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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. x0678 redocked into all structures
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Implemented in Python with the OpenEye OEDocking Toolkit™

* Free for academics engaged in open science! https://www.eyesopen.com/academic-licensing
All scripts and output files: http://github.com/foldingathome/covid-moonshot
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HYBRID ENSEMBLE DOCKING AIMS TO IDENTIFY
COMPOUNDS THAT BUILD ON FRAGMENTS

isosteres fragment extensions fragment extensions
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* Free for academics engaged in open science! https://www.eyesopen.com/academic-licensing
All scripts and output files: http://github.com/foldingathome/covid-moonshot
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DIVERSE SCAFFOLDS OF SUBMITTED COMPOUNDS
PRESENTS A CHALLENGE TO ACCURATE SCORING

Submissions



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

ABSOLUTE ALCHEMICAL FREE ENERGY CALCULATIONS PROVIDE
A STRUCTURE-ENABLED WAY TO COMPUTE BINDING AFFINITIES

multiple simulations of alchemical intermediates
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By breaking the problem into statistically easily computable pieces,
calculation can be completed in just hours
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Pioneering work from many: McCammon, van Gunsteren, Kollman, Jorgensen, Chipot, Roux, Boresch, Fujitani, Pande, Shirts, Swope, Christ, Mobley, Schrédinger, and many more



THE FOLDING@HOME

WE MOBILIZED THE FOLDING@HOME CONSORTIUM (FAHC)
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THANKS TO OUR DONORS, FOLDING@HOME PROVIDES SIGNIFICANT
COMPUTATIONAL RESOURCES TO ACCELERATE COVID-19 RESEARCH

a few weeks ago now
Client statistics by 0S @

OS Type Native TFLOPS® x86 TFLOPS® Active CPUs Active Cores Total CPUs "I?::f_ll]f:’;']flff_':f\ ‘ff_']j_'l ’IEIZ,T_E?] ‘IZE::;:ZZ;
Windows 857 857 67467 187104 S8572%5 ' ' '
Mac 085 X 91 91 808% 85382 21703%%
Linux 87 87 6383 26457 882200 \ $; DPU 8 [:‘PU b DQ
) ’ |
AT GPU 10245 215618 /178 /178 4.6 555
NVIDA! Eermi CE "o ve 097 ' €70 4 €87  £34.83) 0S  AMD GPUs NVidia GPUs CPUs  CPU cores TFLOPS x86 TFLOPS
| - === =a=iots ==t == ESOEEL Windows 110,331 429,105 771877 5371818 943128 1914273
4 TAT . 5 277 - . - . . . >
Total 47344 98.74; 110685 327712 8355996 Linux 6.766 106,664 358737 3472940 235,229 443906

macOSX 6 0 74836 189,031 4,566 4375
1924085 people have non-anonymously contributed to Folding@home Totals 117,103 535769 1205450 9233789 1182723 2,362,554

Table last updated at Sat, 19 Oct 2019 18:25:11
pd CPUs and GPUs which have returned Work Units within the last 50 days are listed by OS. FLOPS per core is

. - A 45 A S estimated.
D8 date 20191019 25:2242 ’

TFLOPS is Tera Floating-point OPerations per Second or trillions of math operations per second. Please see
Active CPUS are defined as those which have returned WUs within 50 days. The FLOPS per core was Last our ELOPS FAQ for more information
updated based on a FAH core performance report run on Wed May 11 11:56:35 POT 2016

Reported on Wed, 08 Apr 2020 15:22:05 GMT
THELOPS is the aCtual teraflops from the software Cores, Nt the peak values from CPU/GHPU specs. Please

see our FAQ and FLOPS FAC

~100 pflop/s ~2.4 exaflop/s



SOME SAMPLING SCHEMES ARE MORE CLOUD-FRIENDLY THAN OTHERS

Independent simulations

Easy to parallelize, but sampling problems
at any A can make calculations unreliable

simple but dangerous

Hamiltonian replica exchange %
Good sampling at any 4 can rescue

problems at other A if good A overlap
reliable but complex and costly

Single-replica methods
For certainly problems, can converge

extremely quickly in a fraction of
computer effort; tricky to make reliable
promising but relatively immature

