
Optimization of the P1-P2 scaffold resulted in incredibly 
potent compound with ~0.5 µM antiviral activity

With the Israel Institute  
of Biological Researchhttp://postera.ai/covid

Lead compound active 
against live SARS-CoV-2

EC50 = 550 nM
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Scaffold is well-poised for covalentization

http://postera.ai/covid

Nir London 
Weizmann Institute

Diamond Light Source  / XChem 
Daeron Fearon

Cys145His41

MAT-POS-090737b9-1

Vladas Oleinkovas, UCB 
Matt Robinson, PostEra

MAT-POS-e69ad64a-2

Matt Robinson, PostEra

CVD-0015332 
IC50 = 51 nM

http://postera.ai/covid
https://covid.postera.ai/covid/submissions/090737b9-1bcf-4edb-8165-2835ba53bc09/1


How can we design optimal P1’/P4 substituents?

http://postera.ai/covid

http://postera.ai/covid


Our lab had started to use Folding@home to aid experimental 
collaborators in pursuing COVID-19 drug discovery projects

~100 pflop/s!



we mobilized the folding@home 
consortium to focus on covid-19
* generating structural ensembles to 

enable small molecule drug discovery

* identifying cryptic pockets for allosteric 
inhibition

* free energy calculations for prioritizing 
compounds tested by experimental 
collaborators

* multiple targets: spike protein, 3CL 
protease, ACE2, polymerase targets



We’ve been working with Vir Biotechnology  
and the Bloom and Veesler labs to 
understand the emergence of new SARS-
CoV-2 variants and their capacity for reducing 
effectiveness of therapeutic and vaccine-
elicited antibodies.



Ariana Brenner (CBM)

Rafal Wiewiora (TPCB)

Ivy Zhang (CBM)

https://doi.org/10.1101/2020.06.27.175430

We built the first exaFLOP/s computing platform 
as the public joined in our effort



This honestly came as a bit of a surprise

~1.5 exaflops 
> sum of top-10 supercomputers



There are multiple design vectors to explore

IC50 = 3.6 µM

IC50 = 25 µM
ADA-UCB-6c2cb422-1  (x10959)

JOR-UNI-2fc98d0b-12  (x10201)

TRY-UNI-2eddb1ff-7 (x10789)

IC50 = 0.72 µM

IC50 = 3.1 µM

TRY-UNI-714a760b-6  (x2646)
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(264 assayed compounds in series)

available fragm
ent X-ray structures spanning pockets
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TRY-UNI-714a760b-6  (x2646)

P1’ pocket engagement

P1 substituent optimization

P4 pocket engagement

fragment-derived inspiration

x
(x0770)

(x0678)

fragment merger produced
initial lead compound

current lead compound

current lead compound

R3

R2

R1

https://postera.ai/covid/submissions/714a760b-0e02-4b09-8736-f27f854f8c22/6
https://postera.ai/covid/submissions/714a760b-0e02-4b09-8736-f27f854f8c22/6


We can enumerate a huge variety of molecules that can be quickly 
synthesized by changing out the ingredients used in the final step



http://practicalcheminformatics.blogspot.com

PAT WALTERS

We can enumerate a huge variety of molecules that can be quickly 
synthesized by changing out the ingredients used in the final step



Folding@home can run relative alchemical free energy calculations at 
planetary scale, performing tens of thousands of transformations/week

Dominic Rufa 
Tri-I TPCB PhD student

perses: open source relative alchemical free energy calculations  
http://github.com/choderalab/perses 


Open Force Field Initiative OpenFF (“Parsley”) small molecule force field 
http://openforcefield.org + Hannah Bruce Macdonald 

William Glass 
Matt Wittman 
David Dotson

http://github.com/choderalab/perses
http://openforcefield.org


The progress bar 
measures the fraction 
of compounds we 
could synthesize that 
we’ve evaluated for 
each sprint



We generated a lot of data, which we have shared online via AWS

https://registry.opendata.aws/foldingathome-covid19/ 

https://covid.molssi.org//org-contributions/#folding--home 

https://registry.opendata.aws/foldingathome-covid19/
https://covid.molssi.org//org-contributions/#folding--home


free energy calculations can rapidly prioritize 
compounds from large virtual synthetic libraries

COVID Moonshot: [Moonshot] [Fragalysis] [Dashboard]

Can we engage S4 from this 5,000-compound virtual synthetic library varying R3?

top compounds from free energy calculations

parent compound

Top free energy calculation compounds and experimental affinity measurements:

http://postera.ai/covid
https://fragalysis.diamond.ac.uk/viewer/react/projects/765/559
https://fah-public-data-covid19-moonshot-sprints.s3.us-east-2.amazonaws.com/dashboards/sprint-5-dimer/sprint-5-dimer-x11498-dimer-neutral/index.html


