Rapid, accurate, precise and reliable relative free energy prediction using ensemble based thermodynamic integration
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[bookmark: _GoBack]The accurate prediction of the binding affinities of ligands to proteins is a major goal in drug discovery and personalised medicine. The use of in silico methods to predict binding affinities has been largely confined to academic research until recently, primarily due to the lack of their reproducibility, as well as lack of accuracy and time to solution,. In the last few years, an ensemble based molecular dynamics approach has been proposed that provides a route to reliable predictions of free energies meets the requirements of speed, accuracy, precision and reliability.1-3 Here, we describe our approach to thermodynamic integration, known as TIES, which substantially improves the speed, accuracy, precision and reliability of calculated relative binding free energies.4 We report the performance of TIES when applied to a diverse set of protein targets and ligands. The results are in very good agreement with experimental data (90% of the predictions agree to within 1 kcal/mol) while the method is reproducible by construction. Statistical uncertainties of the order of 0.5 kcal/mol or less are achieved. This methodology, which is being pursued in the CompBioMed Centre of Excellence (http://www.compbiomed.eu/), has the potential to positively impact the drug design process in the pharmaceutical domain as well as in personalised medicine, with concomitant major industrial and societal impact. TIES is an automated workflow that can be completely run in 8 hours or less, depending on the architecture and hardware available. To exhibit this feature as well as the excellent scalability of TIES, in an unprecedented study we harnessed the combined power of Phases 1 and 2 of PRACE’s Tier-0 SuperMUC at the Leibniz Rechnzentrum in Garching, resulting in accurate relative binding affinity predictions of more than 50 biomolecular systems5 at a sustained performance in excess of 1 petasflop throughout.
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