this paper, we introduce a novel metric based on a
calculation of the functional equivalence of subcircuits. As this approach requires repeated calls of time-consuming functional equivalence
checking, we propose a linear-time approximation of this method based on signal controllability calculation. These two approaches are compared to
the state-of-the-art fault detection-based design diversity estimation technique and applied to assess the fault-security capabilities of duplex
systems.
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Source: PLOS NEGLECTED TROPICAL DISEASES  Volume: 19  Issue: 2  Article Number: e0012887  DOI:
10.1371/journal.pntd.0012887  Published Date: 2025 FEB  
Abstract: Background Treponema pallidum subspecies pertenue (TPE) is the causative agent of human and nonhuman primate (NHP) yaws
infection. The discovery of yaws bacterium in wild populations of NHPs opened the question of transmission mechanisms within NHPs, and this
work aims to take a closer look at the transmission of the disease.Methodology/Principal Findings Our study determined eleven whole TPE
genomes from NHP isolates collected from three national parks in Tanzania: Lake Manyara National Park (NP), Serengeti NP, and Ruaha NP. The
bacteria were isolated from four species of NHPs: Chlorocebus pygerythrus (vervet monkey), Cercopithecus mitis (blue monkey), Papio anubis
(olive baboon), and Papio cynocephalus (yellow baboon). Combined with previously generated genomes of TPE originating from NHPs in
Tanzania (n = 11), 22 whole-genome TPE sequences have now been analyzed. Out of 231 possible combinations of genome-to-genome
comparisons, five revealed an unexpectedly high degree of genetic similarity in samples collected from different NHP species, consistent with
inter-species transmission of TPE among NHPs. We estimated a substitution rate of TPE of NHP origin, ranging between 1.77 x 10-7 and 3.43 x
10-7 per genomic site per year.Conclusions/Significance The model estimations predicted that the inter-species transmission happened recently,
within decades, roughly in an order of magnitude shorter time compared to time needed for the natural diversification of all tested TPE of
Tanzanian NHP origin. Moreover, the geographical separation of the sampling sites (NPs) does not preclude TPE transmission between and within
NHP species.
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Source: PLASMA SOURCES SCIENCE & TECHNOLOGY  Volume: 34  Issue: 3  Article Number: 035013  DOI: 10.1088/1361-
6595/adbb8b  Published Date: 2025 MAR 1  
Abstract: Reaction rate constants of rotational transitions in the N 2+ ion ( j -> j ', j <= 36) induced by collisions with helium atoms have been
calculated using recently reported cross-sections (Pal & aacute;cek 2024 Chem. Phys. Chem. 25 e202300469) obtained via classical trajectories run
on the ground-state potential energy surface of the N 2+ /He collision complex obtained at a MCSCF/aug-cc-pVQZ level. Weak to medium electric
fields ( E/N=1-100 Td) have been considered. In addition, the role of vibrational excitations in N 2+ ( v=0 -> v '=1) is also briefly discussed and
shown negligible under the conditions considered. The calculated rate constants have been used to model the relaxation dynamics of rotationally
excited N 2+ ions and to estimate its characteristic time scales as well as effective temperatures of relaxed N2+ ions.
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Abstract: A computational study of I-BODIPY (2-ethyl-4,4-difluoro-6,7-diiodo-1,3-dimethyl-4-bora-3a,4a-diaza-s-indacene) has been carried out
to investigate its key photophysical properties as a potential triplet photosensitizer capable of generating singlet oxygen. Multireference CASPT2
and CASSCF methods have been used to calculate vertical excitation energies and spin-orbit couplings (SOCs), respectively, in a model (mono-
iodinated BODIPY) molecule to assess the applicability of the single-reference second-order algebraic diagrammatic construction, ADC(2),
method to this and similar molecules. Subsequently, time-dependent density functional theory (TD-DFT), possibly within the Tamm-Dancoff
approximation (TDA), using several exchange-correlation functionals has been tested on I-BODIPY against ADC(2), both employing a basis set
with a two-component pseudopotential on the iodine atoms. Finally, the magnitudes of SOC between excited electronic states of all types found
have thoroughly been discussed using the Slater-Condon rules applied to an arbitrary one-electron one-center effective spin-orbit Hamiltonian. The
geometry dependence of SOCs between the lowest-lying states has also been addressed. Based on these investigations, the TD-DFT/B3LYP and
TD-DFT(TDA)/BHLYP approaches have been selected as the methods of choice for the subsequent nuclear ensemble approach absorption spectra
simulations and mixed quantum-classical trajectory surface hopping (TSH) molecular dynamics (MD) simulations, respectively. Two bright states
in the visible spectrum of I-BODIPY have been found, exhibiting a redshift of the main peak with respect to unsubstituted BODIPY caused by the
iodine substituents. Excited-state MD simulations including both non-adiabatic effects and SOCs have been performed to investigate the relaxation
processes in I-BODIPY after its photoexcitation to the S1$$ {\mathrm{S}}_1 $$ state. The TSH MD simulations revealed that intersystem
crossings occur on a time scale comparable to internal conversions and that after an initial phase of triplet population growth a "saturation" is
reached where the ratio of the net triplet to singlet populations is about 4:1. The calculated triplet quantum yield of 0.85 is in qualitative agreement
with the previously reported experimental singlet oxygen generation yield of 0.99 +/-$$ \pm $$ 0.06.
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Abstract: We present a lightweight tool for the analysis and tuning of application data placement in systems with heterogeneous memory pools.
The tool allows non-intrusively identifying, analyzing, and controlling the placement of individual allocations of the application. We use the tool to
analyze a set of benchmarks running on the Intel Sapphire Rapids platform with both HBM and DDR memory. The paper also contains an analysis
of the performance of both memory subsystems in terms of read/write bandwidth and latency. The key part of the analysis is to focus on
performance if both subsystems are used together. We show that only about 60% to 75% of the data must be placed in HBM memory to achieve
90% of the potential performance of the platform on those benchmarks.
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Abstract: Fluorographene, a monolayer form of carbon monofluoride, is a fluorinated graphene derivative with intriguing properties and serves as
a crucial precursor for synthesizing various graphene-based materials. Understanding its structural and chemical characteristics is essential for
harnessing its potential, yet many aspects of its structure remain far from fully understood. Common spectroscopic methods such as infrared
spectroscopy (IR) and X-ray photoelectron spectroscopy (XPS) face challenges in precisely assigning measured binding energies and IR signals to
specific atomic configurations. To address these ambiguities, we combined ab initio density functional theory calculations with experimental
approaches to model spectroscopic signatures of various conformations and structural defects in fluorographene. Additionally, we investigated the
structures of partially fluorinated graphene derivatives, C2F and C4F. Our theoretical insights guided the structural interpretation of an in-depth
characterization of two typical commercially available graphite fluoride samples using multiple techniques, including Fourier-transformed IR, XPS
with Ar+ ion beam etching, electron paramagnetic resonance, and nuclear magnetic resonance. Our findings highlight the valuable role of low-
frequency IR spectroscopy and establish a foundation for identifying key structural features through a combination of theoretical calculations and
spectroscopic experiments, applicable not only to fluorographene and fluorinated graphite but also in exploring structural characteristics of other
two-dimensional and layered materials.
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Abstract: We present a new way to detect 3D objects from multimodal inputs, leveraging both LiDAR and RGB cameras in a hybrid late-cascade
scheme, that combines an RGB detection network and a 3D LiDAR detector. We exploit late fusion principles to reduce LiDAR False Positives,
matching LiDAR detections with RGB ones by projecting the LiDAR bounding boxes on the image. We rely on cascade fusion principles to
recover LiDAR False Negatives leveraging epipolar constraints and frustums generated by RGB detections of separate views. Our solution can be
plugged on top of any underlying single-modal detectors, enabling a flexible training process that can take advantage of pre-trained LiDAR and
RGB detectors, or train the two branches separately. We evaluate our results on the KITTI object detection benchmark, showing significant
performance improvements, especially for the detection of Pedestrians and Cyclists. Code can be downloaded from:
https://github.com/CarloSgaravatti/HybridLateCascadeFusion.
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Abstract: Synthesizing polynitrogen compounds that remain stable at ambient conditions is particularly challenging because species beyond the N
equivalent to N triple bond are inherently unstable. In this study, we combine first-principles calculations with a machine-learning potential (MLP)
to investigate the ambient stability of planar cyclo-N4 units embedded in a two-dimensional t-FeN4 monolayer. Our results show that strong Fe-N
coordination inhibits N equivalent to N reformation, enabling the square cyclo-N4 motif to remain dynamically stable and covalently bonded
without high-pressure synthesis. Furthermore, this structure exhibits tunable magnetic anisotropy and a N & eacute;el temperature above 600 K,
indicating potential for room-temperature spintronic applications. The MLP also enables the simulation of systems comprising over 100,000 atoms,
including periodic sheets, nanoribbons, nanomatrices and nanosheets, revealing their structural integrity under thermal fluctuations. These results
demonstrate that two-dimensional confinement provides a promising route to stabilize exotic nitrogen topologies, linking quantum-mechanical
accuracy with mesoscale modelling for future spin-based technologies.
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controlling for gene-specific evolutionary rates
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Abstract: The faster-X/Z effect hypothesis states that genes linked to X/Z chromosomes should accumulate mutations faster than autosomal genes.
Although faster evolution of X/Z-linked genes has been reported in several plant and animal lineages, conflicting results have been reported in
others. We examined the faster-Z effect in chameleons of the genus Furcifer, a lineage with differentiated ZZ/ZW chromosomes for at least 20
million yr. We sequenced the genomes of four species of Furcifer chameleons in the Illumina platform and compared the substitution rates of
synonymous and non-synonymous mutations and their ratios among autosomal, Z-specific, and pseudoautosomal protein-coding genes. The
inclusion of two chameleon outgroups lacking the differentiated ZZ/ZW sex chromosomes allowed us to control for gene-specific evolutionary
rates that might confound the testing of the faster-X/Z effect. Significant differences in evolutionary rates were found between autosomal, Z-
specific, and pseudoautosomal genes of Furcifer chameleons. However, the inclusion of the outgroups with different sex chromosomes suggests
that these genes had different evolutionary rates prior to their incorporation into the differentiated ZZ/ZW sex chromosomes of the Furcifer genus.
The results highlight the need to control for differences in the evolutionary rates of individual genes when testing for the faster-X/Z effect.
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Abstract: Lithium-sulfur batteries (LSBs) have become a research hotspot for next-generation energy storage systems due to their high theoretical
energy density and low cost, however, the shuttle effect and slow reaction kinetics of polysulfides (LiPSs) severely limit their practical applications.
In this study, a strategy is proposed to synergistically suppress the shuttle effect while promoting the conversion of LiPSs by constructing flower-
like NiSe2-NiMoO4 heterostructure-modified separators. NiMoO4 effectively anchors LiPSs by virtue of its strong adsorption capacity, while the
difference in the work function of NiSe2 and NiMoO4 induces the formation of a built-in electric field, which significantly accelerates the kinetics
of interfacial charge transfer and transformation of LiPSs. Combined experimental and theoretical calculations demonstrate that the heterostructure
not only provides dual physical-chemical confinement for LiPSs, but also optimizes the Li2S deposition/dissociation process through electric-field
modulation. The cell with NiSe2-NiMoO4 separator exhibits an ultralow capacity decay rate of merely 0.064 % per cycle over 500 cycles at 0.5 C.
Furthermore, it demonstrates exceptional temperature adaptability, retaining 90.2 % and 70.9 % of its initial capacity after 150 cycles under low-
temperature (0 degrees C) and high-temperature (60 degrees C) conditions, respectively. Notably, the cell with NiSe2-NiMoO4 separator delivers a
high areal capacity of 5.6 mAh cm-2 even under a high sulfur loading of 6.4 mg cm-2, demonstrating excellent electrochemical performance under
practical electrode conditions. This work proposes a novel design strategy for high-performance LSBs interfaces by leveraging built-in electric
fields in heterojunction architectures.
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2025  Published Date: 2025 FEB 24  
Abstract: On-surface synthesis under ultra-high vacuum (UHV) conditions facilitates the fabrication of unique molecular compounds, replicating
established in-solution protocols. However, the intramolecular hydroamination and cyclization (IHC) of alkynes on surfaces remain unexplored due
to the challenges posed by the repulsion between the nitrogen lone pair and the alkyne pi-system. Here we describe the first on-surface IHC of
alkyne-functionalized molecular precursors in UHV environment on the Au(111) surface. Notably, the synthesis introduces two pyrrole groups into
the quinoidal-based precursor, enabling the formation of two fused pyrrolo-benzoquinonediimine compounds not achievable in solution chemistry.
To analyze the resulting reaction products, we utilized scanning tunneling microscopy and non-contact atomic force microscopy with single bond
resolution, comparing these products to those obtained through traditional solution methods. In parallel to the experimental results, we provide a
detailed computational description of the key role of single gold adatoms during the complete on-surface reaction.
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Source: ARCHIV DER PHARMAZIE  Volume: 358  Issue: 1  Article Number: e2400423  DOI: 10.1002/ardp.202400423  Published Date:
2025 JAN 13  
Abstract: The Takeda G protein-coupled receptor 5 (TGR5), also known as GPBAR1 (G protein-coupled bile acid receptor), is a membrane-type
bile acid receptor that regulates blood glucose levels and energy expenditure. These essential functions make TGR5 a promising target for the
treatment of type 2 diabetes and metabolic disorders. Currently, most research on developing TGR5 agonists focuses on modifying the structure of
bile acids, which are the endogenous ligands of TGR5. However, TGR5 agonists with nonsteroidal structures have not been widely explored. This
study aimed at discovering new TGR5 agonists using bile acid derivatives as a basis for a computational approach. We applied a combination of
pharmacophore-based, molecular docking, and molecular dynamic (MD) simulation to identify potential compounds as new TGR5 agonists.
Through pharmacophore screening and molecular docking, we identified 41 candidate compounds. From these, five candidates were selected based
on criteria including pharmacophore features, a docking score of less than 9.2 kcal/mol, and similarity in essential interaction patterns with a
reference ligand. Biological assays of the five hits confirmed that Hit-3 activates TGR5 similarly to the bile acid control. This was supported by
MD simulation results, which indicated that a hydrogen bond interaction with Tyr240 is involved in TGR5 activation. Hit-3 (CSC089939231)
represents a new nonsteroidal lead that can be further optimized to design potent TGR5 agonists.
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Abstract: Motivation Predicting protein-ligand binding sites is crucial in studying protein interactions with applications in biotechnology and drug
discovery. Two distinct paradigms have emerged for this purpose: sequence-based methods, which leverage protein sequence information, and
structure-based methods, which rely on the three-dimensional (3D) structure of the protein. Here, we analyze a hybrid approach that combines the
strengths of both paradigms by integrating two recent deep learning architectures: protein language models (pLMs) from the sequence-based
paradigm and Graph Neural Networks (GNNs) from the structure-based paradigm. Specifically, we construct a residue-level Graph Attention
Network (GAT) model based on the protein's 3D structure that uses pre-trained pLM embeddings as node features. This integration enables us to
study the interplay between the sequential information encoded in the protein sequence and the spatial relationships within the protein structure on
the model performance.Results By exploiting a benchmark dataset over a range of ligands and ligand types, we have shown that using the structure
information consistently enhances the predictive power of the baselines in absolute terms. Nevertheless, as more complex pLMs are used to
represent node features, the relative impact of the structure information represented by the GNN architecture diminishes. The above observations
suggest that although the use of the experimental protein structure almost always improves the accuracy of the prediction of the binding site,
complex pLMs still contain structural information that leads to good predictive performance even without the use of 3D structure.Availability and
implementation The datasets generated and/or analyzed during the current study, as well as pretrained models, are available in the following
Zenodo link https://zenodo.org/records/15184302. The source code that was used to generate the results of the current study is available in the
following GitHub repository https://github.com/hamzagamouh/pt-lm-gnn as well as in the following Zenodo link
https://zenodo.org/records/15192327.
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Abstract: Quantum computing, by leveraging the unique principles of quantum mechanics, offers transformative potential for biocatalysis and
related disciplines. Compared to classical algorithms, quantum algorithms deliver immense acceleration to quantum computers, making them suited
for tackling computationally challenging problems such as simulating many-body biomolecular systems or enzyme-catalysed chemical reactions.
However, current quantum hardware is constrained by noise, limited qubit coherence and high error rates, restricting its capacity to model complex
biochemical phenomena. Here we explore the rapidly advancing landscape of quantum computing and its future applications in the discovery and
rational engineering of biocatalysts. We identify key areas where quantum algorithms could surpass classical limitations, including the quantum
chemistry-based design of biocatalysts with enhanced catalytic activity or selectivity, parallelized mining of novel enzymes, accurate ancestral
sequence reconstruction, and combinatorial in silico protein evolution. Overcoming current hardware limitations could unlock transformative
advances in both fundamental enzymology and industrial bioprocessing.
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Abstract: The evaluation of cell tracking results steers the development of tracking methods, significantly impacting biomedical research. This is
quantitatively achieved by means of evaluation metrics. Unfortunately, current metrics favor local correctness and weakly reward global coherence,
impeding high-level biological analysis. To also foster global coherence, we propose the CHOTA metric (Cell-specific Higher Order Tracking
Accuracy) which unifies the evaluation of all relevant aspects of cell tracking: cell detections and local associations, global coherence, and lineage
tracking. We achieve this by introducing a new definition of the term 'trajectory' that includes the entire cell lineage and by including this into the
well-established HOTA metric from general multiple object tracking. Furthermore, we provide a detailed survey of contemporary cell tracking
metrics to compare our novel CHOTA metric and to show its advantages. All metrics are extensively evaluated on state-of-the-art real-data cell
tracking results and synthetic results that simulate specific tracking errors. We show that CHOTA is sensitive to all tracking errors and gives a good
indication of the biologically relevant capability of a method to reconstruct the full lineage of cells. It introduces a robust and comprehensive
alternative to the currently used metrics in cell tracking. Python code is available at https://github.com/CellTrackingChallenge/py-ctcmetrics.
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Abstract: Variational Quantum Eigensolver (VQE) and its extension, Variational Quantum Deflation (VQD), have emerged as promising
algorithms for computing ground and excited state energy eigenvalues of Hamiltonians, particularly in quantum physics, chemistry, and materials
science. Recently, the VQE and VQD algorithms were implemented to calculate the electronic band structure described by the tight-binding
Hamiltonian. Despite their success for simple models, scalability remains a challenge due to the need for a large number of circuit executions,
limited qubit coherence times, and low gate fidelities. In this work, we implemented the VQE and VQD algorithms for tight-binding models of
diamond and zincblende crystal structures (Sn, C, Si, Ge, AlP, AlAs, AlSb, and GaP) using a quantum computer simulator. We investigate the
scalability challenges, focusing on the significant overhead caused by a large number of quantum circuit executions required to find the energy
eigenvalues. Our analysis highlights the substantial amount of both measurement and optimization overheads in VQD, particularly as the number
of excited states increases. Based on our findings, we critically discuss the implications of implementing VQD on current noisy intermediate-scale
quantum (NISQ) devices.
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Abstract: We study for the first time the transverse momentum transfer distributions d6=dt in coherent production of charmonia in nuclear
ultraperipheral and electron-ion collisions within the QCD color dipole approach based on a rigorous Green function formalism. This allows us to
treat properly the color transparency effects, as well as the higher and leading-twist shadowing corrections associated with the Q Q<overline>) and
Q Q<overline>nG) Fock components of the photon. While the multigluon photon fluctuations represent the dominant source of nuclear shadowing
at kinematic regions related to the recent LHC and its future upgrade to LHeC, the upcoming electron-ion collider at RHIC will additionally require
the proper incorporation of reduced quark shadowing. The latter effect leads to a significant decrease in the differential cross sections d6=dt
compared to standard calculations based on the eikonal form for the dipole-nucleus amplitude. The leadingtwist shadowing corrections,
corresponding to a nonlinear QCD evolution of a partial dipole-nucleus amplitude, reduce substantially charmonium t-distributions in the LHeC
energy range. We predict a nonmonotonic energy dependence of d6=dt suggesting so possible gluon saturation effects with increased onset at larger
t-values. In addition to shadowing corrections, we study how the color transparency effects affect the shape of t-dependent nuclear modification
factor.
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Abstract: Epigenetic silencing is essential for regulating gene expression and cellular diversity in eukaryotes. While DNA and H3K9 methylation
silence transposable elements (TEs), H3K27me3 marks deposited by the Polycomb repressive complex 2 (PRC2) silence varying proportions of
TEs and genes across different lineages. Despite the major development role epigenetic silencing plays in multicellular eukaryotes, little is known
about how epigenetic regulatory networks were shaped over evolutionary time. Here, we analyze epigenomes from diverse species across the green
lineage to infer the chronological epigenetic recruitment of genes during land plant evolution. We first reveal the nature of plant heterochromatin in
the unicellular chlorophyte microalga Chlorella sorokiniana and identify several genes marked with H3K27me3, highlighting the deep origin of
PRC2-regulated genes in the green lineage. By incorporating genomic phylostratigraphy, we show how genes of differing evolutionary age occupy
distinct epigenetic states in plants. While young genes tend to be silenced by H3K9 methylation, genes that emerged in land plants are
preferentially marked with H3K27me3, some of which form part of a common network of PRC2-repressed genes across distantly related species.
Finally, we analyze the potential recruitment of PRC2 to plant H3K27me3 domains and identify conserved DNA-binding sites of ancient
transcription factor families known to interact with PRC2. Our findings shed light on the conservation and potential origin of epigenetic regulatory
networks in the green lineage, while also providing insight into the evolutionary dynamics and molecular triggers that underlie the adaptation and
elaboration of epigenetic regulation, laying the groundwork for its future consideration in other eukaryotic lineages.
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Abstract: This study integrates a Hermitian coupled-cluster downfolding technique with the Density Matrix Renormalization Group (DMRG)
method to accurately treat both static and dynamic correlations in complex electronic systems. By calculating ground-state energies of active-space
Hamiltonians via DMRG, we achieve efficient and accurate simulations of strongly correlated systems, demonstrated on molecular benchmarks
including N2, benzene, porphyrin, and tetramethyleneethane. This combined approach offers a promising advancement in computational chemistry
for complex chemical processes.
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Abstract: This study explores nanoparticle-assisted electron injection as a method for controlling beam charge in laser wakefield acceleration
through particle-in-cell simulations. We systematically investigate how the material (Li through Au) and size (50-200 nm) of nanoparticles
influence electron injection dynamics and beam charge. Our results demonstrate that beam charge (10-600 pC) can be effectively controlled by
adjusting these parameters. We identify a saturation threshold in the nanoparticle electric field strength, beyond which beam charge depends on the
total number of atoms in the nanoparticle rather than on the electron density after ionization. Significant electron injection occurs across multiple
plasma wave periods with distribution patterns influenced by nanoparticle properties, leading to increased beam charge but a broader energy
spread. These findings offer practical guidelines for experimental implementation of nanoparticle-assisted injection in laser wakefield accelerators
to tailor electron beam characteristics for various applications.
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Abstract: This study explores the thermodynamic and structural behaviors of linker peptides, short polypeptide segments that often bridge protein
domains. We are focusing on three prototypical classes-glycine-serine (GS), glycine-glycine (GG), and alanine-proline (AP)-and exploring their
conformational dynamics as isolated entities outside a multidomain protein context. Using extensive molecular dynamics (MD) simulations and
free energy perturbation (FEP) analyses, we characterize the free energy landscapes, entropic properties, and solvation energetics of 20
representative linkers. Our results reveal a pronounced linear relationship between linker length and key thermodynamic contributions, including
zero-point vibrational energy (ZPVE), potential energy, and entropy. Notably, vibrational entropy emerges as a dominant stabilizing term. We also
found that AP linkers display more rigid, yet extended conformations compared to the highly flexible GS and moderately flexible GG linkers.
These findings underscore the nuanced role of linker composition in contributing to multidomain protein architecture and dynamics, and highlight
how thermodynamic forces shape linker conformational behavior. Collectively, our work enhances the mechanistic understanding of protein
linkers, offering valuable insights for the rational design of peptide-based systems and informing future efforts to modulate interdomain flexibility
and stability in multidomain proteins.
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Abstract: Aims. We investigate the orbital decay of a massive BH embedded in a dark matter halo and a stellar bulge, using both analytical and
numerical simulations with the aim of developing and validating a reliable dynamical friction (DF) correction across simulation
resolutions.Methods. We developed a Python-based library to solve the equations of motion characterising the BH and we provided an analytical
framework for the numerical results. We carried out simulations at different resolutions and for a range of softening choices using the Tree-PM
code OpenGADGET3, where we implemented an improved DF correction based on a kernel-weighted local density estimation.Results. Our results
demonstrate that the DF correction significantly accelerates BH sinking and ensures convergence with increasing resolution, closely matching the
analytical predictions. We find that in low-resolution regimes, particularly when the BH mass is smaller than that of the background particles, our
DF model still effectively controls BH dynamics. Contrary to expectations, the inclusion of a stellar bulge can delay sinking due to numerical
heating. This effect can be partially mitigated by the DF correction.Conclusions. We conclude that our refined DF implementation provides a robust
framework for modeling BH dynamics both in controlled simulation setups of galaxies and in large-scale cosmological simulations. This approach
will be crucial for future simulation campaigns, enabling more accurate predictions of active galactic nucleus (AGN) accretion and feedback, while
allowing for the estimation of gravitational wave event rates.
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Abstract: Self-assembly of functionalized molecular building blocks is an effective and resource-saving bottom-up technique to generate multiple
superstructures with various functionality and morphologies. The nature of the molecule and the factors controlling the overall self-assembly
process are extremely vital in fundamental aspects of self-assembly, which deliver insights into the fabrication of multiple assemblies with specific
functionality. The self-assembly of suitably functionalized amino acids leads to the formation of diverse structures with distinct properties, making
them ideal bio-organic scaffolds for various applications. The present study reports, the pH and solvent polarity-induced self-assembly of 9-
fluorenylmethoxycarbonyl (Fmoc)-Tryptophan into various self-assembled superstructures with morphological individualities, explore the plausible
pathway of morphological transformation of Fmoc-Trp into multiple superstructures having a wide range of well-defined morphologies, including
spheres, hollow spheres, nanoflowers, nanosheets, nanorods, and cube-like structures, as characterized through conventional microscopic
techniques. Detailed UV-vis, fluorescence, powder X-ray diffraction analysis, and Fourier transform infrared analyses reveal significant insights
into the intermolecular interactions, which trigger the overall self-assembly process. The computational studies, including full geometry
optimization and molecular dynamics simulations, are conducted to investigate the aggregation properties of modified amino acids (Fmoc-Trp).
These studies highlight the crucial role of pi-pi stacking and hydrogen bonding in tuning the overall self-assembly with morphological variation.
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Abstract: Biomass pretreatment processes using organic solvents have historically been investigated for the separation of lignin from
lignocellulosic biomass. This research explores how the pretreatment process can be expanded to fractionate all biomass components from various
feedstock and waste streams and transform them into valuable bio-based molecules using green solvent mixtures and mild conditions. Using
experimental and computational investigation techniques, this study further expands on the use of the green solvent gamma-valerolactone (GVL) in
biomass fractionation processes. Combining both results, a complete biodiverse process for the fractionation of all biopolymers in lignocellulosic
biomass was achieved. This process yields lignin in native quality, very high purity and very high yield after a single extraction cycle at very mild
conditions. Additionally, lignin-free cellulose in very high purity and yield, and hemicellulose degradation products in very high yield and purity,
mainly xylose and glucose, can be separated during the process. These properties are essential for efficient valorization of the biopolymer products.
The fractionation process proved to be similarly efficient in every step for different biomasses and waste-stream biomasses. GVL could be
recovered and reused in every separation step and even be prepared from hemicellulose products, enabling a sustainable biomass dissolution cycle.
This cycle stands as a basis for producing valuable biopolymer molecules, from biodiverse origin, that can be further converted into quality
products for the chemical industry.
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Abstract: Unlike TiO2 and SnO2, room temperature ferromagnetism in pristine ZnO films does not appear to originate from oxygen vacancies. In
this study, we investigated thin films of ZnO deposited on R-cut Al2O3 by sputtering. The ZnO films were ferromagnetic, with a very high TC of
about 800 K and were quite magnetically homogenous. Our experiments were complemented by quantum-mechanical calculations of both bulk
wurtzite-structure ZnO and its (0001) surfaces, with and without Zn vacancies. While the bulk ground state and the bulk-terminated, vacancy-free
(0001) surfaces were non-magnetic, a higher concentration of Zn vacancies deep beneath the surface was shown to contribute magnetic moments to
the ferromagnetic state of ZnO.
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Abstract: The discovery of room-temperature ferromagnetism (FM) in pristine TiO2 films has sparked intense debate regarding its origin,
particularly in the absence of conventional magnetic dopants. Herein, for the first time, the FM of ultrathin TiO2 films grown on LaAlO3 (LAO)
substrates by Atomic Layer Deposition (ALD) is investigated, yielding TiO2 thicknesses of 1, 5, and 10 nm. The findings reveal a striking
thickness-dependent magnetic response, where the 5 nm films exhibit the highest ferromagnetic response, attributed to defect-driven mechanisms.
Structural and spectroscopic analyses, complemented by quantum mechanical calculations, highlight the critical role of oxygen vacancies and/or
defects, as well as the interface with LAO substrates, in modulating the observed FM. Notably, this work demonstrates that the ferromagnetic
behavior is confined to the in-plane direction, reinforcing the role of surface and interface effects. These insights establish that defects play a key
role in tuning the electronic and magnetic properties of ultrathin TiO2 films, paving the way for potential applications in next-generation magnetic
devices.
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Abstract: The delivery efficiency of biologics via lipid nanoparticles (LNPs) is critically dependent on the incorporation of ionizable lipids. The
subtle structural changes to these lipids led to dramatic variations in cytosolic delivery efficiency. However, beyond the pK a values of tertiary
amines in ionizable lipids, our understanding of the structure-activity relationships (SARs) between ionizable lipid spatial conformations and their
endosomal escape efficacies remains limited. Here, we constructed a library of 18 bioreducible ionizable lipids with varying numbers of alkyl tails,
ranging from two to four. We found that three-tailed ionizable lipids exhibited robust endosomal disruption and cytosolic delivery efficiency
compared to those of their counterparts with similar pK a values. Molecular dynamics simulations and 31P NMR spectroscopy show that the three-
tailed ionizable lipid adopts a characteristic cone-shaped structure, which upon interaction with endosomal phospholipids promotes the formation
of inverted hexagonal phases and facilitates endosomal membrane disruption. These results underscore that the number of alkyl tails in ionizable
lipids must be precisely tuned, as excessive tail branching may not linearly correlate with improved endosomal disruption. Our research contributes
to the mechanistic comprehension of ionizable lipids, highlighting that the spatial configuration serves as a critical design parameter governing
intracellular biologic transport.
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Abstract: The rising demand for digital storage and environmental concerns necessitate ultra-high-density, energy-efficient solutions. Atomic-scale
magnets (ASMs) based on transition metal (TM) dimers on defective graphene exhibit promising magnetic anisotropy energy (MAE) values,
providing a robust barrier against magnetization reversal. However, identifying optimal TM-substrate configurations is challenging when relying
solely on density functional theory (DFT) calculations with spin-orbit coupling. To address this, we developed a machine learning (ML) model
trained on scalar-relativistic DFT data using a tree-based gradient boosting approach. Our model implicitly captures key physical interactions from
second-order perturbation theory, ensuring reliable MAE predictions for systems beyond the training set. By bridging computational efficiency with
interpretability, this work contributes to the development of ASMs for spintronics and quantum materials, offering a pathway to next-generation
data storage technologies.
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Abstract: We investigate the spatial and temporal correlations of hot-electron generation in high-intensity laser interaction with massive and thin
copper targets under conditions relevant to inertial confinement fusion. Using K alpha time-resolved imaging, it is found that in the case of massive
targets, the hot-electron generation follows the laser pulse intensity with a short delay needed for favorable plasma formation. Conversely, a
significant delay in the x-ray emission compared with the laser pulse intensity profile is observed in the case of thin targets. Theoretical analysis
and numerical simulations suggest that this is related to radiation preheating of the foil and the increase in hot-electron lifetime in a hot expanding
plasma.
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Abstract: The design of micellar catalysts is instrumental in transferring metal-catalyzed organic reactions into aqueous reaction media and
enabling catalyst reuse. Herein, it is reported that phosphinoferrocene amidosulfonate Ph2PfcC(O)NHCH2SO3(HNEt3) (1, fc = ferrocene-1,1 '-
diyl) and its chlorogold(I) complex [AuCl(1-kappa P)] (8) form stable micelles in water. The latter compound is found to be an efficient, self-
activating catalyst for the gold-catalyzed cyclization of N-propargyl benzamide into 4,5-dihydro-5-methylene-2-phenyloxazole in a water-ethyl
acetate mixture. Structure determination of 8<middle dot>1/2 CH2Cl2 reveals extensive hydrogen bonding between the polar amidosulfonate
pendants, in line with the compound's surfactant-like behavior. Density functional theory calculations of the plausible LAu+ type catalyst suggest a
possible in situ self-activation of complex 8 in water via chloride loss, possibly facilitated by the amidosulfonate group and the formation of Au(I)-
aqua species.
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Abstract: Zeolites, such as MFI, are versatile microporous aluminosilicate materials that are widely used in catalysis and adsorption processes.
The location and the character of the aluminium within the zeolite framework is one of the important determinants of performance in industrial
applications, and is typically probed by 27Al NMR spectroscopy. However, interpretation of 27Al NMR spectra is challenging, as first-principles
computational modelling struggles to achieve the timescales and model complexity needed to provide reliable assignments. In this study, we deploy
advanced machine learning-based methods to help bridge the time and model complexity scale by first utilizing neural network interatomic
potentials to achieve significant speed-up in structure sampling compared to traditional density functional theory (DFT) approaches, and second by
training regression models to cost-effectively predict the 27Al chemical shifts. This allows us, for the H-MFI zeolite as a use case, to
comprehensively explore the effect of various conditions relevant to catalysis, including water loading, temperature, and the aluminium
concentration, on the 27Al chemical shifts. We demonstrate that both water content and temperature significantly affect the chemical shift and do so
in a non-trivial way that is highly T-site dependent, highlighting a need for adoption of realistic, case-specific models. We also observe that our
approach is able to achieve close to quantitative agreement with relevant experimental data for such a complex zeolite as MFI, allowing for the
tentative assignment of the experimental NMR peaks to specific T-sites. These findings provide a testament to the capabilities of machine learning
approaches in providing reliable predictions of important spectroscopic observables for complex industrially relevant materials under realistic
conditions.
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Abstract: Aim: This study aimed to evaluate bacteriome profiles (diversity, composition and relative abundances of bacterial genera) of the fluids
from apical periodontitis (AP)-related radicular cysts (RCs). Methodology: This observational study included 29 patients with AP and RC with
complete sample triplets (supragingival plaque, cryopulverized tooth and cystic fluid). The bacteriome profiles of each matrix as well as of negative
controls (NCs) were examined using 16S rRNA amplicon sequencing. Results: Bacteriome profiles of cystic fluids differed from NCs in 79% of
cases. The number of distinct amplicon sequence variants and Shannon index detected in cystic fluids and cryopulverized teeth were significantly
lower than in paired supragingival plaque samples. Gram-negative genera and anaerobic genera were more abundant in cystic fluids than in paired
cryopulverized teeth or their supragingival plaques. The relative abundances of the genera Prevotella_7/Prevotella, Fusobacterium and
Porphyromonas were higher in cystic fluids than in paired cryopulverized teeth and NCs; their relative abundances dominated (>20%) in individual
cystic fluids. Also, DNA from the genus Fretibacterium was significantly more commonly found in cryopulverized teeth and cystic fluids than in
supragingival plaque samples. The relative abundances of this gram-negative bacterial genera in cryopulverized teeth differed from NCs; the
difference from cystic fluids was borderline insignificant. Conclusions: Although the alpha-diversity in the cystic fluids is much lower compared to
supragingival plaques, most cystic fluids are not sterile. DNA from specific anaerobic gram-negative bacterial genera dominated the fluids from
AP-related RCs.
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Abstract: In the present work, we examine how the recent quantum-computing algorithm known as the state-average orbital-optimized variational
quantum eigensolver (SA-OO-VQE), viewed within the context of quantum chemistry as a type of multiconfiguration self-consistent field
(MCSCF) electronic-structure approach, exhibits a propensity to produce an ab initio quasi-diabatic representation "for free" if considered as a
least-transformed block-diagonalization procedure, as alluded to in our previous work (Yalouz, S. et al. J. Chem. Theory Comput. 2022, 18, 776-
794) and thoroughly assessed herein. To this end, we introduce intrinsic and residual descriptors of diabaticity and re-explore the definition and
linear-algebra properties, as well as their consequences on the vibronic nonadiabatic couplings, of an optimal diabatic representation within this
context and how much one may deviate from it. Such considerations are illustrated numerically in the prototypical case of formaldimine, which
presents a well-known conical intersection between its ground and first-excited singlet electronic states.
Accession Number: WOS:001494666600001
PubMed ID: 40408769
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
SENJEAN, Bruno  AAY-1602-2020  0000-0003-1706-015X 
Beseda, Martin  PEV-9849-2025  0000-0001-5792-2872 
YALOUZ, SAAD    0000-0002-8818-3379 
Illésová, Silvie    0009-0002-5231-3714 
Lasorne, Benjamin A-3105-2013   
ISSN: 1549-9618
eISSN: 1549-9626

Record 250 of 502
Title: Identical Fe-N<sub>4</sub> Sites with Different Reactivity: Elucidating the Effect of Support Curvature
Author(s): Jakub, Z (Jakub, Zdenek); Planer, J (Planer, Jakub); Hruza, D (Hruza, Dominik); Shahsavar, A (Shahsavar, Azin); Pavelec, J (Pavelec,
Jiri); Cechal, J (Cechal, Jan)
Source: ACS APPLIED MATERIALS & INTERFACES  Volume: 17  Issue: 6  Pages: 10136-10144  DOI: 10.1021/acsami.4c19913  Early
Access Date: JAN 2025  Published Date: 2025 JAN 29  
Abstract: Detailed atomic-scale understanding is a crucial prerequisite for rational design of next-generation single-atom catalysts (SACs).
However, the sub-& aring;ngstrom precision needed for systematic studies is challenging to achieve on common SACs. Here, we present a two-
dimensional (2D) metal-organic system featuring Fe-N4 single-atom sites, where the metal-organic structure is modulated by 0.4 & Aring;
corrugation of an inert graphene/Ir(111) support. Using scanning tunneling microscopy and density functional theory, we show that the support
corrugation significantly affects the reactivity of the system, as the sites above the support "valleys" bind TCNQ (tetracyanoquinodimethane)
significantly stronger than the sites above the "hills". The experimental temperature stability of TCNQ varies by more than 60 degrees C, while
computations indicate more than 0.3 eV variation of TCNQ adsorption energy across the Fe-N4 sites placed atop different regions of the corrugated
graphene unit cell. The origin of this effect is steric hindrance, which plays a role whenever large molecules interact with neighboring single-atom
catalyst sites or when multiple reactants coadsorb on such sites. Our work demonstrates that such effects can be quantitatively studied using model
SAC systems supported on chemically inert and physically corrugated supports.
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Abstract: This paper describes the search for an alternative approach to the automatic categorization of camera trap images. First, we benchmark
state-of-the-art classifiers using a single model for all images. Next, we evaluate methods combining MegaDetector with one or more classifiers
and Segment Anything to assess their impact on reducing location-specific overfitting. Last, we propose and test two approaches using large
language and foundational models, such as DINOv2, BioCLIP, BLIP, and ChatGPT, in a zero-shot scenario. Evaluation carried out on two publicly
available datasets (WCT from New Zealand, CCT20 from the Southwestern US) and a private dataset (CEF from Central Europe) revealed that
combining MegaDetector with two separate classifiers achieves the highest accuracy. This approach reduced the relative error of a single BEiTV2
classifier by approximately 42% on CCT20, 48% on CEF, and 75% on WCT. Besides, as the background is removed, the error in terms of accuracy
in new locations is reduced to half. The proposed zero-shot pipeline based on DINOv2 and FAISS achieved competitive results (1.0% and 4.7%
smaller on CCT20, and CEF, respectively), which highlights the potential of zero-shot approaches for camera trap image categorization.
Accession Number: WOS:001544978100003
Conference Title: 18th European Conference on Computer Vision (ECCV)
Conference Date: SEP 29-OCT 04, 2024
Conference Location: Milan, ITALY
Conference Sponsors: AIM Group
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Vyskočil, Jiří    0000-0002-6443-2051 
Picek, Lukas  HLX-8615-2023  0000-0002-6041-9722 
ISSN: 0302-9743
eISSN: 1611-3349
ISBN: 978-3-031-92386-9; 978-3-031-92387-6

Record 252 of 502
Title: Pd-catalysed C-H bond functionalisation route to 1,2-dihydroferroceno[<i>c</i>]isoquinoline and its annellated derivatives and the
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Abstract: C-H bond functionalisation has developed into a powerful synthetic methodology that is applicable to a wide array of substrates,
including organometallic compounds. In this study, racemic, planar-chiral 1,2-dihydroferroceno[c]isoquinoline and analogous helical compounds
with one or two additional ortho-fused benzene rings were synthesised by palladium-catalysed C-H bond activation/cyclisation of N-
[(bromoaryl)methyl]-N-(methylsulfonyl)aminoferrocenes. These starting materials are readily accessible from FcNHSO2Me (Fc = ferrocenyl) and
appropriate vicinal bromo-(bromomethyl)arenes. The racemic products were successfully enantioseparated using chiral chromatography and the
representative compound, 1,2-dihydro-2-(methylsulfonyl)ferroceno[c]isoquinoline, was converted to the unstable ferroceno[c]isoquinoline and
further used to prepare a heterobimetallic, Fe/Ru bis-metallocene complex via a reaction with [(eta 5-C5Me5)Ru(MeCN)3][PF6]. All compounds
were characterised by spectroscopic methods (NMR, FTIR, and UV-vis) and mass spectrometry and, in most cases, the structures were determined
by single-crystal X-ray diffraction analysis. In addition, the representative compounds were examined by cyclic voltammetry, and the results were
rationalised with the aid of DFT calculations.
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Abstract: Focal cortical dysplasia (FCD) is the leading cause of drug-resistant epilepsy (DRE) in pediatric patients. Accurate detection of FCDs is
crucial for successful surgical outcomes, yet remains challenging due to frequently subtle MRI findings, especially in children, whose brain
morphology undergoes significant developmental changes. Automated detection algorithms have the potential to improve diagnostic precision,
particularly in cases, where standard visual assessment fails. This study aimed to evaluate the performance of automated algorithms in detecting
FCD type II in pediatric patients and to examine the impact of adult versus pediatric templates on detection accuracy. MRI data from 23 surgical
pediatric patients with histologically confirmed FCD type II were retrospectively analyzed. Three imaging-based detection algorithms were applied
to T1-weighted images, each targeting key structural features: cortical thickness, gray matter intensity (extension), and gray-white matter junction
blurring. Their performance was assessed using adult and pediatric healthy controls templates, with validation against both predictive radiological
ROIs (PRR) and post-resection cavities (PRC). The junction algorithm achieved the highest median dice score (0.028, IQR 0.038, p < 0.01 when
compared with other algorithms) and detected relevant clusters even in MRI-negative cases. The adult template (median dice score 0.013, IQR
0.027) significantly outperformed the pediatric template (0.0032, IQR 0.023) (p < 0.001), highlighting the importance of template consistency.
Despite superior performance of the adult template, its use in pediatric populations may introduce bias, as it does not account for age-specific
morphological features such as cortical maturation and incomplete myelination. Automated algorithms, especially those targeting junction blurring,
enhance FCD detection in pediatric populations. These algorithms may serve as valuable decision-support tools, particularly in settings where
neuroradiological expertise is limited.