Most ideas were bad ideas

better worse



Human chemists seem better than random,  
but it’s hard to get them to generate enough ideas

humans
computer



Sprint 5 
Science Dashboard

dashboard: https://tinyurl.com/fah-sprint-5-dimer 

Fragalysis viewer: https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mpro 

(compounds are 
currently being 

synthesized 
by Enamine)

https://tinyurl.com/fah-sprint-5-dimer
https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mpro


dashboard: https://tinyurl.com/fah-sprint-5-dimer 

Fragalysis viewer: https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mpro 

https://tinyurl.com/fah-sprint-5-dimer
https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mpro


we’re working to make these tools available in orion



Orally bioavailable inhibitor for therapeutic and prophylactic use

We are close to achieving our TPP objectives

Property Target range Progress March 2021

protease assay IC50 < 50 nM  
(compromise if clean and anti viral activity sufficient) 50nM (mean n=3)

viral replication  
(Vero-E6) EC50 < 0.2µM ~0.5 μM VeroE6 CPE

plaque reduction 
(Vero-E6, Calu-3) EC50 < 0.2µM ~0.25 μM Calu3 

PK-PD Cmin > EC90 (plaque reduction) for 24h Studies in progress

Coronavirus spectrum SARS-CoV2 B1.1.7 , 501.V2, B.1.1.248 variants essential  
SARS-CoV-1 & MERS desirable

Active against B1.1.7 , 501.V2 in cellular assays 
Compounds dispatched for panel testing (Takeda)

Route of administration oral Some oral exposure observed

solubility > 5 mg/mL, >100µM tolerable < 1mg/ml

half-life Ideally>= 8 h (human) est from rat and dog Rat 2h

safety

No significant protease activity >50% at 10μM (Nanosyn 61 protease panel) 
Only reversible and monitorable toxicities (NOAEL > 30x Cmax) 
No significant DDI - clean in 5 CYP450 isoforms 
Critical transporter check (e.g. OATP) 
hERG and NaV1.5 IC50 > 50 µM 
No significant change in QTc 
No mutagenicity or teratogenicity risk

Protease panel clean 
Eurofins / CEREP 44 target panel clean 
Cyp450: 1.8μM 2C9, 10μM 3A4 

Cardiotoxicity in vivo testing planned 
Live phase planned 
Ames planned



We have demonstrated antiviral activity agaisnt variants 

VeroE6 
CPE assays

Calu-3 
Plaque assay

EC50 = 1.57 uM

IC50 = 1.09 uM 
CC50 = >100 uM

IC50 = 0.986 uM 
CC50 = >100 uM

IC50 = 0.244 uM 
CC50 = 59.9 uM

EC50 = 1.2 uM EC50 = 0.482 uM

CVD-0013192 CVD-0014805 CVD-0013943
Activity of CVD-0013943 

other viral strains: 
B1.135  IC50 = 0.469 uM  
B1.1.7   ongoing 

other cell types 
Hela ACE2 IC50 = 3.58 uM 

other coronavirus strains 
OC43     IC50 = 3.82 uM  
MHV      ongoing 

Remdesivir CVD-0013943

2 µM

1 µM

0.1 µM

South African  
variant control 



We’re focusing into improving oral pharmacokinetics

Wistar rat Balb/c mouse

VeroE6 (CPE)

Calu-3 (PFU)

VeroE6 (CPE)

Calu-3 (PFU)

IV 2mg/kg

PO 10mg/kg



We’re lining up IND-enabling studies now

isoquinolines

quinolones

benzotriazoles
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XChem fragment-to-lead lead optimization pre-IND

Suite of optimized leads
trials

$350k, 30 groups $800k, 40 groups

(planning)

Apr ‘20 Sep ‘20 Jul ‘21 Mar ‘22

(exploring)Regulatory phase



The COVID Moonshot collaboration is worldwide
all contributors: https://tinyurl.com/covid-moonshot-authors   Matthew C. Robinson PostEra Inc.