Nonequilibrium methods

Less efficient than equilibrium
calculations, but can work robustly and
scalably if properly tuned

promising but relatively immature
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AMBER18 TI
Song, Lee, Zhu, York, Merz 2019
https://doi.org/10.1021/acs.jcim.9600105

Schrodinger FEP+
Wang, Wu, Deng, Kim, ... Abel 2015
https://doi.org/10.1021/ja512751q

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

also OpenMM (via openmmtools)

Hongzhi, Fayer, Wang 2006
https://doi.org/10.1063/1.2424700

Tan 2017
https://doi.org/10.1080/10618600.2015.1113

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




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 l][l
voelzlab org

Matt Hurley
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Temple University



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

e Moonshot compounds have been running ~6 days

Y

ABSOLUTE FREE ENERGY CALCULATIONS ARE

CHALLENGING TO CONVERGE EVEN AT MASSIVE SCALES

o solvated complex: 448 pus MD (~70us/day)!

o solvated ligand: 4.454 ms MD aggregate (~700us/day)!

Extract complexes that appear to have converged:

o Looking for sufficient complex sampling

o  Want systems with “smal

Initia
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Wang-Landau increments

results show need for more receptor-ligand sampling,

but also already reveals ligands that may be promising
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Open Force Field Initiative

An open source, open science, and open data approach to better force helds

S—r—— —

u the Consortium as on Industry Partner to support high-guality Dlomoleculor force filelds ond receive prioritized

MpPPOre.

View slides ond presentotions from our most recent Consortium Norkshop held at UC San Diego on August 38-31, 2019,
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Open Source Open Science Open Data
Software permissively hcensed under the M1 SCertific reports on open AC0ess preprnt servers Curated physical property and guantum chemical
Lerae and develioped opendy on aHub. DOy and ChemBRxly. datascels for bulding hgh-Quaity force feids

L
http://openforcefield.org  Frior i comdmtionmithime REFunded Hin s st i



The Open Force Field 1.0
small molecule force field, our
first optimized force field
(codename "Parsley")

35 minute read, Pubished 10 Oct. 2009
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We're delighted to announce the release of "Parsiey”, the Open Force Field 1.0 smat molecule force Held---the first in 2 senes of

iteratively-improved small molecule force helds for bsomolecular simulation funded in part by the Open Force Field Consortivm.
This is the frst cptimezed force Neld to use the SMIRNOFF force Held specihication for atom type-free direct chem<al perception,
and provides substantially improved valence (bond, angle, and torsion) parameters relative to its predecessor, the AMBER-lineage
SMIRNOFF99Frosst. This force field was optimized to improve agreement with quantum chemical geometries, energetics, and
vibrational frequencies, and will likely provide improved accuracy (relative to its predecessor) for a wide varicty of properties,
especially energetics and geometries relative to gas phase quantum chemical calculations

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

st yeor, the Upen borce Faeld Consorbum reteases 23 Brst cottimured force Beids the Uoen borce Feld 1.0 icodenaome "Pordey ] smol molecuie


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

“PARSLEY” PROVIDES SIGNIFICANT ACCURACY IMPROVEMENTS

Open Force Field Initiative

GAFF 1 OPLS2.1 GAFF 2 smirnoff99Frosst openff 1.0
(1999) (2015) (2016) (2018) (2019)

"parsley”
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http://github.com/choderalab/perses

PERSES LITE: HYBRID TOPOLOGY
ALCHEMICAL FREE ENERGY CALCULATIONS

Propose new molecules with common scaffold via MCSS nonequilibrium switching

Imatinib Nilotinib
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Bmld in new atoms with reversible-jump Monte Carlo
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