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Abstract: We provide new line-driven wind models for OB stars with metallicities down to 0.01 Z(circle dot). The models were calculated with
our global wind code METUJE, which solves the hydrodynamical equations from nearly hydrostatic photosphere to supersonically expanding
stellar wind together with the equations of statistical equilibrium and the radiative transfer equation. The models predict the basic wind parameters,
namely, the wind mass-loss rates and terminal velocities just from the stellar parameters. In general, the wind mass-loss rates decrease with
decreasing metallicity and this relationship steepens for very low metallicities, Z less than or similar to 0.1 Z(circle dot). Down to metallicities
corresponding to the Magellanic Clouds and even lower, the predicted mass-loss rates reasonably agree with observational estimates. However, the
theoretical and observational mass-loss rates for very low metallicities exhibit significant scatter. We show that the scatter of observational values
can be caused by inefficient shock cooling in the stellar wind, which leaves a considerable fraction of the wind at too high temperatures with
waning observational signatures. The scatter of theoretical predictions is caused by a low number of lines that effectively accelerate the wind at
very low metallicities.
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Abstract: The vacancies and interstitials produced in high-energy collision cascades of irradiated tungsten can form prismatic dislocation loops
with Burgers vectors 1/2(11 1) and (100). The 1/2(1 11) loops are very mobile, and their mobility is essential for the microstructure development of
irradiated materials, It is a key parameter for predictive models such as kinetic Monte Carlo. We investigated the mobility of 1/2(111) vacancy and
interstitial hexagonal loops as a function of their size using the recent embedded-atom method tungsten potential. The phonon drag phenomenon
occurs at high temperatures and can be separated during post-processing from the thermally activated motion. The magnitude of the phonon drag at
300 K was evaluated and appeared to be critical for single interstitial atoms, with a nearly ten-fold increase of their diffusion, while dislocation
loops are less influenced.
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Abstract: This study investigates the dynamics of jet formation from a viscous, resistive accretion disk around a young stellar object using MHD
simulations with the PLUTO code. We conducted an in-depth analysis of electric currents from various perspectives to elucidate how their
dynamics, influenced by saturated thermal conduction, impact jet acceleration and collimation processes. Our simulations confirm the butterfly
topology of electric current lines, as predicted by earlier analytic models. Crucially, increasing the saturation parameter phi(s) alters the current line
topology: higher saturation enhances collimation in the inner disk regions while inducing decollimation in the outer regions. By the end of our
simulations (t = 700, similar to 112 rotational periods), higher phi(s) results in a faster and more collimated jet compared to its lower phi(s)
counterpart, whereas at earlier times (t = 200, similar to 32 rotational periods), the jet exhibits lower acceleration despite enhanced collimation. In
our reference case, we find that the electric current lines connect the launching region to the Alfven and fast magnetosonic surfaces from early
times, confirming the effectiveness of the acceleration mechanism at the onset of jet formation. Our study reveals that the upper jet regions are
transitioning toward Kelvin-Helmholtz instability (KHI), while the jet base continues to exhibit wave activity. At t = 700, doubling the saturation
parameter reduces these oscillations and suppresses KHI, indicating faster plasma propagation. Analysis of the vertical profile of the current
density, J(z), shows a clear correlation between increased saturation and both enhanced jet acceleration and current density. Furthermore, the ratio
of electric currents at the Alfven point, I-A, and sub-magnetosonic point, Is(m,) indicates that higher saturation significantly improves the
efficiency of matter propulsion and energy transfer within the jet.
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Abstract: The Canadian province of Alberta contains substantial oilsands reservoirs, consisting of bitumen, clay and sand. Extracting oil involves
separating bitumen from inorganic particles using hot water and chemical diluents, resulting in liquid tailings waste with ecotoxicologically
significant compounds. Ongoing efforts aim to reclaim tailings-affected areas, with protist colonisation serving as one assessment method of
reclamation progress. Oilsands-associated protist communities have mainly been evaluated using amplicon sequencing of the 18S rRNA V4 region;
however, this barcode may overlook important protist groups. This study examined how community assessment methods between the V4 and V9
regions differ in representing protist diversity across four oilsands-associated environments. The V9 barcode identified more operational
taxonomical units (OTUs) for Discoba, Metamonada and Amoebozoa compared with the V4. A comparative shotgun metagenomics approach
revealed few eukaryotic contigs but did recover a complete Paramicrosporidia mitochondrial genome, only the second publicly available from
microsporidians. Both V4 and V9 markers were informative for assessing community diversity in oilsands-associated environments and are most
effective when combined for a comprehensive taxonomic estimate, particularly in anoxic environments.
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Abstract: Species distribution models (SDMs), broadly referring to both species distribution and ecological niche modelling frameworks, are
widely used to predict habitat suitability. However, their performance can be biased by uneven sampling effort in occurrence data. Building on two
existing approaches, we propose a novel method for sampling bias correction, consisting of the estimation of observer kernel densities for
individual species and their subsequent weighting according to the relative contribution of individual observers to the total number of focus species
presences. This approach, the 'presence-weighted observer-oriented approach' (PW-OOA), aimed to provide a better estimation of sampling effort,
thus further improving SDM prediction performance. Using bird occurrence data from the Czech Republic, we modelled the distributions of 109
species using four approaches to bias correction: spatial thinning of species presences (STSP), target group occurrences background (TGOB),
TGOB+ (tuned up by adjusting kernel smoothing bandwidths) and the new PW-OOA method. We compared the results with simple random
background sampling. Models were evaluated using independent reference (presence-absence) data. The PW-OOA method outperformed the other
approaches, with the greatest improvement detected for species with higher prevalence. However, as internal validation can be misleading with
biased occurrences, we recommend TGOB+ as the most robust approach without independent data; with such data, PW-OOA is superior. While no
single optimal combination of bandwidth and observers' weights was identified across species, the PW-OOA method provides a flexible framework
to account for observer-specific sampling biases. This study demonstrates the crucial importance of considering the behavior of individual
observers and sampling intensity smoothing when correcting for sampling bias in SDMs based on unstructured opportunistic occurrence data.
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Abstract: Hybrid zones provide excellent opportunities to study evolutionary processes linked to interspecific gene flow, including introgression,
genetic erosion, polyploid establishment, and speciation. The genus Cardamine (Brassicaceae) serves as an excellent model for polyploid evolution,
including one of the few well-documented neo-allopolyploid species that have evolved in the last 300 yr. Using a combination of flow cytometric
screening of nuclear DNA content, next-generation restriction site-associated DNA sequencing, and genomic in situ hybridization, we uncovered an
unprecedented case of extensive interspecific hybridization in Cardamine, involving four parental species and their predominantly triploid
offspring. We demonstrate the recurrent and polytopic origins of both autotriploids and allotriploids, the latter integrating different parental
genomes. Our findings highlight Cardamine rivularis as a central player in this system, likely producing unreduced female gametes at a high rate,
which drives the formation of diverse triploids. However, this species may also face the risk of genetic swamping and ecological displacement. The
substantial genetic variation of the hybrids, their high frequency, partial fertility, and efficient clonal spread suggest significant evolutionary
potential. Overall, we propose that these hybrid zones provide a rare and valuable natural laboratory for studying the emergence of neo-
allopolyploids and the mechanisms shaping polyploid evolution.
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Abstract: The low-temperature oxidation of hexagonal boron nitride (h-BN) during oxidative dehydrogenation of propane (ODHP) is investigated
using a combination of experimental techniques and theoretical modeling. This study explores the role of gas-phase radicals, such as n-propyl and
hydroxyl radicals, in initiating the oxidation process, leading to the formation of oxygen-functionalized h-BN edges. Using ab initio molecular
dynamics (AIMD) and density functional theory (DFT) calculations, we reveal the mechanism of h-BN oxidation, including hydrogen abstraction,
molecular oxygen adsorption, and nitrogen oxide desorption. Experimental results confirm that oxidation occurs only in the presence of both
oxygen and propane, demonstrating a critical dependence on reactor geometry on gas-phase radical generation. The oxidation process leads to the
incorporation of oxygen into h-BN, forming boron oxyhydroxide phases that influence catalytic activity. These findings provide new insights into
h-BN behavior under ODHP conditions and offer guidance for optimizing boron-based catalysts for selective alkane dehydrogenation.
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Abstract: Differences in the chemical properties of phosphorus and antimony enable the synthesis of heteroditopic derivatives whose properties
can be modified by altering the pnictogen substituents. In this work, 1-(diphenylstibino)-2-(dicyclohexylphosphino)ferrocene, [Fe(eta 5-1-Ph2Sb-2-
Cy2PC5H3)(eta 5-C5H5)] (1), and the corresponding phosphine chalcogenides [Fe(eta 5-1-Ph2Sb-2-Cy2P(E)C5H3)(eta 5-C5H5)] (E = O, S, Se)
and catecholatostiboranes [Fe(eta 5-1-Ph2(Cl4C6O2)Sb-2-Cy2P(E)C5H3)(eta 5-C5H5)] (E = void, O, S, Se) were examined, with a focus on the
intramolecular donor-acceptor interactions between the antimony and the phosphorus substituents. Experimental data and theoretical analysis
consistently indicated that these interactions can be described as pnictogen bonding between the Lewis acidic antimony and the lone pair at the
phosphorus substituent (either at the phosphorus or at the chalcogen atom) and that they are significantly stronger in the stiboranes due to the
increased Lewis acidity of the Sb atom. Noncovalent interactions were also observed in the chlorogold(I) complexes obtained from 1 and
catecholatostiborane [Fe(eta 5-1-Ph2(Cl4C6O2)Sb-2-Cy2PC5H3)(eta 5-C5H5)] as P-donors. As shown by experiments in Au-mediated cyclization
of N-propargylbenzamide, the noncoordinated antimony group influenced the catalytic properties of the Au(I) complexes. Notably, an
intramolecular Cl -> Sb pnictogen bond affected the molecular geometry of the Pd(II) complex [PdCl2(1-kappa 2 P,Sb)], which in turn suggested
that the structural influence exerted by ligands of this type needs to be assessed with care.
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Abstract: In this paper, we present photometric observations and period analysis of two totally eclipsing binaries with extremely low-amplitude
light curves. Both binaries exhibit typical W Ursae Majoris-type light curves with total eclipses, allowing for the precise determination of the mass
ratios. Light-curve solutions were derived using the Python package PHysics Of Eclipsing BinariEs in combination with a Markov Chain Monte
Carlo framework. Both WISE J053525.4-200442 (hereafter J053525) and ASASSN-V J175200.35+361805.2 (hereafter J175200) are identified as
shallow contact binaries with ultralow mass ratios. Specifically, J053525 exhibits a mass ratio of q approximate to 0.124 and a marginal contact
degree of f similar to 22%, while J175200 has q approximate to 0.027 and a contact degree of f similar to 13%. Notably, J175200 represents the
most extreme mass ratio observed in contact binaries to date. However, due to degeneracies between mass ratio and third-light contributions in
purely photometric analyses, the derived mass ratios should be interpreted as lower limits, especially for J175200. The evolutionary states of these
systems differ significantly. For J053525, a long-term period decrease is detected, with the orbital period derivative calculated as dPdt=-1.99x10-
6day yr-1 . In contrast, J175200 shows a period increase: dPdt=1.93x10-7day yr-1 . These contrasting period trends may be indicative of ongoing
mass transfer; however, alternative explanations such as third-body effects cannot be ruled out. Nevertheless, the combination of their ultralow
mass ratios, shallow contact configurations, and apparent period evolution highlights their unique value in testing mass ratio theories and the
thermal relaxation oscillation hypothesis.
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Abstract: A novel, cost-effective and environment-friendly method for fabrication of highly efficient surface-enhanced Raman spectroscopy
(SERS) substrates is introduced. It is based on high-voltage spark discharges between a metal pin and a conductive substrate distributed across the
desired area with the aid of a 3D positioning device. The developed substrates were characterized using dark-field microscopy, SEM, UV-VIS
reflectance, and cyclic voltammetry; the pin movement pattern and velocity during sparking were optimized with respect to SERS efficiency using
high-throughput evaluation of dense Raman maps. The optimized substrates achieved the limit of detection of 6.85x10(-12) M (better than 0.01
ppb) for adenine, chosen as benchmark molecule because of its affinity to silver and gold without exhibiting resonant properties in the visible
range. To demonstrate versatility of the spark discharge-prepared SERS probes, spectra of selected bio-relevant derivatives of adenine have been
successfully acquired at low concentration.
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Abstract: Two chiral bambusurils, which are diastereomers to each other, show remarkable differences in their binding affinity and selectivity
toward inorganic anions as determined by isothermal titration calorimetry. These differences are explained by quantum-chemical calculations.
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Abstract: Elemental sulfur has garnered significant attention due to its low cost and high theoretical capacity; however, its reliance on ether
electrolytes leads to the formation of soluble polysulfides, thereby limiting its application. Sulfur-rich transition metal polysulfides demonstrate
potential as sulfur-equivalent cathodes to replace conventional sulfur in alkali metal-sulfur batteries; however, adequate research in this area
remains unrevealed. In this study, we investigate the Nb4P2S21 in carbonate, ether, and ionic liquid electrolytes for sodium-ion battery testing. The
material exhibits a high discharge capacity exceeding 1000 mAh/g and a prolonged discharge plateau at low potentials in both ether and carbonate
electrolytes, same with other high-capacity phosphorus sulfide anodes via conversion reactions. When switching to the NaTFSI/[Emim]TFSI ionic
liquid electrolyte, 96.3% of the initial discharge capacity in the 0-3 V range is retained above 0.8 V, with the suppression of low-voltage redox
activity. This shift is attributed to the cointercalation of Na+ and Emim(+) ions, preventing the materials from deep sodiation at lower voltage
range. The incorporation of Mo2CTx MXene into the material further reduces electrochemical polarization and enhances cycle stability. During
100 cycles, a self-activation phenomenon occurs, resulting in a maximum capacity of 384 mAh/g, while the median voltage remains above 1.5 V,
predominantly governed by a pair of reversible redox peaks. X-ray photoelectron spectroscopy (XPS) and high-resolution transmission electron
microscopy (HRTEM) analyses of postcycled material confirm the structural and compositional stability of the material during cycling. This study
advances the understanding of sulfur-rich materials in sodium-ion batteries across various electrolytes, particularly ionic liquids.
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Abstract: Transfer RNAs (tRNAs) serve as a dictionary for the ribosome translating the genetic message from mRNA into a polypeptide chain. In
addition to this canonical role, tRNAs are involved in other processes such as programmed stop codon readthrough (SC-RT). There, tRNAs with
near-cognate anticodons to stop codons must outcompete release factors and incorporate into the ribosomal decoding center to prevent termination
and allow translation to continue. However, not all near-cognate tRNAs promote efficient SC-RT. Here, with the help of Saccharomyces cerevisiae
and Trypanosomabrucei, we demonstrate that those tRNAs that promote efficient SC-RT establish critical contacts between their anticodon stem
(AS) and ribosomal proteins Rps30/eS30 and Rps25/eS25 forming the decoding site. Unexpectedly, the length and well-defined nature of the AS
determine the strength of these contacts, which is reflected in organisms with reassigned stop codons. These findings open an unexplored direction
in tRNA biology that should facilitate the design of artificial tRNAs with specifically altered decoding abilities.
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Abstract: The high computational cost of computing the conductance of single molecule junctions with standard methods based on Density-
Functional Theory and Non-Equilibrium Green's Functions (DFT-NEGF) limits its application to only a few junction geometries. Thus,
calculations probing the variability of conductance using geometries from Molecular Dynamics simulations must often resort to approximate
descriptions of the electronic structure. We describe the implementation in the SIESTA code of a method that allows for the fast computation of
junction conductance from Molecular Dynamics geometries without a simplified description of the electronic structure. Its efficiency comes from
considering small Au-molecule-Au clusters, which properly capture variations in conductance arising from changes in molecular conformation.
After scaling with a few DFT-NEGF calculations, the conductance of tens of thousands of junction geometries can be accurately computed at the
DFT level more than 2 orders of magnitude faster than with DFT-NEGF. Coupled with MD simulations at room temperature, it is used here to
quantify the role of benzene ring rotations in conductance using the ensemble of geometries from the junction dynamics in paradigmatic single
molecule junctions.
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Abstract: Recently developed synthetic protocols for the preparation of lambda 3-phosphanaphthalenes have broadened the general scope of
organophosphorus chemistry, but a versatile protocol is still missing. Here, we describe a scalable synthetic approach for the construction of
various substituted phosphanaphthalenes. We have obtained 11 derivatives through rigorous study and have demonstrated the robustness of this
method. The optical properties of these phosphorus compounds and their aza and carbo analogues have been experimentally compared. Here, we
show the power of the method in extending the synthesis to even larger polycyclic aromatic systems with embedded phosphine rings toward its
potential applicability to materials science.
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Abstract: Cr coatings, as protective coatings of Zr-alloy fuel claddings, inevitably suffer from irradiation damage before they would possibly run
into the accident condition. This study evaluates the radiation and oxidation tolerance of three Cr-based coatings with different microstructures (Cr,
CrAlSi, and CrAlSiN) through He2 + ion irradiation and 1200 degrees C steam oxidation. The Cr and CrAlSi coatings experienced significant
structural degradation, characterized by He bubble aggregation and amplified Kirkendall effects at elevated temperatures. In contrast, the irradiated
CrAlSiN coating maintained structural integrity without measurable irradiation hardening. Following annealing at 800 degrees C for 30 min,
approximately 40 % of injected He atoms were released, indicating a "self-healing" mechanism. The mechanism is attributed to uniformly
distributed, low-density channels that act as sinks and release paths for irradiation-induced defects. Density functional theory simulations suggest
that N atoms promote significant rearrangement of ions surrounding the free volume, inhibiting the formation of sites capable of trapping He atoms.
Moreover, the CrAlSiN coating exhibited superior oxidation resistance compared to the Cr and CrAlSi coatings, even under high-temperature
steam conditions. Notably, the irradiated CrAlSiN sample displayed a significantly thinner oxide scale compared to the pristine one (almost half),
owing to a more protective oxide scale and rapid outward diffusion of Cr, Al, and Si through nanochannel veins. These findings illuminate the
effects of structure and composition on irradiation and oxidation behavior in Cr-based coatings, offering insights for developing new-generation
accident-tolerance fuel coatings for Zr-alloy claddings. (c) 2024 Published by Elsevier Ltd on behalf of The editorial office of Journal of Materials
Science & Technology.
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Abstract: We present the Virtual Beamline (VBL) application, an interactive web-based platform for visualizing high-intensity laser-matter
interactions using particle-in-cell (PIC) simulations, with future potential for experimental data visualization. These interactions include ion
acceleration, electron acceleration, gamma-flash generation, electron-positron pair production, and attosecond and spiral pulse generation.
Developed at the ELI Beamlines facility, VBL integrates a custom-built WebGL engine with WebXR-based Virtual Reality (VR) support, allowing
users to explore complex plasma dynamics in non-VR mode on a computer screen or in fully immersive VR mode using a head-mounted display.
The application runs directly in a standard web browser, ensuring broad accessibility. VBL enhances the visualization of PIC simulations by
efficiently processing and rendering four main data types: point particles, 1D lines, 2D textures, and 3D volumes. By utilizing interactive 3D
visualization, it overcomes the limitations of traditional 2D representations, offering enhanced spatial understanding and real-time manipulation of
visualization parameters such as time steps, data layers, and colormaps. Users can interactively explore the visualized data by moving their body or
using a controller for navigation, zooming, and rotation. These interactive capabilities improve data exploration and interpretation, making VBL a
valuable tool for both scientific analysis and educational outreach. The visualizations are hosted online and freely accessible on our server,
providing researchers, the general public, and broader audiences with an interactive tool to explore complex plasma physics simulations. By
offering an intuitive and dynamic approach to large-scale datasets, VBL enhances both scientific research and knowledge dissemination in high-
intensity laser-matter physics.
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Abstract: Cross-lingual knowledge transfer, especially between high- and low-resource languages, remains challenging in natural language
processing (NLP). This study offers insights for improving cross-lingual NLP applications through the combination of parameter-efficient
finetuning methods. We systematically explore strategies for enhancing cross-lingual transfer through the incorporation of language-specific and
task-specific adapters and soft prompts. We present a detailed investigation of various combinations of these methods, exploring their efficiency
across 16 languages, focusing on 10 mid- and low-resource languages. We further present to our knowledge the first use of soft prompts for
language transfer, a technique we call soft language prompts. Our findings demonstrate that in contrast to claims of previous work, a combination
of language and task adapters does not always work best; instead, combining a soft language prompt with a task adapter outperforms most
configurations in many cases.
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Abstract: Adolescent and young adults (AYAs) with chronic myeloid leukemia in chronic phase (CML-CP) reportedly respond worse to tyrosine
kinase inhibitors (TKIs) than adults, potentially due to additional genetic abnormalities, including mutations in cancer-related genes (CRGs). This
real-life study compared mutation profiles and their impact on outcomes in 80 AYA, 97 adult, and 16 pediatric CML-CP patients, alongside 81
BCR::ABL1-positive acute lymphoblastic leukemia (Ph+ ALL) patients. CRG mutations were more frequent in AYAs (25.0%) than in adults
(19.6%) or children (12.5%). AYAs with Ph+ ALL exhibited higher mutational frequencies (53.3%) compared to children (26.7%) and adults
(38.9%). At diagnosis, mutations in ASXL1, DNMT3A, and TET2 dominated in CML-CP and RUNX1, IKZF1, and BCR::ABL1 in Ph+ ALL.
ASXL1 mutations correlated with reduced progression-free survival (PFS) in AYAs and adults. Unlike adults, AYAs showed no increase in
BCR::ABL1 kinase domain mutations during TKI therapy. Nilotinib improved PFS in AYAs with ASXL1 mutations, highlighting the efficacy of
higher-generation TKIs. ASXL1 mutations also impaired erythropoiesis, warranting further validation. Despite a higher mutational burden, AYAs
did not exhibit worse prognoses than adults. Lower mutation rates at follow-up suggest potential impact of nilotinib. Mutation profiling and
optimized TKI use are crucial to mitigate progression risks in CRG-mutated patients.
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Abstract: This work presents the synthesis of five novel pyridopyrazine derivatives (PPDs) PP1-PP5. These PPDs have high quantum yields (Phi)
up to 0.87 in solid and solution states. This dual-state emissive behavior was supported by AIEE properties. Single crystal X-ray diffraction
(SCXRD) studies confirmed the absence of pi-pi stacking interactions in the unit cell. The SCXRD analysis of PP4 also revealed a twisted
conformation and herringbone packing arrangement. All pyridopyrazine derivatives detected TFA reversibly in solution and the powdered state.
Probe PP2 was also incorporated in the guar-gum borax hydrogel matrix and could detect TFA in the gel phase with a color change from blue to
yellow. These PPDs were also exploited for their metal sensing abilities and could selectively sense Hg2+ ions with detection limits in ppm.
Theoretical studies were also raised to support experimental findings. The changes in emissive properties with increasing temperature from 30
degrees C to 80 degrees C were also studied for these PPDs.
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(Jenkins, Jerry W.); Juery, C (Juery, Caroline); Kumar, M (Kumar, Manish); Kustka, AB (Kustka, Adam B.); Maumus, F (Maumus, Florian);
Vanclová, AMGN (Novak Vanclova, Anna M. G.); Oborník, M (Obornik, Miroslav); Paulsen, IT (Paulsen, Ian T.); Probert, I (Probert, Ian); Saito,
MA (Saito, Mak A.); Schmutz, J (Schmutz, Jeremy); Skalicky, T (Skalicky, Tomas); Tec-Campos, D (Tec-Campos, Diego); Tomelka, H (Tomelka,
Hannah); Vechtová, P (Vechtova, Pavlina); Venepally, P (Venepally, Pratap); Wilson-Mortier, B (Wilson-Mortier, Brendan); Zengler, K (Zengler,
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Source: NATURE COMMUNICATIONS  Volume: 16  Issue: 1  Article Number: 8559  DOI: 10.1038/s41467-025-63565-1  Published Date:
2025 SEP 29  
Abstract: Phaeocystales, comprising the genus Phaeocystis and an uncharacterized sister lineage, are nanoplanktonic haptophytes widespread in
the global ocean. Several species form mucilaginous colonies and influence key biogeochemical cycles, yet their underlying diversity and
ecological strategies remain underexplored. Here, we present new genomic data from 13 strains, including three high-quality reference genomes
(N50 > 30 kbp), and integrate previous metagenome-assembled genomes to resolve a robust phylogeny. Divergence timing of P. antarctica aligns
with Miocene cooling and Southern Ocean isolation. Genomic traits reveal metabolic flexibility, including mixotrophic nitrogen acquisition in
temperate waters and gene expansions linked to polar nutrient adaptation. Concordantly, transcriptomic comparisons between temperate and polar
Phaeocystis suggest Southern Ocean populations experience iron and B12 limitation. We also identify signatures of horizontal gene transfer and
endogenous giant virus/virophage insertions. Together, these findings highlight Phaeocystales as an ecologically versatile and geographically
widespread lineage shaped by evolutionary innovation and adaptation to contrasting environmental stressors.
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Title: Molecular Phylogeny of Mouse-Tailed Bats (Chiroptera: Rhinopomatidae): Evolutionary Insights Into a Desert-Dwelling Family
Author(s): Uvizl, M (Uvizl, Marek); Vallo, P (Vallo, Peter); Benda, P (Benda, Petr)
Source: ZOOLOGICA SCRIPTA  Volume: 54  Issue: 6  Pages: 800-816  DOI: 10.1111/zsc.70002  Early Access Date: JUL 2025  Published
Date: 2025 NOV  
Abstract: The family Rhinopomatidae comprises six species of mouse-tailed bats within the genus Rhinopoma, inhabiting arid regions of the Old
World from western Africa to Myanmar. While their phylogenetic relationships have been explored through morphology and molecular analyses,
many populations still remain insufficiently studied using molecular approaches. This study aims to analyse samples representing all species and
populations within the family, employing one mitochondrial and four nuclear genetic markers. These sequences were used to construct
phylogenetic trees, estimate divergence times and evaluate biogeographic patterns. Our results revealed the presence of five major genetic lineages
within Rhinopoma. Notably, the morphologically distinct East African R. macinnesi was genetically embedded within R. cystops, suggesting
synonymisation of the former name and expanding the distribution range of R. cystops southward into eastern Africa. The study also identified
greater mitochondrial diversity compared to nuclear markers, uncovering nine mitochondrial lineages across the family, including three polytypic
species: R. cystops, R. hardwickii and R. muscatellum. Divergence time estimation placed the family's origin at approximately 45 million years
ago. Initial diversification into current species occurred 9.5 million years ago, likely originating in the Arabian Peninsula or Iran, regions that still
host the highest diversity of Rhinopoma. This study provides the most comprehensive molecular phylogeny of Rhinopomatidae to date, reducing
the recognised species count to five and offering new insights into the evolutionary history and biogeography of this desert-adapted bat family.
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Abstract: In this work, we designed and synthesized D-A type tripodal phenothiazine derivatives to examine the influence of different functional
groups on the photophysical properties and response to external stimuli. The compounds show emission in both solution and solid-state.
Intramolecular charge transfer (ICT) characteristics are evidenced by the fluorescence studies revealing positive solvatochromism in compounds.
The compounds are highly thermally stable with low optical band gaps (2.1-2.55 eV). Compounds 3a-3c displayed excellent aggregation-induced
emission enhancement (AIEE) phenomena in CH3CN/DMSO and water mixtures. Compound 3e could detect moisture in three solvents, namely
THF, CH3CN, and DMSO, with the lowest detection limit of 0.018% in DMSO. The compounds show reversible acidochromism in solution and
solid-state, where compound 3e containing pyridyl shows the lowest detection limit for TFA of 0.59 ppm among others. The 'ON-OFF-ON'
response to TFA/TEA stimulation has been utilized for the construction of the truth table and the outcome corresponds to the IMPLICATION logic
gate. The sensitive response of compound 3e to amine vapors has been utilized for monitoring food spoilage. The compounds also show
mechanofluorochromism, and the phase transformation was analyzed by powder X-ray diffraction studies. These compounds are potential
candidates for multi-level anti-counterfeiting applications and latent fingerprint sensing.Acidochromism; Aggregation-induced emission
enhancement (AIEE); Anti-counterfeiting; IMPLICATION logic gate; Mechanofluorochromism
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Abstract: Integral transformations are a useful mathematical apparatus for modelling the gravitational field. They represent the mathematical basis
for formulating integral estimators of gravitational field values, including error propagation. The theoretical and practical aspects of integral
transformations traditionally used for calculating geoid/quasigeoid heights in geodesy, such as Stokes's and Hotine's integral transformations, have
already been studied. However, theoretical and practical concepts regarding other integral transformations, including non-isotropic (azimuth-
dependent) transformations, have yet to be explored. One of the basic assumptions of integral transformations is global data coverage. However,
the availability of ground measurements is frequently limited. In practice, the global integral is divided into two complementary regions: the near-
and far-zones. Non-negligible systematic effects of data in the far-zone require accurate evaluation. For this purpose, a new software library is
developed in the MatLab environment to calculate far-zone effects for integral transformations for gravitational potential gradients up to the third
order. The library contains scripts for calculating integral kernels, error kernels, truncation error coefficients, and far-zone effects for a selected set
of input parameters. This contribution deals with implementing equations defining far-zone effects and the subsequent numerical testing of the
library functionality. Closed-loop tests were carried out using gravitational potential functionals generated from a global Earth's gravitational field
model to check the numerical correctness of the software library.
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Abstract: Recently, genomic approaches have helped to resolve phylogenetic questions in many groups of parasitic organisms, including lice
(Phthiraptera). However, these approaches have still not been applied to one of the most diverse groups of lice, Amblycera. To fill this gap, we
applied phylogenomic methods based on genome-level exon sequence data to resolve the relationships within and among the families of
Amblycera. Our phylogenomic trees support the monophyly of the families Ricinidae and Laemobothriidae. However, the families Trimenoponidae
and Gyropidae are not monophyletic, indicating that they should be merged into a single family. The placement of Trinoton is unstable with respect
to Boopiidae and Menoponidae, and we suggest recognizing Trinotonidae as a separate family. At the genus level, the genera Colpocephalum,
Hohorstiella, Menacanthus and Ricinus were recovered as paraphyletic. Regarding generic complexes, the tree revealed the Menacanthus complex
to be monophyletic, but the Colpocephalum complex paraphyletic, including genera not traditionally placed in this group. Dating analysis suggests
that the divergence among families of Amblycera occurred shortly after the Cretaceous-Paleogene boundary 66 Mya. Cophylogenetic analyses
revealed many host-switching events during the diversification of Amblycera, indicating that the evolutionary history of Amblycera does not tightly
mirror that of its hosts. Ancestral host reconstructions revealed that the ancestral host of Amblycera was most likely a bird, with two host switching
events to mammals. By combining phylogenomics, molecular dating and cophylogenetic analyses, we provide the first large-scale picture of
amblyceran evolution, which will serve as a basis for future studies of this group.
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Abstract: This study presents an automated, objective method for eyelid movement assessment in de-novo Parkinson's disease(PD) using a one-
dimensional camera setup during monologue. These measurements were related to Dopamine Transporter Single Photon Emission Tomography
and clinical scores. State-of-the-art computer-vision technologies and deep-learning neural networks were utilized to measure fourteen eyelid
movement markers describing blinking and eyelid kinematics. Video-recordings were collected from a total of 120 de-novo patients with PD and
55 healthy controls. Abnormal blinking was present in 38% of PD, indicated by a reduced blink rate (p < 0.001), an increased inter-blink interval (p
< 0.001), and an increased rigidity of the palpebral aperture (p < 0.001). The classification experiment reached an area under the curve of 0.81 on a
blinded test set. The blink rate correlated with the loss of nigral dopaminergic neurons (r = 0.35, p < 0.001). These findings suggest eyelid
movement markers as strong reflections of striatal dopaminergic activity levels, underscoring the method's potential as a reliable early PD
biomarker.
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Abstract: BackgroundMitochondrial energy can be stored as ATP or released as heat by uncoupling protein 1 (UCP1) during non-shivering
thermogenesis in brown adipose tissue. UCP1, located in the inner mitochondrial membrane, reduces the proton gradient in the presence of long-
chain fatty acids (FA). FA act as weak, protein-independent uncouplers, with the transport of the FA anion across the membrane being the rate-
limiting step. According to the fatty acid cycling hypothesis, UCP1 catalyzes this step through an as-yet-undefined mechanism.MethodsWe used
computational and experimental techniques, including all-atom molecular dynamics (MD) simulations, membrane conductance measurements, and
site-directed mutagenesis.ResultsWe identified two novel pathways for fatty acid anion translocation (sliding) at the UCP1 protein-lipid interface,
ending at key arginine residues R84 and R183 in a nucleotide-binding region. This region forms a stable complex with fatty acid anion, which is
crucial for anion transport. Mutations of these two arginines reduced membrane conductance, consistent with the MD simulation prediction that the
arachidonic acid anion slides between helices H2-H3 and H4-H5, terminating at R84 and R183. Protonation of the arachidonic acid anion predicts
its release from the protein-lipid interface, allowing it to move to either cytosolic or matrix leaflets of the membrane.ConclusionWe provide a
novel, detailed mechanism by which UCP1 facilitates fatty acid anion transport, as part of the fatty acid cycling process originally proposed by
Skulachev. The residues involved in this transport are conserved in other SLC25 proteins, suggesting the mechanism may extend beyond UCP1 to
other members of the superfamily.
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Abstract: We summarise the properties and nature of a peculiar group of B-type stars called FS CMa stars. These stars show the B[e] phenomenon,
i.e., their spectra exhibit both forbidden emission lines and infrared excess. Such properties point to an extended circumstellar gas and dust
component. Although the phenomenon has been explained in most B[e] stars, the origin and nature of FS CMa stars is disputed. Here, we focus on
the merger hypothesis, for which evidence has recently been discovered.
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Abstract: Motivation Cytochrome P450 proteins play a crucial role in human metabolism, ranging from hormone production to drug metabolism.
While multiple commonly known variants have known effects on the individual cytochrome P450 protein performance, the pathogenicity
information is usually experimentally limited to only a few mutations. Current pathogenicity prediction software enables the extension of the scope
to virtually mutate all amino acids with all possible substitutional mutations. In this work, we do a comprehensive exploration that unveils
pathogenicity patterns in the human cytochrome P450 family. Pathogenicity analysis was conducted across proteins using SIFT, AlphaMissense,
and PrimateAI-3D algorithms.Results Our findings indicate a progressive increase in pathogenicity along protein tunnels-identified via MOLE-
toward the cofactor binding site, underscoring the essential role of cofactor interactions in enzymatic function. Notably, the integrity of tunnels and
cofactor environment emerges as a critical factor, with even single amino acid alterations potentially disrupting molecular guidance to active sites.
These insights highlight the fundamental role of structural pathways in preserving cytochrome P450 functionality, with implications for
understanding disease-associated variants and drug metabolism.Availability and implementation Data and source code can be found at
https://github.com/annaspac/P450_pathogenicity_codes.
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Abstract: Nonobese diabetic (NOD) mice are a widely used animal model to study mechanisms leading to autoimmune diabetes. A gluten-free diet
reduces and delays the incidence of diabetes in NOD mice, but the underlying mechanisms remain largely unknown. In this study, we performed
single-cell transcriptomic and flow cytometry analysis of T cells and innate lymphocytes in the spleen and pancreatic lymph nodes of NOD mice
fed a gluten-free or standard diet. We observed that the gluten-free diet did not induce a substantial alteration in the abundance or phenotype of any
lymphocyte subset that would directly explain its protective effect against diabetes. However, the gluten-free diet induced subtle changes in the
differentiation of subsets with previously proposed protective roles in diabetes development, such as Tregs, activated gamma delta T cells, and
NKT cells. Globally, the gluten-free diet paradoxically promoted activation and effector differentiation across multiple subpopulations and induced
genes regulated by IL-2, IL-7, and IL-15. In contrast, the standard diet induced type I interferon-responsive genes. Overall, the gluten-free diet
might prevent diabetes in NOD mice by inducing small-scale changes in multiple cell types rather than acting on a specific lymphocyte subset.
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Abstract: We conducted a survey of Synurales diversity in Florida (United States), focusing on two established hotspots-Ocala National Forest and
Myakka River State Park-and two previously unexplored sites-Manatee Lake and Lake Lee. Using transmission electron microscopy (TEM), we
identified 69 species, increasing the total number recorded from Florida to 90. Among these, three species-Mallomonas cornea sp. nov., M.
laureana sp. nov., and M. joergenii sp. nov.-have been newly described based on detailed morphological and molecular analyses. We have also
proposed a new combination, M. poseidonii comb. et stat. nov., and established a new section, Corneae sect. nov., based on molecular
phylogenetics. Our findings revealed an independent emergence of ribbed scale shield ornamentation in M. joergenii sp. nov. and suggested that
internal scale reticulation in M. laureana sp. nov. may be an adaptation to high UV irradiance in tropical environments. This study underscores the
value of DNA sequence data in resolving taxonomic ambiguities, elucidating evolutionary patterns, and enhancing species recovery from type
localities.
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Abstract: Motivation Structure-based methods for detecting protein-ligand binding sites play a crucial role in various domains, from fundamental
research to biomedical applications. However, current prediction methodologies often rely on holo (ligand-bound) protein conformations for
training and evaluation, overlooking the significance of the apo (ligand-free) states. This oversight is particularly problematic in the case of cryptic
binding sites (CBSs) where holo-based assessment yields unrealistic performance expectations.Results To advance the development in this domain,
we introduce CryptoBench, a benchmark dataset tailored for training and evaluating novel CBS prediction methodologies. CryptoBench is
constructed upon a large collection of apo-holo protein pairs, grouped by UniProtID, clustered by sequence identity, and filtered to contain only
structures with substantial structural change in the binding site. CryptoBench comprises 1107 structures with predefined cross-validation splits,
making it the most extensive CBS dataset to date. To establish a performance baseline, we measured the predictive power of sequence- and
structure-based CBS residue prediction methods using the benchmark. We selected PocketMiner as the state-of-the-art representative of the
structure-based methods for CBS detection, and P2Rank, a widely-used structure-based method for general binding site prediction that is not
specifically tailored for cryptic sites. For sequence-based approaches, we trained a neural network to classify binding residues using protein
language model embeddings. Our sequence-based approach outperformed PocketMiner and P2Rank across key metrics, including area under the
curve, area under the precision-recall curve, Matthew's correlation coefficient, and F1 scores. These results provide baseline benchmark results for
future CBS and potentially also non-CBS prediction endeavors, leveraging CryptoBench as the foundational platform for further advancements in
the field.Availability and implementation The CryptoBench dataset, including the benchmark model, is available on Open Science Framework-
https://osf.io/pz4a9/. The code and tutorial are available at the GitHub repository-https://github.com/skrhakv/CryptoBench/.
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Abstract: We describe stations of the AdriaArray Seismic Network deployed on the territory of Bulgaria. The network consists of 50 stations, 25
of which are permanent stations of the Bulgarian National Seismic Network NOTSSI. Another 25 temporarily deployed stations belong to
MOBNET (Institute of Geophysics) and DanSeis (Aarhus University) pools. The temporary stations of MOBNET began their operation in June
2022, and the DanSeis pool's temporary stations in August and September 2022. For each of the stations, we document the site geology, station
location, instrumental equipment, as well as data transmission, preprocessing and availability, which exceeds 95% at some stations. Noise at the
stations stays between the limits of the New Low and New High Noise models. As an example of planned data exploiting, we present the P-to-S
receiver functions for station BG11A in the Strandzha unit (southeast of Bulgaria) and respective Moho depth estimates from the P delay times, H-
kappa stacking and from the 1D vS velocity-depth modeling at the station site.
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Abstract: Aims. We investigated the properties of plasma turbulence at ion scales in the context of the solar wind. We concentrated on the
pressure-strain coupling between the kinetic and magnetic energy and the internal energy; we analysed its capability to produce an effectively
irreversible transfer towards the internal energy. Methods. We studied results from a three-dimensional hybrid simulation of decaying turbulence
when protons exhibit a substantial temperature anisotropy. We analysed the time evolution and behaviour of the combined (magnetic plus kinetic)
energy and its spectral properties. Using the K & aacute;rm & aacute;n-Howarth-Monin (KHM) formalism, we quantified the role of the dissipation
via the resistive channel and that of the pressure-strain term in generating internal energy. Results. The combined energy flows from large to
intermediate and small scales, where it is efficiently dissipated via the resistive term and is exchanged with the internal energy through the
pressure-strain term. The pressure-strain coupling oscillates strongly, and this oscillation reflects its reversibility properties that are embedded in a
secular evolution towards a global increase in the plasma internal energy. All the terms involved in the KHM energy balance equation are strongly
anisotropic with respect to the mean magnetic field. They tend to be elongated along the mean magnetic field and oscillate over time at large scales,
which is connected with the pressure-strain coupling. The reversible oscillatory part of the pressure-strain coupling is mostly contained in the
gyrotropic pressure-strain part. This mainly affects the turbulent processes at large scales, but when it is time averaged, it also contributes to the ion
energisation approximately at ion scales. The non-gyrotropic pressure-strain part does not oscillate significantly, acts at ion scales, and can be
considered as the main effective dissipation channel.
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Abstract: Modern computational tools can predict the mutational effects on protein stability, sometimes at the expense of activity or solubility.
Here, we investigate two homologous computationally stabilized haloalkane dehalogenases: (i) the soluble thermostable DhaA115 (T m app = 74
degrees C) and (ii) the poorly soluble and aggregating thermostable LinB116 (T m app = 65 degrees C), together with their respective wild-type
variants. The intriguing difference in the solubility of these highly homologous proteins has remained unexplained for three decades. We combined
experimental and in-silico techniques and examined the effects of stabilization on solubility and aggregation propensity. A detailed analysis of the
unfolding mechanisms in the context of aggregation explained the negative consequences of stabilization observed in LinB116. With the aid of
molecular dynamics simulations, we identified regions exposed during the unfolding of LinB116 that were later found to exhibit aggregation
propensity. Our analysis identified cryptic aggregation-prone regions and increased surface hydrophobicity as key factors contributing to the
reduced solubility of LinB116. This study reveals novel molecular mechanisms of unfolding for hyperstabilized dehalogenases and highlights the
importance of contextual information in protein engineering to avoid the negative effects of stabilizing mutations on protein solubility.
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Abstract: This paper describes a novel dataset consisting of sentences with two different semantic similarity annotations; with and without
surrounding context. The data originate from the journalistic domain in the Czech language. The final dataset contains 138,556 human annotations
divided into train and test sets. In total, 485 journalism students participated in the creation process. To increase the reliability of the test set, we
compute the final annotations as an average of 9 individual annotation scores. We evaluate the dataset quality by measuring inter and intra-
annotator agreements. Besides agreement numbers, we provide detailed statistics of the collected dataset. We conclude our paper with a baseline
experiment of building a system for predicting the semantic similarity of sentences. Due to the massive number of training annotations (116,956),
the model significantly outperforms an average annotator (0.92 versus 0.86 of Pearson's correlation coefficient).
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Abstract: Chiroptical methods, including vibrational circular dichroism (VCD) and Raman optical activity (ROA), reveal details about molecular
structure. For three model molecules, alpha-pinene, camphor, and fenchone, we show that increased sensitivity of modern spectrometers makes it
possible to record even fine spectral features, such as overtone and combination bands. However, understanding, interpretation, and simulation of
them require relatively expensive computations, going beyond the harmonic approximation. For this purpose, vibrational perturbation theory at the
second order (VPT2) has proven to provide an excellent price-performance balance. As it becomes more common, inconsistencies in electronic
structure calculations, hidden by error compensation at the harmonic level, emerge. In particular, while trying to interpret the spectra, we found that
the commonly used polarizable continuum models (PCM) of solvent may introduce erroneous perturbations to the higher derivatives of dipole
moments and polarizabilities needed to simulate spectral intensities. We therefore analyze the experimental spectra on the basis of the simulations
and explore parameters allowing for a "black-box" VPT2 application. In particular, explicit cavities used for the hydrogen atoms resulted in
excessively large third derivatives of molecular polarizabilities and sometimes led to incorrect signs of ROA and VCD bands, even for fundamental
transitions. This could be partially rectified by a combination of different approximation levels used for the calculation of different properties, or by
using PCM cavities not explicitly adapted for hydrogen atoms. Under these conditions, VPT2 combined with a proper treatment of resonances
appears as an excellent tool to simulate and understand the spectra, including the assignment of weak anharmonic bands.
