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An open science collaboration to develop an orally bioavailable
inhibitor of SARS-CoV-2 main viral protease

DISCLOSURES:
Scientific Advisory Board: OpenEye Scientific, Redesign Science®, Interline Therapeutics®

All funding: http://choderalab.org/funding
* denotes equity interests ACS Spring 2021 meeting - 5 Apr 2021



http://choderalab.org/funding
http://choderalab.org/funding
http://postera.ai/covid
http://choderalab.org/news
http://postera.ai/covid
http://choderalab.org/news

The SARS-CoV-2 main viral protease (Mpro)
Is essential for a key stage in the viral life cycle

Mpro

also: nsp5, 3CLPro
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Viuch of the world will not receive vaccines unti

well into 2023, and variants are already a problem

Rich countries will get access to coronavirus vaccines earlier than others

When will widespread
vaccination coverage
be achieved?

B By late 2021
2 By mid-2022
7 By late 2022
B From early 2023 onwards

Accurate as at January 22nd, 2021 .
Source: The Economist Intelligence Unit. https://www.eiu.com/n/85-poor-countries-will-not-have-access-to-coronavirus-vaccines/
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Drug repurposing is an appealing idea,

4 & but it has never worked.
- JCIM s -

pubs.acs.org/jcim

What Are the Odds of Finding a COVID-19 Drug from a Lab
Repurposing Screen?
Aled Edwards™

Cite This: J. Chem. Inf. Model. 2020, 60, 5727-5729 I: I Read Online

ACCESS | Wil Metrics & More | [@5 Article Recommendations
ABSTRACT: Massive drug repurposing (or repositioning) | Hypothesis-free drug repositioning approaches

campaigns are trying to find potential antiviral treatments for
COVID-19. Many involve experimental or virtual screening of
libraries of compounds previously proven safe in humans—"old
drugs”. In 20 years of these efforts in many other diseases, never has
a new therapeutic hypothesis derived from screening of old drugs in
a lab led to the drug being approved for the new indication.

\(\%

Time and cost

No documented successes Some successes

https://pubs.acs.org/doi/abs/10.1021/acs.jcim.0c00861

AIdhEdwards
SGC Toronto
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Mpro active site is so highly conserved,

it makes for an appealing pan-coronavirus target

active site

coronavirus main protease catalytic site
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CVHSA TLHCMPYFNSCHHMELPHDQQO CVHSA [Human SARS coronavirus (SARS-CoV) (Severe acute respiratory syndrome coronavirus)
! BCRP3 TLHCMPYFNSCHHMELPHDQOQ BCRP3  |Bat coronavirus Rp3/2004 (BtCoV/Rp3/2004) {SARS-like coronavirus Rp3)
| BCHK3 TLHCMPYFNSCHHMELPHDQQO BCHK3 |Bat coronavirus HKU3 (BtCoV) (SARSHike coronavirus HKU3)
« BC279 TLHCMPYFNSCHHMELPHDQQ | BC279 |Bat coronavirus 279/2005 (BtCoV) (BtCoV/279/2005)
SARS2 3 TLHCMPYFNSCHHMELPHDOQO ; SARS2 |Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2)
BCHK9 MLHCLPYFCSCHQLELPHDQQ BCHK9 |[Bat coronavirus HKUS (B8tCoV) (BtCoV/HKUS)
J BC133 MLHCLPYFCSCHOMELSHDQQ BC133 |Batcoronavirus 133/2005 (BtCoV) (BtCoV/133/2005)
, | BCHK4 MLHCLPYFCSCHQOMELSHDQQ | |BCHK4 |Batcoronavirus HKU4 (BtCoV) (BtCoV/HKU4/2004)
! BCHKS MLHCLPYFCSCHOMELSHDOQ | [BCHKS [8at coronavirus HKUS (BtCoV) (BtCoV/HKUS/2004)
i ! -~ CVEMC MLHCLPYFCSCHOMELAHDQQO CVEMC |Middle East respiratory syndrome-related coronavirus (Human coronavirus EMC)
Betacoronavirus — CVHOC MLHCMPYFCSCHQLELSHDQQ | [GVHOC [Human coronavirus OC43 (HCoV-OC43)
! CcVvBQ MLHCMPYFCSCHQLELSHDQQ CVBQ  |Bovine coronavirus (strain Quebec) (BCoV) (BLV)
1 CVBM MLHCMPYFCSCHQLELSHDQQ CVBM  |Bovine coronavirus (strain Mebus) (BCoV) (BCV)
| ' CVBLU MLHCMPY FCSCHQLELSHDQQ CVBLU |Bovine coronavirus (strain SBTXSF-110-LUN) (BCoV-LUN) (BCV)

Residue Styles

|

+ CVBEN MLHCMPYFCSCHQLELSHDQQ CVBEN |Bovine coronavirus (strain 98TXSF-110-ENT) (BCoV-ENT) (BCV)

