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ensemble docking with shape overlay was 
used to triage compounds with poor fits

Goal: Filter out problematic designs that can’t fit or recapitulate interactions 

* Initial poses selected via shape and color overlay with inspiration fragments  
* Docked to all crystal structures listed for inspiration fragments 
* Minimized poses scored with Chemgauss4 scoring function  
* Best-scoring pose from all structures selected  
* Very poor scores/poses triaged 

Focus was on noncovalent complex, rather than covalent.  
Bringing in more folks to help with covalent docking. 

Implemented in Python with the OpenEye OEDocking Toolkit*

x0678 redocked into all structures

docked 
X-ray

* Free for academics engaged in open science! h!ps://www.eyesopen.com/academic-licensing  
All scripts and output files: h!p://github.com/foldingathome/covid-moonshot

https://www.eyesopen.com/academic-licensing
http://github.com/foldingathome/covid-moonshot


hybrid ensemble docking aims to identify 
compounds that build on fragments

* Free for academics engaged in open science! h!ps://www.eyesopen.com/academic-licensing  
All scripts and output files: h!p://github.com/foldingathome/covid-moonshot

MUS-SCH-c2f-4 GAB-REV-4a4-20 GAB-REV-4a4-13

isosteres fragment extensions fragment extensions

https://www.eyesopen.com/academic-licensing
http://github.com/foldingathome/covid-moonshot


h!ps://covid.postera.ai/covid/submissions

diverse scaffolds of submitted compounds 
presents a challenge to accurate scoring

https://covid.postera.ai/covid/submissions


ABSOLUTE Alchemical free energy calculations provide 
a structure-enabled way to compute binding affinities

∆Gbind

PLP + L

PøP + ø
restraint imposition discharging steric decoupling noninteracting

By breaking the problem into statistically easily computable pieces, 
calculation can be completed in just hours

multiple simulations of alchemical intermediates

Pioneering work from many: McCammon, van Gunsteren, Kollman, Jorgensen, Chipot, Roux, Boresch, Fujitani, Pande, Shirts, Swope, Christ, Mobley, Schrödinger, and many more
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thermodynamic 
cycle



we mobilized the folding@home 
consortium to focus on covid-19

* generating structural ensembles  
to enable small molecule drug discovery 

* identifying cryptic pockets with the 
potential for allosteric inhibition 

* prioritizing compound synthesis with 
alchemical free energy calculations 

* resolving key steps in the viral life cycle  
in atomistic detail with Markov state models



Thanks to OUR donors, Folding@home proviDeS SIGNIFICANT 
computational resources to accelerate covid-19 research

a few weeks ago now

~2.4 exaflop/s~100 pflop/s



some sampling schemes are more cloud-friendly than others

Independent simulations
Easy to parallelize, but sampling problems 
at any ! can make calculations unreliable 
simple but dangerous

AMBER18 TI 
Song, Lee, Zhu, York, Merz 2019 
h!ps://doi.org/10.1021/acs.jcim.9b00105

Hamiltonian replica exchange ̣
Good sampling at any ! can rescue 
problems at other ! if good ! overlap 
reliable but complex and costly

Schrödinger FEP+ 
Wang, Wu, Deng, Kim, ... Abel 2015 
h!ps://doi.org/10.1021/ja512751q 

NAMD 
Jiang, Thirman, Jo, Roux 2018 
h!p://doi.org/10.1021/acs.jpcb.8b03277 

also OpenMM (via openmmtools)

Single-replica methods
For certainly problems, can converge 
extremely quickly in a fraction of 
computer effort; tricky to make reliable 
promising but relatively immature

Hongzhi, Fayer, Wang 2006 
h!ps://doi.org/10.1063/1.2424700  
Tan 2017 
h!ps://doi.org/10.1080/10618600.2015.1113975

Nonequilibrium methods
Less efficient than equilibrium 
calculations, but can work robustly and 
scalably if properly tuned 
promising but relatively immature

pmx / gromacs 
Aldeghi, Gapsys, de Groot 2018  
h!ps://doi.org/10.1021/acscentsci.8b00717 

̣ current best practice



Folding@Home allows free energy 
calculations at massive scale

! 5 988 free energy calculations on Moonshot compounds 
! 50 336+ Astex compound graph enumerated compounds (from Tim Dudgeon) 

! Amber14SB + OpenFF 1.1.0 “Parsley” + TIP3P water 
! Built / minimized / equilibrated with CUDA-accelerated OpenMM 
! 4 fs timesteps using 4 amu hydrogens 

! Single-replica (self-adjusted mixtures sampling) 
! 40 alchemical states per thermodynamic leg 
! Weak harmonic ligand restraint to binding pocket 
! Five independent replicates for each complex 
! 563 240 total trajectories running on Folding@Home

@voelzlab  
voelzlab.org

Ma! Hurley 
Vincent Voelz 

Voelz Lab 
Temple University

http://www.stat.rutgers.edu/home/ztan/Publication/Tan-SAMS.pdf


absolute free energy calculations are 
challenging to  converge even at massive scales

! Moonshot compounds have been running ~6 days 
○ solvated complex: 448 μs MD (~70μs/day)! 
○ solvated ligand: 4.454 ms MD aggregate (~700μs/day)! 

! Extract complexes that appear to have converged: 
○ Looking for sufficient complex sampling 
○ Want systems with “small” Wang-Landau increments 

! Initial results show need for more receptor-ligand sampling, 
but also already reveals ligands that may be promising

solvent complex

"G

Ma! Hurley 
Vincent Voelz 

Voelz Lab 
Temple University

@voelzlab  
voelzlab.org



h!p://openforcefield.org



h!ps://openforcefield.org/news/introducing-openforcefield-1.0/

https://openforcefield.org/news/introducing-openforcefield-1.0/


GAFF 1 
(1999)

HANNAH BRUCE MACDONALD 
MSKCC

thrombin 
PDB101: 1PPB

GAFF 2 
(2016)

OPLS2.1 
(2015)

smirnoff99Frosst 
(2018)

openff 1.0 
(2019)

h!p://github.com/choderalab/perses  dominic Rufa

“parsley” provides significant accuracy improvements

Open Force Field Initiative

“parsley”

http://github.com/choderalab/perses


perses lite: hybrid topology 
alchemical free energy calculations

nonequilibrium switchingPropose new molecules with common scaffold via MCSS

Build in new atoms with reversible-jump Monte Carlo

Bryce allen 
woody sherman

Patrick Grinaway

Hannah bruce macdonald
dominic Rufa
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