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Abstract: Context. Fast-rotating Wolf-Rayet (WR) stars are potential progenitors of long gamma-ray bursts, but observational verification is
challenging. Spectral lines from their expanding stellar wind obscure accurate rotational velocity measurements. Intrinsic polarization from wind
rotation may help to determine rotational speeds. However, this procedure requires precise wind models. Aims. Our study aims to investigate the
intrinsic polarization due to the rotational distortion of WR winds considering multiplescattering of photons and compare it to a single-scattering
model, in which we use an analytical expression of the polarization. Methods. We studied the polarization signatures resulting from the prolate
structure of rotating winds of two WR stars using a 3D Monte Carlo radiative transfer code Hyperion. We estimated the intrinsic polarization
resulting from multiple-scattering in WR winds for different rotational velocities, inclination angles, and mass-loss rates. Results. Our results
indicate that at a rotation rate of less than 50% of the critical rate, the intrinsic polarization from multiplescattering is close to that of a single-
scattering model. However, at higher rotation velocities, the polarization from multiple-scattering increases with inclination up to 40 degrees, while
it decreases for inclinations higher than about 60 degrees. This dependence is inconsistent with the single-scattering model. We also discuss the
effect of the mass-loss rate on the polarization and find that the polarization changes linearly with the mass-loss rate. However, it is important to
note that the relationship between polarization and mass-loss rate may vary for different types of stars. Conclusions. The results have implications
for future studies of stellar winds and mass loss and may help to improve our understanding of the complex environments of massive stars. Our
research offers valuable information on the complex polarization patterns observed in stellar winds, emphasizing the significance of accounting for
the influence of multiple-scattering when interpreting observations.
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Source: JOURNAL OF THE AMERICAN CHEMICAL SOCIETY  Volume: 147  Issue: 33  Pages: 29801-29814  DOI:
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Abstract: Photosensitized damage by the mechanism of direct 1e- transfer from a nucleobase to the metal complex is a complementary approach to
type I and type II methods of photodynamic therapy. In this ultrafast spectroscopic study we report the ability of a nitrile infrared redox probe to
report on the photo-oxidation of guanine-rich DNA, comprising persistent runs of guanine, by the dppz-10-CN containing complex
[Ru(TAP)2(dppz-10-CN)]2+ (1 2+), dppz-10-CN = 10-cyano-dipyrido[3,2-a:2 ',3 '-c]phenazine and TAP = 1,4,5,8-tetraazaphenanthrene. Our study
reveals the ability of the enantiomers of 1 2+ to photo-oxidize guanine in double-stranded and quadruplex DNA. Transient visible absorption
reveals a high yield of the formation of the photoreduced metal complex due to photo-oxidation of guanine in the quadruplex-bound 1 2+ systems,
and that this is greater for the Lambda enantiomer. Spectro-electrochemical and computational studies indicate the role of the dppz-10-CN as the
preferred site of reduction, while time-resolved electronic absorption (TrA) spectroscopy highlights the impact of the enantiomers on the yield of
photo-oxidation in the DNA systems. Notably, time-resolved infrared (TRIR) spectroscopy allows comprehensive tracking of the photo-oxidation
dynamics by monitoring four key components, namely: (1) the transient band of the Ru/TAP-based lowest 3MLCT excited state, (2) bleach bands
associated with DNA bases in close proximity to the excited state "site effect", (3) the guanine radical cation band at ca. 1700 cm-1 and (4) the
amplification of the red-shifted nitrile stretching vibration of the transient dppz-reduced complex. Together, these results allow detailed profiling of
photoinduced electron transfer in DNA-bound ruthenium(II) polypyridyl complex systems and highlight the potential of such redox probes.
Overall, this study presents an important insight regarding the nature of charge transfer in a Hoogsteen-bound guanine quadruplex compared to
Watson-Crick GC base pairings.
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Abstract: The AdriaArray initiative is a broad international collaborative effort to investigate the dynamic deformation of the Adriatic Plate and its
interactions with surrounding regions. The main component of this effort is the AdriaArray Seismic Network, which provides an unprecedented
dataset for studying the complex geodynamic processes that drive seismic activityby gathering recordings from both permanent and
temporarybroadband seismic stations deployed across the Mediterranean area. The National Institute for Earth Physics (NIEP), Romania,
contributes to AdriaArray through the deployment, operation, and maintenance of seismic stations, as well as data management, technical guidance,
and research to better understand the geodynamics of this complex region. NIEP participated in the deployment of 44 temporary broadband
stations, provided by several European institutions. The temporary stations complemented the permanent stations of the Romanian Seismic
Network, enhancing station coverage and seismic monitoring resolution, particularly in notable tectonic areas such as Vrancea, one of Europe's
most seismically active regions. Vrancea is well-known for its large-magnitude intermediate-depth earthquakes (M > 7.0), generated by the descent
of a lithospheric slab beneath the southeastern Carpathians, making it a crucial area for many research topics. This study presents a comprehensive
overview of AdriaArray activities in Romania, including details on sites and seismic equipment. We evaluate the quality of the recorded data to
ensure the reliability of seismic observations. This includes near-real time data flow monitoring, data availability analysis, ambient noise
characteristics, and sensor orientation assessment to confirm the accuracy of the recordings. High-quality seismic data are essential for refining
seismic monitoring techniques and enhancing automated processing methods. The results of this study support future research aimed at improving
our understanding of seismic activity in Romania, lithospheric structure, tectonic evolution, and earthquake dynamics, while also contributing to
the broader goal of the AdriaArray initiative in advancing geophysical research and seismic hazard assessment across the Adriatic region and
beyond.
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Abstract: Aggression towards brood parasites is an important component of host frontline defences. Hosts sometimes adjust this behaviour based
on their previous experience with the parasites. Here, we explore whether host aggression towards the parasite dummy is affected by (1) the
number of parasite visits prior to the dummy experiment and (2) the time elapsed since the last parasite visit (both identified from continuous
video-recordings of host nests). As a model species, we used the great reed warbler (Acrocephalus arundinaceus), which is a major host of the
common cuckoo (Cuculus canorus). At our study site, this host shows high aggression towards the cuckoo and experiences high parasitism rates.
We found that the hosts increased their aggression towards the parasite dummy with increasing number of previous parasite visits. Moreover, the
hosts retained aggression at high levels if the last parasite visit occurred recently. However, these behavioural patterns were or tended to be
significant only in host males. Our findings underscore the importance of individual experience in shaping host aggression towards brood parasites,
at least in the more aggressive sex. Therefore, we recommend considering the information on prior host-parasite interactions when planning
dummy experiments, because it may contribute to a deeper understanding of the variability in host defences against brood parasitism.
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Abstract: Could we be overlooking a fundamental aspect of light fields in our quest for efficient compression? The vast amount of data enclosed in
a light field makes compression a necessity. Yet, from an application point of view, the focus is predominantly on visual consumption while light
fields have properties that can potentially be used in various other tasks. This paper examines the impact of light field compression on the
performance of subsequent computer vision tasks. We investigate the variations in quality across perspectives and their impact on face recognition
systems and disparity estimation. By leveraging a diverse dataset of light field images, we thoroughly evaluate the performance of various face
recognition algorithms when subjected to different conventional and learning-based compression techniques, such as JPEG Pleno, ALVC, and
SADNQVRF. Our findings reveal a noticeable decline in peak recognition performance as compression levels increase, given specific recognition
frameworks. Furthermore, we identify a significant shift in the recognition threshold, particularly in response to higher degrees of compression.
Secondly, by relying on a novel disparity estimation algorithm, we explore the loss of information across light field perspectives. Our results
highlight a disconnect between the preservation of visual fidelity and the loss of minute detail crucial for the preservation of disparity information
in light field images. The findings presented herein aim to contribute to the development of efficient compression strategies while emphasizing the
delicate balance between compression efficiency, subjective quality, and feature preservation with the aim of increased accuracy in specialized light
field systems.
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Abstract: Photodissociation cross sections of NH for 250 > lambda > 100 nm are studied using (i) the recently reported spectroscopic model of the
five lowest electronic states of NH, (ii) a new set of ab initio potential energy, (transition) dipole moment, spin-orbit, and electronic angular
momentum curves covering the region up to 100 000 cm(-1), and (iii) the recently suggested approach for time-independent calculations of
continuum spectra of molecules (Pezzella et al., 2022). Quasi-dissociative properties, including predissociation lifetimes and linewidths, of the
c(1)Pi state are studied using four state-of-the-art predissociative methods: stabilization, Airy-boundary conditions within the WKB approximation,
phase-amplitude, and complex-scaling approaches. The methodologies developed and tested in this work will be used to produce photoabsorption
and photodissociation spectra of NH and other diatomic species as part of the ExoMol database (Q.-H. Ni et al., 2025) at www.exomol.com.
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Abstract: Calix[4]arenes display inherent chirality, with broad applications in synthetic and medicinal chemistry and in materials sciences.
However, their use is hindered by their limited synthetic accessibility, primarily due to the lack of enantioselective methods for preparing chiral
calix[4]arenes with an ABCC substitution pattern. Here, we address this challenge by presenting a simple, efficient, and metal-free protocol for
organocatalytic desymmetrisation of prochiral diformylcalix[4]arenes. Through this highly effective and sustainable approach, we synthesize
structurally unique products in gram-scale reactions. Accordingly, this method facilitates extensive post-functionalisations of the carbonyl groups,
including for organocatalyst development. Furthermore, our experimental mechanistic studies demonstrate that desymmetrisation determines
enantiocontrol in esterification reactions catalysed by N-heterocyclic carbenes. These findings underscore the broad potential of this method for
providing versatile access to inherently chiral calix[4]arenes with an ABCC substitution pattern while offering a valuable platform for asymmetric
molecular recognition and catalysis.
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Abstract: Acidithiobacillus spp. have traditionally been utilized to extract metals from mineral ores through bioleaching. This process has recently
expanded to include artificial ores, such as those derived from municipal solid waste incineration (MSWI) residues. Previous studies have indicated
that microbial adaptation enhances bioleaching efficiency, prompting this study to identify proteins involved in the adaptation of A. ferridurans to
MSWI residues. We employed data-independent acquisition-parallel accumulation serial fragmentation to determine the proteomic response of A.
ferridurans DSM 583 to three distinct materials: bottom ash (BA), kettle ash (KA), and filter ash (FA), which represent typical MSWI residues. Our
findings indicate that, irrespective of the residue type, a suite of membrane transporters, porins, efflux pumps, and specific electron and cation
transfer proteins was notably upregulated. The upregulation of certain proteins involved in anaerobic pathways suggested the development of a
spontaneous microaerobic environment, which minimally impacted the bioleaching efficiency. Additionally, the adaptation was most efficient at
half the target FA concentration, marked by a significant increase in the detoxification and efflux systems required by microorganisms to tolerate
high heavy metal concentrations. Given that metal recovery peaked at lower FA concentrations for most metals of interest, further adaptation at the
level of protein expression may not be warranted for improved bioleaching outcomes.
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Abstract: In the quality assessment of multimedia content, correlating objective measures with subjective assessments is standard practice.
However, unlike fields such as biology and psychology, multimedia quality research often overlooks the crucial aspect of confidence intervals in
these correlations. This oversight leads to an underestimation of uncertainty and hinders effective comparison of objective measures. We propose a
novel approach that addresses this gap by adapting established statistical methods to the unique challenges of multimedia quality assessment. Our
method integrates bootstrapping and Monte Carlo simulations to estimate confidence intervals for correlation coefficients, even when only
summary statistics are available. The ranking of measures is done using Cliff's delta. Our approach enhances the precision of measure comparisons
and reveals the inherent variability in subjective ratings across diverse datasets. We demonstrate significant improvements in discriminative power
between objective measures by applying our method to common databases for image and light field quality assessment. Our results show that
previously assumed differences between measures can be statistically insignificant, challenging long-held assumptions in the field. An
implementation of the proposed method to promote reproducible research can be found at https://osf.io/2x4g8/.
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Abstract: Stirred vessels are an integral part of many industrial processes. Their design is often based on only experimental data which are limited
by available experimental techniques; therefore, their optimisation is usually conducted via a trial-error approach. This study offers a validated
CFD simulation methodology that could be used for optimisation and design of industrially relevant stirred vessels. The methodology is based on
the RANS model employing the standard k - epsilon turbulence model and the multiple reference frame approach. The methodology is validated in
a vessel that mimics the geometry of a flocculation tank, for which experimental data were also measured using particle tracking velocity and tracer
tracking techniques. While the experimental and calculated flow fields show high agreement, simulations of tracer transport within the vessel
indicate limitations in the standard approach to the turbulent transport modelling, specifically in the constant value of turbulent Schmidt number.
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Abstract: In this work, we developed a novel electron-rich dithiobenzoate chain transfer agent (CTA) with excellent control for both cationic and
radical photoelectron/energy transfer-reversible addition-fragmentation chain transfer (PET RAFT) polymerizations. The 2,4-
dimethoxydithiobenzoate-based CTA enables the optimized stabilization of chain transfer intermediates, outperforming trithiocarbonates in the
control of cationic RAFT polymerizations and dithiocarbamates in radical RAFT polymerizations of more active monomers. The excellent control
of cationic PET RAFT polymerization offered by this novel CTA was demonstrated by the blue-light-mediated synthesis of poly(isobutyl vinyl
ether) of various chain lengths with sub-1.2 dispersities. Furthermore, to highlight its benefit over previously reported dithiocarbamate and
trithiocarbonate CTAs, this new CTA was employed for the one-pot synthesis of poly(isobutyl vinyl ether)-block-poly(methyl acrylate) diblock
copolymers. The prepared CTA-terminated poly(isobutyl vinyl ether) was chain-extended by methyl acrylate via red-light-mediated radical RAFT
polymerization, which afforded a diblock copolymer with a dispersity of 1.26, which significantly surpassed the dispersities achieved with
analogous trithiocarbonates. The radical polymerization step uses a zinc tetraphenylporphyrin photocatalyst to achieve complete wavelength
orthogonality, with a tris(4-methoxyphenyl)pyrylium photocatalyst used for the cationic polymerization step. The optimized electron-rich
dithiobenzoate can then be used as a universal agent in the synthesis of advanced copolymers involving radical-cationic RAFT crossover
polymerization steps.
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Abstract: We explore the idea that differential elliptic flow of deuterons may be a sensitive probe of the production mechanism of nuclear clusters,
which can discriminate between direct thermal production and coalescence. The important difference is that thermal production does not take into
account the size of the deuteron while coalescence explicitly depends on the comparison of deuteron wave function width with the size of the
emitting region within the fireball. In order to check and illustrate our idea, we simulate the differential elliptic flow of deuterons in collisions of
Pb+Pb nuclei at a collision energy of 2.76 TeV per colliding nucleon pair, and compare it to experimental data. While results obtained from a
Monte Carlo model based on a blast-wave parametrisation indicate difference between thermal production and coalescence, simulations with
advanced hybrid model lead to indistinguishable predictions.
Accession Number: WOS:001492086700001
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Tomasik, Boris HDM-9947-2022   
ISSN: 1951-6355
eISSN: 1951-6401

Record 304 of 502
Title: Avalanche Dynamics in Stick-Slip Cutting of Molybdenum Disulfide
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Abstract: We have investigated nanoscale wear on multilayered MoS2, the flagship transition metal dichalcogenide, by elastically driving sharp
diamond tips under normal loads sufficient to induce in-plane fracture. The accompanying friction and the resulting wear structures are first
characterized by atomic force microscopy (AFM), revealing a stick-slip regime that drives progressive exfoliation of MoS2 chips. At high normal
forces, the slip phase displays hallmark signatures of avalanche dynamics, observed for the first time at the nanoscale, evidenced by a Generalized
Extreme Value distribution of friction force drops. The AFM characterization is corroborated by molecular dynamics simulations, which reproduce
experimental trends and uncover atomistic details of the wear process, including local amorphization, layer curving, and the involvement of distinct
dissipative channels. Notably, it appears that only one-fifth of the energy input into the system is used to damage the MoS2 surface irreversibly.
These results offer new insight into the physical mechanisms governing friction and wear in layered solids and provide a framework for precision
cutting and nanomachining in van der Waals materials, relevant to next-generation devices at sub-micrometer scales.
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Abstract: Torques from asymmetric dust structures (so-called dust-void and filamentary structures) formed around low-mass planets embedded in
a nonturbulent dust-gas disk can exceed the torques produced by the gas disk component and then go on to dominate the planet's orbital dynamics.
Here, we investigate how these structures (hence the dust torque) change when the effect of turbulent dust diffusion and dust feedback are included,
along with the direct implications on the migration of Earth-like planets. Using the FARGO3D code, we performed 2D and 3D multifluid
hydrodynamic simulations, focusing on a non-migrating planet with a mass of M-p = 1.5 M-circle plus in 2D and on migrating planets with M-p is
an element of [1.5, 12] M-circle plus in 3D. We varied the delta-dimensionless diffusivity parameter in the range [0, 3 x 10(-3)] and considered
three different Stokes numbers, St = {0.04, 0.26, 0.55}, which are representative of the gas-dominated, the transitional, and the gravity-dominated
regimes, respectively. In our 2D models, we find that turbulent diffusion of dust prevents the formation of the dust-void and filamentary structures
when delta > 3 x 10(-4). Otherwise, dust structures survive turbulent diffusion flow. However, dust and total torques become positive only in
transitional and gravity-dominated regimes. In our 3D models, we find that the dust-void is drastically modified and the high-density ring-shaped
barrier delineating the dust-void disappears if delta greater than or similar to 10(-4), due to the effect of dust turbulent diffusion along with the
back-reaction of the dust. For all values of delta, the filament in front of the planet is replaced by a low-density trench. Remarkably, as we have
allowed the planets to migrate, the evolving dust-void can drive either runaway migration or outward (inward) oscillatory-torque migration. Our
study thus suggests that low-mass Earth-like planets can undergo runaway migration in dusty disks.
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Abstract: Diplonemids are among the most abundant and species-rich protists in the oceans. Marine heterotrophic flagellates, including
diplonemids, have been suggested to play important roles in global biogeochemical cles. Diplonemids are also the sister taxon of kinetoplastids,
home to trypanosomatid parasites of global health importance, and thus are informative about the evolution of kinetoplastid biology. However,
genomic and cellular complement that underpins diplonemids' highly successful lifestyle is underexplored. At the same time, our framework
describing cellular processes may not be as broadly applicable as sumed, as it is largely derived from animal and fungal model organisms, a small
subset of extant eukaryotic diversity. In addition to uniquely evolved machinery in animals and fungi, there exist components sporadic (i.e.,
"patchy") distributions across other eukaryotes. A most intriguing subset are components ("jo<spacing diaeresis>tnarlogs") stochastically present in
a wide range of eukaryotes but lost in animal and/or fungal models. Such components are considered exotic curiosities but may be relevant to
inferences about the complexity of the last eukaryotic common ancestor (LECA) and frameworks of modern cell biology. Here, we comparative
genomics and phylogenetics to comprehensively assess the membrane-trafficking system diplonemids. They possess several proteins thought of as
kinetoplastid specific, as well as an extensive set of patchy proteins, including jo<spacing diaeresis>tnarlogs. Diplonemids apparently function with
endomembrane machinery distinct from existing cell biological models but comparable with other free-living heterotrophic protists, highlighting
the importance of including such exotic components when considering different models ancient eukaryotic genomic complexity and the cell
biology of non-opisthokont organisms.
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Abstract: This paper introduces two new compilation languages restricting weak decomposable negation normal form (wDNNF) circuits and
integrates them into the knowledge compilation map. Positive (resp. negative) wDNNF circuits restrict wDNNF circuits so that each variable
shared among the inputs of a conjunction node can only have positive (resp. negative) occurrences in that subcircuit. Unlike wDNNF circuits,
pwDNNF (resp. nwDNNF) circuits satisfy the maximum (resp. minimum) cardinality query. We present a compiler for converting CNF formulae
into pwDNNF and nwDNNF circuits by extending Bella - the state-of-the-art compiler for wDNNF circuits. We introduce a new caching scheme,
called Cara, that exploits isomorphism. Using that scheme, we show a new compilation method based on copying subcircuits, which may
significantly speed up compilations at the expense of increasing circuit sizes. Our experiments demonstrate that nwDNNF circuits are suitable for
computing most probable explanations (MPEs) in two-layer Bayesian networks (BNs) with large domains.
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Abstract: Inubosin derivatives were suggested as compounds supporting the regeneration of neurons. For practical pharmaceutical applications
their physicochemical properties need to be optimized in terms of bioavailability, possible side effects, and efficiency. We focused on four inubosin
B derivatives, where acidobasic constants as key players in the biological activity were determined using the UV-Vis spectroscopy. The constants
were correlated with the structure on the basis of the Hammett theory. In addition, water-organic solvent equilibria were studied for selected
compounds. A software for semi-automated processing of the UV-Vis titration data was developed and tested. Time dependent density functional
theory (TDDFT) was used to model and interpret the experimental spectra, which made it possible, for example, to assign the most characteristic
cationic band to the S0 -> S2 transition. For the acridine acid, both the TDDFT computations and the experimental data indicate that it forms
zwitterion in the aqueous solution, whereas it is not dissociated in the organic phase.
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Abstract: Relativistic laser pulses can accelerate electrons up to energies of several GeV during their interaction with gaseous targets through the
direct laser acceleration (DLA) mechanism. While the electrons are accelerated to high energies, they oscillate transversely to the laser propagation
direction, emitting radiation. We demonstrate using particle-in-cell (PIC) simulations that the high accelerated electron charge enables DLA sources
to emit similar to 1010 photons/0.1% bandwidth (BW) at energies of hundreds of MeV when interacting with multi-petawatt (PW) laser pulses. We
provide an analytical estimate of the expected critical frequency for the DLA betatron spectrum which is in strong agreement with PIC simulations.
We also show that using gas jets of low density ( similar to 1019 cm-3) is beneficial for the brightness of the source, since low plasma density
produces collimated radiation. If the laser pulse is focused to an optimal spot size that results in the highest cut-off energies, the conversion
efficiency from laser to radiation can reach up to a few percent, which makes DLA a promising high-brilliance source of gamma-ray radiation.
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Abstract: Metal-organic frameworks (MOFs) have emerged as promising drug delivery carriers due to their unique properties, enabling efficient
encapsulation and controlled release of therapeutic agents. Here we designed thiol-functionalized Zr-based biocompatible MOF, UiO-66-SH2
(Universitetet i Oslo) comprised of ZrCl4 with 2,5-dimercapto-1,4-benzenedicarboxylic acid (H2MBDC) under solvothermal conditions, for
efficient intracellular drug delivery of Terbinafine (TH), an antifungal agent. The structural features, coordination environment, and textural
properties of UiO-66-SH2 and UiO-66-SH2@TH were comprehensively characterized through powder X-ray diffraction (PXRD), Fourier-
transform infrared spectroscopy (FT-IR), Raman spectroscopy, X-ray photoelectron spectroscopy (XPS), Brunauer-Emmett-Teller (BET) surface
area analysis, dynamic light scattering (DLS), and advanced microscopic techniques. To address this challenge, TH was encapsulated at 5 mu g/mL
into UiO-66-SH nanoparticles to enhance antifungal efficacy using a concentration optimized for local delivery for intralesional therapy of
Onychomycosis. In vitro release studies revealed a pH-responsive behavior, with similar to 75 % release at pH 5.0 after 48 h compared to similar to
42 % at pH 7.4, indicating controlled and sustained release in physiological conditions. Furthermore, Raman micro-spectroscopy was employed as
a label-free technique to monitor drug localization and cellular interactions at the single-cell level. The results demonstrated increased intracellular
retention of TH in fission yeast (Schizosaccharomyces pombe) when delivered via UiO-66-SH2 compared to direct administration. Raman imaging
revealed enhanced lipid accumulation and mitochondrial activity in treated cells, indicating improved drug-membrane interactions and potential
mitochondrial targeting. Furthermore, density functional theory (DFT) suggested weak direct binding between UiO-66-SH2 and TH but
highlighted electronic perturbations upon interaction with cytochrome-C, potentially influencing antifungal activity. These results underscore the
promise of MOF-based carriers for targeted drug delivery and highlight Raman microspectroscopy as a powerful, noninvasive analytical tool.
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Abstract: Interactions between per- and polyfluoroalkyl substances (PFASs) and small plastic particles (PPs) in the micro- and nanosize ranges
raise serious concerns due to the possible joint harmful physiological effects of these emerging contaminants on the ecosystem. In this study, the
adsorption of undecafluorohexanoic acid (UFHA), a C6 representative of PFASs, on amidine-functionalized polystyrene PP is investigated by using
experimental and computer simulation methods. Electrophoretic light scattering measurements reveal that UFHA adsorbs strongly on oppositely
charged PP leading to charge neutralization and overcharging at appropriate concentrations. Charged UFHA-PP adducts form stable colloids, while
rapid aggregation was observed at the isoelectric point. Simulation results indicate that, at least at isoelectric conditions, a H-bond is formed
between the oppositely charged groups of the PP and UFHA, providing an additional driving force, besides charge pairing, for this adsorption. This
strong interaction results in an association of the PP chains and the majority of UFHA molecules, although some of the UFHA molecules can still
stay isolated from these associates. It is found that the ionic strength applied in the solutions influences the adsorption process through charge
screening of the PP surface, while it does not affect the charge neutralization conditions. Accordingly, the spatial distribution of the Na+ and Cl-
ions is found to be largely uncorrelated with that of the polymeric chains and UFHA molecules at every salt concentration studied. The findings
obtained provide new insights into the adsorption mechanism of UFHA onto a charged polystyrene surface and the features of the new interfaces
formed, which play a key role in the joint migration and toxicity of these emerging contaminants.
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Abstract: Here, we present the synthesis of diblock copolymers of poly(ethylene glycol) methyl ether-b-poly(epsilon-caprolactone) (mPEG-b-
PCL) with prop-2-ynyl (propargyl) substituents on epsilon-caprolactone (epsilon-CL) units. The copolymerization of epsilon-CL with its
propargylated derivative initiated by mPEG, followed by a thiol-yne click reaction with 1-thioglycerol, results in copolymers featuring vicinal diols
capable of reversibly binding boronic acid derivatives. Detailed kinetic experiments were conducted to monitor the homo- and copolymerization of
epsilon-CL with 7-(prop-2-ynyl)oxepan-2-one. By analyzing the kinetic data, we calculated the copolymerization parameters and mapped the
composition profile of the resulting copolymers. The resulting gradient copolymers exhibited a lightly tapered composition profile, with an increase
in epsilon-CL consumption at higher conversions where the more reactive 7-(prop-2-ynyl)oxepan-2-one is almost depleted. These findings were
further validated through quantum chemical calculations, providing insights into the precise structure and composition of the copolymers.
Characterization of the self-assembled nanoparticles was performed using static and dynamic light scattering, and their morphology was visualized
via conventional and cryogenic transmission electron microscopy, confirming the formation of small, homogeneous spherical micelles. To
demonstrate their potential in drug delivery, we combined a model drug consisting of a phenylboronic acid-conjugated metallacarborane cluster
with diblock copolymer, utilizing reversible bonding between diols and phenylboronic acid and investigated the impact of drug loading on
nanoparticle properties. Our comprehensive study underscores the importance of precise synthesis and structural prediction in the development of
biodegradable diblock copolymers, offering valuable insights into their synthesis, kinetic behavior, and nanoscale assembly for advanced drug
delivery applications.
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Abstract: Anomaly detection in network traffic is crucial for maintaining the security of computer networks and identifying malicious activities.
Most approaches to anomaly detection use methods based on forecasting. Extensive real-world network datasets for forecasting and anomaly
detection techniques are missing, potentially causing overestimation of anomaly detection algorithm performance and fabricating the illusion of
progress. This manuscript tackles this issue by introducing a comprehensive dataset derived from 40 weeks of traffic transmitted by 275,000 active
IP addresses in the CESNET3 network-an ISP network serving approximately half a million customers daily. It captures the behavior of diverse
network entities, reflecting the variability typical of an ISP environment. This variability provides a realistic and challenging environment for
developing forecasting and anomaly detection models, enabling evaluations that are closer to real-world deployment scenarios. It provides valuable
insights into the practical deployment of forecast-based anomaly detection approaches.
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Abstract: Nonmetal-to-metal transitions are among the most fascinating phenomena in material science, associated with strong correlations, large
fluctuations, and related features relevant to applications in electronics, spintronics, and optics. Dissolving alkali metals in liquid ammonia results
in the formation of solvated electrons, which are localised in dilute solutions but exhibit metallic behaviour at higher concentrations, forming a
disordered liquid metal. The electrolyte-to-metal transition in these systems appears to be gradual, but its microscopic origins remain poorly
understood. Here, we provide a detailed time-resolved picture of the electrolyte-to-metal transition in solutions of lithium in liquid ammonia,
employing ab initio molecular dynamics and many-body perturbation theory, which are validated against photoelectron spectroscopy experiments.
We find a rapid flipping between metallic and electrolyte states that persist only on a sub-picosecond timescale within a broad range of
concentrations. These flips, occurring within femtoseconds, are characterised by abrupt opening and closing of the band gap, which is connected
with only minute changes in the solution structure and the associated electron density.
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Abstract: Human phosphofructokinase-1 (PFK1) forms filaments and organizes into large-scale assemblies that are thought to play a key role in
the spatial organization of glycolysis. However, the molecular interactions driving this assembly and the isoform-specific tendencies to form such
structures remain poorly understood. In this work, we combine coarse-grained and all-atom molecular dynamics simulations to characterize
interactions between PFK1 tetramers. Using the Martini and OPEPv7 coarse-grained force fields, we identify key regions mediating transient
PFK1-PFK1 interactions and show that these include experimentally identified filament-forming interfaces. At the same time, we find that current
coarse-grained models-optimized for nonspecific, transient contacts-lack the resolution to capture the specific side-chain interactions critical for
filament stability, as revealed by previous experiments and our all-atom simulations. To address this, we propose enhancing the coarse-grained
representation of filament-forming interfaces by introducing additional hydrogen-bonding terms for key residues. This modification improves
filament stability and more accurately reproduces the effects of the filament-disrupting Asn-to-Thr mutation. Overall, our work provides a
foundation for molecular-level modeling of glycolytic enzyme assemblies and offers a strategy to improve the accuracy of coarse-grained models
in capturing the delicate interplay between specific and transient interactions in dynamic protein complexes.
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Abstract: We revised the Holarctic taxa of Ditrichaceae on the basis of both organellar DNA sequence data and morphological traits. After the
removal of phylogenetically discordant elements related to Flexitrichum and Rhamphidium, the remaining representatives of the family cluster into
three well-supported lineages, which are recognized here as the reinstated family Ceratodontaceae and a more restricted Ditrichaceae with two
subfamilies. Rhamphidium is segregated into a newly described family, Rhamphidiaceae; Aongstroemia gayana, Dicranella vaginata and
Symblepharis krausei are combined under Rhamphidium, and the genus Strombulidens is tentatively moved to Rhamphidiaceae. Ceratodontaceae
includes the genera Ceratodon, Cheilothela, Trichodon, and a newly described Pseudaongstroemia, which includes a single species, known earlier
as Aongstroemia fuji-alpina. The genus Trichodon is paraphyletically defined to include T. cylindricus, T. oblongus reinstated at specific rank, and
a molecularly distinct lineage, which we were unable to distinguish morphologically from T. cylindricus. The monoicous genera of Ditrichaceae
and the autoicous taxa of Ditrichum as previously understood are merged into a single genus, Pleuridium, which is segregated to Ditrichaceae
subfam. Pleuridioideae stat. nov. A single genus is also accepted within Ditrichaceae subfam. Ditrichoideae, following the transfer of both
Aongstroemia julacea s.str. and A. orientalis to Ditrichum. Ditrichum septentrionale is newly described based on material mostly from North Asia.
Two ecologically specialized, putatively only locally distributed taxa are synonymized with more widespread taxa. Ditrichum plumbicola is placed
into synonymy with D. lineare and similarly D. cornubicum is tentatively synonymized with D. macrorhynchum. The morphological delimitations
of D. lineare, D. pusillum and D. macrorhynchum are clarified and emended.
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Abstract: Controlling electrically stimulated quantum light sources (QLSs) is key for developing integrated and low-scale quantum devices. The
underlying mechanisms leading to electrically driven quantum emission, however, are complex, as a large number of electronic states of the system
can be involved and, thus, impact the emission dynamics. Here, we use a scanning tunneling microscope to electrically excite a model QLS,
namely, a single ZnPc molecule, and disentangle the interplay of charge transfer and excited state formation. The luminescence spectra reveal two
lines, associated to the emission of the neutral (exciton) and positively charged (trion) ZnPc, both exhibiting single-photon source behavior. In
addition, we find a correlation between the charged and neutral emission, specifically, the signature of a photon cascade in which the radiative
decay of the molecular trion is followed by the formation and decay of the exciton. By adjusting the charging vs discharging rate, we show that we
can control these emission statistics. This generic strategy is further established by a comprehensive rate equation model comprising a variety of
states that mediate excited state formation in the electrically driven single and cascaded photon emission process, revealing the complex internal
dynamics of the molecular junction.
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Abstract: Titanium nitride (TiN) nano-powder was synthesized in a gas-pressure vessel steel via a mechanically induced reaction between
Ti(alpha) and nitrogen gas for 40 h. Following mechanical activation, the precursor was consolidated using two distinct methods: spark plasma
sintering (SPS) at 1600 degrees C for 10 min under an applied pressure of 50 MPa, and a high-pressure-high-temperature (HPHT) process
performed at 1300 degrees C and 1600 degrees C under 7.8 GPa for 1 min. The microstructure of the SPS-consolidated sample exhibited fine,
uniform, pure TiN grains with an average size of 4.8 f 2.0 mu m. In contrast, the HPHT-consolidated material retains the TiN/TiN0.3 milled grains
nanostructure. Additionally, localized reactions between grains with varying nitrogen content lead to the formation of new TiN nanoparticles
ranging in size from 23.1 f 7.7 nm to 27.5 f 10 nm, depending on the consolidation temperature. Variations in mechanical properties are attributed
to the increased porosity and inhomogeneous microstructure in HPHT-synthesized samples, which impair load transfer and grain boundary
bonding, thereby reducing compressive strength (1779 and 1624 MPa) and hardness (1441 f 98 and 1538 f 62 HV). The higher density, which is
obtained through SPS consolidation with stoichiometric TiN ensures better strength (2416 MPa) and hardness (1796 f 160 HV).
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Abstract: Cyclo[N]carbons, molecular rings consisting solely of N carbon atoms, have previously been studied in the gas phase and on surfaces at
cryogenic temperatures, but they are generally considered too reactive to be studied under ambient laboratory conditions. In this study, we report
the synthesis of a cyclo[48]carbon catenane, in which the C48 ring is protected by being threaded through three other macrocycles. This
cyclo[48]carbon [4]catenane is stable enough for spectroscopic characterization in solution at room temperature. Its mass spectrum displays the
expected molecular ions; its 13C nuclear magnetic resonance spectrum gives a single resonance for all 48 sp1 carbon atoms at 72.9 parts per
million; and its Raman spectrum shows an intense peak at 1890 inverse centimeters, similar to linear polyynes.
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Abstract: Chiral saddle-shaped molecules are an emerging class of compounds with significant potential in both materials science and medicinal
chemistry. However, their broader application has been hindered by limited synthetic accessibility. Herein, we report a metal-free, organocatalytic
protocol for the oxidative lactonization of readily available aldehydic derivatives, enabling the efficient synthesis of chiral saddle-shaped lactones.
The method exhibits excellent enantiocontrol, high yields (nearly quantitative), and broad functional group tolerance, as demonstrated by the
synthesis of a small library of structurally diverse products. The scalability of the reaction further underscores its practical utility. Moreover,
computational studies provide mechanistic insight into the origin of enantioinduction in N-heterocyclic carbene-catalyzed lactonization.
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Abstract: The cation-independent mannose-6-phosphate/IGF2 receptor (CI-M6P/IGF2R) plays a crucial role in transporting lysosomal enzymes
and other ligands. In this study, we designed and synthesized novel stable mannose-6-phosphate (M6P) derivatives to enhance their affinity for CI-
M6P/IGF2R. To evaluate the binding potency, we employed a sensitive and cost-effective fluorescence polarization assay, enabling rapid
quantification of receptor-ligand interactions in solution. The tested compounds included di-, tri-, and penta-M6P peptides along with various M6P-
derived small molecules featuring phosphate isosteres or other functional modifications. Our findings indicate that ligands bearing multiple M6P
moieties exhibit significantly higher receptor affinities than monomeric compounds and that phosphonate groups may serve as a more stable and
potent alternative to native M6P. Computational modeling of ligand interactions with the CI-M6P/IGF2R domains further elucidated the binding
mechanisms, offering new directions for the development of more effective ligands. This study advances the design of therapeutic strategies that
leverage CI-M6P/IGF2R for targeted biomolecule delivery to lysosomes, thereby opening new possibilities for biomedical applications.
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Abstract: We propose a universal method for threat detection with a set-valued evidential classification based on Dempster-Shafer theory and deep
learning. Our approach is designed to handle the inherent uncertainty in threat detection by incorporating extended flow features and packet
metadata, making it adaptable to various protocols and environments. To demonstrate its benefit, we apply the method to the threats in the MQTT
protocol, which is widely used in the IoT environment for its lightweight character. Our method significantly reduces the number of false security
alerts, with a zero false positive rate achieved in most cases. Additionally, the evidential framework provides interpretable outputs that allow for
thorough post-event analysis, enabling a clear understanding of the evidence supporting each decision, which is crucial in security-sensitive
applications.
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Abstract: Electric dipoles are ubiquitous. They affect charge transfer, self-assembly, materials performance, and enzymatic activity. Herein, we
demonstrate dipole effects on molecular geometry. An aromatic amide, 5-N-amide derivative of anthranilamide (Aaa), assumes two stable
conformations with drastically different dipole moments. In nonpolar solvents, Aaa exists predominantly as the conformer with the smaller dipole
as nuclear Overhauser effect (NOE) and density-functional theory (DFT) analysis reveal. Increasing medium polarity drives the emergence of the
other structure with the larger dipole. Splitting of the NMR signals at low temperature is consistent with capturing the two Aaa conformers upon its
aggregation. Analysis employing density-functional theory quantifies the dynamics of the equilibrium between the two conformations and how
solvent polarity affects it. This synergy between molecular electric dipoles and medium polarity reveals a paradigm for conformational switching.
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Abstract: We report the valence-to-core resonant inelastic x-ray scattering of EuS measured at the L3 edge of Eu. The obtained data reveal two
sets of excitations: one set is composed of a hole in the S 3p bands and an electron excited to extended Eu 5d band states, and the other is made up
from a hole in the Eu 4f states and an electron in localized Eu 5d states bound to the 4f hole by its Coulomb potential. The delocalized excitations
arise from the dipole-allowed 5d -* 2p emissions, whereas the localized excitations result from the dipole-forbidden (quadrupole-allowed) 4f -* 2p
emissions. Both these emission channels have a comparable intensity thanks to a small number of occupied 5d states (approximate to 0.6)
combined with a large number of occupied 4f states (seven). We identify the localized electron-hole pairs with the "magnetic excitons" suggested in
the past as an interpretation of the sharp features seen in the optical absorption spectra. Our observations provide a direct experimental evidence of
these excitons, which has been missing up to now.
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Abstract: Atomically thin metallic chains serve as pivotal systems for studying quantum transport, with their conductance strongly linked to the
orbital picture. We report an unusual electromechanical response in Au/ferrocene/Au junctions, manifested as tilted "Z"- and "V"-shaped features
with more than an order-of-magnitude conductance change upon stretching at cryogenic temperatures, a striking deviation from the flat, decaying,
or occasionally increasing profiles typically observed in metallic or molecular junctions. This response emerges during the formation of a
ferrocene-assisted atomic gold chain in a mechanically controllable break junction setup, enabled by direct metal-organometallic bonding in the
absence of anchoring groups. Density functional calculations reveal that molecular tilting within the chain modulates orbital overlap and
transmission spectra, driving the observed conductance evolution. These findings identify metallocene as a distinct class of molecular systems with
strong mechanical-electronic coupling, opening pathways to engineer nanoscale devices through the interplay of orbital hybridization and
mechanical deformation.
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Abstract: Genetic variation underpins evolutionary change, but mutation accumulation increases genetic load. Various factors affect the extent of
load, such as population size and breeding system, but other important determinants remain unexplored. In particular, wholegenome duplication
(WGD)-a pervasive macromutation occurring broadly across Eukaryotes-remains poorly understood in terms of its impact on neutral and selective
processes within populations. Using iterative forward simulations and empirical analysis of 632 short-and 16 long-read sequenced individuals of
Arabidopsis arenosa (in 23 diploid and 42 natural autotetraploid populations), we measure the effects of WGD on genome-wide diversity and
mutation load. Our simulations show how genetic variation gradually rises in autotetraploids due to increased mutational target size. Moreover,
mutation load increases due to relaxed purifying selection as ploidies rise, when deleterious mutations are masked by additional chromosome
copies. Empirical data confirm these patterns, showing significant increases in nucleotide diversity, ratios of nonsynonymous to synonymous SNPs,
and numbers of indels and large structural variants in A. arenosa autotetraploids. However, a rather modest increase in load proxies together with a
broad distribution and niche of autotetraploids suggests load accumulation has not yet limited their successful expansion. Overall, we demonstrate a
complex interplay between neutral processes and purifying selection in shaping genetic variation following WGD and highlight ploidy as an
important determinant of mutation load, genetic diversity, and therefore adaptive potential in natural populations.
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Abstract: The photometric and spectroscopic studies of six contact binaries were performed for the first time. The orbital periods of all the six
targets are longer than 0.5 d, and we discovered that their mass ratios are smaller than 0.15. So, they are extremely low mass-ratio contact binaries.
Only one target is a W-subtype contact binary (ASASSN-V J105032.88+420829.0), while the others are A-subtype contact binaries. From orbital
period analysis, ASASSN-V J075442.44+555623.2 shows no orbital period change. Three of the six targets demonstrate a secular period increase
and two targets for a secular period decrease. We investigated the LAMOST spectra employing the spectral subtraction method. All six contact
binaries show no chromospheric emission line, implying no chromospheric activity. Their absolute parameters, initial masses, ages, energy transfer
parameters, and instability parameters were calculated. The bolometric luminosity ratios ((L-2/L-1)(bol)), the energy transfer parameters (beta), the
contact degrees (f), and the mass ratios (q) were collected for a sample of 218 contact binaries and we analysed and discussed some correlations.
The results by analysing the relation between beta, f, and q indicate that the energy transfer parameter between the two components of extremely
low mass-ratio contact binaries is independent of the contact degree. And the predicted cut-off mass ratio was estimated as 0.021 by analysing the
relation between f and q.