3
-3
-3
5
a

' CVHN2 MLHCMPYFCSCHQLELSHDQQ CVHN2 |Human coronavirus HKU1 (isolate N2) (HCoV-HKU1) O backbo
! CVHNS MLHCMPYFCSCHQLELSHDQQ | |CVHNS [Human coronavirus HKU1 (isolate NS) (HCoV-HKU1)
! CVHN1 MLHCMPYFCSCHQLELSHDQQ | [CVHN1 [Human coronavirus HKU1 (isolate N1) (HCoV-HKU1) {:}
' VM2 MLHCMPY FCSCHQLELSHDQQ CVM2  |Murine coronavirus (strain 2) (MHV-2) (Murine hepatitis virus)
-4 CVMIH MLHCMPYFCSCHQLELSHDQOQ | [cvMIH [Murine coronavirus (strain JHM) (MHV-1HM) (Murine hepatitis virus)
- CVMAS MLHCMPYFCSCHQLELSHDQQ | [cvMAS [Murine coronavirus (strain AS9) (MHV-AS59) (Murine hepatitis virus) {:}
- | BCS512 LLHANIYFSACHHLELGHDPQ | 8512 [Batcoronavirus 512/2005 (BtCoV) (BtCoV/512/2005)
1 | CVPPU NLHARIYFATCHHLELGHDFPQ CVPPU __ |Porcine transmissible gastroenteritis coronavirus (strain Purdue) (TGEV) O water
Aloh - FIPV NLHARIYFATCHHLELGHDPQ | [fpy [reline coronavirus (strain FIPV WSU-79/1146) (FCoV)
phacoronavirus — PEDV7 MLHASIYFNACHQLELGHDFPQ | [peov7  |Porcine epidemic diarrhea virus (strain CV777) (PEDV) — Interaction Styles —
1 [ CVHNL TLHAVIYFNACHQIELGHDPQ CVHNL |Human coronavirus NL63 (HCoV-NLG3) O Vgand sccaptor
. —— wz | TLHASTIYENACHOTELGHDPO | [cvis [Human coronsvirus 29€ (HEov-2306
ANFIIPPeIILc32858R528 — SARS-CoV-2 -~ HCoV-OC43 ) memre
=T TE2R02323838358460 — SARS-CoV  — HCoV-HKU1 M\—\@
SARS-CoV-2 [7bay) residue numbering__| — MERS-CoV  — HCoV-NL63 O == ]
-~ HCoV-229E O

Yazdani et al. Methods of Mapping Genetic Variability onto SARS-CoV-2 Protein Crystal Structures. Zenodo; 2020. https://doi.org/10.5281/zenodo.3834875
Roe et al. Journal of General Virology. 2021; p. 001558. https://doi.org/10.1099/jgv.0.001558
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i
Previously known Mpro inhibitors were peptldomlmetlcs

which are difficult to develop into useful oral drugs

Liu et al. Eur J Med Chem 206:112711, 2020

Known inhibitors were also covalent inhibitors,
which can run into selectivity problems against host proteases



9
Oral (not intravenous) Mpro inhibitors are needed §*

to impact the course of disease

Virus no longer drives disease
Antivirals less effective
Hospitalized, so access to |V drugs

—>

Oral antiviral
Window of opportunity

all IV dosing
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Muge Cevik et al. BMJ 2020;371:bmj.m3862
https://doi.org/10.1136/bmj.m3862
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Drug discovery is usually a long and expensive process

Early Discovery: 2-5y - $4M Development:5-10y - $40M

S4AM $13M $20M Licensing: 1-2 y, $2M

Xm Xm-2y 1-4y Sine die..., $20M
e —— | S ———

TargetiD | . Lead b Phase | (FTIH) » Phase Il (PoC) Phase Il Q Phase IV
Target Validation ; y P & » FirstTime > Proof Multicenter Postmarketing
Target selection | -/ Candidate 4 7 inHumans =~ of Concept Trials Surveillance

N\

Candidate Molecule Drug Drug Drug Drug
Effective in 5“““3' -' els [| safe Safe in Effective Effective MEDICINE

humans in X00 humans in X000 humans

https://doctortarget.com/machine-learning-applied-drug-discovery/

How can we drastically cut down this timeline
and ensure we will succeed?
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Dlamond Light Source prosecuted a hlgh-throughpu 4

X-rav fragment screen in a matter of weeks

33808

W — No compound
— A13
:E' 4x107
§ 080 "
~ 3 oy POM-010276¢
33000 . 3400 | 00 wa
m.ass [Da]
February 14 February 20
ol n'\ggigﬁéogegjece : Atomic resolution Covalent screen finds 150
roau - . .
0 BlEreie &6 o structure of the active site hits
COVID shutdown of protease determined 40 hit idated
Haitao Yang lab in Shanghai ItS valldale

Martin Walsh Nir London

1,900 érystals
collected in one day (!)

