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Section 2 – Project Information
	Project Title

	Molecular Dissection of the Secretion Nanomachines Driving the Spread of Antimicrobial Resistance (AMR) in Staphylococcus aureus

	Project Summary
Antimicrobial resistance (AMR) is projected to become a leading global cause of mortality by 2050 (1), with conjugation via Type IV secretion systems (T4SS) a major route of AMR dissemination. T4SS are membrane-associated nanomachines that transfer plasmid DNA between cells (2). Our previous work provided the first near-complete T4SS architecture from any system, revealing its organisation into distinct subcomplexes in Gram-negative bacteria (3,4). This project builds directly on that advance to determine how T4SS are organised and function in Gram-positive (G+) bacteria.

G+ T4SS remain structurally uncharacterised and, lacking an outer membrane but possessing thick peptidoglycan and teichoic acids, are expected to differ fundamentally in composition (5). We will address this in Staphylococcus aureus, the most important G+ AMR pathogen. S. aureus carries conjugative plasmids including pSK41 (~46 kb) (6) and pGO1 (~54 kb) (7), encoding multiple resistance genes and a ~14 kb T4SS locus. Although transduction dominates natural HGT, clinically relevant antibiotic resistance is predominantly transferred by conjugation. S. aureus can also acquire AMR genes from other bacteria and mobilise integrative elements through helper plasmids.

Aim 1: Characterise the intact 3.5 MDa pGO1 T4SS using membrane-protein biochemistry, biophysics, cryo-EM, in situ cryo-ET, modelling, microbiology, live-cell imaging and mating assays.

Aim 2: Define essential ATPases TrsE and TrsK using purification, cryo-EM, biochemical assays, mutagenesis and conjugation studies.

Collectively, these studies will provide critical insights into the molecular basis of plasmid-mediated AMR transfer in G+ bacteria and inform strategies to prevent AMR-dissemination.

	Techniques that will be undertaken during the project
• Cloning, over-expression and purification of recombinant protein-complexes.
• Membrane-protein biochemistry, Biophysical and Activity assays.
• Cryo-electron microscopy (cryo-EM) and integrative structural biology.
• Molecular microbiology and site-directed mutagenesis.
• Live-cell imaging and confocal microscopy to visualise conjugation.
• Antibiotic resistance transfer via conjugation using mating assays.
• Statistical data analysis.
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