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Abstract: Anaplastic Large Cell Lymphoma (ALCL) is an aggressive T-cell lymphoma affecting children and young adults. About 30% of patients
develop therapy resistance therefore new precision medicine drugs are highly warranted. Multiple rounds of structure-activity optimization of
Caffeic Acid Phenethyl Ester have resulted in CM14. CM14 causes upregulation of genes involved in oxidative stress response and downregulation
of DNA replication genes leading to G2/M arrest and subsequent apoptosis induction. In accordance with this, an unbiased proteomics approach,
confocal microscopy and molecular modeling showed that TUBGCP2, member of the centrosomal gamma-TuRC complex, is a direct interaction
partner of CM14. CM14 overcomes ALK inhibitor resistance in ALCL and is also active in T-cell Acute Lymphoblastic Leukemia and Acute
Myeloid Leukemia. Interestingly, CM14 also induced cell death in docetaxel-resistant prostate cancer cells thus suggesting an unexpected role in
solid cancers. Thus, we synthesized and thoroughly characterized a novel TUBGCP2 targeting drug that is active in ALCL but has also potential
for other malignancies.
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Abstract: The Mediterranean Basin is recognized as one of the world's most prominent biodiversity hotspots, where past climatic changes have
driven range shifts, secondary contact between populations, and gene exchange. This study investigates the impact of historical introgression on the
diversification of diploid members of the genus Picris (Compositae). Using nuclear and plastid genome data obtained through the Hyb-Seq
approach, we assess whether introgression contributed to the evolution of the Mediterranean Picris, potentially giving rise to multiple regional
endemics. We also test whether introgression was associated with the transfer of traits such as life strategy and fruit morphology, which are
involved in habitat-specific adaptation. Phylogenetic network analysis revealed two major introgression events that shaped evolutionary trajectories
within the genus. The earliest and most complex events involved the Turkish endemic P. campylocarpa, which hybridized with the most recent
common ancestor (MRCA) of the P. cyprica-P. pauciflora lineage and with the MRCA of the B1 subclade, comprising the P. hieracioides group and
the P. scaberrima-P. strigosa lineage. The latter introgression preceded shifts from iteroparity to semelparity and from heterocarpy to homocarpy,
ruling out an adaptive introgression origin for these traits. Nevertheless, all detected historical introgression events contributed to the diversification
of diploid Picris taxa.
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Abstract: High-fidelity CFD simulations can easily generate terabytes to petabytes of resulting data. Post-processing of such data is not an easy
task. It holds especially for volume rendering, one of the most illustrative but computationally intensive post-processing techniques. This paper
presents an HPC-ready workflow for post-processing large-scale CFD data computed on unstructured meshes by volume rendering using matured
visual effects tools. The workflow consists of five steps: (1) parallel loading of unstructured data into memory, (2) data load-balancing among
available resources, (3) re-sampling unstructured data into a regular grid (voxelisation), (4) storing data to OpenVDB format, and (5) final high-
quality volume rendering of the (possibly sparse) regular grid in Blender. The workflow is based on open-source libraries, where we have improved
all these steps to build an effective and robust approach. Due to parallel loading and appropriate load balancing, our workflow (a) allows loading
sequential databases that do not fit into the memory of a single node and (b) significantly outperforms current scientific visualisation tools in
voxelisation scalability. Moreover, due to the connection to professional visual effects tools such as Blender, interactive or photo-realistic volume
rendering by path tracing, which includes global illumination effects, is allowed. With the workflow, it is possible to re-sample hundreds of time
steps on an unstructured mesh with 1 billion cells (tens of TB of data) to a sparse regular grid with a density of 11 billion voxels and prepare data
for interactive visualisation in just a few minutes using thousands of CPU cores.
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Abstract: This study revealed that the acidification and oxidation of biochar retarded the biodegradation of poly(3hydroxybutyrate) (PHB) films to
a different extent. Herein, film samples were fabricated from neat poly(3hydroxybutyrate) and PHB filled with various forms of biochar (1 wt%) by
extrusion and thermocompression. The properties of the films were investigated by optical microscopy, scanning electron microscopy (SEM),
atomic force microscopy (AFM), differential scanning calorimetry (DSC), thermogravimetric analysis (TGA) and X-ray diffraction. The PHB films
underwent a biodegradation test in earth, the biological agent employed for this being natural mixed microflora in the form of garden soil. The
course and extent to which they biodegraded were gauged by respirometry to determine the amount of carbon dioxide produced through microbial
degradation. SEM, fluorescence microscopy and next-generation sequencing were carried out to study the microbial community involved in the
biodegradation of the films. An investigation was also conducted on the environmental impacts of samples, discerning how they broke down in
river sediment, in addition to conducting a phytotoxicity screening test. Analysis revealed that the thermal properties of the filled films were
comparable to those of the neat PHB specimen. Respirometric data indicated the extent of PHB biodegradation could be adjusted by adding
biochar, discerned as 87 % in mineralization for the neat PHB material and 37 % to 64 % for the filled samples after 7 months. The rate of such
biodegradation depended on how the biochar had been chemically modified. The hydrophilicity of the polymer surface did not relate to the lag
phase or aforementioned biodegradation rate in the soil. Sequence analysis suggested that the biofilm communities that initially colonized the films
were influenced by the type of biochar in their polymer matrices. Findings showed that the PHB materials supplemented with the modified biochar
did not impact the cultivation of plants or the river environment. Notably, every film had degraded in the river environment by over 50 % in just a
month.
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Abstract: The Nuclear Physics Institute of the Czech Academy of Sciences operates multiple neutron sources that can produce neutrons with
energies up to 33 MeV. Recently, a segmented collimator was constructed to facilitate research on collimated beams of fast neutrons. In front of the
collimator, anew quasi-monoenergetic neutron source was built using accelerated protons interacting with a 2.5 mm thick beryllium target. The
collimated beam provides a neutron flux of approximately 106 n/cm2/s at the standard measurement position. To determine the parameters of the
collimated neutron beam, various measurement techniques were employed, including scintillator-based time-of-flight mode, proton recoil
telescope, and activation detection through the (n,2-3n) reaction on a yttrium sample. Furthermore, Monte Carlo simulations were conducted to
model the neutron transport through the collimator, and the results were subsequently compared to the experimental data obtained.
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Abstract: Mountains have highly heterogeneous environments that generate ample opportunities for lineage differentiation through ecological
adaptation, geographic isolation and secondary contact. The geographic and ecological isolation of the afroalpine vegetation fragments on the East
African mountain tops makes them an excellent system to study speciation. The initial diversification within the afroalpine endemic genus
Dendrosenecio was shown to occur via allopatric divergence among four isolated mountain groups, but the potential role of ecological speciation
within these groups and the role of gene flow in speciation remained uncertain. Here we extend the sampling of Dendrosenecio and use
phylogenomics to assess the importance of gene flow in the diversification of the genus. Then, population genomics, demographic modelling and
habitat differentiation analyses are used to study ecological speciation in two sister species occurring on Mount Kenya. We found that two
sympatric sister species on Mt Kenya occupy distinct microhabitats, and our analyses support that they originated in situ via ecological speciation
with gene flow. In addition, we obtained signals of admixture history between mountain groups. Taken together, these results suggest that
geographic isolation shaped main lineages, while ecologically mediated speciation occurred within a single mountain.
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Abstract: Auxin, indole-3-acetic acid (IAA), is a key phytohormone with diverse morphogenic roles in land plants, but its function and transport
mechanisms in algae remain poorly understood. We therefore aimed to explore the role of IAA in a complex, streptophyte algae Chara braunii.
Here, we described novel responses of C. braunii to IAA and characterized two homologs of PIN auxin efflux carriers: CbPINa and CbPINc. We
determined their localization in C. braunii using epitope-specific antibodies and tested their function in heterologous land plant models. Further,
using phosphoproteomic analysis, we identified IAA-induced phosphorylation events. The thallus regeneration assay showed that IAA promotes
thallus elongation and side branch development. Immunolocalization of CbPINa and CbPINc confirmed their presence on the plasma membrane of
vegetative and generative cells of C. braunii. However, functional assays in tobacco BY-2 cells demonstrated that CbPINa affects auxin transport,
whereas CbPINc does not. The IAA is effective in the acceleration of cytoplasmic streaming and the phosphorylation of evolutionary conserved
targets such as homolog of RAF-like kinase. These findings suggest that, although canonical PIN-mediated auxin transport mechanisms might not
be fully conserved in Chara, IAA is involved in morphogenesis and fast signaling processes.
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Abstract: In Smoothed Particle Hydrodynamics (SPH) method, dealing with free surface flows, artificial viscosity is frequently used to stabilize
the computations. Artificial viscosity is associated with excessive dissipation. However, using only the physical viscosity, issues with stability arise.
In fact, artificial viscosity hides some of the problems of a widely used SPH schemes. In order to resolve stability issues, we employed conservative
modification of boundary integrals formulation of boundary conditions together with midpoint scheme to solve free surface flows in three-
dimensional open geometries including open boundaries.
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Abstract: The influence of changing electrode material on the electrical and mechanical properties of metal-molecule-metal junctions is relatively
poorly understood, yet an improved understanding of these interfaces remains critical to the implementation of such systems as active elements in
real-world circuits. Accordingly, here we study single-molecule junctions comprising thioether-linked alkane and oligophenyl wires formed under
an inert atmosphere using gold, silver, and copper electrodes. Break junction experiments and computational simulations reveal that the
conductance of junctions with different contacts typically decreases in the order gold > silver >= copper. Such trends cannot be explained solely
from the differences in work function for these metals, which are modulated in junctions by the interface dipole. Transport calculations also expose
the influence of electronic coupling to the electrodes, which is strongest for gold. Together, this study charts a coherent path toward a more
complete understanding of the role of the electrode in single-molecule devices.
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Abstract: Amorphous silicon boron carbonitride (Si-B-C-N) ceramics offer superior oxidation resistance at high temperatures. These ceramics are
excellent candidates for use as coatings in high-temperature applications and other advanced technologies. We investigate the oxidation resistance
of amorphous Si-(B)-C-N ceramic materials in a wide range of elemental compositions using density functional theory. We go beyond the
empirical experimental results and focus on complete quantitative description of the oxidation onset in terms of the corresponding reaction
energies. Several adsorption sites are explored to examine the adsorption behavior of O2 molecules and to identify the most stable adsorption
configuration at each surface. Next, we analyze O2 dissociation by examining intermediate configurations at the most stable adsorption sites. We
obtain energy barriers of 2.13-3.27 eV (Si-BC-N) and 1.41-1.53 eV (Si-C-N), in both cases increasing with increasing Si/C ratio. These findings
align well with our qualitative experimental results, quantify them, and facilitate the comparison of Si-(B)-C-N ceramics with other materials and
the full utilization of their application potential.
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Abstract: Background and Aims Climate change threatens plant species, potentially exceeding their adaptive capacities. Plants may adapt to rapid
environmental changes through transgenerational plasticity (TGP), where adaptive traits are passed to their offspring via proteins, hormones and
epigenetic modifications such as DNA methylation. The extent of TGP and its ecological implications may differ between sexual and clonal
reproductive modes due to differences in the inheritance of DNA methylation and provisioning. However, it remains unclear whether TGP differs
between these reproductive modes and the role of DNA methylation. Addressing this gap is crucial, as higher TGP in clonal propagation could
compensate for low genetic variation and help these plants in adapting to rapid environmental changes. Methods We assessed the adaptive potential
of woodland strawberry (Fragaria vesca), a widely distributed herb with both clonal and sexual reproduction, in response to environmental
conditions expected by the end of the 21st century: a temperature rise of 4 degrees C, a 400 ppm rise in atmospheric CO2 and periodic droughts.
We quantified ecologically relevant phenotypic traits and examined whole-genome DNA methylation patterns in parents and their clonal and sexual
offspring. Key Results We found evidence for TGP induced by the parental environment, with a stronger overall effect observed in clonal
compared to sexual offspring. Specifically, parental exposure to current temperature and CO2 conditions prompted adaptive TGP, particularly in
clonal offspring. Additionally, adaptive TGP was observed exclusively in clonal offspring in response to a combination of elevated parental
temperature and drought conditions. Finally, we found a higher inheritance of DNA methylation marks in clonal than in sexual offspring.
Conclusions These results suggest that while TGP via DNA methylation can influence clonal plant adaptation to future conditions, it remains
uncertain whether this influence will consistently result in adaptive outcomes. Moreover, TGP would probably be more important in clonal than in
sexual reproduction.
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Abstract: We investigate the effect of selected N and Ti point defects in B1 TiN on N 1s and Ti 2p3/2 binding energies (BE) through experiments
and ab initio calculations. X-ray photoelectron spectroscopy (XPS) measurements of TiNx films with 1.18 <= x <= 1.37 reveal additional N 1s
spectral components at lower binding energies. Ab initio calculations predict that these components are caused by either Ti vacancies, which induce
an N 1s BE shift of-0.54 eV in their first N neighbors, and/or N tetrahedral interstitials, which have their N 1s BE shifted by-1.18 eV and shift the
BE of their first N neighbors by-0.53 eV. However, based on ab initio data the tetrahedral N interstitial is estimated to be unstable at room
temperature. We, therefore, unambiguously attribute the N 1s spectral components at lower BE in Ti-deficient TiNx thin films to the presence of Ti
vacancies. Furthermore, it is demonstrated that the vacancy concentration in Al-capped Ti-deficient TiNx can be quantified with the proposed
correlative method based on measured and predicted BE data. Our work highlights the potential of ab initio-guided XPS measurements for
detecting and quantifying point defects in B1 TiNx.
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Abstract: Design and development of functionalized and biocompatible drug delivery systems (DDS) for site-specific release of small molecules is
emerging as a means to target disease sites while sparing healthy tissue. Cell penetrating short peptides capable of self-assembly and drug
encapsulation represent one scaffold with which selective DDSs can be rationally designed due to their chemical diversity, biocompatibility,
tunable bioactivity, ease of functionality, and high loading capacity. Herein, we designed and synthesized two tetra peptides, BOC-YWWD (PB1
with Trp-Trp-Sequence) and BOC-WYWD (PB2 without Trp-Trp sequence). Structural rigidification of these two peptides with Zn(II) in the self-
assembled state were characterized by the density functional theory (DFT) method and demonstrated to shift self-assembly of their characteristic
emission from the ultraviolet to visible range allowing for visualization of cellular entry. PB1-Zn, unlike PB2-Zn, exhibits cell penetrating
capabilities and is photo and thermally stable and biocompatible. Self-assembled PB1-Zn effectively encapsulated the chemotherapeutic drug
Doxorubicin (Dox) and facilitated intracellular drug delivery. To test the utility of PB1-Zn as a DDS, we chemically modified PB1-Zn with folic
acid to target folate receptor alpha (FLOR1), commonly overexpressed on the surface of cancer cells. In HeLa cervical cancer cells, this chemical
conjugation with folic acid significantly improved the ability of Dox to activate the pro-apoptotic DNA damage response and trigger oxidative
stress and mitochondrial dysfunction critical for the cancer cell killing actions of the drug. However, PB1-Zn failed to facilitate Dox delivery into
the lung cancer epithelial cell line, A549, which does not express high levels of FLOR1. Our results represent an important proof of concept
describing the fabrication of fluorescent Zn(II) coordinated, self-assembled short peptides containing the sequential Trp-Trp unit that may be used
to develop superior imaging reagents and site-specific DDSs.
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Abstract: Using GPU-based HPC platforms efficiently for coupled cluster computations is a challenge due to heterogeneous hardware structures.
The constant need to adapt software to these structures and the required man-hours makes the systematization of high-performance code
development desirable, even more so for higher-order coupled cluster. This is generally achieved by introducing a high-level representation of the
problem, which is then translated into low-level instructions for the hardware using a compiler/translator component. Designing such software
comes with another challenge: Allowing efficient implementation by capturing key symmetries of tensors while retaining abstraction from the
hardware. We review ways to address these two challenges while presenting the design decisions that led us to the development of a general-order
coupled cluster code generator. The systematically produced code shows excellent weak scaling behavior, running on up to 1200 GPUs using the
distributed memory tensor library ExaTENSOR. We present an open-source modular tensor framework '' tenpi '' for coupled cluster code
development with diagrammatic derivation, visualization module, symbolic algebra, intermediate optimization, and support for multiple tensor
backends. Tenpi brings higher-order CC functionality to the massively parallel ExaCorr module of the DIRAC code for relativistic molecular
calculations.
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Source: PARALLEL PROCESSING AND APPLIED MATHEMATICS, PPAM 2024, PT I  Book Series: Lecture Notes in Computer
Science  Volume: 15579  Pages: 193-209  DOI: 10.1007/978-3-031-85697-6_13  Published Date: 2025   
Abstract: We present a new out-of-core method for multi-GPU path tracing of large scenes based on memory access analysis. Our approach allows
us to render massive scenes efficiently on a computer system with multiple GPUs and less total memory of all graphics cards than the total size of
the scene. The scene is partitioned among GPU memories and the main CPU memory based on a method that operates at the memory management
level. Specific parts of the scene are either replicated or distributed in the memory of GPUs, and the rest is located in the main CPU memory.
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Abstract: With the growing demand for advanced energy materials, finding suitable metallic electrode nanomaterials with strong metallophilicity
remains challenging. Machine learning methods offer powerful tools to tackle this issue by enabling efficient exploration of the extensive
compositional space and accurate modeling of complex interactions. We investigated the interactions between seven-layered MA2Z4 nanomaterials
and eight metal atoms using computational simulations, a high-throughput workflow and multitask machine learning (MTL) to explore a vast
compositional space. We built a comprehensive dataset of 2592 MA2Z4 nanomaterials and identified 2018 stable adsorption structures for training
models. Using the MTL and crystal graph convolutional neural network (CGCNN), we achieved superior accuracy in predicting adsorption energy
of nanomaterials compared to traditional Auto-ML models. MA2Z4 nanosheets with low-electronegativity A elements and highly-electronegativity
Z elements exhibit high stability and metallophilicity, making them promising electrode nanomaterials. This study highlights the power of
integrating MTL and CGCNN methodologies to accelerate the discovery and optimization of novel energy nanomaterials.
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Abstract: This article offers a concise overview of the best practices for safety in offshore oil and gas operations, focusing on the risks associated
with various types of equipment, particularly on the risk of fire. It identifies specific machinery and systems that could pose hazards, assesses their
potential impact on safety, and explores conditions that may lead to accidents. Some of the largest accidents were analyzed for their associations
with fire hazards and specific equipment. Two primary regulatory approaches to offshore safety are examined: the prescriptive approach in the
United States (US) and the goal-oriented approach in Europe. The prescriptive approach mandates strict compliance with specific regulations,
while in the goal-oriented approach a failure to adhere to recognized best practices can result in legal accountability for negligence, especially
concerning human life and environmental protection. This article also reviews achievements in safety through the efforts of regulatory authorities,
industry collaborations, technical standards, and risk assessments, with particular attention given to the status of Mobile Offshore Drilling Units
(MODUs). Contrary to common belief, the most frequent types of accidents are not those involving a fire/explosion caused by the failure of the
Blowout Preventer (BOP) after a well problem has already started. Following analysis, it can be concluded that the most frequent type of accident
typically occurs without fire and is due to material fatigue. This can result in the collapse of the facility, capsizing of the platform, and loss of
buoyancy of mobile units, particularly in bad weather or during towing operations. It cannot be concluded that accidents can be more efficiently
prevented under a specific type of safety regime, whether prescriptive or goal-oriented.
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Abstract: In this study, we explore the influence of surface functionalization and quantum dot size on the electronic and optical properties of
MXene quantum dots (MXQDs) using time-dependent density functional theory. Our findings demonstrate that surface terminations have a
significant influence on the electronic and optical properties of Ti2CT2 (T = O, F, OH) MXQDs. Different functional groups induce notable shifts
in both the energy gap and the absorption spectrum. The oxygen termination yields the highest stability and the largest energy gap, while hydroxyl
and fluorine terminations shift absorption toward the visible and near-infrared regions. The study also reveals a pronounced blue shift in the
absorption spectrum as the Ti2CO2 QDs shrink. In addition, small quantum dots with a lateral size of similar to 1-2 nm exhibit strong quantum
coupling effects, accompanied by an increase in exciton binding energy with delocalization across the quantum dot. The binding energy of the first
exciton in MXQDs can achieve up to 75% of its energy gap (in corresponding 2D materials, the typical value is around 25%), which critically
influences (increases and shifts) optical absorption.
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Abstract: Hydridic hydrogen bonds, formed by X-H<middle dot><middle dot><middle dot>Y interactions with negatively charged hydrogen,
expand the conventional view of H-bonding beyond elements that are more electronegative than hydrogen. Using a highly polarizable silane donor
(Me3Si)3SiH, we systematically examined various electron acceptors (sigma- and pi-hole) and observed both red and blue shifts in the X-H
stretching frequency. We provide the first experimental evidence of a blue-shifting hydridic bond and report the largest experimental blue shift for
any hydrogen-bonded system. Thermodynamic, spectroscopic, and theoretical analyses show that the dispersion energy is crucial for stabilizing
these complexes and reproducing their spectral signatures. Notably, the IR band intensity increases for red-shifting bonds and increases or
decreases for blue-shifting hydridic bonds, offering a distinct spectroscopic fingerprint. Adiabatic ALMO-EDA calculations indicate that red shifts
in hydridic bonds primarily arise from electrostatics and dispersion rather than charge transfer. It can be thus concluded that protonic as well as
hydridic hydrogen bonds exhibit similar spectral manifestations, namely, the red or blue shift of the X-H stretching frequency connected with the
intensity increase or decrease. These findings broaden hydrogen-bonding paradigms for diverse chemical applications.
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Abstract: The two-dimensional nanomaterial, hexagonal boron nitride (hBN) was cleanly transferred via a blister-based laser-induced forward-
transfer method. The transfer was performed utilizing femtosecond and nanosecond laser pulses for separation distances of similar to 16 and similar
to 200 mu m between a titanium donor film deposited on a glass substrate and a silicon/silicon dioxide receiver. The transfer efficiency was
examined for isolated laser pulses as well as for a series of overlapping pulses for both pulse durations. The damage-free transfer of monolayer and
multilayer hBN was demonstrated for all tested combinations of pulse duration and transfer distances. The results indicate that transfer proceeds via
direct stamping for short donor-to-receiver distances while, for the larger distance, the material is ejected from the donor and lands on the receiver.
Furthermore, with overlapping pulses, ns laser pulses enable a successful printing of hBN lines while, for fs laser pulses, the Ti film can be locally
disrupted by multiple pulses and molten titanium may be transferred along with the hBN flakes. For reproducibility, and to avoid contamination
with metal deposits, low laser fluence transfer with ns pulses and transfer distances smaller than the blister height provide the most favourable and
reproducible condition.
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Abstract: In recent years, the catalytic activity of scandium triflate Sc(OTf)3 has attracted significant attention due to its robust Lewis acidity and
the oxophilicity of Sc3+. These features have led to impressive progress in developing diverse organic reactions, including C-C bond formation.
The Sc3+ also facilitates single electron transfer in photoinduced reactions either by coordination to an organophotoredox catalyst, which modifies
its redox reactivity, or by the formation of a scandium-superoxide anion complex after electron transfer from a light-absorbing redox-active
compound. The prior consideration of Sc3+ as a redox-inactive/innocent metal ion initially hampered the investigation of the possibility of using
Sc(OTf)3 as a sole visible light photoredox catalyst. This work demonstrates the use of Sc(OTf)3 as a visible light photocatalyst capable of direct
and mild aerobic oxidative C-H functionalisation of aromatic substrates by oxidation of the benzylic position and direct cyanation of the aromatic
ring.
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Abstract: Although air quality has improved in Europe, most of its population is still exposed to levels of pollutants that are harmful to health,
such as nitrogen dioxide (NO2) or sulphur dioxide (SO2). Studying the processes that drive atmospheric chemistry is key to understanding their
contribution to air quality. However, since many pollutants are secondary, since meteorology influences the chemical evolution of pollutants,
disperses them and transport them and their precursors, among other factors, this task is extremely difficult. This makes thus the use of models
essential for the study of air quality. In this work, we present the first long-term validation of air quality simulations in Central Europe for the 2010-
2019 decade. The simulations were carried out using the Weather Research and Forecasting model coupled with Chemistry (WRF-Chem) and the
Comprehensive Air Quality Model with Extensions (CAMx). Using the AirBase dataset, stations inside the model domain were classified into three
categories according to their pollution burden, and the validation of the models was performed independently in each group. Our research shows
that, generally, simulations underestimate pollutant concentrations - except ozone (O3) - most likely because of an incorrect monthly and hourly
emissions profile and an overestimation of vertical mixing.
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Abstract: Herein, a self-assembled hierarchical structure of hematite (alpha-Fe2O3) was synthesized via a one-pot hydrothermal method.
Subsequently, the nanomaterial was doped to obtain MxFe2-xO3 (M = Mn-Co; x = 0.01, 0.05, and 0.1) at precise concentrations. An electrode was
fabricated by coating the resulting nanocomposite onto a nickel foam (NF) substrate. Electrochemical characterization demonstrated the excellent
performance of cobalt-doped alpha-Fe2O3, among which Co0.05Fe0.95O3 (CF5) exhibited a superior performance, showing a two-fold increase in
sensitivity of 1364.2 mu A mM-1 cm-2 (+/- 0.03, n = 3) in 0.5 M KOH, a limit of detection (LOD) of similar to 0.17 mM, and a limit of
quantification (LOQ) of similar to 0.58 mM. The Density Functional Theory (DFT) was performed to understand the doping prompting in the
reduced bandgap. The fabricated electrode displayed a rapid response time of 2 s and demonstrated 95% stability, excellent reproducibility, and
selectivity, as confirmed by tests with several interfering species. A comprehensive evaluation of the electrode's performance using human blood
serum highlighted its robustness and reliability for cholesterol detection in clinical settings, making it a promising tool for clinical and
pharmaceutical applications.
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Abstract: The use of ultrashort laser pulses to manipulate properties or investigate a materials response on femtosecond time-scales enables
detailed tracking of charge, spin, and lattice degrees of freedom. When pushing the limits of experimental resolution, connection to theoretical
modeling becomes increasingly important to infer causality relations. Weyl-semimetals are a particular class of materials of recent focus due to the
topological protection of the Weyl-nodes, resulting in a number of fundamentally interesting phenomena. This work provides a first-principles
framework based on time-dependent density-functional theory for tracking the distribution of Weyl-nodes in the Brillouin-zone following an
excitation by a laser pulse. Investigating the prototype material TaAs, we show that residual shifts in the Weyl-Nodes' position and energy
distribution are induced by a photo-excitation within femto-seconds through band-structure renormalization. Further, we provide an analysis of the
relaxation pathway of the photoexcited band-structure through lattice vibrations.
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Abstract: Ergasilidae is a family of globally distributed copepods parasitizing freshwater fishes. Despite their widespread occurrence, their
phylogeographic patterns are poorly understood, specifically in the African Great Lakes. Here, we aim to provide an update on the distribution of
Ergasilus kandti, a copepod species infecting Tylochromis polylepis, an endemic cichlid fish species in Lake Tanganyika, and the phylogenetic
relationship of African ergasilids. We present the first record of E. kandti parasitizing the gills of T. polylepis in Lake Tanganyika proper, identified
through light microscopy and, for the first time for any ergasilid, confocal laser scanning microscopy. We suggest that this technique adds spatial
context to characters that are hardly visible while using light microscopy. Phylogenetic analyses based on ribosomal DNA fragments suggest two
monophyletic groups of African ergasilids. However, the phylogenetic relationships of Ergasilus remain unresolved, possibly because of the
insufficient resolution of these widely used phylogenetic markers and low taxonomic coverage. A comparison of ergasilid mitochondrial genomes
highlights traits found in other parasite lineages including genome shrinkage and low evolutionary rates of the cox1 gene. This study presents the
most extensive molecular characterization of any ergasilid species to date.
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Abstract: The seed-to-seedling transition represents a key developmental and metabolic switch in plants. Catabolism of seed storage reserves fuels
germination and early seedling emergence until photosynthesis is established. The seed-to-seedling developmental transition is controlled by
Polycomb repressive complex 2 (PRC2). However, the coordination of PRC2 activity and its contribution to transcriptional reprogramming during
seedling establishment remain unknown. By analyzing H3K27me3 re-distribution and changes in gene transcription in the shoot and root tissues of
heterotrophic and photoautotrophic Arabidopsis (Arabidopsis thaliana) seedlings, we reveal 2 phases of PRC2-mediated gene repression. The first
phase is independent of light and photosynthesis and results in the irreversible repression of the embryo maturation program, marked by
heterotrophy and reserve storage molecule biosynthesis. The second phase is associated with the repression of metabolic pathways related to
germination and early seedling emergence, and H3K27me3 deposition in this phase is sensitive to photosynthesis inhibition. We show that
preventing the transcription of the PRC2-repressed glyoxylate cycle gene ISOCITRATE LYASE promotes the vegetative phase transition in PRC2-
depleted plants. Our findings underscore a key role of PRC2-mediated transcriptional repression in the coordinated metabolic and developmental
switches that occur during seedling emergence and emphasize the close connection between metabolic and developmental identities.
Two phases of gene repression by Polycomb repressive complex 2 are associated with metabolic and developmental transition during seedling
establishment in Arabidopsis.
Accession Number: WOS:001523992100001
PubMed ID: 40515680
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Hönig Mondeková, Helena  ABH-3191-2020  0000-0002-4068-7981 
Rivière, Quentin Philippe Jean    0000-0003-3522-6256 
Samo, Naseem  AAE-7730-2021  0000-0002-4666-5046 
Rivière, Quentin  HMW-1160-2023   
Schlereth, Armin    0000-0001-9383-2145 
Bouyer, Daniel  P-5119-2016  0000-0002-7438-5551 
Kubásek, Jiří  K-3372-2016   
Ebert, Alina    0009-0003-6195-3155 
NOVAK, Ondrej  F-7031-2014   
Erban, Alexander    0000-0003-1794-588X 
Aflaki, Fatemeh  AAN-8645-2020  0000-0002-4005-2476 
Gahurova, Lenka  AGL-9767-2022  0000-0002-9412-7971 
Mozgova, Iva  J-5970-2017  0000-0002-3815-9223 
Trejo Arellano, María Guadalupe    0000-0002-5208-431X 
ISSN: 1040-4651
eISSN: 1532-298X

Record 354 of 502
Title: Novel archaeal ribosome dimerization factor facilitating unique 30S-30S dimerization
Author(s): Hassan, AH (Hassan, Ahmed H.); Pinkas, M (Pinkas, Matyas); Yaeshima, C (Yaeshima, Chiaki); Ishino, S (Ishino, Sonoko); Uchiumi,
T (Uchiumi, Toshio); Ito, K (Ito, Kosuke); Demo, G (Demo, Gabriel)
Source: NUCLEIC ACIDS RESEARCH  Volume: 53  Issue: 2  Article Number: gkae1324  DOI: 10.1093/nar/gkae1324  Published Date: 2025
JAN 11  
Abstract: Protein synthesis (translation) consumes a substantial proportion of cellular resources, prompting specialized mechanisms to reduce
translation under adverse conditions. Ribosome inactivation often involves ribosome-interacting proteins. In both bacteria and eukaryotes, various
ribosome-interacting proteins facilitate ribosome dimerization or hibernation, and/or prevent ribosomal subunits from associating, enabling the
organisms to adapt to stress. Despite extensive studies on bacteria and eukaryotes, understanding factor-mediated ribosome dimerization or anti-
association in archaea remains elusive. Here, we present cryo-electron microscopy structures of an archaeal 30S dimer complexed with an archaeal
ribosome dimerization factor (designated aRDF), from Pyrococcus furiosus, resolved at a resolution of 3.2 & Aring;. The complex features two
30S subunits stabilized by aRDF homodimers in a unique head-to-body architecture, which differs from the disome architecture observed during
hibernation in bacteria and eukaryotes. aRDF interacts directly with eS32 ribosomal protein, which is essential for subunit association. The binding
mode of aRDF elucidates its anti-association properties, which prevent the assembly of archaeal 70S ribosomes.
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Source: OPTICS DAMAGE AND MATERIALS PROCESSING BY EUV/X-RAY RADIATION, XDAM9  Book Series: Proceedings of
SPIE  Volume: 13533  Article Number: 1353308  DOI: 10.1117/12.3056275  Published Date: 2025   
Abstract: The extreme conditions inside prospective Inertial Confinement Fusion (ICF) reactors place strict demands on the materials used for
plasma-facing components, particularly the first wall. These surfaces are subjected to intense fluxes of energetic photons, ions, neutrons, and debris
from the fusion plasma delivered in short pulses and at high repetition rates making the choice of material, and a thorough understanding of its
radiation response, critical to reactor lifetime and performance. Testing candidate materials under realistic conditions remains challenging,
especially due to the non-ideal surfaces typical of practical samples. These may be uneven by design (e.g., foams, sintered nano-powders, or nano-
/micro-structured arrays) or due to manufacturing and cost constraints. In this work, we present a novel method for assessing radiation damage
thresholds by measuring ion emission from surfaces exposed to short-wavelength laser irradiation. Unlike conventional techniques that rely on
detecting subtle morphological changes after irradiation, our approach remains effective even for rough or structured surfaces, making it well-
suited for real-world materials.
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Abstract: The Protein Data Bank (PDB) is the largest database of experimentally determined protein structures, containing more than 230 000
experimentally determined structures. The chemical reactivity of proteins is based on the electron density distribution, which is usually
approximated by partial atomic charges. However, because of the size and high variability, there is not yet a universal and accurate tool for
calculating the partial atomic charges of these structures. For this reason, we introduce the web application PDBCharges: a tool for quick
calculation of partial atomic charges for protein structures from PDB. The charges are calculated using the recent semi-empirical quantum-
mechanical method GFN1-xTB, which reproduces PBE0/TZVP/CM5 charges. The computed partial atomic charges can be downloaded in
common data formats or visualized online via the powerful Mol* Viewer. The PDBCharges application is freely available at
https://pdbcharges.biodata.ceitec.cz and has no login requirement.
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Abstract: Pose prediction of ligands to proteins remains a central challenge of structure-based drug design. Although data leakage and
generalizability concerns remain, data-driven methods for pose prediction (i.e., based on deep learning and diffusion) now routinely outperform
traditional techniques such as molecular docking. In this work, we propose a simple data-driven ligand-based baseline for pose prediction, which is
based on maximal common substructure to reference molecules, followed by constrained 3D embedding. As this TEMplate-based Protein-Ligand
(TEMPL) baseline is strictly data-driven, it is a particularly meaningful baseline for interpolative tasks, where physics-based methods sometimes
underperform as they exploit data less directly. However, it can also highlight the added advantage of other interpolative data-driven methods that
should outperform this simple approach. We applied our baseline method in the ASAP-Polaris-OpenADMET antiviral competition, achieving a
result that outperformed some classic docking algorithms for the pose prediction of a series of ligands at the Main Protease of SARS-CoV-2 and
MERS-CoV. Furthermore, we show that the performance of our baseline is relatively good on a protein-ligand pose prediction benchmark used for
deep learning based pose prediction, PDBBind, highlighting the risk of data leakage and the necessity of challenging splits for other data-driven
methods as well. We also show our baseline method has limited performance on more challenging benchmarks, such as PoseBusters. We provide
our baseline method as open source software. For convenience and for nontechnical users, we also provide a web application to run the pipeline.
These findings will aid in the evaluation of future pose prediction methods, especially more complex data-driven approaches that are increasing in
popularity.
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Abstract: The measurement of magnetic fields in cosmic web filaments can be used to reveal the magnetogenesis of the Universe. In previous
works, we produced the first estimates of the field strength and its redshift evolution using the Faraday rotation measure (RM) catalogue of
extragalactic background sources at a low frequency obtained with LOFAR observations. For this work, we refined our analysis by selecting
sources with a low Galactic RM, which reduces its residual contamination. We also conducted a comprehensive analysis of the different
contributions to the extragalactic RMs along the line of sight, and confirm that they are dominated by the cosmic filaments' component, with only
21 percent originating in galaxy clusters and the circumgalactic medium (CGM) of galaxies. We find a possible hint of a shock at the virial radius
of massive galaxies. We also find that the fractional polarisation of background sources might be a valuable CGM tracer. The newly selected RMs
have a steeper evolution with redshift than previously found. The field strength in filaments (B-f) and its evolution were estimated assuming B-f
evolves as a power law B-f = B-f,B- 0 (1 + z)(alpha). Our analysis finds an average strength at z = 0 of B-f,B- 0 = 11-15 nG, with an error of 4 nG,
and a slope alpha = 2.3-2.6 +/- 0.5, which is steeper than what we previously found. The comoving field has a slope of beta = [0.3, 0.6]+/- 0.5 that
is consistent with being invariant with redshift. Primordial magnetogenesis scenarios are favoured by our data, together with a sub-dominant
astrophysical-origin RM component increasing with redshift.
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Abstract: The solubilization and transport of poorly water-soluble drugs present significant engineering challenges due to the interplay of
physicochemical, colloidal, and interfacial processes in biological environments. In particular, the gastrointestinal tract represents a dynamic
system where dissolution, bile salt-mediated micellization of poorly soluble drugs, particle precipitation and aggregation, and membrane
permeation occur concurrently and govern overall drug bioavailability. In this study, we investigate the behavior of Valsartan, a poorly soluble
model drug, in the presence of four nonionic surfactants to understand its colloidal states and solubilization mechanisms. Valsartan was found to
exist in multiple colloidal states: as freely dissolved molecules, micellesolubilized drug, and precipitated particles. A combination of molecular
dynamics (MD) simulations and experimental techniques was used to investigate Valsartan-surfactant interactions. Quantitative analysis revealed
that micelle encapsulation capacities ranged from 2 to 7 molecules per micelle, leading to solubilization enhancement factors of up to 57-fold
compared with the aqueous solubility of Valsartan, with encapsulation efficiency correlating strongly with the surfactant's critical micelle
concentration (CMC). While measurements of Valsartan flux across a model membrane confirmed that higher surfactant concentrations reduce free
drug transport, this observation serves as contextual support for the focus of the study. Building on these results, we developed and validated a
chemical engineering model that integrates dissolution, particle formation, micellization, and membrane permeation kinetics, accurately predicting
free drug flux within +/- 5 % of experimental values. This integrated approach provides both molecular-level insight and a practical predictive tool
for the engineering design and optimization of drug delivery systems.
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Abstract: Polymyxins, critical last-resort antibiotics, impact the distribution of membrane-bound divalent cations in the outer membrane of Gram-
negative bacteria. We employed atomistic molecular dynamics simulations to model the effect of displacing these ions. Two polymyxin-sensitive
and two polymyxin-resistant models of the outer membrane of Salmonella enterica were investigated. First, we found that the removal of all
calcium ions induces global stress on the model membranes, leading to substantial membrane restructuring. Next, we used enhanced sampling
methods to explore the effects of localized stress by displacing membrane-bound ions. Our findings indicate that creating defects in the membrane-
bound ion network facilitates polymyxin permeation. Additionally, our study of polymyxin-resistant mutations revealed that divalent ions in
resistant model membranes are less likely to be displaced, potentially contributing to the increased resistance associated with these mutations.
Lastly, we compared results from all-atom molecular dynamics simulations with coarse-grained simulations, demonstrating that the choice of force
field significantly influences the behavior of membrane-bound ions under stress.
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Abstract: Two-dimensional gas chromatography coupled with time-of-flight mass spectrometry (GCxGC ToF-MS) provides detailed chemical
profiles of complex mixtures, making it useful in areas such as environmental monitoring and medical diagnostics. A promising application is sex
classification from human scent, where subtle chemical differences indicate biological sex. In this paper, we propose a pattern recognition approach
to sex classification that interprets raw GCxGC ToF-MS data as images, moving beyond traditional compound-based analysis. Our approach
employs convolutional neural networks (CNNs) to analyze these images, and we compare its performance against established techniques - linear
SVM, Ridge regression, and QDA - demonstrating robust and competitive results. Furthermore, we introduce and release a new dataset of GCxGC
ToF-MS measurements to support reproducibility in future studies. Using an identity-aware cross-validation strategy, where test subjects are
completely unseen during training, our method achieves approximately 88% accuracy on 504 measurements from 40 individuals.
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Abstract: Context. A nascent planet in a gas disk experiences radial migration due to the different torques that act on it (e.g., Lindblad and
corotation torques). It has recently been shown that the torques produced by the gas and dust density variations around a non-accreting low-mass
planet, the so-called cold thermal and dust streaming torques, can surpass each of the other torque components. Aims. We investigate how the total
torque acting on the planet is affected by the presence of dust grains and their aerodynamic back reaction on gas, while taking into account the cold
thermal torque produced by thermal diffusion in the gas component. Methods. We performed high-resolution local and global three-dimensional
two-fluid simulations within the pressureless-fluid dust approximation using the Fargo3D code. We explored the influence of different dust species
parameterized by the Stokes number, focusing on non-accreting protoplanets with masses from one-third the mass of Mars to one Earth mass.
Results. The dust feedback has a substantial impact on the asymmetry of the cold thermal lobes (which produce the cold thermal torque). However,
the total torque is dominated by the dust torque when St > 10(-2). The dust torque becomes more negative over time due to the formation of dust
lobes that resemble the cold thermal lobes that form in the gas component. Therefore, the dust streaming torque prevails over the cold thermal
torque. On the other hand, when St = 10(-2), the dust streaming torque is negligible and thus, the total torque on the planet comes from the gaseous
component of the disk. Conclusions. Our results suggest that a planet embedded in a gas-dust disk may experience stagnant migration or inward
runaway migration in regions of the protoplanetary disk where the dust is not fully coupled to the gas. However, this behavior could change in
regions with strong dust-gas coupling or in the inner transition region of the disk, where the cold thermal torque may become relevant.
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Abstract: Maize (Zea mays) is one of the world's most important crops and a recognized model for biological research, with some individuals
having supernumerary B chromosomes. This B chromosome has been studied for decades, yet its gene expression across different plant tissues has
not been thoroughly described. Here, we present a comprehensive transcriptomic atlas of the maize plant with and without the B chromosome. By
analysing 11 tissues/organs, we found that genes encoded by the B chromosome contribute to the transcriptome throughout plant growth, with the
highest activity observed in reproductive organs. Co-expression analysis revealed a cluster of 30 genes expressed specifically in tassels and
indicated that Shortage in chiasmata 1 is a promising candidate for regulation of crossover frequency mediated by the B chromosome. In addition
to its own transcriptional activity, our results also demonstrated that the B chromosome influences the expression of genes located on the A
chromosome in all the tissues that we analysed. As well as providing new insights into the expression and regulatory effects of the B chromosome,
our study has also generated fundamental information that will provide a basis for exploring its wider biological role.
A new whole-genome assembly of maize identifies a potential regulator of crossover frequency and other effects on expression of A-chromosome
genes mediated by the B chromosome.
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Abstract: The covalent surface functionalization of carbon nanodots (CNDs) can facilitate the design and development of nanocarbon hybrids with
photoswitching properties, which can be applied in a wide range of applications, including sensing, optoelectronics, and even bio-applications. This
study underscores the potential utilization of these hybrids as photoresponsive materials, for potential application in optostimulation. In this study,
we examine the characteristics of covalent azobenzene-functionalized CNDs, with a particular emphasis on the impact of meta and para
connectivity and the additional introduction of a glycine spacer. The CND synthesis process comprises a bottom-up microwave condensation of
ethylenediamine and citric acid. Amide coupling to azobenzenes is confirmed through NMR diffusion-ordered spectroscopy and diffusion decay
analysis. A comprehensive investigation is conducted into the size and optical properties of the resulting hybrids. Moreover, time-dependent
density functional theory computations are employed to understand absorption spectra and charge transfer events. Furthermore, advanced optical
characterisation is utilised to examine energy/charge transfer between the constituents. Finally, the switching properties, fatigue resistance, and
half-life of the hybrids are studied to evaluate their performance for prospective applications like in optostimulation.
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Abstract: The non-equilibrium atom-by-atom growth of Cu-rich Cu-Zr thin films has been investigated by a combination of magnetron sputter
deposition and molecular dynamics simulations. We focus on the role of Zr in the transition from large solid solution crystals through a
nanocomposite (around approximate to 5 at.% Zr) to a metallic glass. We find, contrary to the assumption based on equilibrium phase diagram, that
in this non-equilibrium case most of the grain refinement and most of the hardness enhancement (from 2.5 to 3 to 4-5 GPa) takes place in the
compositional range (up to approximate to 3 at.% Zr) where many or even most Zr atoms (depending on the sputtering regime) are in the
supersaturated solid solution rather than at the grain boundaries. The results are important for the design and understanding of technologically
important nanostructured metallic films. In parallel, from the methodology point of view, the results include an early example of modelling the
atom-by-atom nanocomposite growth.