/8 fragmént-bound
structures solved
and released to the web

48 covalent fragments
/1 active site fragments
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https://www.diamond.ac.uk/covid-19/for-scientists/Main-protease-structure-and-XChem.html
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Protein érystars 1/10th of a millimetre are

grown

In Mmicroscopic drops no larger than 1 mm.

diamond

Light for Science



A set of 3600 X-ray diffraction images of the protein crystal di 4
are rapidly collected as it is rotated in the X-ray beam. U;h?g‘g:]w
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https://www.nature.com/articles/s41467-020-18709-w
https://www.nature.com/articles/s41467-020-18709-w
https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mpro
https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mpro

Which strategies would most quickly get us from

fragment structures all the way to a useful drug? N .
Nir London

Weizmann Institute
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gaset up the COVID Moonshot website

COVID Moonshot Alpha Lee

Cambridge/PostEra

Design a Compound, We Will Make It

After drawing the molecule, you will be asked for details on your design. After results are collected, we will prioritize
compounds and send them out for synthesis and testing [see details]. There will be several rounds of design; the second
round closed Thursday, April 2, 11:59 PM PST. Results will be posted live as we receive them so stay tuned!

View already submitted molecules here. Join the discussion with scientists around the world on our forum.

Draw or enter SMILES (add multiple by pressing "Add" after each entry)
SMILES

SO0 0CALIOO | &

Contact Information

Name* Affiliation

Background

Please specify the rationale in some detail (by eye, docking, FEP, ...)
Add any notes or special considerations regarding your compound (complex sythesis required, past experience, ...)
If there are other compounds related to your main structure, submit them as a comma separated list of SMILES

= [
./ / t / d Please specify which fragments were used as inspiration (e.g. X_0072, X_0161)
htt p = p 0 S e ra = a I c OVI A PDB of the bound structure from simulations is optional
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9 The COVID Moonshot adopted a global open science,
patent-free, collaborative approach to drug discovery

Open science COVID Moonshot)

http://postera.ai/covid



http://postera.ai/covid
http://postera.ai/covid

MANY OTHERS Crowd-Sourcing Foldinga@home and AWS MedChemica
GLOBAL GLOBAL GLOBAL UNITED KINGDOM

See Authors List Medicinal chemistry designs Computational Resources Medicinal chemistry

Northeastern UCB Pharma | Diamond Light Source
UNITED STATES BELGIUM . UNITED KINGDOM

Medicinal Chemistry and ADME Medicinal Chemistry and Protein production
- Crystallography

University of Chicago e o gy g | o~ Oxford
P g ST g { ol 7y S UNITED KINGDOM
Antiviral Assays | ; & o A 4 Sy | | NMR

Protease Assays
Antiviral Assays

NITED STATES
. Target Engagement Assays

Antiviral Assays
Enamine
g { . UKRAINE
UNITED STATES U A\ _ A E Nt Chemical synthesis + ADMET
Machine learning, Project '. “« - X N
Management and Infrastructure r w | ( Mgl n X WuXi

CHINA
Chemical synthesis

Memorial Sloan Ketteri
UNITED STATES

Drug binding simulations
ug binding . Weizmann Institute of Science

| Y - ISRAEL
Imperial College London Radboud Universi Sai Life Sciences lIBR Covalent screening

UNITED KINGDOM NETHERLANDS INDIA ISRAEL SGEES
Design and Antiviral Assays Antiviral Assays Chemical synthesis Antiviral Assays Protease assay




London Lab
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646 PM - 18 Mar 2020
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* ...and there was overwhelming response

*> /7,000 Designs
* > 350 Designers
ke First 850 compounds made
and tested
* Hits in the uM range




0 PostEra’s synthetic route prediction Al identified which
e designs could be synthesized by CROs in a matter of hours

MOLECULE DETAILS

MAT-POS-b3e365b9-1 RIEIEI S : . C.ROS
CRO catalogue-aware optimal synthetic route donating effort
Synthetic Steps |
Reaction 1: Amidation ® E n a m I n e

* WuXi
e Sai

http://postera.ai/manifold

CCCCCCCCCC

MANIFOLD

Synthesis and Search
across every available molecule

: : : Schwaller et al. ACS Central Science 5:9, 2019
http://postera.ai/covid * free for academics! https://pubs.acs.org/doi/10.1021/acscentsci.9b00576
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% In afirst for a drug discovery project, all data
g _was Immediately reported back to the community

@ PostEra | COVID-19 X +

& covid.postera.ai/covid * O GO I H G ~ | 3] O

(}OPOSJ[EIQ Home Submit Submissions ~ About - Discuss | Log In Sign Up

Help us Fight Coronavirus

Contribute your expertise to design inhibitors of the SARS-CoV-2 main protease

Check out our new data:

Acti\/[ity Data (I3  Structures [
N

We are an international group of scientists from academia and industry trying to do our small part to help combat COVID-19. This
effort began when Chinese scientists worked rapidly to determine the structure of the novel SARS-CoV-2 main protease (MP),
which triggered a massive crystal-based fragment screen at the XChem facility at UK's Diamond Light Source. With the same

urgency, we are now trying to progress these data towards what is desperately needed: effective, easy-to-make anti-COVID drugs.