Nir London The Weizmann Institute of Science
Efrat Resnick The Weizmann Institute of Science
Daniel Zaidmann The Weizmann Institute of Science
Paul Gehrtz The Weizmann Institute of Science
Rambabu N. Reddi The Weizmann Institute of Science
Ronen Gabizon The Weizmann Institute of Science
Haim Barr The Weizmann Institute of Science
Shirly Duberstein The Weizmann Institute of Science
Hadeer Zidane The Weizmann Institute of Science
Khriesto Shurrush The Weizmann Institute of Science
Galit Cohen The Weizmann Institute of Science
Leonardo J. Solmesky The Weizmann Institute of Science
Alpha Lee PostEra Inc.; University of Cambridge
Andrew Jajack PostEra Inc.
Milan Cvitkovic PostEra Inc.
Jin Pan PostEra Inc.
Ruby Pai PostEra Inc.
Tatiana Matviiuk Enamine Ltd
Oleg Michurin Enamine Ltd
Marian Gorichko Taras Shevchenko National University of Kyiv
Aarif Shaikh Sai Life Sciences
Jakir Pinjari Sai Life Sciences
Vishwanath Swamy Sai Life Sciences
Maneesh Pingle Sai Life Sciences
Sarma BVNBS Sai Life Sciences
Anthony Aimon Diamond Light Source Ltd; Research Complex at Harwell
Frank von Delft Diamond Light Source Ltd; University of Oxford; Research Complex at Harwell; 
Daren Fearon Diamond Light Source Ltd; Research Complex at Harwell
Louise Dunnett Diamond Light Source Ltd; Research Complex at Harwell
Alice Douangamath Diamond Light Source Ltd; Research Complex at Harwell
Alex Dias Diamond Light Source Ltd; Research Complex at Harwell
Ailsa Powell Diamond Light Source Ltd; Research Complex at Harwell
Jose Brandao Neto Diamond Light Source Ltd; Research Complex at Harwell
Rachael Skyner Diamond Light Source Ltd; Research Complex at Harwell
Warren Thompson Diamond Light Source Ltd; Research Complex at Harwell
Tyler Gorrie-Stone Diamond Light Source Ltd; Research Complex at Harwell
Martin Walsh Diamond Light Source Ltd; Research Complex at Harwell
David Owen Diamond Light Source Ltd; Research Complex at Harwell
Petra Lukacik Diamond Light Source Ltd; Research Complex at Harwell
Claire Strain-Damerell Diamond Light Source Ltd; Research Complex at Harwell
Halina Mikolajek Diamond Light Source Ltd; Research Complex at Harwell
Sam Horrell Diamond Light Source Ltd; Research Complex at Harwell
Lizbé Koekemoer University of Oxford
Tobias Krojer University of Oxford
Mike Fairhead University of Oxford
Beth MacLean University of Oxford
Andrew Thompson University of Oxford
Conor Francis Wild University of Oxford
Mihaela D. Smilova University of Oxford
Nathan Wright University of Oxford
Annette von Delft University of Oxford
Carina Gileadi University of Oxford
Victor L. Rangel School of Pharmaceutical Sciences of Ribeirao Preto
Chris Schofield University of Oxford
Tika R. Malla University of Oxford
Anthony Tumber University of Oxford
Tobias John University of Oxford
Ioannis Vakonakis University of Oxford
Anastassia L. Kantsadi University of Oxford
Nicole Zitzmann University of Oxford
Juliane Brun University of Oxford
J. L. Kiappes University of Oxford
Michelle Hill University of Oxford
Finny S. Varghese Radboud University Medical Center
Ronald P. van Rij Radboud University Medical Center
Gijs J. Overheul Radboud University Medical Center
Susana Tomásio Collaborative Drug Discovery
Charlie Weatherall Collaborative Drug Discovery
Mariana Vaschetto Collaborative Drug Discovery

Hannah Bruce Macdonald Memorial Sloan Kettering Cancer Center
John D. Chodera Memorial Sloan Kettering Cancer Center
Dominic Rufa Memorial Sloan Kettering Cancer Center
Matthew Wittmann Memorial Sloan Kettering Cancer Center
Melissa L. Boby Memorial Sloan Kettering Cancer Center;Weil Cornell Medical College
William G. Glass Memorial Sloan Kettering Cancer Center
Peter K. Eastman Stanford University