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Abstract: 2D coating materials represent a promising class of corrosion protection technologies for copper. The high-throughput screening
methodology, focusing on specific coating properties, is promisingly expected to expedite the design and development of 2D coating materials.
Herein, the key features of 2D coating materials, including thermodynamic stability, electronic insulation, strong internal chemical bonds, weak
interfacial adhesion, and resistance to corrosive medium adsorption, are identified based on a mechanistic analysis of established 2D coating
materials. An automated workflow is formulated, encompassing heterostructure modeling, adsorption site selection, and lattice deformation
assessments, to facilitate the high-throughput derivation of the physical and chemical properties pertinent to coating applications. Among the 13 2D
materials exhibiting weak interfacial adhesion and adsorption resistance to Cl, nine are fluorides, suggesting their substantial potential for coating
applications. Furthermore, from an extensive pool of 15733 monolayer 2D materials and 11184 bilayer 2D materials, three monolayer 2D materials
(IrSCl, IrSF, and TiNF) and four bilayer 2D materials (PdF-1, PdF-2, PdF-3, and SiF-2) are filtered out for 2D coating materials. These findings not
only present promising candidates for 2D coating materials but also contribute valuable theoretical perspectives, guiding the rational design of 2D
materials with targeted properties.
Accession Number: WOS:001406816000001
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Zhang, Ruifeng  OHR-7379-2025  0000-0002-9905-7271 
Fu, Zhongheng  JFJ-2496-2023  0000-0001-8779-9086 
Legut, Dominik HHZ-4308-2022   
ISSN: 1616-301X
eISSN: 1616-3028

Record 367 of 502
Title: Computation screening for incorrectly determined cocrystal structures
Author(s): Chalupná, S (Chalupna, Simona); Husák, M (Husak, Michal); Cejka, J (Cejka, Jan); Fnukal, F (Fnukal, Frantisek); Klimes, J (Klimes,
Jiri)
Source: ACTA CRYSTALLOGRAPHICA SECTION B-STRUCTURAL SCIENCE CRYSTAL ENGINEERING AND MATERIALS  Volume:
81  Pages: 208-216  DOI: 10.1107/S205252062500068X  Published Date: 2025 APR  Part: 2  
Abstract: Pharmaceutical solid forms, like salts and cocrystals, play a crucial role in drug formulation. Despite differing mainly by a single
hydrogen atom, the regulatory requirements set by the US Food and Drug Administration for these forms vary significantly. We previously
developed a DFT-based computational method to distinguish salts from cocrystals. This method, validated on 95 structures, performed well for
systems where hydrogen bonds were longer than 2.613 (16) angstrom. Here, benefits of the rSCAN functional over the PBE functional are
discussed. We expand the dataset to 404 cocrystal models. Analysis confirms that 301 of these forms are indeed cocrystals. Additionally, 87 salt-
cocrystal continuum forms are identified and 16 cocrystals are classified as possible salts. These 16 problematic structures are further investigated
and for seven of them, single crystals were grown and their structure determined using single-crystal X-ray diffraction. Among the phases
exhibiting salt-like behaviour, five of them are identified as salts. In some cases, rSCAN alone gives unreliable results for strong hydrogen bonds,
but these discrepancies are often corrected using better-renormalized or hybrid functionals (i.e. r2SCAN, PBE0 and PBE50). For future
calculations, we recommend using the r2SCAN functional for salt-cocrystal differentiation, as it provides reliable results for O-H center dot center
dot center dot N bonds longer than 2.554 (5) angstrom. The r2SCAN functional offers a good balance between accuracy and computational
efficiency for systems with longer O-H center dot center dot center dot N bonds.
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Abstract: PurposeTo explore the protein compositional variability of IVF media and identify sources of undeclared contaminants that interfere
with the detection of embryo-derived signals.MethodsUntargeted and targeted mass spectrometry techniques were used to analyze protein
composition in 85 samples of used and unused monophasic IVF media across 13 production lots from two manufacturers. Samples included spent
culture media (SCM) from individual embryo cultures, matched controls, and unused (blank) media. Protein-free base media was supplemented
with either serum-derived or recombinant human serum albumin (HSA) to evaluate their impact on protein contamination.ResultsProteomic
analysis revealed that not only SCM but also unconditioned media contained over 700 undeclared human proteins, many of which are known to be
implicated in key cellular pathways. No significant differences were observed between the protein profiles of embryos that reached the blastocyst
stage (n = 29) and those arrested at cleavage (n = 24). Instead, protein level variation strongly correlated with media production lot, as shown by
targeted analysis of 14 candidate proteins and principal component clustering of 53 SCM samples. Analysis of blank media confirmed substantial
lot-to-lot heterogeneity. Supplementation experiments demonstrated that serum-derived HSA introduces undeclared, batch-variable proteins into
IVF media, contributing to a non-standardized culture environment and confounding the detection of embryo-derived signals.ConclusionSerum-
derived HSA was identified as the primary source of protein contamination in IVF media. This overlooked protein background contributes to
variability in clinical culture conditions, undermines the reproducibility of secretome analyses, and complicates the discovery of reliable
biomarkers in SCM.
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Abstract: Tomato Yellow Leaf Curl Virus (TYLCV) has recently caused severe economic losses in global tomato production. According to the
International Plant Protection Convention (IPPC), yield reductions of 50-60% have been reported in several regions, including the Caribbean,
Central America, and South Asia, with losses in sensitive cultivars reaching up to 90-100%. In developing countries, TYLCV and mixed infections
affect more than seven million hectares of tomato-growing land annually. In this study, we construct and analyze a nonlinear dynamic model
describing the transmission of TYLCV, incorporating the Caputo fractional-order derivative operator. The existence and uniqueness of solutions to
the proposed model are rigorously established. Equilibrium points are identified, and the Jacobian determinant approach is applied to compute the
basic reproduction number, R0. Suitable Lyapunov functions are formulated to analyze the global asymptotic stability of both the disease-free and
endemic equilibria. The model is numerically solved using the Gr & uuml;nwald-Letnikov-based nonstandard finite difference method, and
simulations assess how the memory index and preventive strategies influence disease propagation. The results reveal critical factors governing
TYLCV transmission and suggest effective intervention measures to guide sustainable crop protection policies.
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Abstract: Hydrogen cyanide, HCN, is a fundamental building block in astro- and cosmochemical environments, known for its ability to form
prebiotically relevant molecules such as nucleobases. Although its polymerization is inhibited under the cold, dilute conditions of the interstellar
medium, the higher temperatures of more evolved rocky bodies, combined with the presence of mineral surfaces, can catalyze the reaction. In this
study, we use atomistic simulations grounded on the density functional theory (DFT) to elucidate the complete tetramerization pathway of HCN to
diaminomaleonitrile (DAMN) and diaminofumaronitrile (DAFN), catalyzed by the crystalline Mg2SiO4 forsterite (120) surface. Results
demonstrate that the intrinsic acid-base properties of the surface facilitate chemical bond formation/cleavage needed for HCN oligomerization,
lowering activation barriers by similar to 120-220 kJ mol-1 with respect to the gas-phase. Kinetic analyses reveal that the reactions are feasible at
temperatures above 300 K, particularly under conditions present in warm, rocky bodies such as asteroids, meteorites, and planetary surfaces. The
presence of water further accelerates key steps by assisting proton transfer processes. These findings support a model in which Mg-rich silicate
minerals (abundant in the early Solar System) may have directly catalyzed the formation of complex organic molecules, which, in turn, are
precursors of more complex biomolecules, thereby contributing to the essential chemical inventory for the emergence of life on early Earth and
other primitive planets with propitious conditions.
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Abstract: Forecasting drought is critical to mitigate its potential impacts on agriculture, water resources, and ecosystems. In this study, we focused
on predicting the standardized precipitation evapotranspiration index (SPEI), a widely used climatic water balance indicator. We developed a
hybrid modeling framework that combines artificial neural networks (ANNs) with particle swarm optimization (PSO) to train network weights. The
study evaluated the influence of four factors on SPEI forecasting performance: the PSO variant, the number of input variables, the number of
hidden-layer neurons, and the choice of objective function. A total of 150 model configurations were tested using long-term meteorological data
from eight U.S. catchments from the Model Parameter Estimation Experiment (MOPEX) database. Results showed that the APartPSO variant
achieved the best optimization performance, and the Nash-Sutcliffe efficiency was the most effective objective function. These findings confirm
that the integration of ANN with PSO is suitable for forecasting the SPEI and suggest that advanced PSO variants can be effectively applied to
other inverse modeling problems in hydrology. SIGNIFICANCE STATEMENT: Drought prediction is essential for effective water resource
management and minimizing environmental and societal impacts. This study presents a new approach for forecasting the standardized precipitation
evapotranspiration index by combining artificial neural networks (ANNs) with particle swarm optimization (PSO). Applied to eight U.S.
catchments, the hybrid ANN-PSO model performed best when using the APartPSO variant for training and the Nash-Sutcliffe efficiency as the
objective function. These results support the use of hybrid PSO-ANN models in drought monitoring and planning. The approach offers a flexible
framework that can be adapted to other regions. Future research could incorporate additional climate variables to further enhance prediction
accuracy.
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Abstract: Mott insulators based on 4d and 5d transition-metal ions, where spin-orbit interaction plays a key role, can exhibit various forms of
unusual magnetism. A particular example is the antiferromagnet Ca2RuO4 containing d4 Ru4+ ions. Here the spin-orbit interaction stabilizes the
nonmagnetic J = 0 singlet ionic ground state, which gets dynamically mixed, via exchange interactions, with low-energy J = 1 ionic excitations.
Thanks to a sufficient strength of the exchange, these excitations condense and a long-range order emerges. The resulting ordered moments are soft
and prone to fluctuations of their effective length. The corresponding amplitude mode appears as a prominent magnetic excitation and complements
the conventional magnons involving rotations of the moments. Motivated by this peculiar kind of magnetic order and the specific spectrum of
magnetic excitations, we study their influence on the propagation of doped carriers. To this end, we construct a microscopic model including both
d4 and d5 degrees of freedom and address the propagation of an injected electron by employing self-consistent Born approximation. We find that
the electron shows a combination of both free and a polaronic type of motion, where the mobile carrier strongly interacts with an accompanying
cloud of magnetic excitations. Remarkably, in the latter case it is the exotic excitation, the amplitude mode, that is found to dominate over the
contribution of magnons. Our soft-spin situation thus largely contrasts with spin polarons widely discussed in the context of doped Heisenberg-type
magnets based on rigid spin moments.
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Abstract: Molybdenum disulfide (MoS2) is recognized for its mechanical robustness and exceptional lubricity under extreme conditions. However,
its fracture behavior remains relatively unexplored, particularly across different crystalline configurations. We perform reactive molecular dynamics
simulations to investigate the role of crystallinity on the fracture properties and behavior of MoS2. In a departure from prior studies focused on
specific crystal orientations, we examine a spectrum of crystallinity, ranging from perfect crystal to polycrystalline to amorphous structures.
Fracture properties are measured using the J-integral, ultimate strain, and brittleness index. Our results indicate that the presence of grain
boundaries and amorphous regions within polycrystalline MoS2 enhances ductility and fracture toughness. However, at high degrees of
crystallinity, grain boundaries dominate and act as a potential regions of defect, promoting crack propagation. Through an analysis of grain
boundary interactions and atomic strain profiles, we elucidate critical insights into the mechanisms driving the observed variations in fracture
properties. This study highlights the potential for tuning MoS2 crystallinity to optimize its fracture toughness, advancing its application in
challenging engineering environments.
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Abstract: Sex chromosomes have evolved repeatedly across eukaryotes. The emergence of a sex-determining (SD) locus is expected to
progressively restrict recombination, driving convergent molecular differentiation. However, evidence from taxa like teleost fishes, representing
over half of vertebrate species with unmatched diversity in SD systems, challenges this model. Teleost sex chromosomes are often difficult to
detect as they experience frequent turnovers, resetting the differentiation process. Nothobranchius killifishes, which include the XY system shared
by N. furzeri and N. kadleci and X1X2Y systems in six other species, offer a valuable model to study sex chromosome turnovers. We characterised
X1X2Y systems in five killifish species and found that sex chromosomes evolved at least four times independently. Sex-determining regions
resided near centromeres or predicted chromosome rearrangement breakpoints in N. brieni and N. guentheri, suggesting recombination cold spots
may facilitate sex chromosome evolution. Chromosomes representing the XY system in N. furzeri/N. kadleci were sex-linked also in the outgroup
Fundulosoma thierryi, with several genes, including gdf6, residing in the region of differentiation. Although the X1X2Y systems of N. guentheri,
N. lourensi (both Coastal clade), and N. brieni (Kalahari clade) involved different chromosomes, they shared a potential SD region. We uncovered
two sex-linked evolutionary strata of distinct age in N. guentheri. However, its potential SD gene amhr2 was located in the younger stratum and is
hence unlikely to be the ancestral SD gene in this lineage. Our findings suggest recombination landscapes shape sex chromosome turnover and that
certain synteny blocks are repeatedly co-opted as sex chromosomes in killifishes.
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Abstract: Precise and accurate predictions of the two-dimensional (2D) material's fundamental gap are crucial for next-generation flexible
electronic and photonic devices. We, therefore, evaluated the predictivity of the GW approach in its several variants built on various density
functional theory (DFT) inputs. We identified the reasons for significant discrepancies between generalized gradient approximation and hybrid DFT
results for intricate cases of 2D materials containing chromium and evaluated the diverse behavior of subsequent quasiparticle corrections. We
examined the impact of omitted vertex corrections using the more computationally intensive quasiparticle self-consistent QPGW and partially self-
consistent QPGW 0 methodologies. We observed consistent trends across Cr-based and other 2D materials compared by advanced GW
calculations, suggesting that single-shot G 0 W 0@PBE can provide reasonable estimates of fundamental gaps when applied with caution. While
this approach shows promise for a variety of 2D materials, including complicated antiferromagnetic chromium-based transition metal carbides
(MXenes), further research is required to validate its reliability for strongly correlated systems. In contrast, the G 0 W 0@HSE06 approach may
strongly overestimate gaps in some cases.
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Abstract: This paper provides a theoretical analysis of Cournot oligopoly dynamics under price cap regulation, particularly in the context of
exogenous shocks, akin to recent events in the energy markets. Utilizing the 0-1 chaos test, we identified significant shifts in market behavior,
highlighting the sensitivity of oligopolistic energy markets to regulatory parameters. Our findings indicate that improperly set tax policies can lead
to chaotic and unstable market conditions. Exogenous shocks can cause firm divergence, which can be mitigated by introducing a short-term price
cap. The analysis demonstrates that price caps effectively moderate the impact of exogenous shocks, enabling firms to revert to their pre-shock
state without altering market dynamics. Moreover, the results suggest that price caps are more effective than windfall taxes. This research
underscores the necessity for precise and adaptive regulatory frameworks to maintain market stability and protect both consumers and businesses
from extreme price fluctuations. These insights are vital for policymakers aiming to design interventions that balance market stability with
consumer protection in an increasingly interconnected and volatile global economy.
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Abstract: Results of the Raman scattering experiments, heat capacity measurements, ab initio simulations of the Raman spectra and pressure-
induced phase transition in UTe2 single crystal are reported. Assignment of symmetries to particular Raman-active phonons follows directly from a
comparative analysis of the measured and calculated Raman spectra. Theoretically determined lattice contribution to the specific heat of UTe2
allows for better description of its heat capacity measured over the temperatures ranging from 30 to 400 K. The orthorhombic-to-tetragonal phase
transition pressure of 3.8 GPa is predicted at room temperature in very good agreement with the recent experimental studies. The phase transition
remains almost phonon-independent with the transition pressure weakly temperature-dependent below 500 K. The strong local Coulomb
correlations between U-5f electrons and spin-orbit interaction are shown to be important for realistic theoretical description of phonons and
pressure- induced phase transition in UTe2.
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Abstract: Two leading methods for benchmarking pi pi interactions are fixed-node diffusion Monte Carlo (DMC) and coupled cluster with singles,
doubles, and perturbative triples [CCSD(T)]. The parallel-displaced benzene dimer (BZPD) is a key model for assessing the performance of
theoretical approaches in describing these interactions. Reference calculations, symmetry-adapted perturbation theory, and correlation energy
decompositions highlight the subtle but critical role of weak nondynamic correlation effects in achieving benchmark interaction energies for BZPD.
While single-determinant DMC (SDDMC), using nodes from DFT or Hartree-Fock, performs well for many noncovalent systems, our analysis
shows that neglecting weak nondynamic correlations in mean-field trial wave functions leads to systematic underbinding in SDDMC energy
differences, in contrast to CCSD(T)/CBS results. These findings underscore the limitations of SDDMC for describing pi pi interactions and
emphasize the need for improved nodal descriptions to establish DMC as a reliable benchmark method for larger complexes.
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Abstract: Faithful meiotic segregation requires pairwise alignment of the homologous chromosomes and their synaptonemal complex (SC)
mediated stabilization. Here, we investigate factors that promote and coordinate these events during C. elegans meiosis. We identify BRA-2 (BMP
Receptor Associated family member 2) as an interactor of HIM-17, previously shown to promote double-strand break formation. We found that
loss of bra-2 impairs synapsis elongation without affecting homolog recognition, chromosome movement or SC maintenance. Epistasis analyses
reveal previously unrecognized activities for HIM-17 in regulating homolog pairing and SC assembly in a partially overlapping manner with BRA-
2. We show that removing bra-2 or him-17 restores nuclear clustering, recruitment of PLK-2 at the nuclear periphery, and abrogation of ectopic
synapsis in htp-1 mutants, suggesting intact CHK-2-mediated signaling and presence of a barrier that prevents SC polymerization in the absence of
homology. Our findings shed light on the regulatory mechanisms ensuring faithful pairing and synapsis.
Accession Number: WOS:001445062800033
PubMed ID: 40082424
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
S, Geetha  GSO-3085-2022   
Jantsch, Verena  A-3910-2017  0000-0002-1978-682X 
Silva, Nicola    0000-0001-5406-2280 
Chang, Alexander    0000-0002-3822-0469 
Bowman, Richard    0000-0002-3985-5482 
Subah, Silma    0000-0001-6668-0975 
Yanowitz, Judith  AGJ-8504-2022  0000-0001-6886-8787 
eISSN: 2041-1723

Record 380 of 502
Title: ShowHowTo: Generating Scene-Conditioned Step-by-Step Visual Instructions
Author(s): Soucek, T (Soucek, Tomas); Gatti, P (Gatti, Prajwal); Wray, M (Wray, Michael); Laptev, I (Laptev, Ivan); Damen, D (Damen, Dima);
Sivic, J (Sivic, Josef)
Book Group Author(s): IEEE COMPUTER SOC
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Abstract: The goal of this work is to generate step-by-step visual instructions in the form of a sequence of images, given an input image that
provides the scene context and the sequence of textual instructions. This is a challenging problem as it requires generating multi-step image
sequences to achieve a complex goal while being grounded in a specific environment. Part of the challenge stems from the lack of large-scale
training data for this problem. The contribution of this work is thus three-fold. First, we introduce an automatic approach for collecting large step-
by-step visual instruction training data from instructional videos. We apply this approach to one million videos and create a large-scale, high-
quality dataset of 0.6M sequences of image-text pairs. Second, we develop and train ShowHowTo, a video diffusion model capable of generating
step-by-step visual instructions consistent with the provided input image. Third, we evaluate the generated image sequences across three
dimensions of accuracy (step, scene, and task) and show our model achieves state-of-the-art results on all of them. Our code, dataset, and trained
models are publicly available.
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Abstract: We introduce a scheme aiming at the generation of quasi-monochromatic carbon ion bunches from laser-solid interaction. The proposed
scheme is an extension of the "peeler" acceleration originally proposed for proton acceleration, which involves irradiating the narrow (sub-
micrometer) side of a tape target. This results in the generation of a surface plasma wave and the subsequent acceleration of a proton bunch with
high peak energy, quasi-monochromaticity, low energy bandwidth, and low divergence by the electrostatic field induced at the target rear. Up to
now, the higher-Z (e.g., carbon) ion bunches obtained with the peeler scheme have been found to exhibit an exponentially decaying thermal-like
energy spectrum. To achieve a low energy bandwidth, we place a mass-limited carbon structure at the rear of the target. Using 3D particle-in-cell
simulations, we show that a quasi-monochromatic carbon bunch can indeed be obtained. With a multi-PW laser pulse, 10(8) carbon ions with peak
energy similar to 110 MeV/u and with a divergence of 20 degrees in the vertical plane and similar to 1 degrees in the horizontal plane can be
generated. The quasi-monochromaticity, together with the low duration of the beam and in combination with the versatility of high-power laser
facilities, should make this scheme attractive for practical applications such as heavy ion cancer therapy and higher-resolution diagnostics of
extreme plasma states. (c) 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution
(CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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Abstract: Several Sc-admixed garnet single crystals of the general composition (Gd,Sc)3(Sc,Al)5O12:Ce and the well-established
Gd3Ga2.7Al2.3O12:Ce (GGAG:Ce) one were grown using the micropulling down method. Their optical, luminescence and scintillation
characteristics were measured and mutually compared to further optimize the former compositions and reveal the reason for their lower scintillation
performance with respect to GGAG:Ce. Correlated experiments of time-resolved luminescence and scintillation spectroscopies further completed
by thermoluminescence glow curve measurement and electron paramagnetic resonance (performed on Gd-free Sc-admixed garnets) indicate that
Sc3+ is situated at the dodecahedral site of the garnet lattice as a dominant electron trap, creating a bottleneck in the scintillation mechanism of Sc-
admixed garnets. This is mainly responsible for the degradation of scintillation efficiency in comparison with GGAG:Ce despite nearly the same
effects of Sc and Ga in lowering the conduction band edge in these multicomponent garnets. Calculations of the electronic band structure confirm
that the 3d energy levels of Sc3+ at the dodecahedral site are situated in the forbidden gap in Sc-admixed garnets.
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Abstract: Context. The majority of Galactic globular star clusters (GCs) have been reported to contain at least two populations of stars (hereafter,
we use P1 for the primordial and P2 for the chemically enriched population). Recent observational studies found that dynamically old GCs have P1
and P2 spatially mixed due to relaxation processes. However, in dynamically young GCs, where P2 is expected to be more centrally concentrated
from birth, the spatial distributions of P1 and P2 are sometimes very different from system to system. This suggests that more complex dynamical
processes specific to certain GCs might have shaped those distributions. Aims. We aim to investigate the discrepancies between the spatial
concentration of P1 and P2 stars in dynamically young GCs. Our main focus is to evaluate whether massive binary stars (e.g. black holes) can
cause the expansion of the P2 stars through binary-single interactions in the core, and whether they can mix or even radially invert the P1 and P2
distributions. Methods. We use a set of theoretical and empirical arguments to evaluate the effectiveness of binary-single star scattering. We then
construct a set of direct N-body models with massive primordial binaries to verify our estimates further and gain more insights into the dynamical
processes in GCs. Results. We find that binary-single star scatterings can push the central P2 stars outwards within a few relaxation times. While
we do not produce radial inversion of P1 and P2 for any initial conditions we tested, this mechanism systematically produces clusters where P1 and
P2 look fully mixed even in projection. The mixing is enhanced (1) in denser GCs, (2) in GCs containing more binary stars, and (3) when the mass
ratio between the binary components and the cluster members is higher. Conclusions. Binary-single star interactions seem able to explain the
observable properties of some dynamically young GCs (e.g. NGC 4590 or NGC 5904) where P1 and P2 are fully radially mixed.
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Abstract: The study investigates the impact of targeted chromosome engineering on telomere dynamics, chromatin structure, gene expression, and
phenotypic stability in Arabidopsis thaliana. Using precise CRISPR/Cas-based engineering, reciprocal translocations of chromosome arms were
introduced between non-homologous chromosomes. The subsequent homozygous generations of plants were assessed for phenotype,
transcriptomic changes and chromatin modifications near translocation breakpoints, and telomere length maintenance. Phenotypically, translocated
lines were indistinguishable from wild-type plants, as confirmed through morphological assessments and principal component analysis. Gene
expression profiling detected minimal differential expression, with affected genes dispersed across the genome, indicating negligible transcriptional
impact. Similarly, ChIPseq analysis showed no substantial alterations in the enrichment of key histone marks (H3K27me3, H3K4me1, H3K56ac)
near junction sites or across the genome. Finally, bulk and arm-specific telomere lengths remained stable across multiple generations, except for
minor variations in one translocation line. These findings highlight the remarkable genomic and phenotypic robustness of A. thaliana despite large-
scale chromosomal rearrangements. The study offers insights into the cis-acting mechanisms underlying chromosome arm-specific telomere length
setting and establishes the feasibility of chromosome engineering for studies of plant genome evolution and crop improvement strategies.
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Abstract: Mitochondria are dynamic and plastic, undergoing continuous fission and fusion and rearrangement of their bioenergetic sub-
compartments called cristae. These fascinating processes are best understood in animal and fungal models, which are taxonomically grouped
together in the expansive Opisthokonta supergroup. In opisthokonts, crista remodelling and inner membrane fusion are linked by dynamin-related
proteins (DRPs). Animal Opa1 (optical atrophy 1) and fungal Mgm1 (mitochondrial genome maintenance 1) are tacitly considered orthologs
because their similar mitochondria-shaping roles are mediated by seemingly shared biochemical properties, and due to their presence in the two
major opisthokontan subdivisions, Holozoa and Holomycota, respectively. However, molecular phylogenetics challenges this notion, suggesting
that Opa1 and Mgm1 likely had separate, albeit convergent, evolutionary paths. Herein, we illuminate disparities in proteolytic processing,
structure, and interaction network that may have bestowed on Opa1 and Mgm1 distinct mechanisms of membrane remodelling. A key disparity is
that, unlike Mgm1, Opa1 directly recruits the mitochondrial phospholipid cardiolipin to remodel membranes. The differences outlined herein
between the two DRPs could have broader impacts on mitochondrial morphogenesis. Outer and inner membrane fusion are autonomous in animals,
which may have freed Opa1 to repurpose its intrinsic activity to remodel cristae, thereby regulating the formation of respiratory chain
supercomplexes. More significantly, Opa1-mediated crista remodelling has emerged as an integral part of cytochrome c-regulated apoptosis in
vertebrates, and perhaps in the cenancestor of animals. By contrast, outer and inner membrane fusion are coupled in budding yeast. Consequently,
Mgm1 membrane-fusion activity is inextricable from its role in the biogenesis of fungal lamellar cristae. These disparate mitochondrial DRPs
ultimately may have contributed to the different modes of multicellularity that have evolved within Opisthokonta.
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Abstract: Two In(III) - pyridinecarboxylates ([In(Pic)(2)(NO3)(H2O)] (InPic; HPic = picolinic acid), [In(HDpic)(Dpic)(H2O)(2)]<middle
dot>5H(2)O (InDpic; H(2)Dpic = dipicolinic acid), have been synthesized by one-step procedure. The complexes composition was confirmed by
physicochemical analyses and X-ray diffraction confirmed molecular structure of both complexes. Moreover, complex species speciation was
described in both systems by potentiometry and H-1 NMR spectroscopy and mononuclear complex species were determined; [In(Pic)](2+) (log
beta(011) = 6.94(4)), [In(Pic)(2)](+) (log beta(021) = 11.98(9)), [In(Dpic)](+) (log beta(011) = 10.42(6)), [In(Dpic)(2)](-) (log beta(021) =
17.58(7)) and [In(Dpic)(2)(OH)](2-) (log beta(-)(121) = 10.18(6)). To confirm the complexes stability in 1 % DMSO, H-1 NMR spectra were
measured (immediately after dissolution up to 96 h). Antimicrobial and anticancer assays indicate a more significant sensitivity of S. aureus
bacteria and MDA-MB-231 cancer cells to the InPic complex (IC50 = 25 and 340.7 mu M) than to the InDpic (IC50 = 50 and 975.4 mu M). The
interaction and binding mechanism of picolinic/dipicolinic acid and their indium(III) complexes with HSA (human serum albumin) were studied
using fluorescence and CD spectroscopy. The results confirmed that the studied compounds had bound successfully to HSA, and the binding
parameters and constants (K-SV, K-q, K-b) were calculated together with the number of binding sites. The binding forces were identified based on
calculated thermodynamic parameters (Delta G, Delta H, Delta S). Synchronous spectra were used to study the microenvironment of Tyr and Trp
residues and displacement assays revealed that site I was the preferred binding site. After binding, conformational changes were found to have
occurred in the HSA molecule and the % alpha-helical content had decreased.
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Abstract: The fragment-based approach is a promising strategy for applying correlated-wavefunction methods to lattice energies of molecular
solids. A key requirement is the efficient inclusion of the long-distance and nonadditive contributions to the many-body expansion (MBE) of the
lattice energy. This is especially important in crystals of polar molecules, where MBE converges slowly with distance. In this context, we compare
the simplest coupled-cluster approach-the random-phase approximation (RPA)-against the well-established methodology of M & oslash;ller-Plesset
(MP) perturbation theory. Using the examples of solid ammonia, methanol, and formic acid, we show that the RPA with singles corrections based
on the Kohn-Sham (KS) Perdew-Burke-Ernzerhof (PBE) orbitals yields near-benchmark accuracy for the two-body contributions. However, for
any PBE-based variant of RPA, the three- and four-body contributions suffer from artifacts. For the nonadditive terms, the Hartree-Fock (HF)
orbitals appear necessary. In fact, we find that the HF-based RPA with additional corrections recovers the nonadditive interactions about as
accurately as the more expensive MP2.5 method. This is a departure from the typical KS-based RPA and an indication that the HF-based RPA can
serve as an alternative to the usual MP methods in accurate approximations of the crystal lattice energy.
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Abstract: Cross-lingual aspect-based sentiment analysis (ABSA) involves detailed sentiment analysis in a target language by transferring
knowledge from a source language with available annotated data. Most existing methods depend heavily on often unreliable translation tools to
bridge the language gap. In this paper, we propose a new approach that leverages a large language model (LLM) to generate high-quality pseudo-
labelled data in the target language without the need for translation tools. First, the framework trains an ABSA model to obtain predictions for
unlabelled target language data. Next, LLM is prompted to generate natural sentences that better represent these noisy predictions than the original
text. The ABSA model is then further fine-tuned on the resulting pseudo-labelled dataset. We demonstrate the effectiveness of this method across
six languages and five backbone models, surpassing previous state-of-the-art translation-based approaches. The proposed framework also supports
generative models, and we show that finetuned LLMs outperform smaller multilingual models.
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Abstract: Multiphoton interference measurements in attosecond physics, e.g., the reconstruction of attosecond beating by interference of two-
photon transitions (RABITT), are the typical methods of choice to experimentally access the photoionization delay in atoms and molecules. The
exact relation between the measurable multiphoton delays and the theoretical single-photon delays is typically modeled by correction terms,
continuum-continuum delays, obtained from a high-energy limit of the theory. However, these are unreliable at photoelectron kinetic energies
smaller than about 10 eV, and do not have photoemission angular dependence. In this work we develop an accurate analytic alternative that gives
accurate correction terms even at very low energies. Our method is computationally very straightforward, predicts correct multiphoton
photoelectron angular distributions as well as the expected angular dependence of the continuum-continuum delay. We validate the approach
theoretically against state-of-the-art ab initio calculations as well as experimentally with a two-harmonic RABITT setup, which properly separates
different higher-order multiphoton pathways and offers a promising way of analyzing congested molecular photoionization spectra.
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Abstract: We report an enantioselective Pictet-Spengler-type reaction enabled by a cost-effective and readily available helically chiral
cyclopentadiene (PCCP) catalyst. This methodology, conducted under mild reaction conditions, facilitates the synthesis of a novel class of chiral
4,5-dihydropyrrolo[1,2-a]quinoxalines (DHPQs) characterized by enhanced resistance to aromatization due to intramolecular hydrogen bonding.
Additionally, the protocol exhibits broad substrate compatibility and demonstrates significant synthetic versatility.
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Abstract: Arginine-specific cleavage is the primary method used to prepare lysine-rich histone proteins in bottom-up proteomics. As the Arg-C
enzyme has demonstrated suboptimal specificity, cleavage at the carboxyl side of arginine residues is typically achieved through the chemical
derivatization of lysines followed by trypsin digestion. Recent improvements in proteolytic enzymes are reflected in the introduction of Arg-C
Ultra, a recombinant proteinase with a substantially improved digestion specificity. Here, using mammalian histone extract, we demonstrate that
Arg-C Ultra facilitates histone preparation for LC-MS/MS. We show the performance of Arg-C Ultra in terms of digestion specificity, number of
modified forms identified, and yield of quantitative information compared with Arg-C and trypsin digestion combined with chemical derivatization
with trimethylacetic anhydride. Importantly, we show that chemical derivatization at the peptide level, i.e., after Arg-C Ultra digestion, is still
necessary to improve the quantification of short histone peptidoforms as well as positional isomers.
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Abstract: Heteromolecular interfaces with tailored properties are vital for many advanced applications. However, the complex view on the
formation of these interfaces is generally missing as it is difficult to access them with common techniques. Here, we employ hierarchical self-
assembly to build a heteromolecular interface of structurally similar yet chemically distinct molecular building blocks and demonstrate an epitaxial
relationship between the top and bottom layers. In particular, we employ semideprotonated phase of 4,4 ' biphenyl dicarboxylic acid (BDA) on
Ag(001) surface to mediate the epitaxial growth of intact BDA phase on the top. The interface phase induces high structural order of the second
layer phase, which was missing on Ag surface. The combination of real-space imaging and diffraction analysis by low-energy electron microscopy
(LEEM) enabled us to precisely identify structural features, including domain sizes and orientations, and the distinct origin of domain boundaries
in the first and second layers. Our work thus establishes LEEM as an efficient method for studying heteromolecular interfaces.
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Abstract: Introduction Satellite DNA (satDNA) is a rapidly evolving component of plant genomes, typically found in (peri)centromeric,
(sub)telomeric, and other heterochromatic regions. Due to their variability and species- or population-specific distribution, satDNA serves as
valuable cytogenetic markers for studying chromosomal rearrangements and karyotype evolution among closely related species. Previous studies
have identified species-specific subtelomeric repeats CS-1 in Cannabis sativa, HSR1 in Humulus lupulus, and HJSR in Humulus japonicus. These
satellites have been used to differentiate sex chromosomes from autosomes, however, their evolutionary origins, sequence variation and
conservation pattern across related species remain largely unexplored.Methods In this study, we analyze sequence similarity among these satellites
and assess their interspecific chromosomal localization using fluorescence in situ hybridization (FISH).Results Our results reveal that the HSR1 and
HJSR satellites are shared across all studied species, suggesting their common origin from a shared pool of satDNA in their common ancestor. In
contrast, the CS-1 satellite exhibits higher sequence divergence.Discussion Although all three satellites are predominantly localized in subtelomeric
regions, we identified species-specific exceptions. These findings provide new insight into the evolutionary dynamics of satDNA within the
Cannabaceae family and offer further support for the divergence of Humulus species.
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Abstract: Recent progress in on-surface chemistry has enabled the synthesis of novel polyradical molecules with interesting electronic structure,
which are hardly available in solution chemistry. Moreover, the possibility to characterize their electronic structure with scanning tunneling
spectroscopy (STS) with the unprecedented spatial resolution opens new possibilities to understand their nontrivial electronic structure. However,
experimental STS maps of molecules on surfaces are interpreted using one-electron STM theory within the framework of one-electron molecular
orbitals nowadays. Although this standard practice often gives relatively good agreement with experimental data for closed-shell molecules, it fails
to address multireference polyradical molecules. In this manuscript, we provide multireference STM theory including out-of-equilibrium processes
of removing/adding an electron within the formalism of many-electron wave functions for the neutral and charged states. This can be accomplished
by the concept of so-called Dyson orbitals. We will discuss the examples where the concept of Dyson orbitals is mandatory to reproduce
experimental STS maps of polyradical molecules. Finally, we critically review the possibility of the experimental verification of the so-called
SOMO/HOMO inversion effect using STS maps in polyradical molecules. Namely, we will demonstrate that experimental STS measurements
cannot provide any information in case of strongly correlated molecules about the ordering of one-electron molecular orbitals and, therefore neither
about the SOMO/HOMO inversion effect.
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Abstract: BackgroundStress responses are key the survival of parasites and, consequently, also the evolutionary success of these organisms.
Despite this importance, our understanding of the evolution of molecular pathways dealing with environmental stressors in parasitic animals
remains limited. Here, we tested the link between adaptive evolution of parasite stress response genes and their ecological diversity and species
richness. We comparatively investigated antioxidant, heat shock, osmoregulatory, and behaviour-related genes (foraging) in two model parasitic
flatworm lineages with contrasting ecological diversity, Cichlidogyrus and Kapentagyrus (Platyhelminthes: Monopisthocotyla), through whole-
genome sequencing of 11 species followed by in silico exon bait capture as well as phylogenetic and codon analyses.ResultsWe assembled the
sequences of 48 stress-related genes and report the first foraging (For) gene orthologs in flatworms. We found duplications of heat shock (Hsp) and
oxidative stress genes in Cichlidogyrus compared to Kapentagyrus. We also observed positive selection patterns in genes related to mitochondrial
protein import (Hsp) and behaviour (For) in species of Cichlidogyrus infecting East African cichlids-a host lineage under adaptive radiation. These
patterns are consistent with a potential adaptation linked to a co-radiation of these parasites and their hosts. Additionally, the absence of
cytochrome P450 and kappa and sigma-class glutathione S-transferases in monogenean flatworms is reported, genes considered essential for
metazoan life.ConclusionsThis study potentially identifies the first molecular function linked to a flatworm radiation. Furthermore, the observed
gene duplications and positive selection indicate the potentially important role of stress responses for the ecological adaptation of parasite species.
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Abstract: We present numerical simulations of X-ray magnetic circular dichroism (XMCD) at the L2,3 edge of Ni in the weakly ferromagnetic
altermagnet NiF2. Our results predict a significant XMCD signal for light propagating perpendicular to the magnetic moments, which are
approximately aligned along the [010] easy-axis direction. The analysis shows that the altermagnetic and ferromagnetic contributions to the XMCD
signal can be uniquely distinguished by their dependence on an applied magnetic field. By varying the angle of the field relative to the easy axis,
the in-plane orientation of both the N & eacute;el vector and the net magnetization can be systematically controlled. We further demonstrate that
the XMCD signal, even under fields as strong as 40 T and for any in-plane orientation, can be accurately described as a linear combination of two
spectral components, with geometrical prefactors determined by the field's magnitude and direction. This insight enables experimental validation of
the distinctive relationship between the N & eacute;el vector orientation and the X-ray Hall vector in the rutile structure. Quantitative simulations
supporting these findings are provided.
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Abstract: BackgroundPoly-3-hydroxybutyrate (P3HB) is a biodegradable plastic that may affect soil quality and plant growth. To explain the
observed deterioration of plant growth, this study investigated the effects of P3HB microplastics on the soil microbiome and its activity related to
content of nutrients and their transformation processes. A pot experiment was conducted using soil contaminated with five different doses of P3HB,
both with and without maize. Soil mineral nitrogen forms, microbial properties as well as plant biomass were determined.ResultsP3HB
significantly altered soil properties by stimulating microbial respiration, enhancing carbon turnover, and shifting nitrogen forms, notably reducing
NO3- availability. The fungal community was more sensitive to P3HB compared to the bacterial one. Fungal genera such as Tetracladium,
Exophiala, and Pseudogymnoascus were stimulated; others such as Gibberella and Gibellulopsis declined. In the bacterial community, P3HB
promoted the growth of copiotrophic P3HB degraders (e.g., Actinobacteria, Alphaproteobacteria); increased the abundance of anaerobes
(Clostridia); decreased nitrifying groups (Nitrososphaeria, Nitrospiria); and reduced oligotrophic taxa (Vicinamibacteria, Thermoleophilia). These
changes led to altered nutrient cycling, including inhibited nitrification and reduced mineral nitrogen availability, contributing to decreased maize
growth.ConclusionsSoil contamination with >= 1% P3HB microplastics disrupts microbial structure and nutrient dynamics, with potential negative
effects on soil fertility and plant productivity.
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Abstract: The interaction of a high-power laser with a solid target enables the generation of gamma-photon beams. In this work, we present,
through 3D particle-in-cell (PIC) simulations, a regime where, under oblique laser incidence, a collimated gamma-photon beam is emitted parallel
to the target surface. This process arises from the interference pattern in the electromagnetic field, created by the interaction of the incident and
reflected laser pulses. The resulting electromagnetic field accelerates electrons to GeV energy levels while simultaneously directing their
momentum along the target surface. As a result, the electrons emit a collimated gamma-photon beam in the same direction.
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Abstract: The nanometer-scale diamond/cBN (C/BN) heterointerface is believed to significantly enhance the mechanical properties of diamond-
cBN nanocomposites, however, the underlying mechanisms remain largely unexplored and poorly understood. In this study, we conduct a
comprehensive investigation of the dislocation slip resistance at perfect C/BN heterointerfaces and their corresponding nanotwinned and stacking-
faulted structures, utilizing the ab initio-informed Peierls-Nabarro model. Our findings show that the nanotwinned defects at the heterointerface,
characterized by negative formation energy, are more thermodynamically stable than those in the cBN and diamond bulk. Stacking faults tend to
favor the cBN side over the diamond side at the heterointerface, which is consistent with experimental observations. The perfect C/BN
heterointerface exhibits notably lower slip resistance to parallel dislocation than bulk diamond and cBN due to shear-induced Friedel oscillation.
Conversely, a much higher dislocation slip resistance is observed at the nanotwinned and stacking-faulted C/BN heterointerfaces than that of bulk
cBN, suggesting that the mirror symmetry presented across the nanotwinned and stacking-faulted heterointerfaces offers an effective strategy for
strengthening. These insights not only offer a novel perspective on the ubiquitous heterointerfacial strengthening in diamond-cBN nanocomposites,
but also underscore the pivotal role of atomic-scale interfaces in designing superhard nanostructures.
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Abstract: In addition to technological influences, real-world belt and conveyor systems must contend with loading effects characterized primarily
by randomness. Evaluating the impact of these effects on system behavior involves the creation of a computational model. In this innovative
approach, disturbances are expressed by discretization and round-off errors arising throughout the solution of the controlling equations. Simulations
conducted under this model demonstrate that these disturbances have the potential to generate hidden and co-existing attractors. Additionally, they
have the potential to initiate shifts between oscillations of varying periods or transitions from regular to chaotic motions. This exploration sheds
light on the intricate dynamics and behaviors exhibited by belt and conveyor systems in the face of various disturbances.
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Abstract: Electrochemical conversion of CO2 into formate stands as a compelling pathway toward carbon neutrality, where the attainment of high
selectivity under industrial-current-density electrolysis conditions represents a pivotal milestone toward scalable implementation. In this work, dual
orbital hybridizations (s-p hybridization of Sn 5s and O 2p orbitals and p-p hybridization of Sn 5p/Bi 6p and O 2p orbitals) are introduced to
synergistically regulate charge transfer dynamics between active sites and oxygenated intermediates via integrating p-block metals into bismuth
nanosheets. The resulting Sn-doped Bi catalyst (Sn1Bi) achieved a record-breaking partial current density of -2.56 A cm(-2) for formate
production, sustaining 85.4% Faradaic efficiency even at -3 A cm(-2), along with an unprecedented robustness at 2 A for 280 h in a membrane
electrode assembly. Ongoing mechanistic studies aim to elucidate that dual orbital hybridizations facilitate CO2 activation and stabilize the critical
*OCHO intermediate, thereby optimizing reaction kinetics and formate selectivity. This study advances the rational design of dual p-p and s-p
orbital hybridization-engineered electrocatalysts for the selective and efficient valorization of CO2.
