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Detection of triboelectric discharges during dust events on Mars
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A Abstractd

Lightning is among the most energetic manifestation of electrical activity in planetary atmospheres, with
documented observations not only on Earth but also on Saturn and Jupiter. On Mars, the existence of
electrical activity has long been suspected but never directly demonstrated.Here we report in situ detections
of triboelectric discharges, identified by their electrical and acoustic signatures captured by the SuperCam
microphone aboard the Perseverance rover. Fifty-five events have been detected over two Martian years,
usually associated with dust devils and dust storm convective fronts. These serendipitous observations
demonstrate that Martian electric fields can reach the breakdown threshold of the near-surface atmosphere of
Mars, predicted to be on the order of several tens of k\VVm?1. Such electrical activity could affect dust
dynamics and potentially fuel a reactive electrochemical environment enhancing the oxidizing capacity of the
atmosphere, with consequences for the preservation of organic molecules. This in situ evidence may have
implications for surface chemistry, habitability and human exploration. Entanglement-enhanced nanoscale
single-spin sensing
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A Abstract(

Detecting individual spins—including stable and metastable states—represents a fundamental challenge in
quantum sensing, with broad applications across condensed matter physics, quantum chemistry and single-
molecule magnetic resonance imaging. Although nitrogen— vacancy (NV) centres in diamond have
emerged as powerful nanoscale sensors, their performance for single-spin detection remains constrained by
substantial environmental noise and restricted sensing volume. Here we propose and demonstrate an
entanglement-enhanced sensing protocol that overcomes these limitations through the strategic use of
entangled NV pairs. Our approach achieves a 3.4-fold enhancement in sensitivity and a 1.6-fold
improvement in spatial resolution relative to single NV centres under ambient conditions. The protocol uses
carefully engineered entangled states that amplify target spin signals through quantum interference while
suppressing environmental noise. Crucially, we extend these capabilities to resolve metastable single-spin
dynamics, directly observing stochastic transitions between different spin states by identifying state-
dependent coupling strengths. This dual functionality enables simultaneous detection of static and dynamic
spin species for studying complex quantum systems. The achieved performance establishes entanglement-
enhanced sensing as a viable pathway towards atomic-scale characterization of quantum materials and
interfaces.
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Photocatalytic oxygen-atom transmutation of oxetanes
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A Abstractd

Non-aromatic heterocycles and carbocycles form the skeleton of countless bioactive and functional
molecules. Of note, four-membered saturated cyclic molecules such as azetidines, thietanes and cyclobutanes
have garnered increasing attention in medicinal chemistry. These molecules often have physicochemical
properties relevant to drug discovery: potency, stability, metabolic stability and target specificity. The
replacement of oxygen atoms in readily available oxetanes would offer a direct route to a variety of these
cyclic pharmacophores, yet such atom swapping has been rarely reported for non-aromatic molecules. Here
we report a general photocatalytic strategy that selectively substitutes the oxygen atom of an oxetane with a
nitrogen-based, sulfur-based or carbon-based moiety, transforming it into a diverse range of saturated cyclic
building blocks in a single operation. This atom-swapping method exhibits high functional group
compatibility and is applicable to late-stage functionalization, substantially simplifying the synthesis of
pharmaceuticals and complex drug analogues that would otherwise require multistep routes. Mechanistic
investigations unveil insights on the origin of chemoselectivity that allows the endocyclic oxygen atom to
react preferentially to generate an acyclic dihalide intermediate, which then undergoes efficient ring
reconstruction in the presence of a nucleophilic species.

Controlling pyramidal nitrogen chirality by asymmetric organocatalysis
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A Abstract(

Chirality is central to life, and controlling the formation of one of a pair of mirror-image molecules
(enantiomers) is a central tenet of synthetic chemistry. Although controlling stereogenic carbon, silicon,
phosphorus and sulfur centres is commonplace, nitrogen centres in amines are not typically stable. Limited
achievements in the enantioselective construction of nitrogen chirality have primarily been established in
quaternary ammonium salts and bridged bicyclic amines, which have a restricted pyramidal configuration.
The asymmetric synthesis of non-bridged pyramidal nitrogen-chirogenic compounds suffers from a super-
stoichiometric chiral source and exhibits poor stereoselectivity. Here we present a catalytic enantioselective
strategy for construction of acyclic nitrogen stereocentres via a chiralBr?nstedacid-catalysed chlorination
reaction. We designed a stereospecific intramolecular reaction to overcome the structural and
configurational instabilities of nitrogen-chlorinated hydroxylamines. Furthermore, this strategy has been
applied successfully to synthesize the enantioselective N-chloroaziridines with a configurationally stable
nitrogen stereogenic centre. Control experiments provide evidence for anSN2pathway for the intramolecular
nucleophilic substitution event.
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Efficient and accurate search in petabase-scale sequence repositories
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A Abstractd

The amount of biological sequencing data available in public repositories is growing rapidly, forming a
critical resource for biomedicine. However, making these data efficiently and accurately full-text searchable
remains challenging. Here we build on efficient data structures and algorithms for representing large
sequence sets. We present MetaGraph, a methodological framework that enables us to scalably index large
sets of DNA, RNA or protein sequences using annotated de Bruijn graphs. Integrating data from seven
public sources, we make 18.8 million unique DNA and RNA sequence sets and 210 billion amino acid
residues across all clades of life—including viruses, bacteria, fungi, plants, animals and humans—full-text
searchable. We demonstrate the feasibility of a cost-effective full-text search in large sequence repositories (67
petabase pairs (Pbp) of raw sequence) at an on-demand cost of around US$100 for small queries up to 1
megabase pairs (Mbp) and down to US$0.74 per queried Mbp for large queries. We show that the highly
compressed representation of all public biological sequences could fit on a few consumer hard drives (total
cost of around US$2,500), making it cost-effective to use and readily transportable for further analysis. We
explore several practical use cases to mine existing archives for interesting associations, demonstrating the use
of our indexes for integrative analyses, and illustrating that such capabilities are poised to catalyse
advancements in biomedical research.

Hijacking a bacterial ABC transporter for genetic code expansion
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A Abstractd

The site-specific encoding of non-canonical amino acids (ncAAs) provides a powerful tool for expanding
the functional repertoire of proteins. Its widespread use for basic research and biotechnological applications
is, however, hampered by the low efficiencies of current ncAA incorporation strategies. Here we reveal poor
cellular ncAA uptake as a main obstacle to efficient genetic code expansion and overcome this bottleneck by
hijacking a bacterial ATP-binding cassette (ABC) transporter5 to actively import easily synthesizable
isopeptide-linked tripeptides that are processed into ncAAs within the cell. Using this approach, we enable
efficient encoding of a variety of previously inaccessible ncAAs, decorating proteins with bioorthogonal6 and
crosslinker moieties, post-translational modifications and functionalities for chemoenzymatic conjugation.
We then devise a high-throughput directed evolution platform to engineer tailored transporter systems for
the import of ncAAs that were historically refractory to efficient uptake. Customized Escherichia coli strains
expressing these evolved transporters facilitate single and multi-site ncAA incorporation with wild-type
efficiencies. Additionally, we adapt the tripeptide scaffolds for the co-transport of two different ncAAs,
enabling their efficient dual incorporation. Collectively, our study demonstrates that engineering of uptake
systems is a powerful strategy for programmable import of chemically diverse building blocks.
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