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Abstract: We have established a supercomputer-driven pipeline for in-silico structure-based drug 
discovery using enhanced sampling molecular dynamics (MD) and ensemble docking. Ensemble docking 
makes use of MD results by docking compound databases into representative protein binding-site 
conformations, thus taking into account the dynamic properties of the binding sites. Using the nation’s 
most powerful computer it is possible to perform the exhaustive docking of one billion compounds in 
under 24 hours. We have discovered experimentally-validated chemical probes for a number of 
therapeutic indications including antibiotic resistance, diabetes and Covid-19. Structure-based 
approaches for the design of vaccines against Group A Streptococcus and cancers are also described. 
Ending on a fundamental note, we describe the ageing of internal motions in single protein molecules 
and how this might influence ligand binding. 
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