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Abstract: The interaction of a high-power laser with a solid target provides ways to produce beams of gamma-photons. For normal incidence of
the laser on the target the beams usually appear in a form of two lobes, which are symmetric with respect to the laser propagation axis. In this work
we demonstrate via three-dimensional particle-in-cell simulations a regime where for oblique incidence the emission of a collimated gamma-
photon beam is in the direction parallel to the target surface. The process is ascribed to the interference pattern in the electromagnetic field formed
by the incident and reflected laser pulse. The electromagnetic field accelerates electrons to the GeV energy level, while temporarily directing their
momentum along the target surface. Consequently, they emit a collimated gamma-photon beam in the same direction. The dependencies of gamma-
photon emission on the incident angle, laser pulse polarization, power and duration and target thickness and preplasma are also addressed in the
paper. The beam directionality is important for designing future experiments. In addition, this setup causes the generation of high-order harmonics
propagating along the target surface.
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Abstract: Polyploidisation is a significant reproductive barrier, yet genetic evidence indicates that interploidy admixture is more common than
previously thought. Theoretical models and controlled crosses support the 'triploid bridge' hypothesis, proposing that hybrids of intermediate ploidy
facilitate gene flow. However, comprehensive evidence combining experimental and genetic data from natural mixed-ploidy species is missing.
Here, we investigated the rates and directionality of gene flow within a diploid-autotetraploid contact zone of Cardamine amara, a species with
abundant natural triploids. We cytotyped over 400 individuals in the field, conducted reciprocal interploidy crosses, and inferred gene flow based
on genome-wide sequencing of 84 individuals. Triploids represent a conspicuous entity in mixed-ploidy populations (5%), yet only part of them
arose through interploidy hybridisation. Despite being rarely formed, triploid hybrids can backcross with their parental cytotypes, producing viable
offspring that are often euploid (in 42% of cases). In correspondence, D-statistics and coalescent simulations documented a significant genome-
wide signal of bidirectional gene flow in sympatric but not allopatric populations. Triploids, though rare, thus seem to play a key role in
overcoming polyploidy-related reproductive barriers in C. amara. In sum, we present integrative evidence for interploidy gene flow mediated by a
triploid bridge in natural populations.
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Abstract: Background and motivationLiver segmentation plays a critical role in medical imaging, aiding in diagnosis, treatment planning, and
surgical interventions for liver diseases. Precise segmentation of liver structures, including vessels, tumors, and other substructures, is essential for
effective patient management. Traditional manual methods are time-consuming and prone to variability, prompting the development of automated
techniques. This review aims to evaluate the evolution of liver segmentation methodologies, focusing on recent advancements in deep learning and
hybrid approaches.Materials and methodsThis review follows the PRISMA guidelines for systematic analysis, including a detailed database search
across PubMed, Web of Science, Scopus, and IEEE Xplore. The search focused on segmentation techniques for various liver structures using deep
learning, traditional methods, and hybrid models. A total of 7819 studies were initially identified, with 190 selected for detailed analysis based on
inclusion criteria like Dice Similarity Coefficient (DSC) metrics and clinical applicability.ResultsThe analysis identified deep learning models, such
as U-Net variants and Swin Transformer-based architectures, as leading methods for liver parenchyma and tumor segmentation, achieving DSC
values up to 98.9% on benchmark datasets. For vessel segmentation, methods like DeepLabV3+ and the feature-based approaches demonstrated
robustness across different datasets. Despite progress, challenges remain in segmenting structures like biliary ducts and hematomas due to limited
annotated data and imaging variability.DiscussionWhile deep learning has significantly improved segmentation accuracy, challenges such as class
imbalance and variability across imaging modalities persist. Hybrid approaches that combine traditional image processing with advanced neural
networks show potential for further improvement. Future research should focus on enhancing generalizability through multi-modal data integration
and exploring semi-supervised learning methods to overcome data scarcity.ConclusionThis comprehensive review highlights the advancements and
ongoing challenges in liver segmentation, emphasizing the need for continuous innovation. By addressing current limitations, future methodologies
can improve accuracy, efficiency, and clinical relevance, ultimately enhancing patient outcomes in hepatology.
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Abstract: Here, we present the first example of a binary optical waveguiding (OWG) cocrystal with large anisotropy featuring a fluorinated
acceptor molecule (CPP-TFPN, 1) with on-plane rotational dynamics, confirmed by solid-state NMR (19F T 1) and theoretical calculations.
Spatially resolved microphotoluminescence and variable-temperature photoluminescence experiments allowed us to examine the OWG
performance and photophysical properties of both single crystals and bulk microcrystalline samples. A comparison with an analogous cocrystal
containing a regioisomeric acceptor (CPP-TFTN, 2) revealed that the photoluminescence characteristics of 1 are associated with the rotational
motions of the acceptor, offering insights into how the molecular motion changes this property.
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Abstract: The increasing interest in advances in the field of magnetic resonance imaging (MRI) and the promise of extensive development of
Mn(ii)-based MRI contrast agents have motivated us to investigate thoroughly manganese(ii) complexes comprising macrocyclic ligands. Herein,
23 mononuclear Mn(ii) complexes were selected and classified into five families based on the structural motif of the parent macrocycle. DFT
methods were applied together with two implicit solvation models, the conductor-like polarizable continuum model (CPCM) and the solvation
model based on density (SMD). The stability constants of Mn(ii) complexes (log KMnL), A(17O) hyperfine coupling values of aqua ligand(s), the
zero-field splitting (ZFS) of the sextet ground state, and the thermodynamics of water dissociation were addressed and compared to the parameters
applied in the analysis of the experimental data. Moreover, ZFS parameters were calculated using the multireference CASSCF/NEVPT2 method.
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Abstract: Flash droughts, characterised by sudden and severe development of dry soil moisture conditions, have detrimental impacts on agriculture
and ecosystems. Since reliable projections of any kind of drought are crucial for drought risk mitigation, studying how these flash droughts evolve
as warming increases becomes essential. Herein, we analyse changes in flash drought frequency, geographic extent, and regional variability across
Europe under incremental global warming levels of 1 degrees C, 1.5 degrees C, 2 degrees C and 3 degrees C. Soil moisture simulations are
obtained using the mesoscale hydrologic model (mHM), which has been forced with the bias-corrected meteorological data from ISIMIP3b (Inter-
Sectoral Impact Model Intercomparison Project, phase 3b). We use a percentile-based method to determine the rapid decline in soil moisture
conditions during the growing season. Our results show that Northern and Central Europe are expected to see more frequent flash drought events at
higher warming levels above 1.5 degrees C. As temperatures increase, new areas experience flash drought in Central Europe. In contrast, the
increase in frequency and area is less in the Mediterranean. Across Europe, we expect the mean frequency of flash droughts to increase from
around 3 events each decade at 1 degrees C to 5 events at 3 degrees C. The median value of the spatial area covered in flash drought is expected to
increase from around 30% at 1 degrees C to close to 44% at 3 degrees C. Each degree of increase in warming is expected to add around one more
flash drought event each decade and more than 6% of the area across Europe under flash drought. The threshold of 1.5 degrees C marks a
significant increase in the area affected by flash droughts, highlighting the importance of adhering to the Paris Agreement targets and adaptation
measures to counter such flash drought conditions and safeguard the agricultural economy, food security, and ecosystems.
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Abstract: Despite numerous achievements and recent progress, nuclear physics is often (wrongly) considered an old field of research nowadays.
However, developments in theoretical frameworks and reliable experimental techniques have made the field mature enough to explore many new
frontiers. In this regard, extending existing knowledge to an emerging field of physics-where particles interact with a relatively low-energy but high
intensity field (intense enough so that multi-particle processes become comparable or more important than one-to-one processes)-can lead to
exciting discoveries. Investigations can be realized under a highly time-compressed beam source (e.g., particle sources generated by laser-matter
interaction using high-power laser systems). Here we focus on a new scheme, where high-power laser systems are exploited as a driver to generate
energetic (gamma-ray) photons. Together with additional low-energy photons provided by a second, less intense laser, a multi-photon absorption
scheme enables a very attainable manipulation of nuclear transitions including isomer pumping and depletion.
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Abstract: Machine learning models are increasingly used to predict material properties and accelerate atomistic simulations, but the reliability of
their predictions depends on the representativeness of the training data. We present a scalable, GPU-accelerated uncertainty quantification
framework based on k-nearest-neighbor kernel density estimation (KDE) in a PCA-reduced descriptor space. This method efficiently detects
sparsely sampled regions in large, high-dimensional data sets and provides a transferable, model-agnostic uncertainty metric without requiring
retraining costly model ensembles. The framework is validated across diverse case studies varying in (i) chemistry, (ii) prediction models
(including foundational neural network), (iii) descriptors used for KDE estimation, and (iv) properties whose uncertainty is sought. In all cases, the
KDE-based score reliably flags extrapolative configurations, correlates well with conventional ensemble-based uncertainties, and highlights regions
of reduced prediction trustworthiness. The approach offers a practical route for improving the interpretability, robustness, and deployment readiness
of ML models in materials science.
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Abstract: The 5'-3' exoribonuclease Xrn2, known as Rat1 in yeasts, terminates mRNA transcription by RNA polymerase II (RNAPII). In the
torpedo model of termination, the activity of Xrn2/Rat1 is enhanced by Rai1, which is recruited to the termination site by Rtt103, an adaptor
protein binding to the RNAPII C-terminal domain (CTD). The overall architecture of the Xrn2/Rat1-Rai1-Rtt103 complex remains unknown. We
combined structural biology methods to characterize the torpedo complex from Saccharomyces cerevisiae and Chaetomium thermophilum.
Comparison of the structures from these organisms revealed a conserved protein core fold of the subunits, but significant variability in their
interaction interfaces. We found that in the mesophile, Rtt103 utilizes an unstructured region to augment a Rai1 b-sheet, while in the thermophile
Rtt103 binds to a C-terminal helix of Rai1 via its CTD-interacting domain with an cc-helical fold. These different torpedo complex assemblies
reflect adaptations to the environment and impact complex recruitment to RNAPII.
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Source: CHIRALITY  Volume: 37  Issue: 3  Article Number: e70027  DOI: 10.1002/chir.70027  Published Date: 2025 FEB 17  
Abstract: Vibrational circular dichroism (VCD) spectroscopy appears as a useful method for characterizing optically active substances in the solid
state. This is particularly important for active pharmaceutical ingredients. However, measurement and interpretation of the spectra bring about
many difficulties. To assess the experimental and computational methodologies, we explore an anti-inflammatory drug, naproxen. Infrared (IR) and
VCD spectra of the pure compound and its cocrystals with alanine and proline were recorded, and the data were interpreted by quantum chemical
simulations based on a cluster model and density functional theory. Although unpolarized IR spectroscopy can already distinguish pure ingredients
from cocrystals or a mixture, the VCD technique is much more sensitive. For example, the naproxen carboxyl group strongly interacts with the
zwitterionic alanine in the cocrystal via two strong hydrogen bonds, which results in a rather rigid structure crystallizing in the chiral P212121
Sohncke group and its VCD is relatively strong. In contrast, the d-proline and (S)-naproxen cocrystal (P21 group) involves a single hydrogen bond
between the subunits, which together with a limited motion of the proline ring gives a weaker signal. Solid-state VCD spectroscopy thus appears
useful for exploring composite crystal structures and interactions within them, including studies of pharmaceutical compounds.
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Abstract: BackgroundVenom allergen-like proteins (VALs) are abundant in the excretory-secretory products (ESPs) of numerous parasitic
helminths and have been extensively studied for over 30 years because of their potential to interact with host systems. Despite substantial research,
however, the precise functions of these proteins remain largely unresolved. Schistosomes, parasites of the circulatory system, are no exception,
with 29 SmVAL genes identified in the genome of Schistosoma mansoni to date. The eggs of these parasites, as primary pathogenic agents, interact
directly with host tissues and release excretory-secretory products that aid their egress from the host. Although SmVALs have been detected in the
egg secretome in the past, direct evidence of their secretion and functional interaction with host molecules has never been demonstrated. These
findings fuel the ongoing debate as to whether egg-expressed SmVALs interact with the mammalian host or are rather miracidial proteins
synthesized within the egg during larval development.ResultsBased on complete revision of the SmVAL family and an associated robust
transcriptomic meta-analysis of gene expression across the life cycle, we show that many of SmVAL genes, including 6 newly identified genes, are
expressed in the infective larvae-producing stages (eggs and sporocysts). Following localization of two "egg-specific" SmVAL9 and SmVAL29 did
not prove active secretion of these molecules into surrounding tissues but were aligned with miracidial structures interfacing with the molluscan
host, specifically the larval surface and penetration glands. Finally, we show the complete lack of interactions between candidate SmVAL proteins
and an array of 755 human cell receptors via a state-of-the-art SAVEXIS screen.ConclusionsOverall, we conclude that these "egg" SmVALs are not
involved in direct host-parasite interactions in the mammalian host and are rather proteins employed during intermediate host invasion. Our study
revisits and updates the SmVAL gene family, highlighting the limitations of in silico protein function predictions while emphasizing the need for
up-to-date datasets and tools together with experimental validation in host-parasite interactions. By uncovering the diversity, expression patterns,
and interaction dynamics of SmVALs, we open new avenues for understanding host manipulation and reevaluating orthologous proteins in other
helminths.
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Abstract: We present an analysis of the classification backends of the ABC submission for the audio tracks of the NIST 2024 Speaker Recognition
Evaluation (SRE24). Our analysis covers embedding pre-processing, classification and score-level normalization, calibration and fusion strategies
adopted to cope with the source, language and duration mismatch challenges of SRE24. We show that Pairwise Support Vector Machines provide
the best results, which can be further improved, for single frontends, through score-level fusion of additional classifiers. We also show that
condition-aware score calibration can mitigate the effects of source mismatch, whereas score normalization methods proved ineffective. Finally, we
show that generative calibration is able to achieve competitive results with respect to other approaches.
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Title: Cu- and Bi-codoped LaFeO<sub>3</sub>-Decorated MXene Nanosheets for Photo-Fenton Catalysis and Hydrogen Evolution
Author(s): James, A (James, Anupriya); Ray, S (Ray, Subhasmita); Rodney, JD (Rodney, John D.); Carva, K (Carva, Karel); Udayashankar, NK
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Source: ACS APPLIED NANO MATERIALS  Volume: 8  Issue: 38  Pages: 18333-18347  DOI: 10.1021/acsanm.5c03006  Early Access Date:
SEP 2025  Published Date: 2025 SEP 26  
Abstract: The increasing release of contaminants into the environment and the demand for sustainable energy solutions have prompted the
exploration of advanced oxidation methods such as photo-Fenton and photoelectrochemical water splitting. Herein, hierarchical heterostructures of
Cu- and Bi-codoped LaFeO3 (Bi0.05La0.95Cu0.1Fe0.9O3) (LFOBC)-decorated Ti3C2 (MXene) nanosheets were developed by a low-cost one-pot
combustion approach. The optimized LFOBC/Mx-7 (Bi0.05La0.95Cu0.1Fe0.9O3/Ti3C2-7) composite demonstrated superior photo-Fenton
degradation of tetracycline (TC), achieving 1.69 times higher efficiency than LFOBC and 10.65 times more efficiency than pristine LaFeO3 (LFO).
This enhanced performance is attributed to strong interfacial coupling, which suppressed photoexcited carrier recombination, as confirmed by PL,
TRPL, EIS, and photocurrent studies. Experimental and theoretical work function analyses revealed band bending and the formation of an Ohmic
junction at the interface. Furthermore, a degradation mechanism and a reaction pathway were proposed, and the reduction in toxicity levels was
identified. The LFOBC/Mx-7 catalyst also exhibited promising results for H-2 evolution with an overpotential of 156 mV vs RHE under visible-
light illumination, which was 2.37 times less than that of LFOBC. These results, therefore, showcase the LFOBC/Mx composite as a
multifunctional photocatalyst for both pollutant degradation and sustainable energy generation.
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Abstract: The generative large language models (LLMs) are increasingly being used for data augmentation tasks, where text samples are LLM
paraphrased and then used for classifier finetuning. Previous studies have compared LLM-based augmentations with established augmentation
techniques, but the results are contradictory: some report the superiority of LLM-based augmentations, while others only marginal increases (and
even decreases) in the performance of downstream classifiers. Research that would confirm a clear cost-benefit advantage of LLMs over more
established augmentation methods is largely missing. To study if (and when) LLM-based augmentation is advantageous, we compared the effects
of recent LLM augmentation methods with established ones on 6 datasets, 3 classifiers, and 2 fine-tuning methods. We also varied the number of
seeds and collected samples to better explore the downstream model accuracy space. Finally, we performed a cost-benefit analysis and showed that
LLM-based methods are worthy of deployment only when a very small number of seeds is used. Moreover, in many cases, established methods
lead to similar or better model accuracies.
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Abstract: The Antarctic Peninsula is experiencing a rapid increase in air temperature, which has a major impact on the entire ecosystem, including
the runoff process. Understanding the water balance dynamics in such a fragile and sensitive environment is therefore crucial. Although water
availability plays an important role in polar ecosystems, runoff generation in the Antarctic Peninsula region is still poorly understood. We analysed
the variability in rain, snow and glacier contributions to runoff in relation to climate variability in a small, partly glaciated catchment on James
Ross Island in the north-eastern Antarctic Peninsula. We used the hydrological model HBV to simulate the runoff process from June 2010 to May
2021 at a daily resolution. The model was calibrated against both measured discharge and glacier mass balance. Model simulations showed the
negative mass balance of Triangular Glacier for 9 out of 11 study years, with an average annual mass loss of 49 mm water equivalent. About 92 %
of the annual runoff occurred between October and May. On average, peak runoff occurred in the second half of the summer season due to the
combination of glacier melt and snowmelt. The majority (76 %) of runoff originated from snowmelt, 14 % originated from glacier melt and 10 %
from rainfall. Higher total annual runoff occurred in warmer and drier years associated with high glacier melt runoff. The contribution of snowmelt
to total runoff was higher in colder years with more precipitation. Our simulation showed the presence of significant runoff-generating events
outside the usual high summer runoff measurement season.
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Source: SMALL  Volume: 21  Issue: 34  DOI: 10.1002/smll.202503180  Early Access Date: JUL 2025  Published Date: 2025 AUG  
Abstract: The smart integration of nanoparticles with tailored semiconductors, followed by UV illumination prior to Raman measurements,
activates photo-induced enhanced Raman spectroscopy (PIERS), enabling ultrasensitive detection. This photo-mediated modulation of charge
transfer is a special case of surface-enhanced Raman spectroscopy (SERS), where enhancement is tuned via chemical-interaction-induced charge
transfer between the analyte and substrate. Herein, photoinduced charge transfer dynamics are explored by tuning the work function of the
supporting material embedding plasmonic nanostructures and creating an interfacial light-mediated charge-transfer system. Using two distinct
nanoparticles supported on a two-dimensional material revealed directional charge transport behaviour, reflecting Fermi-level equilibration at
heterojunctions. Titanium carbide-based MXene (Ti3C2Tx; Tx = -OH, -F) is introduced as a charge-transfer modulator due to its tunable work
function, significantly influencing carrier transport direction and efficiency. Notably, Au-based hybrids exhibit PIERS enhancement upto five orders
of magnitude, unlike Ag-based hybrids that show quenching. This confirms that optimized nanoparticle-MXene hybrids facilitate hot electron
movement across interfaces, leading to differential PIERS responses. Additionally, density functional theory calculations elucidate electronic
structures and photogenerated electron migration. This study provides valuable insights into photo-induced charge transfer, emphasizing its pivotal
role in enhancing chemical contributions in SERS, advancing future optical sensing and molecular recognition platforms.
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Abstract: Despite the widespread use of Agrobacterium tumefaciens-mediated transformation in plant genetic engineering and functional
genomics, many economically and industrially important crops, especially medicinal plants, are resistant to A. tumefaciens-mediated T-DNA
transfer and have proven difficult to improve with this technique. Here, we report, for the first time, the proteomic and physiological changes in a
pharmaceutically important and non-transformable medicinal plant, Hypericum perforatum, in response to A. tumefaciens using a comprehensive
proteomic approach and physiological assessments. Proteome analysis of H. perforatum cells challenged with A. tumefaciens via liquid
chromatography/tandem mass spectrometry revealed 1200 differentially expressed proteins (DEPs; 613 up-regulated and 587 down-regulated) after
12 h and 390 DEPs (174 up-regulated and 216 down-regulated) after 24 h of co-cultivation. Functional analysis revealed early activation of the key
defencerelated protein PR-10, indicating rapid pathogen recognition and initiation of defence responses. Simultaneously, antioxidant enzymes, such
as peroxiredoxin and l-ascorbate peroxidase, were significantly up-regulated, indicating robust attenuation of oxidative stress. The induction of cell
wall-modifying proteins, such as UDParabinopyranose mutase and pectin acetylesterases as well as accumulation of proteins related to secondary
metabolic defence mechanisms, such as phenylalanine ammonia lyase, 1,3,7-trihydroxyxanthone synthase, and benzophenone synthase, indicated a
coordinated plant defence response. Physiological analysis also revealed significant stress responses in H. perforatum seedlings, including reduced
photosynthetic performance and stomatal changes as early as 12 h, which intensified after 24 h. Taken together, the identified key proteins and
altered physiological responses of H. perforatum contribute to the understanding of factors underlying recalcitrance of plants to Agrobacterium-
mediated transformation.
Accession Number: WOS:001553447200001
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Perlikowski, Dawid  ABA-1345-2020   
Gregory, Franklin  AAM-6132-2020  0000-0002-6745-3528 
Selvakesavan, Rajendran AAV-2977-2020   
ISSN: 2667-064X

Record 419 of 502
Title: Damage thresholds revealed by ions emitted from boron nitride and tungsten exposed to energetic photons at high dose rates
Author(s): Bulicka, J (Bulicka, Jakub); Vysin, L (Vysin, Ludek); Medvedev, N (Medvedev, Nikita); Hajkova, V (Hajkova, Vera); Fekete, L
(Fekete, Ladislav); Burian, T (Burian, Tomas); Chalupsky, J (Chalupsky, Jaromir); Krasa, J (Krasa, Josef); Matejicek, J (Matejicek, Jiri); Koch, A
(Koch, Andreas); Grünert, J (Grunert, Jan); Rocca, JJ (Rocca, Jorge J.); Menoni, CS (Menoni, Carmen S.); Juha, L (Juha, Libor)
Source: JOURNAL OF NUCLEAR MATERIALS  Volume: 616  Article Number: 156069  DOI: 10.1016/j.jnucmat.2025.156069  Early Access
Date: AUG 2025  Published Date: 2025 OCT  
Abstract: Elemental tungsten, tungsten alloys, and boron nitride ceramics have been investigated for decades as highly resistant materials for the
first walls of various types of fusion reactors and other high-energy-density applications. One of the key parameters of a particular refractory
material is the damage threshold for energetic pulses of short-wavelength electromagnetic radiation, which represents a non-negligible fraction of
the fusion plasma emission. Determining damage thresholds based on irreversible changes in surface morphology is often challenging because real
samples typically have surfaces that differ significantly from a perfectly polished surface, where laser-induced morphology changes would ideally
reveal threshold fluences. In practice, real samples or materials designed for the first walls of future reactors will rarely have perfectly smooth
surfaces, whether by design (e.g., foams, sintered nano-powders, or nano-/micro-rod arrays) or due to manufacturing limitations and cost
constraints, making it nearly impossible to reliably detect the early, subtle changes in surface morphology that form slightly above the threshold. In
this article, we demonstrate that the fluence dependence of ion emissions induced by XUV laser radiation can be used to estimate the damage
thresholds of several samples of elemental tungsten, tungsten/chromium alloy, and pyrolytic boron nitride. Analysis of the experimental results
reveals better resistance (i.e., higher damage thresholds) of BN ceramics compared to W materials. Moreover, the threshold fluence values are in
good agreement with computer simulations performed using the hybrid simulation code XTANT-3.
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Abstract: Three 2-thiophenecarboxylate (Tio2c) complexes with different central atoms Ag(I), Zn(II) and Ga(III), [Ag (Tio2c)]2 (AgTio2c),
{[Zn2(Tio2c)4]2}n (ZnTio2c) and [Ga(Tio2c)3]& sdot;H2O (GaTio2c), were synthesized and elemental, spectral and thermal analyses were used
for their characterization. The AgTio2c and ZnTio2c single crystal structures confirmed the most common bidentate bridging coordination mode
with typical strong argentophilic interactions in the case of AgTio2c complex. Complexes' stability in biological test stock solution were confirmed
by 1H NMR spectroscopy. Potentiometric data analysis by BSTAC program resulted in the determination of the stability constants of four complex
species, [Zn(Tio2c)]+ (log beta 110 = 2.06 f 0.04), [Zn (Tio2c)(OH)] (log beta 11-1 =-5.0 f 0.1), [Zn(Tio2c)(OH)2]- (log beta 11-2 =-12.9 f 0.4) and
[Zn(Tio2c)2(OH)2]2-(log beta 12-2 =-8.54 f 0.04) with low abundance in aqueous solution. Theoretical estimation of the complex species in
aqueous solution indicates a rather monodentate Tio2c coordination mode in the [Zn(Tio2c)]+ species, while the hydroxido complex species prefer
a rather bidentate O,O'-bond of the carboxylate. Antimicrobial and anticancer bioassays clearly confirmed the highest biological activity (toxicity)
of the AgTio2c complex. The activity of ZnTio2c was slightly higher (or the same) compared to GaTio2c. The HSA (human serum albumin)
binding behaviour of the AgTio2c, ZnTio2c and GaTio2c complexes was investigated using fluorescence spectroscopy and results revealed that the
calculated Kb values were in the order of 104 M-1.
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Abstract: We report on the fabrication of a boron-based two-dimensional (2D) material via electron irradiation-induced cross-linking of carborane
self-assembled monolayers (SAMs) on crystalline silver substrates. The SAMs of 1,2-dicarba-closo-dodecarborane-9,12-dithiol (O9,12) were
prepared on flat crystalline silver substrates and irradiated with low-energy electrons, resulting in a 2D nanomembrane. The mechanical stability
and compact character of the carborane nanomembrane were improved by using 12-(1 ',12 '-dicarba-closo-dodecarboran-1 '-yl)-1,12-dicarba-closo-
dodecarborane-1-thiol (1-HS-bis -pCB), a longer, rod-like SAM precursor with two para-carborane units linked linearly together. The self-
assembly, cross-linking process, and transfer of the resulting membranes onto holey substrates were characterized with different complementary
surface-sensitive techniques including X-ray photoelectron spectroscopy (XPS), ultraviolet photoelectron spectroscopy (UPS), and low-energy
electron diffraction (LEED) as well as scanning tunneling and electron microscopies (STM, SEM) to provide insight on the structural changes
within the cross-linked SAMs. The presented methodology has potential for the development of boron-based 2D materials for applications in
electronic and optical devices.
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Abstract: Background and Objective: Patient-ventilator asynchronies (PVA) are associated with ventilator-induced lung injury and increased
mortality. Current detection methods rely on static thresholds, extensive preprocessing, or proprietary ventilator data. This study aimed to develop
and validate a fully online, real-time system that detects and classifies PVAs directly from ventilator screen data while alerting clinicians based on
severity. Methods: The SmartAlert system was developed using ventilator screen recordings from ICU patients. It extracts pressure and flow
waveforms from video recordings, converts them into time-series data, and employs deep neural networks to classify asynchronies and assign
alarm levels from no urgency to most urgent. A dataset of 381,280 double-breath units was independently annotated by two expert intensivists. Two
deep learning models were trained: one for alarm prediction and another for asynchrony classification (ineffective triggering, double cycling, high
inspiratory effort, no asynchrony). Performance was evaluated using accuracy, sensitivity, specificity, and AUC-ROC, compared to expert
consensus. Results: SmartAlert demonstrated strong performance for alarm level prediction (overall accuracy: 83.8 %, weighted AUC-ROC: 0.943
[95 % CI: 0.941-0.945]) and PVA classification (weighted accuracy: 89.3 %, weighted AUC-ROC: 0.951 [95 % CI: 0.950-0.953]). It showed high
specificity for urgent alarms (99.9 % for level 3) and PVA types (98.5 % for ineffective triggering, 96.9 % for double cycling, 94.8 % for high
inspiratory effort). Conclusions: We developed and internally validated SmartAlert, an automated system that detects PVAs, classifies severity, and
alerts clinicians in real time. Its potential to reduce alarm fatigue, optimize ventilator settings, and improve patient outcomes remains to be tested in
clinical trials.
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Abstract: The Unmanned Aerial Vehicle (UAV) path planning problem is a complex optimization problem in the field of robotics. In this paper, we
investigate the possible utilization of this problem in benchmarking global optimization methods. We devise a problem instance generator and pick
56 representative instances, which we compare to established benchmarking suits through Exploratory Landscape Analysis to show their
uniqueness. For the computational comparison, we select fourteen well-performing global optimization techniques from both subfields of stochastic
algorithms (evolutionary computation methods) and deterministic algorithms (Dividing RECTangles, or DIRECT-type methods). The experiments
were conducted in settings with varying dimensionality and computational budgets. The results were analyzed through several criteria (number of
best-found solutions, mean relative error, Friedman ranks) and utilized established statistical tests. The best-ranking methods for the UAV problems
were almost universally the top-performing evolutionary techniques from recent competitions on numerical optimization at the Institute of
Electrical and Electronics Engineers Congress on Evolutionary Computation. Lastly, we discussed the variable dimension characteristics of the
studied UAV problems that remain still largely under-investigated. The code and results are available at a Zenodo repository
https://doi.org/10.5281/zenodo.15424080.
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Abstract: This article aims to evaluate the seasonal efficiency of natural gas boilers used in European households, highlighting the cost
effectiveness, environmental benefits, and user comfort associated with higher-efficiency models, particularly those based on condensing
technology. The study applies a standardized algorithm used in European energy labeling schemes to calculate the seasonal efficiency of household
gas boilers. It further includes a comparative analysis of selected boiler models available on the Serbian market and outlines a step-by-step method
for estimating gas savings when replacing older, less efficient boilers with modern units. Condensing boilers demonstrate significantly higher
seasonal efficiency than standard models by recovering additional heat from exhaust gases. These improved boilers produce lower greenhouse gas
emissions and offer annual fuel savings of approximately 10% to 30%, depending on the boiler's age, system design, and usage patterns. The
results also confirm the direct correlation between seasonal efficiency and annual fuel consumption, validating the use of efficiency-based cost
comparisons. The analysis focuses on residential gas boilers available in the Serbian market, although the models examined are commonly
distributed across Europe. The findings highlight the important role of energy efficiency labels-based on a standardized algorithm-in guiding boiler
selection, helping consumers and policymakers make informed decisions that promote energy savings and reduce environmental impact. This
article contributes to the theoretical and practical understanding of gas boiler efficiency by integrating algorithm-based evaluation with market data
and user-centered considerations. It offers actionable insights for consumers, energy advisors, and policymakers in the context of Europe's energy
transition. Verifying the efficiency calculations of gas boilers requires a careful combination of theoretical methods, measured data, and adherence
to standards.
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Abstract: Although supramolecular interactions such as halogen bonding are often classified as "non-covalent" interactions, computational
methods have predicted that they possess a significant covalent component. In this article, we adopt a unique strategy that combines experimental
solid-state NMR and relativistic DFT approaches to explore the electronic nature of previously postulated supramolecular covalency [Bora et al.,
Chem.-Eur. J., 2017, 23, 7315]. Our approach involves the analysis of hyperfine interactions and hyperfine shifts in the NMR spectra of halogen-
bonded cocrystals containing a paramagnetic transition-metal complex. We demonstrate that the hyperfine interaction pertaining to the
paramagnetic transition-metal center and observed at the probed nucleus of the cocrystallized (halogen-bonded) molecule is governed by the
Fermi-contact mechanism. This contact mechanism originates in "through-bond" spin transmission and, therefore, unequivocally reports on the
electron sharing between the halogen-bonded molecules, i.e., halogen-bond covalency.
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Abstract: We present a comprehensive analysis of the embedding extractors (frontends) developed by the ABC team for the audio track of NIST
SRE 2024. We follow the two scenarios imposed by NIST: using only a provided set of telephone recordings for training (fixed) or adding publicly
available data (open condition). Under these constraints, we develop the best possible speaker embedding extractors for the pre-dominant
conversational telephone speech (CTS) domain. We explored architectures based on ResNet with different pooling mechanisms, recently
introduced ReDimNet architecture, as well as a system based on the XLS-R model, which represents the family of large pre-trained self-supervised
models. In open condition, we train on VoxBlink2 dataset, containing 110 thousand speakers across multiple languages. We observed a good
performance and robustness of VoxBlink-trained models, and our experiments show practical recipes for developing state-of-theart frontends for
speaker recognition.
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Abstract: High-precision molecular manipulation techniques are used to control the distance between radical molecules on superconductors. Our
results show that the molecules can host single electrons with a spin 1/2. By changing the distance between tip and sample, a quantum phase
transition from the singlet to doublet ground state can be induced. Due to local screening and charge redistribution, we observe either charged or
neutral molecules, which couple in a sophisticated way, showing quantum spin behavior that deviates from the classical spins. Dimers at different
separations show multiple Yu-Shiba-Rusinov peaks in tunneling spectroscopy of varying intensity, which are in line with the superconducting two-
impurity Anderson model, where singlet (S = 0) and doublet (S = 1/2) ground states are found. The assembly of chains of 3, 4, and 5 molecules
shows alternating charge patterns, where the edge molecules always host a charge/spin. The tetramer is observed in two configurations, where the
neutral site is moved by one position. We show that these two configurations can be switched by the action of the probing tip in a nondestructive
manner, demonstrating that the tetramer is an information unit, based on single-electron charge reorganization.
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Abstract: The emergence of two-dimensional van der Waals (vdW) heterostructures has revolutionized exciton-based research due to their tunable
electronic and optical properties. Here, we present a systematic many-body study of a BP/CrSe2 vdW heterostructure composed of experimentally
realized boron phosphide (BP) and chromium diselenide (CrSe2) monolayers. We find a robust type-II band alignment across all stacking
configurations; however, interlayer excitons emerge selectively depending on the stacking order. The vdW heterostructure exhibits strong exciton
binding energy (0.34-0.44 eV, depending on stacking) and nanosecond-scale room-temperature radiative lifetimes, indicating long-lived excitonic
states. Additionally, its optical absorption extends from the visible to the near-infrared regime, underscoring its potential for optoelectronic and
excitonic applications. Our findings highlight the critical role of stacking-dependent interlayer coupling in controlling the excitonic properties of
vdW heterostructures, paving the way for tailored design strategies in next-generation light-harvesting and quantum technologies.
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Abstract: We synthesized the astrochemically relevant molecule 3-hydroxypropanal (HOCH2CH2CHO) and subsequently measured and analyzed
its rotational spectrum in several frequency regions ranging from 130 to 485 GHz. We analyzed the ground vibrational state as well as the two
perturbed lowest-lying vibrationally excited states. With the resulting rotational parameters, we searched for this molecule in the Sagittarius B2(N)
and NGC 6334I hot cores, the IRAS 16293-2422B hot corino, and the G+0.693-0.027 and TMC-1 molecular clouds. Rotational emission of 3-
hydroxypropanal was tentatively detected toward G+0.693-0.027, and a column density of (8.6 +/- 1.4) x 1012 cm-2 was determined. However,
this molecule was not detected in the other sources that were investigated. The chemical implications of this tentative discovery are analyzed, and
several potential chemical formation pathways of this species are discussed.
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Abstract: While the positive effect of trees on thermal comfort is well-established, particularly in urban street canyons, their impact on air quality
remains questionable, especially in the case of pollutants emitted by heavy traffic at the pedestrian level. Complex microscale models of an urban
boundary layer with a high spatial resolution (down to 1 m) enable a deeper understanding of most processes at street-level scale and can simulate
selected variables related to air quality and bio-meteorology with high precision and fidelity. In this study, scenarios with different percentages of
tree coverage of two streets were simulated under different atmospheric stratifications to investigate the problem. Real geography and quasi-real
meteorology were used as a background. Results of the Parallelized Large-eddy Simulation Model (PALM) model simulations, which utilised a
large-eddy simulation (LES) core, showed the spatio-temporal variability of the thermal comfort and dust concentration at the pedestrian level. The
findings indicate that the effect of trees on the local microclimate is crucial and complex and cannot be omitted during the planning of urban
mitigation measures. The study demonstrates a notable improvement in thermal comfort, with a significant decrease in the thermal index in shaded
areas beneath trees during the hottest part of the day, as well as a cooling effect of urban greenery just after sunset. However, the analysis also
revealed a significant downside: in narrower streets, PM10 concentrations increased by more than 100% compared with tree-free scenarios. The
slowdown and vertical shift of the primary vortex within the street caused by the trees can mostly explain the changes in pollution dispersion. This
indicates a potential trade-off between thermal comfort and air quality in densely built urban environments.
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Abstract: The use of machine learning (ML) to refine low-level theoretical calculations to achieve higher accuracy is a promising and actively
evolving approach known as Delta-ML. The density matrix renormalization group (DMRG) is a powerful variational approach widely used for
studying strongly correlated quantum systems. High computational efficiency can be achieved without compromising accuracy. Here, we
demonstrate the potential of a simple ML model to significantly enhance the performance of the quantum chemical DMRG method.
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Abstract: The environmentally friendly conversion of methane to value-added chemicals is studied by ab-initio calculations. We focus on the
adsorption and dehydrogenation of methane were investigated on Ir13 cluster supported by boron nitrogen co-doped graphene (BNG). We show
that the BNG-Ir-13 cluster with low oxygen coverage exhibits more negative adsorption energy of methane (-0.44 eV) and lower activation energy
barrier for its dissociation (1.24 eV for the second dehydrogenation step) compared to the cluster with high oxygen coverage. Next, assuming
abundant CH3 and CH2 species due to a proper temperature control preventing further dehydrogenation, we study competitive C-O coupling
reactions leading to the formation of value-added chemicals. The activation energy barriers for the formation of methanol and formaldehyde are on
BNG-Ir-13 are once again lower at a lower oxygen coverage. Furthermore, we study hydrogen recombination and confirm that H-2 molecules can
be formed on these surfaces. Based on these findings, the low-oxygen-coverage BNG-Ir-13 cluster emerges as a promising catalyst for the selective
conversion of methane to methanol and formaldehyde, as well as for hydrogen production.
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Abstract: Combining diamond and two-dimensional materials is attracting increasing attention for synergic effects that have the best of both
worlds. Applications range from electronics and quantum technologies to catalysis, energy conversion, and biosensors. Here, heterostructures based
on hydrogenated diamond microcrystalline thin films with attached MoS2 nanosheets are formed by a single-zone annealing at atmospheric
pressure. By varying the process parameters, MoS2 sheets are controllably synthesized in a vertical or horizontal orientation with respect to the
diamond grain facets, which leads to a pronounced impact on the electronic and optoelectronic properties of the heterostructures. Raman, SEM,
AFM, KPFM, and SKP analyses show the influence of the MoS2 orientation and thickness on the work function, surface potential, spatially and
spectrally resolved photovoltage, and charge transfer kinetics. The aligned growth of MoS2 nanosheets and their properties are elucidated by
molecular mechanics and time-dependent DFT calculations, which explain the mechanism of the assembly and the related optoelectronic effects in
a straightforward way. The major switching point occurs precisely at 11 nm of the MoS2 thickness/length. The highest photoresponse of 350 meV
and favorable charge transfer are observed for the vertical MoS2 arrangement on diamond, yet without a covalent bond. The results and theoretical
model hint at broader implications beyond the MoS2-diamond system.
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Abstract: Enzymes with buried active sites utilize molecular tunnels to exchange substrates, products, and solvent molecules with the surface.
These transport mechanisms are crucial for protein function and influence various properties. As proteins are inherently dynamic, their tunnels also
vary structurally. Understanding these dynamics is essential for elucidating structure-function relationships, drug discovery, and bioengineering.
Caver Web 2.0 is a user-friendly web server that retains all Caver Web 1.0 functionalities while introducing key improvements: (i) generation of
dynamic ensembles via automated molecular dynamics with YASARA, (ii) analysis of dynamic tunnels with CAVER 3.0, (iii) prediction of ligand
trajectories in multiple snapshots with CaverDock 1.2, and (iv) customizable ligand libraries for virtual screening. Users can assess protein
flexibility, identify and characterize tunnels, and predict ligand trajectories and energy profiles in both static and dynamic structures. Additionally,
the platform supports virtual screening with FDA/EMA-approved drugs and user-defined datasets. Caver Web 2.0 is a versatile tool for biological
research, protein engineering, and drug discovery, aiding the identification of strong inhibitors or new substrates to bind to the active sites or
tunnels, and supporting drug repurposing efforts. The server is freely accessible at https://loschmidt.chemi.muni.cz/caverweb.
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Abstract: Assuming a scenario of small-scale domain switching, the dimensions and configuration of the domain switching region preceding a
clearly defined primarily monoclinic piezoelectric bi-material notch are determined by embracing the energetic switching principle and
micromechanical domain switching framework proposed by Hwang et al. (Acta Metall Mater 43(5):2073-2084, 1995. https://doi.org/10.1016/0956-
7151(94)00379-V) for a given set of materials, structure, and polarization alignment. The piezoelectric bi-material under consideration comprises
piezoelectric ceramics PZT-5H and BaTiO3. The analysis of the asymptotic in-plane field around a bi-material sharp notch is conducted utilizing
the extended Lekhnitskii-Eshelby-Stroh formalism (Ting in Anisotropic elasticity, Oxford University Press. 1996.
https://doi.org/10.1093/oso/9780195074475.001.0001). Subsequently, the boundary value problem with the prescribed spontaneous strain and
polarization within the switching domain is solved and their influence on the in-plane intensity of singularity at the tip of interface crack is
computed. The effects of the initial poling direction on the resulting variation of the energy release rates are discussed.
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Abstract: Using the density functional tight binding method (DFTB) and the GFN1-xTB (geometries, frequencies, and noncovalent interactions
tight binding) Hamiltonian, we have investigated the structural, electronic, and magnetic properties of vacancy defects, hydrogen- and oxygen-
passivated defects, and Fe adsorption in two-dimensional (2D) graphitic carbon nitride (gt-C3\documentclass[12pt]{minimal}
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becomes magnetic by 2- and 5-defect creation, hydrogen/oxygen passivation of the defects, and upon Fe adsorption. Interestingly, Fe atoms interact
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properties. We found that substituting the 1-, 2-, and 3-vacancies with hydrogen and passivating the 6-defect with oxygen turn on magnetism in the
system. Due to structural distortion, the passivated defects do not have a well-ordered magnetic orientation. However, passivating the remaining
defected structures maintains the nonmagnetic state. It is also shown that passivation leads to a semiconductor with a band gap value higher than
that of the bare material.
We also calculate the electronic and magnetic properties of transition metal (TM) atoms, including V-, Cr-, Mn-, Fe-, Co-, Ni-adsorbed gt-
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Abstract: Engineering protein dynamics is a challenging and unsolved problem in protein design. Loop transplantation or loop grafting has been
previously employed to transfer dynamic properties between proteins. We recently released a LoopGrafter Web server to execute the loop grafting
task, employing eight computational tools and one database. The LoopGrafter method relies on the prediction of the local dynamic behavior of the
elements to be transplanted and has successfully reconstructed previously engineered sequences. However, it was unclear whether catalytically
competitive previously uncharacterized designs could be obtained by this method. Here, we address this question, showing how LoopGrafter
generates viable loop-grafted chimeras of luciferases, how these chimeras encompass the activity of interest and unique kinetic properties, and how
all this process is done fully automatically and agnostic of any previous knowledge. All constructed designs proved to be catalytically active, and
the most active one improved the activity of the template enzyme by 4 orders of magnitude. The computational details and parameter optimization
of the sequence pairing step of the LoopGrafter workflow are revealed. The optimized and experimentally validated loop grafting workflow
available as a fully automated Web server represents a powerful approach for engineering catalytically efficient enzymes by modification of protein
dynamics.