Joseph E. Coffland Cauldron Development
Ed J. Griffen MedChemica Ltd
Willam McCorkindale University of Cambridge
Aaron Morris PostEra Inc
Robert Glen University of Cambridge
Jason Cole Cambridge Crystallographic Datacentre
Richard Foster University of Leeds
Holly Foster University of Leeds
Mark Calmiano UCB
Rachael Tennant Lhasa Ltd. UK
Jag Heer UCB
Jiye Shi UCB
Eric Jnoff UCB
Matthew F.D. Hurley Temple University
Bruce A. Lefker Thames Pharma Partners LLC
Ralph P. Robinson Thames Pharma Partners LLC
Charline Giroud University of Oxford
James Bennett University of Oxford
Oleg Fedorov University of Oxford
St Patrick Reid Department of Pathology and Microbiology
Melody Jane Morwitzer Department of Pathology and Microbiology
Lisa Cox Life Compass Consulting Ltd
Garrett M. Morris University of Oxford
Matteo Ferla University of Oxford
Demetri Moustakas Relay Therapeutics
Tim Dudgeon Informatics Matters
Vladimír Pšenák M2M solutions, s.r.o
Boris Kovar M2M solutions, s.r.o
Vincent Voelz Temple University
Warren Thompson Diamond Light Source Ltd; Research Complex at Harwell
Anna Carbery University of Oxford;Diamond Light Source
Alessandro Contini University of Milan
Austin Clyde Argonne National Laboratory
Amir Ben-Shmuel Israel Institution of Biological Research
Assa Sittner Israel Institution of Biological Research
Boaz Politi Israel Institution of Biological Research
Einat B. Vitner Israel Institution of Biological Research
Elad Bar-David Israel Institution of Biological Research
Hadas Tamir Israel Institution of Biological Research
Hagit Achdout Israel Institution of Biological Research
Haim Levy Israel Institution of Biological Research
Itai Glinert Israel Institution of Biological Research
Nir Paran Israel Institution of Biological Research
Noam Erez Israel Institution of Biological Research
Reut Puni Israel Institution of Biological Research
Sharon Melamed Israel Institution of Biological Research
Shay Weiss Israel Institution of Biological Research
Tomer Israely Israel Institution of Biological Research
Yfat Yahalom-Ronen Israel Institution of Biological Research
Adam Smalley UCB
Vladas Oleinikovas UCB
John Spencer University of Sussex
Peter W. Kenny
Benjamin Perry DNDi
Walter Ward Walter Ward Consultancy and Training
Emma Cattermole University of Oxford
Lori Ferrins Northeastern University
Charles J. Eyermann Northeastern University
Bruce F. Milne University of Coimbra

https://tinyurl.com/covid-moonshot-authors


THANK YOU!
preprint: https://doi.org/10.1101/2020.10.29.339317 
contributors: https://tinyurl.com/covid-moonshot-authors   
twitter: https://twitter.com/covid_moonshot  
slides: http://choderalab.org/news 
Moonshot data: http://postera.ai/covid 
Folding@home data: http://covid.molssi.org  
funding: Diamond, Oxford COVID Response Fund, Weizmann, PostEra, MSKCC, NSF, 
   DNDi, LifeArc, Wellcome Trust TEP Strategic Award, and so many in-kind contributions

Now, I’d like to answer questions from the audience…

https://doi.org/10.1101/2020.10.29.339317
https://tinyurl.com/covid-moonshot-authors
https://twitter.com/covid_moonshot
http://choderalab.org/news
http://postera.ai/covid
http://covid.molssi.org


Planned in vivo efficacy 27

D0 D1 D2 D3

n=6

Vehicle group

n=6
Prophylactic group

Model:  K18-hACE2 model 
Readout: SARS-CoV-2 Viral load lungs  
  (left lung, day 3) 
   Lung pathology (day 3) 
   Weight 
     

In collaboration with Kris White and Adolfo Garcia-Sastre (Mount Sinai)



Parallel efforts (exemplars)

3CL Mpro small molecules projects 

Pharma efforts  
Pfizer   Phase 1 (estimate) peptidomimetic / covalent   IV only 
Sosei/Heptares  Late lead op     oral 
Novartis   Lead op  both covalent/non covalent  oral 
Takeda   Lead op  covalent    oral 
  
Academic effort:  
Hilgenfeld/IMI  Lead op  presumably covalent peptidomimetic  IV 

Polymerase small molecules projects 
Merck/Ridgeback Phase 2    Molnupiravir (EIDD-2801)  oral  
Roche/Atea Phase 2  AT-527    oral 

Other targets (e.g. Helicase) 
Takeda   Hit to lead  both covalent/non covalent   oral 



Moonshot assets 29

Nothing to lose and (apparently) inexhaustible goodwill 
• Effortless recruitment of collaborators 
• No bureaucratic and legal delays 
• Extensive donations – cash, labs, time, intellectual input, licenses 

Extensive antiviral network 
• Cellular assays in place 

• Multiple cell types (VeroE6, Calu-3, A549, hACE overexpressed, Pneumocytes) 
• Novel strains (UK/SA/Brazilian strain) 
• Pan-corona activity (MHV, MERS, SARS, OC43) 

• In vivo efficacy lined up 
• Mouse (Mount Sinai, IIBR) 
• Hamster (PHE, Madison) 
• Ferrets (Wendy Barclay, Imperial) 

Experienced MedChem team 
• Cumulative 100s of years of big pharma experience 

Rapid-throughput early screening cascade  
• Weekly measurements for biochemical assays (2x) – immediately public on PostEra 
• Rapid co-crystal structures (~250) – immediately public on Fragalysis 
• Weekly antiviral CPE measurements (IIBR) 

Logistical hubs 
• Data: Postera website, CDD Vault, Fragalysis Cloud (structures) 
• Compound handling:  Enamine 
• Compute:  Folding@Home globally distributed exaflop supercomputer