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Abstract: BackgroundEmerging evidence suggests that tumour morphological heterogeneity may influence mutational profiles relevant to therapy
response. In this pilot study, we aimed to assess whether mutations identified within specific morphological patterns or at the invasion front
correlate with shorter time to progression after anti-EGFR therapy, as compared to whole-tissue analysis.MethodsWe investigated genetic
mutations in 142 samples from primary tumours of 39 KRAS wild-type metastatic colorectal cancer (CRC) patients receiving anti-EGFR therapy.
Deep next-generation sequencing was performed on whole-tumour sections and six morphology-defined tumour regions.ResultsMutations in genes
linked to anti-EGFR therapy response (KRAS, BRAF, NRAS, PTEN and PI3KCA) were found uniquely in the non-responder group, with
substantial variability across morphological sub-regions. BRAF mutations were aligned with serrated and mucinous morphologies, while KRAS
mutations (p.Lys147Glu and p.Ala146Thr) were associated with mucinous and desmoplastic morphologies. In all cases, the cumulative mutational
profile from sub-regions provided more details than that of the whole-tumour profile.ConclusionOur findings highlight that comprehensive
analysis, considering morphological heterogeneity, is crucial for personalised CRC treatment strategies.
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Abstract: Bulk properties of two-phase systems comprising methane and liquid p-xylene were derived experimentally using neutron imaging and
theoretically predicted using molecular dynamics (MD). The measured and predicted methane diffusivity in the liquid, Henry's law constant,
apparent molar volume, and surface tension compared well within the experimentally studied conditions (273.15 to 303.15 K, <= 100 bar). Since
MD is a physical model, extrapolations of the two-phase systems properties were performed for a broader temperature range (260 to 400 K, <= 100
bar). Moreover, the species diffusivities in single phases formed by infinitely diluted p-xylene in methane were predicted under conditions relevant
to the methane liquefaction (90 to 290 K, 50 bar). The predicted p-xylene diffusivity in the supercritical methane was one order of magnitude
higher than that calculated using Wilke-Chang and He-Yu correlations. This study provides novel experimental and MD-simulated characteristics
for this industrially relevant system, for which intensive freeze-out formation from the supercritical methane is predicted.
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Abstract: Electrocatalytic nitrate reduction reaction to ammonia (NH3) is a promising approach for generating NH3 compared with the widely
used Haber-Bosch process. It offers the advantage of zero carbon emission and helps in recycling nitrate waste. However, the challenge remains in
the synthesis and engineering of proficient electrocatalytic materials with high faradaic efficiency and yield rate. Herein, we report a unique laser-
processed niobium oxide-graphene (NbOx-Gr) electrode attached to a conductive support of graphene for NH3 generation. The two-step
fabrication process started with spatially and temporally controlled pulsed laser writing on an Nb2AlC-coated polymer surface followed by simple
electrochemical etching to remove excess Al. Electrochemical analysis elucidated that the NbOx-Gr electrode exhibited improved activity for
ammonia generation. Moreover, theoretical studies provide insights into the nitrate reduction reaction mechanism, confirming that the
electrochemical active site was located on the Nb atom of the NbOx-Gr electrode. Laser processing is a cost-effective, less chemically hazardous,
versatile, and efficient approach to utilize MAX phases for multiple energy storage and conversion applications.
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Abstract: The description of strongly correlated systems interacting with quantized cavity modes poses significant theoretical challenges due to the
combinatorial scaling of the electronic and photonic degrees of freedom. Recent advances addressing this complexity include cavity quantum
electrodynamics (QED) generalizations of complete active space configuration interaction and density matrix renormalization group methods. In
this work, we introduce a QED extension of state-averaged complete active space self-consistent field theory, which incorporates cavity-induced
correlations through a second-order orbital optimization framework with robust convergence properties. The method is implemented using both
photon number state and coherent state representations, with the latter showing robust origin invariance in the energies, regardless of the
completeness of the photonic Fock space. The implementation enables symmetry-free orbital relaxations to account for photon-mediated symmetry
breaking in polaritonic systems. Numerical validation on lithium hydride, hydroxide anion, and magnesium hydride cation demonstrates that this
method achieves significantly improved accuracy in modeling ground-state and polariton potential energy surfaces compared with QED-CASCI in
a fixed orbital basis. In these studies, we reach sub kcal/mol accuracy in potential energy surface in much smaller active spaces than are required
for QED-CASCI. This advancement provides a more robust approach for studying cavity-altered chemical landscapes for ground and excited
strongly coupled systems.
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Abstract: The intertumoral and intratumoral heterogeneity of colorectal adenocarcinoma (CRC) at the morphologic level is poorly understood.
Previously, we identified morphological patterns associated with CRC molecular subtypes and their distinct molecular motifs. Here we aimed to
evaluate the heterogeneity of these patterns across CRC. Three pathologists evaluated dominant, secondary, and tertiary morphology on four
sections from four different FFPE blocks per tumor in a pilot set of 22 CRCs. An AI-based image analysis tool was trained on these tumors to
evaluate the morphologic heterogeneity on an extended set of 161 stage I-IV primary CRCs (n = 644 H&E sections). We found that most tumors
had two or three different dominant morphotypes and the complex tubular (CT) morphotype was the most common. The CT morphotype showed
no combinatorial preferences. Desmoplastic (DE) morphotype was rarely dominant and rarely combined with other dominant morphotypes.
Mucinous (MU) morphotype was mostly combined with solid/trabecular (TB) and papillary (PP) morphotypes. Most tumors showed medium or
high heterogeneity, but no associations were found between heterogeneity and clinical parameters. A higher proportion of DE morphotype was
associated with higher T-stage, N-stage, distant metastases, AJCC stage, and shorter overall survival (OS) and relapse-free survival (RFS). A higher
proportion of MU morphotype was associated with higher grade, right side, and microsatellite instability (MSI). PP morphotype was associated
with earlier T- and N-stage, absence of metastases, and improved OS and RFS. CT was linked to left side, lower grade, and better survival in stage
I-III patients. MSI tumors showed higher proportions of MU and TB, and lower CT and PP morphotypes. These findings suggest that
morphological shifts accompany tumor progression and highlight the need for extensive sampling and AI-based analysis. In conclusion, we
observed unexpectedly high intratumoral morphological heterogeneity of CRC and found that it is not heterogeneity per se, but the proportions of
morphologies that are associated with clinical outcomes.
Accession Number: WOS:001507170600001
PubMed ID: 40511583
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Horst, David    0000-0003-4755-5743 
Popovici, Vlad  C-2039-2008  0000-0002-1311-9188 
agomir, Mihnea P    0000-0002-5550-3516 
Budinska, Eva  F-2698-2011  0000-0002-9004-9187 
Schallenberg, Simon    0000-0002-7897-7116 
Dragomir, Mihnea  ABB-8207-2020   
eISSN: 2056-4538

Record 443 of 502
Title: Participatory Budgeting Project Strength via Candidate Control
Author(s): Faliszewski, P (Faliszewski, Piotr); Janeczko, L (Janeczko, Lukasz); Knop, D (Knop, Dusan); Pokorny, J (Pokorny, Jan); Schierreich, S
(Schierreich, Simon); Sluszniak, M (Sluszniak, Mateusz); Sornat, K (Sornat, Krzysztof)
Edited by: Kwok J
Source: PROCEEDINGS OF THE THIRTY-FOURTH INTERNATIONAL JOINT CONFERENCE ON ARTIFICIAL INTELLIGENCE, IJCAI
2025  Pages: 3821-3829  Published Date: 2025   
Abstract: We study the complexity of candidate control in participatory budgeting elections. The goal of constructive candidate control is to ensure
that a given candidate wins by either adding or deleting candidates from the election (in the destructive setting, the goal is to prevent a given
candidate from winning). We show that such control problems are NP-hard to solve for many participatory budgeting voting rules, including
PHRAGMEN and EQUAL-SHARES, but there are natural cases with polynomial-time algorithms. We also argue that control by deleting
candidates is a useful tool for assessing the performance (or, strength) of initially losing projects, and we support this view with experiments on
real-life PB instances.
Accession Number: WOS:001595146400425
Conference Title: 34th International Joint Conference on Artificial Intelligence-IJCAI
Conference Date: AUG 16-22, 2025
Conference Location: Montreal, CANADA
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Sornat, Krzysztof  AAG-5610-2020   
Schierreich, Šimon AAD-2782-2022   
Janeczko, Łukasz  IAR-7726-2023   
Knop, Dušan  I-7451-2017   
ISBN: 978-1-956792-06-5

Record 444 of 502
Title: Detecting quasidegenerate ground states in topological models via the variational quantum eigensolver
Author(s): Ciaramelletti, C (Ciaramelletti, Carola); Beseda, M (Beseda, Martin); Consiglio, M (Consiglio, Mirko); Lepori, L (Lepori, Luca);
Apollaro, TJG (Apollaro, Tony J. G.); Paganelli, S (Paganelli, Simone)
Source: PHYSICAL REVIEW A  Volume: 111  Issue: 2  Article Number: 022437  DOI: 10.1103/PhysRevA.111.022437  Published Date: 2025
FEB 21  
Abstract: We study the exact ground states of the Su-Schrieffer-Heeger open chain and of the Kitaev open chain, using the variational quantum
eigensolver (VQE) algorithm. These models host symmetry-protected topological phases, characterized by edge modes with vanishing single-
particle energy in the thermodynamic limit. The same fact prevents the standard VQE algorithm from converging to the correct ground state for
finite chains, since it is quasidegenerate in energy with other many-body states. Notably, this quasidegeneracy cannot be removed by small
perturbations, as in typical spin systems. We address this issue by imposing appropriate constraints on the VQE evolution and constructing
appropriate variational circuits, to restrict the probed portion of the Hilbert space along the same evolution. These constraints stem from general
properties both of the topological phases and of the studied Hamiltonians. In this way, the improved VQE algorithm achieves an accurate
convergence to the exact ground states in each phase. The present approach promises large applicability, also to realistic systems with different
topologies and/or not easily removable degeneracies, thanks to the very high fidelity achievable also on systems with a relatively high number of
qubits.
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Abstract: The primary scientific challenge in advancing aqueous aluminum-ion batteries (AAIBs) is achieving reversible plating/stripping of the
Al metal anode, limited by its low deposition potential (-1.667 V vs SHE) and surface passivation in the aqueous electrolyte. To address this issue,
polypyrrole (PPy) decorated topological quantum insulator (Bi2Te3@PPy) is introduced as a novel anode in AAIBs. Benefiting from the
interconnected PPy network and the gap-free metallic surface state of Bi2Te3, the Bi2Te3@PPy anode enables a remarkable discharge capacity of
438 mAh g-1 at a current rate of 0.5 A g-1. It also maintains a strong discharging plateau even at a higher current rate of 10 A g-1, outperforming
most electrode materials reported so far for AAIBs. The role of the topological surface states of Bi2Te3 in enhancing the ion migration rate is
validated by comparing its performance across various morphologies. Ex situ studies and computational analysis reveal that in aqueous systems,
Al3+ is not the sole species responsible for charge storage. Instead, hydronium ions (H3O+) significantly contribute to storing the charges through
intercalation into the crystal lattice. Overall, this study pioneers a new approach for developing advanced Al metal-free AAIBs and provides deeper
insights into the charge storage mechanisms in aqueous electrolytes.
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Abstract: The precise engineering of vacancies in nitrogen-doped graphene (NG) presents a promising strategy for stabilizing metal single-atom
catalysts (SACs) and tuning their catalytic performance. We explore the role of vacancies in NG for stabilizing iron-based SACs (Fe-SACs) by
using density functional theory (DFT). First, we examine the stability of various vacancy types in graphene and NG supports, addressing the
question of preferential formation of specific structural defects as potential sites for metal binding. We reveal simple rules governing the stability of
vacancies and show that nitrogen doping can bring about vacancy healing. We identify preferred binding sites for Fe atoms/ions, specifically single
and double vacancies, and analyze how the nitrogen-doping pattern in a vacancy affects the interaction of Fe with the SAC support. The results
show that the positions of nitrogen(s) and the local charge environment significantly influence the stability of the Fe-SACs. Notably, some Fe@NG
configurations, although not the most thermodynamically stable, exhibit enhanced catalytic performance, particularly for a CO2 reduction reaction
(CO2RR). These findings offer valuable insights into vacancy engineering as a strategy for designing high-performance Fe-SACs and emphasize
the interplay among vacancy types, nitrogen concentration, and catalyst stability in driving the catalytic behavior.
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Abstract: In close binary star systems, common envelope evolution (CEE) may occur after a previous phase of mass transfer. Some isolated
formation channels for double neutron star binaries suggest that the donor of CEE was the accretor of a previous phase of stable mass transfer.
Accretion should substantially alter the structure of the donor, particularly by steepening the density gradient at the core-envelope interface and
rejuvenating the star. We study the CEE of a donor that was the accretor of a previous phase of stable mass transfer and has a rejuvenated structure.
We perform 3D hydrodynamics simulations of the CEE of an 18 M circle dot supergiant with a 1.4 M circle dot companion using rejuvenated and
non-rejuvenated 1D stellar models for the donor. We compare the two simulations to characterize the effect of the rejuvenation on the outcome of
the common envelope phase and the shape of the ejecta. We find that accounting for a previous phase of mass transfer reduces the duration of the
inspiral phase by a factor of two, likely due to the different structures in the outer layers of the donor. In the rejuvenated case, the simulations show
more equatorially concentrated and asymmetric ejecta, though both cases display evidence for the formation of a pressure-supported thick
circumbinary disk. During the dynamical inspiral phase, the impact of rejuvenation on the unbinding of the envelope is unclear; we find that
rejuvenation decreases the amount of unbound mass by 20%-40% depending on the energy criterion used.
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Abstract: Catalytic processes are fundamental not only to terrestrial chemistry (e.g., in the synthesis of fuels, chemicals, and pharmaceuticals) but
also to extraterrestrial chemistry, contributing to chemical reactions occurring in various astrophysical environments. In space, gas-phase reactions
are limited due to sparse energy sources and the absence of a medium for energy dissipation, making heterogeneous catalysis on cosmic dust grains
essential for driving chemical transformations. Iron nanoclusters (FeNCs) embedded on these grains present intriguing catalytic properties,
especially for Fischer-Tropsch-type (FTT) reactions that synthesize interstellar organic compounds. This study investigates the formation of short-
chain alcohols (CH3OH and CH3CH2OH) and hydrocarbons (CH4, CH2CH2 and CH3CH3) through a FTT mechanism using as astrocatalyst a
realistic model of an Fe13 nanocluster supported on a silica (SiO2) surface (Fe13@SiO2) by characterizing the potential energy surfaces (PESs)
and performing kinetics calculations. Comprehensive PESs grounded on density functional theory (DFT) reveal that direct CO dissociation on
Fe13@SiO2 (required to form CH3CH2OH and CH4) is energetically unfavorable, but subsequent H2 addition facilitates CO bond cleavage, thus
competing with the formation of CH3OH. Moreover, kinetic analysis indicates that C-O dissociation is more favorable than CH3OH synthesis,
enabling chain-growing-based processes. Kinetics also predicts that the temperatures at which the FTT reactions can operate (i.e., above 100 K) are
those available in protostellar regions and in evolved stages during a Solar-type planetary system formation (e.g., protoplanetary disks and
primitive planetary environments).These findings offer a new proof on the feasibility of Astrocatalysis (namely, true chemical catalysis in
astrophysical environments), in this case exerted by FeNCs, which partly alleviate stringent conditions required for FT on Earth, this way
proposing a potential FTT-supported catalysis under milder conditions in astrochemical contexts.
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Abstract: In RNA interference (RNAi), long double-stranded RNA is cleaved by the Dicer endonuclease into small interfering RNAs (siRNAs),
which guide degradation of complementary RNAs. While RNAi mediates antiviral innate immunity in plants and many invertebrates, vertebrates
have adopted a sequence-independent response and their Dicer produces siRNAs inefficiently because it is adapted to process small hairpin
microRNA precursors in the gene-regulating microRNA pathway. Mammalian endogenous RNAi is thus a rudimentary pathway of unclear
significance. To investigate its antiviral potential, we modified the mouse Dicer locus to express a truncated variant (Dicer Delta HEL1) known to
stimulate RNAi and we analyzed how Dicer Delta HEL1/wt mice respond to four RNA viruses: coxsackievirus B3 and encephalomyocarditis virus
from Picornaviridae; tick-borne encephalitis virus from Flaviviridae; and lymphocytic choriomeningitis virus (LCMV) from Arenaviridae.
Increased Dicer activity in Dicer Delta HEL1/wt mice did not elicit any antiviral effect, supporting an insignificant antiviral function of endogenous
mammalian RNAi in vivo. However, we also observed that sufficiently high expression of Dicer Delta HEL1 suppressed LCMV in embryonic stem
cells and in a transgenic mouse model. Altogether, mice with increased Dicer activity offer a new benchmark for identifying and studying viruses
susceptible to mammalian RNAi in vivo.
In RNA interference (RNAi), the enzyme Dicer cuts long double-stranded RNA into small interfering RNAs that degrade matching RNAs. RNAi is
a key antiviral defense in plants and invertebrates but vertebrates evolved a principally different antiviral defense. The authors genetically modified
Dicer in mice to activate RNAi in mammals. These modified mice were tested against four RNA viruses but showed no significant antiviral
response. However, further increased expression of modified Dicer did suppress one virus (lymphocytic choriomeningitis virus) in embryonic stem
cells and in a transgenic mouse model, suggesting that some viruses might be sensitive to increased RNAi activity in mammals.
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Abstract: N-Methyl-D-aspartate receptors (NMDARs) play a crucial role in excitatory neurotransmission, with numerous pathogenic variants
identified in the GluN subunits, including their ligand-binding domains (LBDs). The prevailing hypothesis postulates that the endoplasmic
reticulum (ER) quality control machinery verifies the agonist occupancy of NMDARs, but this was tested in a limited number of studies. Using
microscopy and electrophysiology in the human embryonic kidney 293 (HEK293) cells, we found that surface expression of GluN1/GluN2A
receptors containing a set of alanine substitutions within the LBDs correlated with the measured EC50 values for glycine (GluN1 subunit
mutations) while not correlating with the measured EC50 values for L-glutamate (GluN2A subunit mutations). The mutant cycle of GluN1-S688
residue, including the pathogenic GluN1-S688Y and GluN1-S688P variants, showed a correlation between relative surface expression of the
GluN1/GluN2A receptors and the measured EC50 values for glycine, as well as with the calculated Delta Gbinding values for glycine obtained
from molecular dynamics simulations. In contrast, the mutant cycle of GluN2A-S511 residue did not show any correlation between the relative
surface expression of the GluN1/GluN2A receptors and the measured EC50 values for L-glutamate or calculated Delta Gbinding values for L-
glutamate. Coexpression of both mutated GluN1 and GluN2A subunits led to additive or synergistic alterations in the surface number of
GluN1/GluN2A receptors. The synchronized ER release by ARIAD technology confirmed the altered early trafficking of GluN1/GluN2A receptors
containing the mutated LBDs. The microscopical analysis from embryonal rat hippocampal neurons (both sexes) corroborated our conclusions
from the HEK293 cells.
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Abstract: The wheat-Parastagonospora nodorum pathosystem has emerged as a model system for plant-necrotrophic fungal pathogen interactions.
In this system, fungal necrotrophic effectors are recognized by specific host genes in an inverse gene-for-gene manner to induce programmed cell
death and other host responses, which leads to disease. We previously cloned a wheat gene (Snn3-D1) encoding protein kinase and major sperm
protein domains that recognizes the P. nodorum necrotrophic effector SnTox3. Here, we identified an Snn3-D1 homoeolog (Snn3-B1) and a paralog
(Snn3-B2) that also recognize SnTox3, leading to susceptibility. DNA sequence divergence of Snn3-B1 and Snn3-B2 and differences in
transcriptional expression patterns and three-dimensional protein conformation were associated with a more severe programmed cell death
response conferred by Snn3-B2 compared with Snn3-B1. Both Snn3 proteins were localized to the nucleus and cytoplasm in wheat protoplasts,
suggesting that they may have acquired novel functions compared with previously characterized major sperm protein domain-containing proteins in
other species. Snn3-B2 was previously shown to govern osmotic stress and salt tolerance, indicating that protein kinase-major sperm protein genes
can act in plant defense responses to both biotic and abiotic stresses. Evaluation of a large collection of wheat lines showed that several alleles of
each gene, including absent alleles, exist within the germplasm. Diagnostic markers were developed for the absent alleles of both genes, which will
prove useful for marker-assisted selection in wheat to eliminate SnTox3 sensitivity and achieve better disease resistance.The author(s) have
dedicated the work to the public domain under the Creative Commons CC0 "No Rights Reserved" license by waiving all of his or her rights to the
work worldwide under copyright law, including all related and neighboring rights, to the extent allowed by law, 2025.
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Abstract: The recent prediction of the new magnetic class, altermagnetism, has drawn considerable interest, fueled by its potential to host novel
phenomena and to be utilized in next-generation spintronics devices. Among many promising candidates, rutile RuO2 is a prototypical candidate
for realizing the prospects of altermagnetism. However, the experimental studies on RuO2 are still in the early stages. In this study, the magnetic
responses in RuO2 film are investigated by the Planar Hall effect (PHE). By rotating the external field (H-ext), the PHE exhibits twofold behaviors.
Moreover, the planar Hall conductivity shows a nonlinear response to the H-ext. These observed features in PHE resemble those in ferromagnet
and topologically nontrivial systems, suggesting the field-induced magnetic response in rutile antiferromagnet. The work provides a strategy for
detecting intriguing magnetic responses in altermagnetic materials, promoting further research in altermagnet-based spintronics and novel
phenomena.
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Abstract: Type 2 diabetes mellitus (T2DM) is an intricate disease correlated with many metabolic deregulations, including disordered glucose
metabolism, oxidative stress, inflammation, and cellular apoptosis due to hepatic gluconeogenesis aberrations. However, there is no radical therapy
to inhibit hepatic gluconeogenesis disturbances yet. We thus sought to probe the effectiveness and uncover the potential mechanism of quercetin
(QCT) and silk sericin (SS) in mitigating hyperglycemia-induced hepatic gluconeogenesis disorder, which remains obscure. Administration of QCT
and SS to diabetic male albino rats markedly restored the levels of glucose, insulin, advanced glycation end-products (AGEs), liver function
enzymes, alpha-fetoprotein (AFP), globulin, and glycogen, in addition to hepatic carbohydrate metabolizing enzymes and gluconeogenesis in
comparison with diabetic rats. Furthermore, treatment with QCT and SS modulated hepatic malondialdehyde (MD), reduced glutathione (GSH),
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), nitric oxide, tumor necrosis factor-alpha (TNF-alpha), and interleukin-
1 beta (IL-1 beta), in addition to serum interleukin-6 (IL-6) and cyclooxygenase-2 (COX-2), implying their effectiveness in safeguarding cells
against oxidative impairment and inflammation. Remarkably, QCT and SS treatments led to the upregulation of expression of phosphatidylinositol
3-kinases (PI3K), phospho-Akt (p-Akt), and forkhead box-O1 (FOXO1) genes in hepatic tissues compared to diabetic rats, orchestrating these
singling pathways for curtailing hyperglycemia and pernicious consequences in hepatic tissues. Importantly, immunohistochemical investigations
exhibited downregulation of caspase-3 expression in rats treated with QCT and SS compared to diabetic animals. Beyond that, the
histopathological results of hepatic tissues demonstrated notable correlations with biochemical findings. Interestingly, the in silico results supported
the in vivo findings, showing notable binding affinities of QCT and SS to PI3K, GPx, and TNF-alpha proteins. These results imply that QCT and
SS could mitigate oxidative stress and inflammation and regulate hepatic gluconeogenesis in diabetic rats. However, QCT revealed greater
molecular interactions with the studied proteins than SS. Overall, our results emphasize that QCT and SS have significant therapeutic effects on
attenuating hyperglycemia-induced hepatic gluconeogenesis, with QCT showing superior effectiveness.
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Abstract: The origin of magnetocrystalline anisotropic energy (MAE) guided by spin-orbit coupling in the L1(0)-FePt alloy was analyzed.
Correlation of MAE with the calculated magnetoelastic constants in the single and polycrystal model was determined by means of first-principles
calculations using density functional theory (DFT). More specifically, a systematic analysis of the large MAE and magnetostriction coefficients
(lambda's) were done by means of post-processing of eigenvalues (orbital energies) and eigenfunctions (orbital occupancies). Our numerical
analysis includes the convolution of the projected wave-function (density of states) of each orbital of the Fe and Pt sub-lattices into their orbital
energies, which in principle should be valid for any solid regardless of the strength of the MAE. The determined anisotropic magnetostriction
coefficients are of the lambda similar to 10 (- 4)-10(-3) order for several crystallographic directions; which is in accord to the known experimental
data. However, the polycrystalline model based on the uniform stress approximation leads to a decrease of the lambda by two orders in the overall
magnetostrictive behavior (lambda similar to 10 (- 5)). Such a large difference is not unexpected as the magnetostriction for polycrystalline FePt
thin films were recorded as very low, thus validating the robustness of the current theoretical proposition of analyzing MAE.<br />
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Abstract: Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease often associated with underlying inflammatory bowel disease
(IBD). This study investigates how PSC predisposes individuals to altered inflammatory immune responses compared with IBD alone. A case-
control study was conducted with a cohort of 75 patients, including 16 with PSC (14 with concomitant IBD), 39 with IBD alone, and 20 controls.
Serum bile acid profile, proteomic analysis, and immune-related gene expression in the colon tissue were examined. Colonic tissue from PSC
patients exhibited up-regulation of immune regulation and inflammatory signaling mRNA markers, including LGR5, IL-8, CCL2, COX2, TWIST1,
and SNAIL. Additionally, PSC patients displayed a distinct proinflammatory serum proteomic signature and moderate elevation of some bile acids,
such as glycochenodeoxycholic acid (GCDCA). Co-incubation of human-derived monocytes with GCDCA partially replicated the inflammatory
profile observed in PSC. These findings suggest that circulating bile acids modulate the peripheral immune system proinflammatory response,
contributing to the unique PSC phenotype.
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Abstract: Dopant-dopant and dopant-vacancy complexes in diamond can be exploited for the development of quantum computers, single-photon
emitters, high-precision magnetic field sensing, and nanophotonic devices. While some dopant-vacancy complexes such as nitrogen- and silicon-
vacancy centers are well studied, studies of other dopant and/or vacancy clusters are focused mainly on defect detection, with minimal
investigation into their electronic features or how to tune their electronic and optical properties for specific applications. To this aim, we perform a
thorough analysis of the coupled structural and electronic features of different dopant-dopant and dopant-vacancy cluster defects in diamond by
means of first-principles calculations. We find that doping with p-type (n-type) dopant does not always lead to the creation of p-type (n-type)
diamond structures, depending on the kind of cluster defect. We also identify the quantum mechanical descriptors that are most suitable to tune the
electronic band gap about the Fermi level for each defect type. Finally, we propose how to choose suitable dopant atomic types, concentrations, and
geometric environments to fabricate diamond-based materials for several technological applications such as electrodes, transparent conductive
materials, intermediate-band photovoltaics, and multicolor emitters, among others.
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Abstract: Microbial contamination of drinking water can affect public health with acute effects even after short-term consumption. The delays and
limitations of current methods of drinking water quality control hinder rapid responses to unforeseen contamination incidents. Therefore, we
designed and developed a compact and costeffective device that can be integrated into the continuous processes of water treatment plants for
indicative monitoring and in-time detection of bacterial contamination. The flow-through analyzer operates by real-time culturing bacteria and
measuring turbidity, allowing the analysis of bacterial contamination with high sensitivity - detection of a single cell per 100 mL in a temperature-
controlled environment was successfully demonstrated. Practical verification of the method efficacy was conducted using water samples obtained
from a local water treatment facility. Furthermore, the analyzer was tested to assess the potential for enhancing selectivity by increasing the
operating temperature from 37 degrees C to 44 degrees C. This allows more selective detection of E. coli, a model organism of fecal contamination,
in contrast to other bacterial strains typically present at low concentrations in drinking water.
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Abstract: The centromere has a conserved function across eukaryotes; however, the associated DNA sequences exhibit remarkable diversity in
both size and structure. In plants, some species possess well-defined centromeres dominated by tandem satellite repeats and centromeric
retrotransposons, while others have centromeric regions composed almost entirely of retrotransposons. Using a combination of bioinformatic,
molecular, and cytogenetic approaches, we analyzed the centromeric landscape of Humulus lupulus. We identified novel centromeric repeats and
characterized two types of centromeric organization. Cytogenetic localization on metaphase chromosomes confirmed the genomic distribution of
the major repeats and revealed unique centromeric organization specifically on chromosomes 2, 8, and Y. Two centromeric types are composed of
the major repeats SaazCEN and SaazCRM1 (Ty3/Gypsy) which are further accompanied by chromosome-specific centromeric satellites, Saaz40,
Saaz293, Saaz85, and HuluTR120. Chromosome 2 displays unbalanced segregation during mitosis and meiosis, implicating an important role for
its centromere structure in segregation patterns. Moreover, chromosome 2-specific centromeric repeat Saaz293 is a new marker for studying
aneuploidy in hops. Our findings provide new insights into chromosome segregation in hops and highlight the diversity and complexity of the
centromere organization in H. lupulus.
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Abstract: Nanodiamonds (NDs) display several attractive features rendering them useful for medical applications such as drug delivery. However,
the interactions between NDs and the immune system remain poorly understood. Here, we investigated amino-, carboxyl-, and poly(ethylene
glycol) (PEG)-terminated NDs with respect to primary human immune cells. We applied cytometry by time-of-flight (CyToF) to assess the impact
on peripheral blood mononuclear cells at the single-cell level, and observed an expansion of plasmacytoid dendritic cells (pDCs) which are
critically involved in antiviral responses. Subsequent experiments demonstrated that the NDs were actively internalized, leading to a vigorous type
I interferon response involving endosomal Toll-like receptors. ND-NH2 and ND-COOH were more potent than ND-PEG, as evidenced by using
TLR reporter cell lines. Computational studies demonstrated that NDs interacted with the ligand-binding domains of TLR7 and TLR9 with high
affinity though this was less pronounced for ND-PEG. NDs with varying surface functionalities were also readily taken up by macrophages. To
gain further insight, we performed RNA sequencing of a monocyte-like cell line exposed to NDs, and found that the phagosome maturation
pathway was significantly affected. Indeed, evidence for lysosomal hyperacidification was obtained in dendritic cells and macrophages exposed to
NDs. Moreover, using a reporter cell line, NDs were found to impinge on autophagic flux. However, NDs did not affect viability of any of the cell
types studied. This study has shown that NDs subvert dendritic cells leading to an antiviral-like immune response. This has implications not only
for drug delivery but also for anticancer vaccines using NDs.
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Abstract: The formation of functional nanoscopic domains is an inherent property of plasma membranes. Stimulated emission depletion combined
with fluorescence correlation spectroscopy (STED-FCS) has been previously used to identify such domains; however, the information obtained by
STED-FCS has been limited to the presence of such domains while crucial parameters have not been accessible, such as size (R d), the fraction of
occupied membrane surface (f), in-membrane lipid diffusion inside (D in) and outside (D out) the nanodomains as well as their self-diffusion (D d).
Here, we introduce a quantitative approach based on a revised interpretation of the diffusion law. By analyzing experimentally recorded STED-FCS
diffusion law plots using a comprehensive library of simulated diffusion law plots, we extract these five parameters from STED-FCS data. That
approach is verified on ganglioside nanodomains in giant unilamellar vesicles, validating the Saffman-Delbruck assumption for D d. STED-FCS
data in both plasma membranes of living PtK2 cells and giant plasma membrane vesicles are examined, and a quantitative framework for molecular
diffusion modes in biological membranes is presented.
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Abstract: Context. Head-tail radio galaxies are characterized by a head, corresponding to an elliptical galaxy, and two radio jets sweeping back
from the head, forming an extended structure behind the host galaxy that is moving through the intracluster medium (ICM). This morphology arises
from the interaction between the diffuse radio-emitting plasma and the surrounding environment. Sometimes, in galaxy clusters, revived fossil
plasma can be found, and it traces old active galactic nucleus ejecta with a very steep spectrum that has been re-energized through processes in the
ICM, unrelated to the progenitor radio galaxy. Aims. We focus on the study of the central region of Abell 1775, a galaxy cluster in an unclear
dynamical state at a redshift of z = 0.07203. It hosts two giant radio-loud elliptical galaxies, the head-tail radio galaxy that 'breaks' at the position of
a cold front detected in the X-rays, filamentary revived fossil plasma, and central diffuse emission. This study aims to investigate and constrain the
spectral properties and trends along the head-tail, as well as the revived fossil plasma, to better understand the formation process of the non-thermal
phenomena in A1775. Methods. We make use of observations at three frequencies performed with LOFAR at 144 MHz, and new deep uGMRT
observations at 400 MHz and at 650 MHz. Results. We observe an overall steepening along the tail of the head-tail radio galaxy. In the radio
colour-colour diagram, ageing models reproduce the emission of the head-tail. An unexpected brightness increase at the head of the tail suggests a
complex bending of the jets. We derived the equipartition magnetic field and minimum pressure along the tail. We recovered the structure of the
revived fossil plasma, which appears as thin filaments with ultra-steep spectra. Conclusions. We show that high-sensitivity, high-resolution
observations at low frequencies are essential for detecting the full extent of the tail, enabling a deeper spectral analysis and resolving the structure
and spectral properties of revived fossil plasma.
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Abstract: The quest to predict and understand protein evolution has been hindered by limitations on both the theoretical and the experimental
fronts. Most existing theoretical models of evolution are descriptive, rather than predictive, leaving the final modifications in the hands of
researchers. Existing experimental techniques to help probe the evolutionary sequence space of proteins, such as directed evolution, are resource-
intensive and require specialised skills. We present the successor sequence predictor (SSP) as an innovative solution. Successor sequence predictor
is an in silico protein design method that mimics laboratory-based protein evolution by reconstructing a protein's evolutionary history and
suggesting future amino acid substitutions based on trends observed in that history through carefully selected physicochemical descriptors. This
approach enhances specialised proteins by predicting mutations that improve desired properties, such as thermostability, activity, and solubility.
Successor Sequence Predictor can thus be used as a general protein engineering tool to develop practically useful proteins. The code of the
Successor Sequence Predictor is provided at https://github.com/loschmidt/successor-sequence-predictor, and the design of mutations will be also
possible via an easy-to-use web server https://loschmidt.chemi.muni.cz/fireprotasr/.
Scientific Contribution The Successor Sequence Predictor advances protein evolution prediction at the amino acid level by integrating ancestral
sequence reconstruction with a novel in silico approach that models evolutionary trends through selected physicochemical descriptors. Unlike prior
work, SSP can forecast future amino acid substitutions that enhance protein properties such as thermostability, activity, and solubility. This method
reduces reliance on resource-intensive directed evolution techniques while providing a generalizable, predictive tool for protein engineering.
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Abstract: Adaptation of eukaryotic cells to oxygen-poor environments has driven metabolic changes in mitochondria, notably shifting from
oxygen-dependent to anaerobic energy metabolism. However, how the mitochondrial protein import machinery adapts in anaerobes remains poorly
understood, although oxygen is crucial for this process, particularly for oxidative folding of small Tim (sTim) chaperones. sTim heterohexameric
complexes guide imported proteins within the mitochondrial intermembrane space (IMS). Their function depends on conserved twin cysteines,
oxidized by the mitochondrial import and assembly (MIA) pathway to stabilize their structure via disulfide bridges. The folding requires molecular
oxygen or cytochrome c as electron acceptors, linking sTim folding to respiration. This study elucidates how the sTim/ MIA pathway is reshaped in
anaerobic types of mitochondria, such as hydrogenosomes. Through structural and homology analyses across anaerobic eukaryotes, three
modifications of the sTim/MIA system were identified: (1) a disulfide relay-independent system with sTims lacking twin cysteines (sTim-cys), (2)
absence of sTim/MIA components, and (3) a conventional sTim/MIA system linked to fumarate reduction. The sTim-cys system found in
Metamonada was studied in Trichomonas vaginalis hydrogenosomes. Structural modeling, in vitro, and in situ analyses revealed that despite
lacking canonical cysteines, sTim-cys proteins maintain the helix-loop-helix architecture with the central loop involved in targeting to the IMS and
assemble into complexes stabilized by electrostatic interactions. Single-particle analysis confirmed their 6-fold symmetry, similar to conventional
sTim heterohexamers. These findings provide insights into the evolutionary shaping of sTim/MIA pathways in anoxic environments, contributing to
our understanding of mitochondrial biogenesis across diverse eukaryotes.
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Abstract: Addressing the energy crisis and environmental pollution demands the development of efficient electro- and photocatalysts capable of
facilitating hydrogen production via water splitting. Engineering semiconductor-based 2D heterostructures with remarkable visible-light harvesting
capability proves to be an effective approach for constructing profoundly active electro-photocatalytic entities. This paper focuses on designing a
heterostructure comprising tungsten disulphide (WS2) integrated with molybdenum sesquisulfide (Mo2S3) to increase electrocatalytic activity.
Moreover, nanoengineering the 2D/2D heterostructure with varying lateral dimensions increases the density of catalytic active sites. Due to its
superior geometric configuration, the polarization curves of the Mo2S3-WS2 composite display outstanding characteristics as a bifunctional
electro-photocatalyst, with low overpotentials (eta) of 92 mV for hydrogen evolution reaction (HER) and 310 mV for oxygen evolution reaction
(OER) at a current density of 10 mA cm2, maintaining stability for up to 100 h. The electrolyzer achieved a current density of 1 A cm2 with a cell
voltage of 2.07 V, corresponding to a voltage efficiency of 72%. Integrating the electrolyzer with a commercial silicon solar cell enabled efficient
solar-driven water splitting, reaching a current density of approximate to 0.8 A cm2 at an applied voltage of 2 V. This work provides valuable
insights into the design of innovative hetero-nanostructures with superior catalytic properties for water splitting, contributing to a sustainable
energy future.
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Abstract: Context. Radical chemical reactions on cosmic dust grains play a crucial role in forming various chemical species. Among different
radicals, the hydroxyl (OH) is one of the most important, with a rather specific chemistry. Aims. The goal of this work is to simulate the
recombination dynamics of hydroxyl radicals and the subsequent formation of hydrogen peroxide (H2O2). Methods. We employed neural-network
potentials trained on ONIOM(QM/QM) data, combining multi-reference (CASPT2) and density functional theory calculations. This approach
allowed us to model the recombination of hydroxyl radicals on ice surfaces with high computational efficiency and accuracy. Results. Our
simulations reveal that the initial position of the radicals plays a decisive role in determining recombination probability. We found that the
formation of a hydrogen bond between radicals competes with the formation of hydrogen peroxide, reducing the recombination efficiency, which is
contrary to what was expected. This competition reduces the recombination probability for radicals that are initially formed approximately 3 &
Aring; apart. Recombination probabilities also depend on the kinetic energy of the added radicals, with values around 0.33 for thermal radicals and
a wide range of values between 0.33 and 1.00 for suprathermal OH radicals. Conclusions. Based on our calculations, we provide recommendations
for introducing OH radical recombination into kinetic astrochemical models, differentiating between thermal and suprathermal radicals. The
recombination behaviour varies significantly between these two cases: while thermal radicals are sometimes trapped in hydrogen-bonded minima,
the case of suprathermal radicals varies with the added energy. Our most important conclusion is that OH radical recombination probability cannot
be assumed to be 1.0 for a wide variety of cases.
Accession Number: WOS:001485843000020
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Slavicek, Petr  B-7511-2008   
Poštulka, Jan    0000-0002-7270-9372 
Molpeceres de Diego, German    0000-0001-8803-8684 
Kästner, Johannes  E-3460-2010  0000-0001-6178-7669 
ISSN: 0004-6361
eISSN: 1432-0746

Record 466 of 502
Title: Mettl15-Mettl17 modulates the transition from early to late pre-mitoribosome
Author(s): Zgadzay, Y (Zgadzay, Yury); Mirabello, C (Mirabello, Claudio); Wanes, G (Wanes, George); Pánek, T (Panek, Tomas); Chauhan, P
(Chauhan, Prashant); Nystedt, B (Nystedt, Bjorn); Zíková, A (Zikova, Alena); Whitford, PC (Whitford, Paul C.); Gahura, O (Gahura, Ondrej);
Amunts, A (Amunts, Alexey)
Source: STRUCTURE  Volume: 33  Issue: 11  Pages: 1904-1915  DOI: 10.1016/j.str.2025.08.002  Early Access Date: NOV 2025  Published
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Abstract: The biogenesis of the mitoribosomal small subunit involves a dynamic network of assembly factors. Conserved methyltransferases
Mettl15 and Mettl17 act on the solvent-exposed surface of rRNA. Binding of Mettl17 is associated with the early assembly stage, whereas Mettl15
is involved in the late stage. Here, we integrate structural data from Trypanosoma brucei with mammalian homologs and molecular dynamics
simulations. We reveal how the interplay of Mettl15 and Mettl17 in intermediate steps links the distinct stages of small subunit assembly. The
analysis suggests a model wherein Mettl17 acts as a platform for Mettl15 recruitment. Subsequent release of Mettl17 allows a conformational
change of Mettl15 for substrate recognition. Upon methylation, Mettl15 adopts a loosely bound state which leads to its replacement by initiation
factors, concluding the assembly. Together, our results indicate that assembly factors Mettl15 and Mettl17 cooperate to regulate the biogenesis
process.
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Abstract: Enzymes play a crucial role in sustainable industrial applications, with their optimization posing a formidable challenge due to the
intricate interplay among residues. Computational methodologies predominantly rely on evolutionary insights of homologous sequences. However,
deciphering the evolutionary variability and complex dependencies among residues presents substantial hurdles. Here, we present a new machine-
learning method based on variational autoencoders and evolutionary sampling strategy to address those limitations. We customized our method to
generate novel sequences of model enzymes, haloalkane dehalogenases. Three design-build-test cycles improved the solubility of variants from
11% to 75%. Thorough experimental validation including the microfluidic device MicroPEX resulted in 20 multiple-point variants. Nine of them,
sharing as little as 67% sequence similarity with the template, showed a melting temperature increase of up to 9 degrees C and an average
improvement of 3 degrees C. The most stable variant demonstrated a 3.5-fold increase in activity compared to the template. High-quality
experimental data collected with 20 variants represent a valuable data set for the critical validation of novel protein design approaches. Python
scripts, jupyter notebooks, and data sets are available on GitHub (https://github.com/loschmidt/vae-dehalogenases), and interactive calculations
will be possible via https://loschmidt.chemi.muni.cz/fireprotasr/.
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Abstract: We present BenCzechMark (BCM), the first comprehensive Czech language benchmark designed for large language models, offering
diverse tasks, multiple task formats, and multiple evaluation metrics. Its duel scoring system is grounded in statistical significance theory and uses
aggregation across tasks inspired by social preference theory. Our benchmark encompasses 50 challenging tasks, with corresponding test datasets,
primarily in native Czech, with 14 newly collected ones. These tasks span 8 categories and cover diverse domains, including historical Czech news,
essays from pupils or language learners, and spoken word. Furthermore, we collect and clean BUT-Large Czech Collection, the largest publicly
available clean Czech language corpus, and use it for (i) contamination analysis and (ii) continuous pretraining of the first Czech-centric 7B
language model with Czech-specific tokenization. We use our model as a baseline for comparison with publicly available multilingual models.
Lastly, we release and maintain a leaderboard with existing 50 model submissions, where new model submissions can be made at
https://huggingface.co /spaces/CZLC/BenCzechMark.
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Abstract: We use Bayesian optimization in combination with three-dimensional particle-in-cell simulations to determine the optimal laser and
plasma parameters that, for a given laser pulse energy, maximize the cut-off energy of an electron beam produced by laser wakefield accelerators.
We assume a Gaussian laser driver with matched spot size and amplitude and investigate both self-guiding in a uniform-density plasma and guiding
in a preformed plasma channel with matched radius. To interpret the simulation results quantitatively, we derive novel analytical expressions for the
maximum electron energy and the corresponding acceleration distance, accounting for the effects of laser diffraction and energy depletion. Based
on the results obtained, we discuss the potential scalability of the optimal input (plasma density, pulse duration, amplitude, spot size, and channel
radius) and output (electron energy, electron charge, acceleration length, and acceleration efficiency) parameters to laser systems of arbitrary
energy.
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Abstract: We present the detection of propenethial (CH2CHCHS), the sulphur analogue of interstellar acrolein (CH2CHCHO), towards TMC-1.
The detection of this new sulphur molecule in TMC-1 is based on the data derived from rotational spectroscopy laboratory experiments, including
new data in the millimetre wave domain, which are also presented in this work. Propenethial was observed in the cold dark cloud TMC-1 using
data from the ongoing QUIJOTE line survey, which is being carried out with the Yebes 40m telescope. A total of nine rotational transitions with J =
6 up to 9 and K-a = 0 and 1 were detected in the 31.0-50.4 GHz range. We derive a total column density for propenethial of (4.4 +/- 0.4) x 10(10)
cm(-2), which is 2, 6.8, and 27 times smaller than those for CH3CHS, HCCHS, and NCCHS, which are the other thioaldehyde derivatives detected
in TMC-1. The abundance ratio found in TMC-1 between the aldehyde counterpart, acrolein, and propenethial is 4.7, which is also different from
those found for other pairs of aldehydes-thioaldehydes in this source. Our investigation of possible chemical formation pathways suggests that
CH2CHCHS likely results from a combination of gas- and surface-phase reactions.
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Abstract: Diffuse radio emission in galaxy clusters is a tracer of ultra-relativistic particles and mu G-level magnetic fields, and is thought to be
triggered by cluster merger events. In the distant Universe (i.e. z > 0.6), such sources have been observed only in a handful of systems, and their
study is important to understand the evolution of large-scale magnetic fields over the cosmic time. Previous studies of nine Planck clusters up to z
similar to 0.9 suggest a fast amplification of cluster-scale magnetic fields, at least up to half of the current Universe's age, and steep spectrum
cluster scale emission, in line with particle re-acceleration due to turbulence. In this paper, we investigate the presence of diffuse radio emission in
a larger sample of galaxy clusters reaching even higher redshifts (i.e. z greater than or similar to 1). We selected clusters from the Massive and
Distant Clusters of WISE Survey (MaDCoWS) with richness lambda(15) > 40 covering the area of the second data release of the LOFAR Two-
Meter Sky Survey (LoTSS-DR2) at 144 MHz. These selected clusters are in the redshift range 0.78 - 1.53 (with a median value of 1.05). We detect
the possible presence of diffuse radio emission, with the largest linear sizes of 350 - 500 kpc, in five out of the 56 clusters in our sample. If this
diffuse radio emission is due to a radio halo, these radio sources lie on or above the scatter of the P-nu - M-500 radio halo correlations (at 150 MHz
and 1.4 GHz) found at z < 0.6, depending on the mass assumed. We also find that these radio sources are at the limit of the detection by LoTSS,
and therefore deeper observations are important for future studies.
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Abstract: The COLUMBUS program system provides the tools for performing high-level multireference (MR) computations, including the
multireference configuration interaction (MRCI) method and its multireference averaged quadratic coupled cluster (MR-AQCC) extension,
allowing computations on a wide range of fascinating atomic and molecular systems, including the treatment of open-shells and complicated
excited state phenomena. The inclusion of spin-orbit coupling (SOC) directly within the MRCI step enables the description of systems containing
heavy elements, such as lanthanides and actinides, whose properties are strongly influenced by SOC. Analytic energy gradients and nonadiabatic
couplings at the correlated MRCI level provide the foundation for a variety of dynamics studies, giving insight into ultrafast photochemistry. New
and ongoing method developments in COLUMBUS include the computation of spin densities, improved descriptions of ionic states, enhancements
to the AQCC method, and the porting of COLUMBUS to graphical processing units (GPUs). New external interfaces enable an enhanced
description of electronic resonances and molecules in strong laser fields. This work highlights these new developments while providing a detailed
account of the diverse applications of COLUMBUS in recent years.
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Abstract: Context. The galaxy cluster CIZA J2242.8+5301 is a well-studied merging galaxy cluster that hosts prominent double radio relics
including the famous sausage relic, as well as other diffuse radio sources. Observations at frequencies below 100 MHz are essential for
investigating the physics of radio relics as they provide unique access to the low-energy population of cosmic-ray electrons. Aims. We aim to study
the morphology, spectral characteristics, and physical processes that produce relics. Methods. We present the first observations of the Sausage
cluster at 45 MHz, the lowest radio frequency at which this cluster has been studied to date, using the Low Band Antenna (LBA) of the LOFAR
radio interferometer. We made use of ten hours of LOFAR LBA observations, from which we achieved a thermal-noise limited radio image with a
noise level of 1.5 mJy/beam at a resolution of 15 ''. These data were combined with existing multi-frequency measurements at higher frequencies:
LOFAR High Band Antenna (HBA: 145 MHz); Giant Metrewave Radio Telescope (GMRT: 325, 610 MHz); Westerbork Synthesis Radio
Telescope (WSRT: 1.2, 1.4 GHz); and Karl G. Jansky Very Large Array (VLA: 1.5, 3 GHz). This broad frequency coverage allowed us to derive
integrated spectral indices, spectral index and curvature maps, and Mach number distributions across the relics. Results. We derived Mach numbers
from the local injection index measure using low-frequency data with & Mscr;(N) = 2.9 +/- 0.5 for the northern relic and & Mscr;(S) = 2.9 +/- 0.8
for the southern relic. LOFAR LBA observations reveal a remarkably symmetric surface brightness profile across the eastern part of the northern
relic, with wings extending on either side of the peak. This discovery is contrary to the expectation of particle acceleration at a single, sharp shock
and the subsequent downstream advection of accelerated electrons. We modelled the surface brightness profile, including the effects of projection,
magnetic field variation, and shock deformation.
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Abstract: In this study, we developed an efficient plasma nanomodification strategy of graphitic carbon nitride (gCN) prepared from melamine (M-
gCN) and 3-amino-1,2,4-triazole (3AT-gCN). For the first time, we report the surface functionalization of gCN by amide (CONH2) groups formed
simultaneously with carboxyl (COOH) groups and amine (NH2) groups. The plasma treatment was performed using a large-area surface low-
temperature plasma generated in the open air, proving to be a non-destructive, rapid (4 minutes), and environmentally friendly approach for
enhancing the photocatalytic efficacy of gCN. To comprehensively examine the effect of nanomodification, we conducted deep X-ray
Photoelectron Spectroscopy (XPS) analysis complemented by Density Functional Theory (DFT) simulations. The surface functionalization has
profound impact on the electronic properties of plasma-treated samples (M-gCN-PT and 3AT-gCN-PT) as demonstrated by valence band XPS
spectra. The plasma nanomodification led to pronounced separation and migration of photogenerated charge carriers. These findings have been
supported by the efficient degradation of sulfamethoxazole (SMX), both with and without the presence of peroxymonosulfate (PMS), showcasing
significant SMX removal of 88% (M-gCN-PT) and 76% (3AT-gCN-PT) after 2 h in pure water or 83% (M-gCN-PT) and 71% (3AT-gCN-PT) after
12 h in effluents from a municipal wastewater treatment plant (WWTP) in Bratislava.
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Abstract: Nitrenes are known as key intermediates in various chemical reactions. Nitrene transfer reactions are particularly effective for
synthesizing nitrogen-containing compounds, where metal catalysts play a crucial role in controlling nitrene reactivity and selectivity. In this study,
we demonstrate the formation of a stable surface-supported dinitrene on Au(111) through UV irradiation of its diazide precursor, characterized by
scanning probe techniques. The photoreaction mechanism is elucidated with wavelength-dependent experiments and time-dependent density
functional theory calculations. Our findings present the first real-space visualization of a metal nitrene adsorbed on a surface, highlighting its
potential in catalysis and surface functionalization.
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Abstract: Aims. PDS 70c is a source of H alpha emission and variable sub-millimetre signal. Knowledge of the emission mechanisms may enable
observations of accretion rates and physical conditions in the circumplanetary environment. Methods. We report ALMA observations of PDS 70 at
145 GHz (Band 4), 343.5 GHz (Band 7), and 671 GHz (Band 9) and compare them with archival data at 97.5 GHz (Band 3). The derived radio
spectral energy distribution (SED) of PDS 70c is coeval within two months, and is interpreted in terms of analytic models of dusty and viscous
discs (i.e. circumplanetary discs, CPDs). In a novel approach, we include the free-free continuum from H I, metals (e.g. K I) and H-. Results. New
detections in Bands 3 (tentative at 2.6 sigma), 4 (5 sigma), and 7 (re-detected at 9 sigma) are consistent with optically thick thermal emission from
PDS 70c (spectral index alpha = 2 +/- 0.2). However, a non-detection in Band 9 breaks this trend, with a flux density falling below an optically
thick extrapolation at 2.6 sigma. A viscous dusty disc is inconsistent with the data, even with the inclusion of ionised jets. Interestingly, the central
temperatures in such CPD models are high enough to ionise H I, with huge emission measures and an optically thick spectrum that marginally
accounts for the radio SED (within 3 sigma of Band 9). Since there is no room for steeper components (with alpha > 2), the dust-to-gas ratio is
lower than 10(-5). By contrast, uniform-slab models suggest much lower emission measures to account for the Band 9 drop, with ionisation
fractions of similar to 10(-7) and an outer radius of similar to 0.1 au. Such conditions are recovered if the CPD interacts with a planetary magnetic
field, leading to a radially variable viscosity, alpha(R) less than or similar to 1, and central temperatures of similar to 10(3) K that regulate metal
ionisation. However, the H- opacity still results in an optically thick SED, overshooting Band 9. We find that the optically thin turnover at greater
than or similar to 600 GHz is only recovered if a thin shocked layer is present at the CPD surface, as is suggested by simulations. A photospheric
shock or accretion funnels are ruled out as radio emission sources because their small solid angles require T similar to 10(6) K, which are
unrealistic temperatures in planetary shock accretion. Conclusions. The SED of PDS 70c collected here is optically thick up to Band 7 but probably
(2.6 sigma) turns over towards Band 9. An optically thick spectrum can be explained by atomic plasma radiation from a magnetised disc, where the
radio opacity stems from metal and H- free-free. If so, PDS 70c is depleted of sub-millimetre-emitting dust by a factor of at least 1000. However,
the turnover can only be accounted for by H I free-free from an accretion shock at the surface of a CPD.
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Abstract: Investigating large metal nanoclusters decorated with three-dimensional molecular cages, with complete structural characterization, is
challenging; however, their detailed understanding is important to study electronic confinement and associated properties. We have structurally
resolved a nearly spherical 2.2 nm silver cluster with the molecular composition [Ag62S12(CBT)32]4+, altogether having 842 atoms, solely
protected with meta-carborane-thiolates (CBTs). This is the largest nanocluster with carborane-based molecular cages reported so far. Abscission of
the cluster reveals that it has a face-centered-cubic Ag14 inner core encapsulated with 12 sulfides, which is further surrounded by an outer scaffold
of Ag48-S32 shell, protected with 32 meta-carboranes. The silver-sulfide skeleton of the nanocluster showed an assembly of multilayered
polyhedra, having a mixture of Platonic and Archimedean solids. High-resolution mass spectrometric analyses and other spectroscopic studies
further confirmed the molecular composition. This nanocluster exhibits characteristic molecular multiband optical absorption features along with a
weak near-infrared (NIR) emission band. Ultrafast femtosecond transient absorption studies revealed stable photoexcited states linked to interlayer
electron mobility between the neutral Ag14 core and the positively charged Ag48 shell, which are surrounded by negatively charged sulfide (S12
and S32) layers. Computational analysis shows that this cluster behaves as a two-electron superatom with a band gap of 1.77 eV, which is
associated with the energy difference between the 1S symmetric and 1P nonsymmetric states. Successful structural characterization and associated
optical properties of the nanocluster suggested that other larger metal nanoclusters encapsulated by three-dimensional molecular cages may be
suitable for single-particle photonic and optoelectronic applications.
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Abstract: Understanding the catalytic role of cosmic mineral surfaces is crucial for elucidating the chemical evolution needed for the emergence of
life on Earth and other planetary systems. In this study, the catalytic role of silicate forsterite (Mg2SiO4) surfaces in the synthesis of
iminoacetonitrile (IAN, HN=CH-CN) from the condensation of two hydrogen cyanide (HCN) molecules is investigated through quantum
mechanical simulations. Using density functional theory calculations, the potential energy surfaces alongside the kinetics of various surface-
mediated reactions leading to the formation of IAN are characterized. The effectiveness of forsterite as a catalyst is a delicate balance of the surface
reactivity: on one side, the deprotonation of HCN is mandatory to trigger the dimerization; on the other side, the species should be weakly bound to
the surface, thus allowing for their diffusion to meet with each other. The work reveals interesting counterintuitive results: the (120) and (101)
forsterite surfaces (the less reactive ones) exhibit favorable catalytic properties for the reaction, in detriment to the (111) one (one of the most
reactive). The implications of these findings in the astrobiology and prebiotic chemistry fields and for laboratory experiments are discussed,
highlighting the potential role of cosmic silicates in the synthesis of complex organic molecules.
Accession Number: WOS:001399645300001
PubMed ID: 40008143
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Rimola, Albert  K-1813-2014  0000-0002-9637-4554 
Pantaleone, Stefano AAE-5577-2021  0000-0002-2457-1065 
Corno, Marta  I-4310-2012  0000-0001-7248-2705 
Bancone, Niccolò    0009-0005-0593-9150 
Ugliengo, Piero  H-6373-2015  0000-0001-8886-9832 
ISSN: 2472-3452

Record 479 of 502
Title: Exceptional stability of the sugammadex-solasodine complex: Insights from experimental and theoretical studies
Author(s): Kalydi, E (Kalydi, Eszter); Sebák, F (Sebak, Fanni); Fiser, B (Fiser, Bela); Minofar, B (Minofar, Babak); Moussong, E (Moussong,
Eva); Malanga, M (Malanga, Milo); Bodor, A (Bodor, Andrea); Kardos, J (Kardos, Jozsef); Béni, S (Beni, Szabolcs)
Source: CARBOHYDRATE POLYMERS  Volume: 348  Article Number: 122819  DOI: 10.1016/j.carbpol.2024.122819  Early Access Date:
OCT 2024  Published Date: 2025 JAN 15  Part: A  
Abstract: Sugammadex (SGM) is the first cyclodextrin (CD)-based selective relaxant binding agent. We investigated its ability to capture natural
aminosteroid phytotoxins, and assessed its potential as an antidote for intoxication. Solasodine (SS), a toxic alkaloid from the Solanaceae family,
was chosen as the model compound. Complexation was studied using nuclear magnetic resonance (NMR) spectroscopy, molecular modelling, and
isothermal titration calorimetry (ITC). NMR in various D2O/DMSO-d6 media revealed a particularly stable inclusion-type complex, identifying a
slow exchange process between the CD and the aminosteroid along with a less significant fast exchange between DMSO and SGM. Using various
NMR techniques, the structure and kinetic/thermodynamic parameters of the inclusion complex were explored. Theoretical calculations showed the
secondary amino head of SS near the carboxylate ends of the SGM sidechains, facilitating intermolecular ionic interactions. ITC experiments in an
aqueous environment provided Ka stability constants of 7.03 x 106 M- 1 and 4.17 x 106 M- 1 at 25 degrees C and 37 degrees C, respectively,
similar to previously reported SGM complexes with aminosteroid neuromuscular blockers. Finally, SGM significantly increased cell survival and
reduced SS toxicity in mHippoE-14 mouse hippocampal embryonic cells, supporting the hypothesis that SGM could act as an antidote to SS's toxic
effects.
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Abstract: Biodiesel serves as a sustainable energy source that meets future energy demands while reducing greenhouse gas emissions. Its by-
product, glycerol, is increasingly utilized in the synthesis of high-value compounds like solketal, derived from the reaction of glycerol and acetone.
In this work, we designed Rhodium-based metal-organic polyhedra (MOP) Rh24[5-sulfo-isophthalic acid]24 (denoted as RhMOP-SO3H) by
coordinating 5-sulfo-isophthalic acid with Rh(II) paddlewheel centers. The resultant MOP shows unique structural features of combined Lewis and
Br & oslash;nsted acidic sites including surface-functional sulfonated groups, active rhodium metallic centers, and hierarchical pores, all
contributing to its significant stability and efficacy in the acetal reaction between glycerol and acetone. The resultant RhMOP-SO3H demonstrated
remarkable catalytic activity in solketal production, achieving glycerol conversion rate of up to 86 % and a solketal selectivity of up to 97 %. To the
best of our knowledge, the specific productivity achieved the highest recorded value for any catalyst to date, reaching 7745 mmol g-1 h-1 when
utilizing in 0.1 wt % with respect to glycerol. Density functional theory (DFT) calculations reveal that the catalytic mechanism of RhMOP-SO3H
involves a nucleophilic attack of acetone on glycidol, accompanied by cyclization facilitated by the sulfonated acidic groups on the catalyst. We
also explored other RhMOPs with different surface functional groups, such as amine and proton, by designing Rh24[isoophthalic acid]24
(RhMOP-H) and Rh24[tert-butoxycarbonyl-2-amino-1,4-benzenedicarboxylic acid]24 (RhMOP-NH) to explore their role in solketal catalytic
activity. This work not only enhances our understanding of biodiesel byproducts utilization but also contributes to the advancement of green
chemical processes.
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Abstract: RNA secondary (2D) structure visualization is an essential tool for understanding RNA function. R2DT is a software package designed
to visualize RNA 2D structures in consistent, recognizable, and reproducible layouts. The latest release, R2DT 2.0, introduces multiple significant
features, including the ability to display position-specific information, such as single nucleotide polymorphisms or SHAPE reactivities. It also
offers a new template-free mode allowing visualization of RNAs without pre-existing templates, alongside a constrained folding mode and support
for animated visualizations. Users can interactively modify R2DT diagrams, either manually or using natural language prompts, to generate new
templates or create publication-quality images. Additionally, R2DT features faster performance, an expanded template library, and a growing
collection of compatible tools and utilities. Already integrated into multiple biological databases, R2DT has evolved into a comprehensive platform
for RNA 2D visualization, accessible at https://r2dt.bio.
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Abstract: Object pose estimation is a prominent task in computer vision. The object pose gives the orientation and translation of the object in real-
world space, which allows various applications such as manipulation, augmented reality, etc. Various objects exhibit different properties with light,
such as reflections, absorption, etc. This makes it challenging to understand the object's structure in RGB and depth channels. Recent research has
been moving toward learning-based methods, which provide a more flexible and generalizable approach to object pose estimation utilizing deep
learning. One such approach is the render-and-compare method, which renders the object from multiple views and compares it against the given 2D
image, which often requires an object representation in the form of a CAD model. We reason that the synthetic texture of the CAD model may not
be ideal for rendering and comparing operations. We showed that if the object is represented as an implicit (neural) representation in the form of
Neural Radiance Field (NeRF), it exhibits a more realistic rendering of the actual scene and retains the crucial spatial features, which makes the
comparison more versatile. We evaluated our NeRF implementation of the render-and-compare method on transparent datasets and found that it
surpassed the current state-of-the-art results.
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Abstract: The thermal and non-thermal components in galaxy clusters have properties that, although shaped from different physical phenomena,
can share some similarities, mainly driven by their halo mass and the accretion processes. Scaling relations have been proven to exist for both
components and studied in X-ray (thermal) and radio (non-thermal) bands. On the X-ray side, both integrated and spatially resolved profiles have
shown a predictable and correlated behaviour. At the radio wavelength, such investigations are so far limited to the integrated quantities (e.g. total
power and mass). We aimed to investigate the scaling relations between the mass of a galaxy cluster and its radio emission at low frequencies,
treating both the integrated and the spatially resolved quantities for a sample of well-selected objects in a self-consistent analysis. We crossmatched
LoTSS DR2 and CHEX-MATE datasets in order to get the deepest and most homogeneous radio data of a representative sample of objects. Among
the 40 CHEX-MATE objects in the LOFAR DR2 area, we investigated the 18 objects showing radio halo emission, which span a broad mass range,
by extracting and analysing their radio emission profiles. We analytically derived the expected relation between the radio power (P-nu) and radio
surface brightness profile (I-R(r)), and performed a comparison with observational results. We obtained that properly accounting for the mass and
redshift dependence in the radio profile can reduce the overall scatter by a factor of similar to 4, with an evident residual dependence on the cluster
dynamical status. We show that assuming the halo size R-H similar to R-500 did not allow us to reconcile the expected (from our analytical
derivations) and observed mass profile scaling. Instead, accounting for no R-H - M relation, allowed us to reconcile the observed radio profile mass
scaling and the one predicted starting from the P-nu - M relation. We discuss the implications of a lack of R-H - M relation, assessing possible
systematics and biases in the analyses, and interpreting it as a natural consequence of the structure formation process, where the halo size depends
on both the cluster dynamical status, related to the strength of the merger, and mass. Finally, we also considered the role of the magnetic field in the
P-nu - M relation, putting constraints on its dependence upon the cluster mass and finding consistent results with expectations from our radio power
mass scaling.
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Abstract: We introduce an advanced transcranial ultrasound stimulation (TUS) system for precise deep brain neuromodulation, featuring a 256-
element helmet-shaped transducer array (555 kHz), stereotactic positioning, individualised planning, and real-time fMRI monitoring. Experiments
demonstrated selective modulation of the lateral geniculate nucleus (LGN) and connected visual cortex regions. Participants showed significantly
increased visual cortex activity during concurrent TUS and visual stimulation, with high cross-individual reproducibility. A theta-burst TUS
protocol produced robust neuromodulatory effects, decreasing visual cortex activity for at least 40 min post-stimulation. Control experiments
confirmed these effects were specific to the targeted LGN. Our findings reveal this system's potential to non-invasively modulate deep brain circuits
with unprecedented precision and specificity, offering new avenues for studying brain function and developing targeted therapies for neurological
and psychiatric disorders, with transformative potential for both research and clinical applications.
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Abstract: Blue phosphorene, a two-dimensional, hexagonal-structured, semiconducting phosphorus, has gained attention as it is considered easier
to synthesize on metal surfaces than its allotrope, black phosphorene. Recent studies report different structures of phosphorene, for example, on
Cu(111), but the underlying mechanisms of their formation are not known. Here, using a combination of in situ ultrahigh vacuum low-energy
electron microscopy and in vacuo scanning tunneling microscopy, we determine the time evolution of the surface structure and morphology during
the deposition of phosphorus on single-crystalline Cu(111). We find that during the early stages of deposition phosphorus intermixes with Cu,
resulting in copper phosphide structures. With the increasing surface concentration of phosphorus, the phosphide phase disappears, and a blue
phosphorene layer forms, followed by the self-assembly of highly ordered phosphorus clusters that eventually grow into multilayer islands. We
attribute the unexpected transformation of stable phosphide to a phosphorene layer to the presence of a large concentration of P2 dimers on the
surface. Our results constitute direct evidence for a growth mode leading to a flat phosphorene layer via an intermediary phase, which could
underpin the growth of other 2D materials on strongly interacting substrates.
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Abstract: Attosecond photoelectron interferometry, based on the measurement of photoelectron spectra generated by a two-colour field, provides
access to the photoionisation dynamics of quantum systems. In general, due to the entanglement between the wave function of the emitted
photoelectron and that of the parent ion, the dynamics driven by the infra-red field in the photoion can affect the properties of the photoemitted
electronic wave packet, when the measurement protocol corresponds to the projection of the total time-dependent wave function onto a specific
final state of the bipartite system. This is particularly relevant for molecules, due to their rich internal electronic and vibrational energy structure.
Here we show how the polarisation of the ion influences the photoionisation dynamics by introducing an additional time delay in the photoelectrons
emitted from CO2 molecules. The delay stems from the entanglement between the photoion and the photoelectron created in the photoionisation
process.
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Abstract: Owing to their extraordinary photophysical properties, carbon dots (CDs) have found applications across various fields, including
bioimaging, sensing, and environmental research. Despite huge application potential, the fabrication of CDs still lacks the desired control at the
molecular level, and precise structural regulation towards property-tailored CDs remains elusive. The mechanistic details of nucleation, growth,
and carbonization processes leading to CDs are still unknown, with key thermodynamic and kinetic parameters yet to be revealed. Herein, we
performed quantum chemical calculations of explicitly micro-hydrated reaction systems to thoroughly explore the mechanism of a prototypical
reaction of citric acid and ethylenediamine. The theoretical results showed activation barriers and thermodynamics along the reaction pathway, thus
helping identify key heterocyclic intermediates and cyclization products. The cyclization and condensation reactions were further simulated via a
reactive molecular dynamics protocol, suggesting potential growth scenarios and generating plausible structures for further exploration of the
polymerization and carbonization processes. The theoretical calculations were cross-validated with NMR and MALDI-TOF measurements. The
data obtained provide a comprehensive deterministic insight into the initial stages of CD formation, revealing new reaction intermediates and
pathways, and rationally predicting the formation of specific structural arrangements of premature CDs. The presented deterministic approach
represents an important step towards rational bottom-up design of these unique fluorescence systems.
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Abstract: Surface-enhanced Raman spectroscopy (SERS) has emerged as a powerful analytical tool for the detection of plasticizers, offering
ultrasensitive fingerprint recognition, convenient operation, and minimal interference from water. Herein, a gold-anchored and thiol-functionalized
superhydrophobic porous organic polymer (Au@POP-SH) for the rapid, sensitive, and selective detection of Phthalic acid esters (PAEs) is
developed. Au@POP-SH is synthesized from POP-OH using N,N-dimethyl(thiocarbonyl) chloride under solvothermal conditions, enabling the
anchoring of gold nanoparticles onto thiol groups with significant textural parameters. The resultant Au@POP-SH efficiently detects a broad range
of phthalic acid esters demonstrating remarkable sensitivity with a lowest detectable concentration of 7.33 x 10(-13) m for dibutyl phthalate (DBP)
through SERS. It should be noted that Au@POP-SH exhibited excellent stability and a rapid, highly sensitive, and specific approach for SERS-
based phthalic acid ester detection arises from the synergy between AuNPs and POP-SH, enabling hot spots, analyte adsorption and pi-pi
interactions. Furthermore, advanced density functional theory (DFT) calculations reveal the interaction mechanism between Au@POP-SH and
phthalic acid esters, enabling selective detection of dimethyl phthalate (DMP) and DBP. Multivariate analysis with spectral preprocessing improves
SERS quantification, and partial least squares models show strong correlation (R-2 = 0.9992) confirming that SERS combined with chemometric
methods offers a robust analytical strategy for plasticizer detection.
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Abstract: Carbon dots (CDs) are complex carbon-based nanomaterials with exceptional photoluminescence characteristics and great promise for
sustainable metal-free photocatalysis. However, their structural heterogeneity poses a major challenge for the rational design and prediction of
photocatalytic performance. To overcome this limitation, we propose a bottom-up strategy centered on CD-inspired systems with well-defined
molecular architecture. Specifically, we computationally screened 5700 stacked polycyclic aromatic hydrocarbon aggregates, as representatives of
CD aromatic domains, to identify donor-acceptor pairs capable of efficient charge separation under photoexcitation. Using a few carefully chosen
molecular descriptors and a computationally efficient protocol, we identified best candidate systems for oxidative and reductive quenching
pathways. Subsequent time-dependent density functional theory analysis confirmed that these systems exhibit key photocatalytic features: a charge-
transfer character in the lowest excited state, well-separated bright local excitations, favorable redox potentials, and propensity for extended
aggregation with core-surface charge separation. Our approach not only offers a practical design route for CD-like photocatalysts but also provides
the fundamental understanding needed to engineer tunable, efficient, and sustainable donor-acceptor photocatalytic systems.
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Abstract: Context. Complex energy transfer processes in the intracluster medium (ICM) can revive fossil plasma (with spectral ages >> 100 Myr)
that was initially generated by radio galaxies. This leads to the re-ignition of faint radio sources with irregular and filamentary morphologies and
ultra-steep (alpha greater than or similar to 1.5) synchrotron spectra, which can more easily be detected at low frequencies (similar to 100 MHz).
These sources offer the opportunity of investigating the microphysics of the ICM and its interplay with radio galaxies, the origin of seed relativistic
electrons, the merging history of the host cluster, and the phenomenology of radio filaments. Aims. The study of revived sources has been
hampered so far by the requirement of sensitive and high-resolution multi-frequency radio data at low frequencies to characterise their spatial
properties and provide a proper classification. We analysed a sample of candidate revived sources that were identified among nearby (z <= 0.35)
and low-mass (M-500 <= 5 x 10(14) M-circle dot) Planck clusters in the footprint of the Second Data Release of the LOw Frequency ARray
(LOFAR) Two Metre Sky Survey (LoTSS-DR2). Methods. By inspecting LoTSS-DR2 images at 144 MHz, we identified seven targets with patchy
and filamentary morphologies. They were followed-up with the upgraded Giant Metrewave Radio Telescope (uGMRT) at 400 MHz. By combining
LOFAR and uGMRT data, we obtained high-resolution images and spectral index maps that we used to interpret the nature of the sources. Results.
All targets show regions with very steep spectra, which confirms the effectiveness of our morphology-based selection in identifying fossil plasma.
Based on their morphology, spectral properties, and optical associations, we investigated the origin of the targets. We found a variety of promising
revived fossil sources but also showed that apparently intricate structures can easily be misclassified in the absence of high-resolution and multi-
band data.
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Abstract: The northern extension of the AdriaArray, a dense network of broadband seismic stations, covers the southeastern part of the Bohemian
Massif, the Eastern Alps, the Western Carpathians, and the northernmost part of the Pannonian Basin. Considering also the previous passive
experiments carried out since 2015, the existing 32 broadband permanent stations have been complemented by 89 temporary stations deployed in
the collaborative effort of institutions from the Czech Republic, Poland, Austria, and Slovakia. We document the seismic station configuration,
instrumental equipment, data transmission, preprocessing, and availability, as well as the general organization of the network. Since spring 2022,
when the AdriaArray network started its operation, to January 2025, approximately 2.8 TB of data recorded by the temporary stations has been
transmitted to the European Integrated Data Archive (EIDA), with an average completeness of 80% and real-time operation for 91% of the stations.
The network records valuable data for a wide range of Earth science studies, including earthquake location, seismic hazard assessment, and high-
resolution images of the crust and upper mantle structure. As examples of data utilization, we show Moho depth variations Basin, as well as
prevailing NW-SE polarization azimuths of the fast shear waves from the splitting evaluations at stations in the broader surroundings of the
Carpathians.
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Abstract: The widespread presence of plasticizers in edible oils poses serious food safety concerns, necessitating the development of rapid,
sensitive, and reliable analytical techniques for detecting trace-level contamination. Indeed, surface-enhanced Raman spectroscopy (SERS) offers
high sensitivity, speed, and reproducibility without complex sample pretreatment for qualitative and quantitative analysis. Herein, we develop a
superhydrophobic cyclic conjugated aromatic thiophene-triazole nanohoop (TTN) [4 + 4] as a high-performance substrate for SERS. The resulting
TTN serves as a platform for anchoring plasmonic silver nanoparticles (denoted as TTN@AgNPs) and demonstrates exceptional detection and
quantification of di-butyl phthalate (DBP) with a significant sensitivity reaching 20 ppb in edible vegetable oil. The superior performance of
TTN@AgNP hybrids stems from their heterogeneous porous surface enriched with nitrogen and sulfur, which enhances the electron density, AgNP
binding, and "hot spot" formation, while crucial interactions such as hydrogen bonding, van der Waals forces, and pi-pi stacking further facilitate
DBP adsorption, enabling highly sensitive detection. Furthermore, density functional theory calculations elucidated the interaction mechanism
between TTN@AgNPs and DBP, highlighting its selective detection. This work advances understanding of plasticizer contamination in edible oils
and establishes a foundation for future research on identifying key contaminants and assessing variations across oils and packaging using SERS.
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Abstract: Exoplanets and smaller bodies have been detected orbiting different kind of stars. However, we do not know of any such objects in
planetary nebulae, the short-lived stage of stellar evolution between the asymptotic giant branch and white dwarf phases. The planetary activity
(destruction and formation) may be accompanied by dust clouds. Hence, we searched for dust occultation events in planetary nebulae using
archival photometric data. We show that the central star of PN WeSb 1 features numerous dimming events with typical durations of a few days to
weeks that are up to 3 mag deep. This variability is mainly stochastic with an indication of a 400 d period. The occultations are almost grey,
indicating dust grains larger than about 0.1 mu m. Based on our follow-up observations, we argue that the central star is a wide binary and that
these events are most probably caused by debris from disintegrated small rocky bodies that escaped from the former asymptotic giant branch star to
find safe harbour around the companion star. The latter star dominates the optical spectrum enabling us to see the eclipses. This means that
planetary systems are present and undergo violent evolution during the planetary nebula stage.
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Abstract: Structural, chemical, and extrinsic modifications of graphene-based nanostructures enable bandgap tuning, optoelectronics, spintronics,
and quantum materials design. A well-known approach to modify their electronic properties involves introducing nonbenzenoid ring topologies in
their ideal sp2-hybridized hexagonal lattice, such as azulene or Stone-Wales (SW) defects. However, despite the unique structural and electronic
characteristics that these nonalternant defects induce, their systematic incorporation in graphene-based nanostructures remains challenging. Here,
we demonstrate the on-surface synthesis of one-dimensional SW-based polymers linked through cumulene bonds on the Au(111) surface via
thermal and visible-light-induced reactions of a tailored molecular precursor. Scanning tunneling and noncontact atomic force microscopies reveal
the nonplanar structure of SW-based units within the polymer chain, while the chemical structure of the polymer has been verified by Raman
spectroscopy in combination with theoretical modeling. Additionally, scanning tunneling spectroscopy measurements show an experimental
bandgap of 1.8 eV, which significantly differs from its isostructural cumulene-bridged bisanthene analogs. Our results highlight the critical role of
SW defects in the structural and electronic properties of carbon-based conjugated polymers, advancing their design with prospects in next-
generation optoelectronic devices.
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Abstract: Unraveling collective modes arising from coupled degrees of freedom is crucial for understanding complex interactions in solids and
developing new functionalities. Unique collective behaviors emerge when two degrees of freedom, ordered on distinct length scales, interact. Polar
skyrmions, three-dimensional electric polarization textures in ferroelectric superlattices, disrupt the lattice continuity at the nanometer scale with
nontrivial topology, leading to previously unexplored collective modes. Here, using terahertz-field excitation and femtosecond x-ray diffraction, we
discover subterahertz collective modes, dubbed "skyrons", which appear as swirling patterns of atomic displacements functioning as atomic-scale
gearsets. The key to activating skyrons is the use of the THz field that couples primarily to skyrmion domain walls. Momentum-resolved time-
domain measurements of diffuse scattering reveal an avoided crossing in the dispersion relation of skyrons. Atomistic simulations and dynamical
phase-field modeling provide microscopic insights into the three-dimensional crystallographic and polarization dynamics. The amplitude and
dispersion of skyrons are demonstrated to be controlled by sample temperature and electric-field bias. The discovery of skyrons and their coupling
with terahertz fields opens avenues for ultrafast control of topological polar structures.
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Abstract: Determining why convergent traits use distinct versus shared genetic components is crucial for understanding how evolutionary
processes generate and sustain biodiversity. However, the factors dictating the genetic underpinnings of convergent traits remain incompletely
understood. Here, we use heterologous protein expression, biochemical assays, and phylogenetic analyses to confirm the origin of a luciferase gene
from haloalkane dehalogenases in the brittle star Amphiura filiformis. Through database searches and gene tree analyses, we also show a complex
pattern of the presence and absence of haloalkane dehalogenases across organismal genomes. These results first confirm parallel evolution across a
vast phylogenetic distance, because octocorals like Renilla also use luciferase derived from haloalkane dehalogenases. This parallel evolution is
surprising, even though previously hypothesized, because many organisms that also use coelenterazine as the bioluminescence substrate evolved
completely distinct luciferases. The inability to detect haloalkane dehalogenases in the genomes of several bioluminescent groups suggests that the
distribution of this gene family influences its recruitment as a luciferase. Together, our findings highlight how biochemical function and genomic
availability help determine whether distinct or shared genetic components are used during the convergent evolution of traits like bioluminescence.
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Abstract: The tribological performance of 2D materials makes them good candidates toward a reduction of friction at the macroscale.
Superlubricity has been observed for graphene, MoS2, and MXenes, whereas hexagonal boron nitride (hBN) is used to reduce or tune friction.
Other materials are investigated as potential candidates for low-lubricity applications. Specifically, borophene is predicted to have ultralow friction.
Here, we experimentally investigate the frictional properties of borophene and use a borophene/hBN lateral heterostructure to directly compare the
tribological properties of the two complementary 2D materials. In particular, we investigate the friction between a sliding tip and (i) the weakly
corrugated X 6 -borophene layer on Ir(111) or (ii) the hBN/Ir(111) superlattice structures with a strongly corrugated moire reconstruction. Our
experimental study performed in ultrahigh vacuum at room temperature combined with a Prandtl-Tomlinson (PT) model calculation confirms the
superlubricity predicted for borophene, while hBN, which exhibits a higher friction, is nevertheless confirmed as a low friction material. Ab initio
calculations show that the lower friction of X 6 -borophene with respect to hBN can be rationalized by weaker tip/surface interactions. In addition,
we assess structural and electrical properties of borophene and hBN by using scanning probe techniques and compare their dissipation under the
oscillating tip to investigate the possible path of energy dissipation occurring during friction. Our study demonstrates the low frictional properties
of borophene and the potential of lateral heterostructure investigations to directly compare the properties of these 2D materials.
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Abstract: MRE11 nuclease is a central player in signaling and processing DNA damage, and in resolving stalled replication forks. Here, we
describe the identification and characterization of new MRE11 inhibitors MU147 and MU1409. Both compounds inhibit MRE11 nuclease more
specifically and effectively than the relatively weak state-of-theart inhibitor mirin. They also abrogate double-strand break repair mechanisms that
rely on MRE11 nuclease activity, without impairing ATM activation. Inhibition of MRE11 also impairs nascent strand degradation of stalled
replication forks and selectively affects BRCA2-deficient cells. Herein, we illustrate that our newly discovered compounds MU147 and MU1409
can be used as chemical probes to further explore the biological role of MRE11 and support the potential clinical relevance of pharmacological
inhibition of this nuclease.
Accession Number: WOS:001410134300001
PubMed ID: 39793442
Author Identifiers:

Author Web of Science ResearcherID ORCID Number
Sedlak, David  D-4112-2011   
Marini, Victoria  L-7480-2017  0009-0003-4487-1174 
Vitek, Marco  PDW-8636-2025  0000-0003-3102-5465 
Brezovsky, Jan  C-8290-2012  0000-0001-9677-5078 
Bartunek, Petr  J-3897-2014   
Krejci, Lumir  B-7842-2009   
Prochazkova, Jana E-6297-2016   
Daniel, Lukas  H-6274-2019   
Biswas, Raktim  MIT-8323-2025   
Damborsky, Jiri  H-3799-2012   
ISSN: 0223-5234
eISSN: 1768-3254

Record 499 of 502
Title: Multi-PW laser-driven proton acceleration using a plasma-lens target
Author(s): Horny, V (Horny, Vojtech); Doria, D (Doria, Domenico)
Source: SCIENTIFIC REPORTS  Volume: 16  Issue: 1  Article Number: 462  DOI: 10.1038/s41598-025-29793-7  Published Date: 2025 DEC
6  
Abstract: We investigate laser-driven proton acceleration using state-of-the-art multi-petawatt laser technology and a double-layer target design.
The front layer is composed of homogenised near-critical density carbon, which enhances the laser pulse through relativistic self-focusing,
effectively acting as a lensing medium. This layer is paired with a solid plastic rear layer that serves as the primary acceleration medium. The
thicknesses of both layers and the density of the front layer are optimised to maximise acceleration efficiency of the solid layer protons. These
protons are accelerated up to 550 MeV through a synergistic interplay of acceleration mechanisms, with hole boring and light sail radiation
pressure acceleration playing dominant roles. These mechanisms are further enhanced by target normal sheath acceleration, which benefits from
increased laser-to-electron coupling, especially in the front near critical density part. Additionally, proton acceleration is accompanied by the
generation of \documentclass[12pt]{minimal} \usepackage{amsmath} \usepackage{wasysym} \usepackage{amsfonts} \usepackage{amssymb}
\usepackage{amsbsy} \usepackage{mathrsfs} \usepackage{upgreek} \setlength{\oddsidemargin}{-69pt}
\begin{document}$$\gamma$$\end{document}-ray radiation via nonlinear inverse Compton scattering. Our investigation employs fully resolved
3D particle-in-cell simulations, providing comprehensive insights into the underlying dynamics. Detailed technical aspects of the simulation setup
are discussed.
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Abstract: To enhance the sustainability of nuclear energy and protect the environment, the efficient extraction of uranium from various water
sources has emerged as an essential strategy for addressing the long-term challenges of nuclear waste management. In this study, we designed
phosphoryl-functionalized graphene (PG) for efficient uranyl adsorption and synthesized the material from fluorinated graphene using phosphoryl
ethanolamine under solvothermal conditions. The resultant PG features a unique 2D structure equipped with solvent-exposed phosphoryl groups,
making it highly suitable for uranium adsorption in aqueous solutions. Notably, PG demonstrated a high sorption efficiency (similar to 77%) with
rapid extraction capability (similar to 5 min) for U(VI) from aqueous media at pH 7, achieving an adsorption capacity of 316 mg U g-1. It also
demonstrates good recyclability and stability even after 3 cycles and exhibits a significant seawater adsorption capacity of 117.8 mg U g-1. Both X-
ray photoelectron spectroscopy analysis and molecular dynamics simulations revealed a preferential binding of uranyl ions to the phosphoryl
groups of PG. This work paves the way for designing and developing functional graphene derivatives for efficient uranium extraction from various
water resources, with promising potential for the recovery of other radioactive elements.
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Abstract: Extracting information from quantum many-body systems remains a key challenge in quantum technologies due to experimental
limitations. In this work, we employ a single spin qubit to probe a strongly interacting system, creating an environment conducive to qubit
decoherence. By focusing on the XXZ spin chain, we observe diverse dynamics in the qubit evolution, reflecting different parameters of the chain.
This demonstrates that a spin qubit can probe both quantitative properties of the spin chain and qualitative characteristics, such as the bipartite
entanglement entropy, phase transitions, and perturbation propagation velocity within the system. This approach reveals the power of small
quantum systems to probe the properties of large, strongly correlated quantum systems.
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Abstract: We identified known Trans-Neptunian Objects (TNOs) and Centaurs in the complete Dark Energy Survey (DES) year six catalogue
(DES Y6) through the Sky Body Tracker (SkyBoT) tool. We classified our data set of 144 objects into a widely used 4-class taxonomic system of
TNOs. No such previous classification was available in the literature for most of these objects. From absolute magnitudes and average albedos, an
estimation of the diameters of all these objects is obtained. Correlations involving colours, orbital parameters, dynamical classes, and sizes are also
discussed. In particular, our largest reddest object has a diameter of 390(-53)(+68) km and our largest cold classical, 255(-17 )(+19)km. Also, a
weak correlation between colour and inclination is found within the population of resonant TNOs in addition to weak correlations between colour
and phase slope in different bands.
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