We welcome contributions of many forms including scientific expertise, experimental capabilities, and indeed donations to make
this possible.

If v~y e~ a erimentalist with hands to lend, especially a Virologist with live assays, please emall us. If you wish to make a
i eP I i ution to help make and test more compounds, please see our donation page. If you have expertise in designing

http://postera.ai/covid
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Diamond XChem’s automated beamline enabled
#h us to turn structures around in days

M Inbox - saron.momis@posteraa X | se Random/Ad-Hoc - Asana X | B# Instances | EC2 Management Co: X | @& Campaign Builder - Template De X ] afl Classifier comparison —scikit-le X @ PostEra | COVID-19 X @ Mpro: Fragalysis X ‘ + O

« - C @ postera.ai/covid w 6 ©® o

Other bookmarks

i3 Apps M: Marcus || PostEraNews || FastAl YC Bookface &% Asana . Brex Account SVB Account m Desiring God @ WeWorkMembers E Online Prescriptions

Cz'OPOS{’E:l’CL Home Submit Submissions ¥ About ~ Discuss Log In Sign Up

Help us Fight Coronavirus

Contribute your expertise to design inhibitors of the SARS-CoV-2 main protease

Check out our new data:

Activity Data [ New | Strucﬁjres [ New |

We are an international group of scientists from academia and industry trying to do our small part to help combat COVID-19. This
effort began when Chinese scientists worked rapidly to determine the structure of the novel SARS-CoV-2 main protease (MP™), which
triggered a massive crystal-based fragment screen at the XChem facility at UK’s Diamond Light Source. With the same urgency, we

are now trying to progress these data towards what is desperately needed: effective, easy-to-make anti-COVID drugs.

We welcome contributions of many forms including scientific expertise, experimental capabilities, and indeed donations to make this
possible.

If you are an experimentalist with hands to lend, especially a Virologist with live assays, please email us. If you wish to make a financial
contribution to help make and test more compounds, please see our donation page. If you have expertise in designing compounds,
please keep reading and submit your designs below.

Progress

The XChem screening experiment at Diamond, combined with a mass spectrometry screen of covalent fragments in the London Lab

at the Weizmann Institute (Israel), is detailed here, and yielded over 60 fragment hits directly with structures of fragment-protein .
e from the website, as are links to interactive 3D s on the Fragalysis Cloud platform, where you

s A i e = |~

- 18:59
-l © Type here to search O &5 K’ <l © = ”

—

(7 dx  Sunday EZZ
10/05/2020

http://postera.ai/covid
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Crowdsourcing generated a number of novel chemical
series by fragment merging

y -

Contributor: Tryfon Zarganis - Tzitzikas, University of Oxford, TDI MedChem 100
Design Rationale: = ]
The design of the molecules was done by superimposing the different fragments from the crystal structures (by eye). NS — 7 5 7 O
The reactions should be fairly easy urea formation or amide coupling all from readily available starting materials. - ﬁ
Fragments used for the conception of the ideas are the following x0107, x0434, x0678, x0748, x0995, x1382 - 5 0
Inspired By: O HN
3
~ TRY-UNI-714a760b-6 —
f— ' i ’ N -E 25 -
o : ‘ ~ i CclcenccINC(=0)Ccl -—
LA O . AT Qo
Q, <\ / @‘{{ i . ..JL., cccc(Cl)cl 0
ALE-HEI- AAR-POS- AAR-POS- MAK-UNK- AAR-POS- gg 25
f28a35b5- d2aad1df- Odaféb7e- 6435e6¢2- d2add1df- Assayed T T T T
: t z : " 0.1 1 10 100
Concentration (M)




Crowdsourcing yielded multiple lead series

3-aminopyridines Ugis quinolones benzotriazoles

htt :/[postera.ai/covid [As of 16 Mar 2021]
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Crowdsourcing yielded multiple lead series

3-aminopyridines Ugis quinolones benzotriazoles

Fnt vostera.ai/covid

[As of 16 Mar 2021]
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Drug discovery is usually a long and expensive process

Early Discovery: 2-5y - $4M Development:5-10y - $40M

S4AM $13M $20M Licensing: 1-2 y, $2M

Xm Xm-2y 1-4y Sine die..., $20M
e —— | S ———

TargetiD | . Lead b Phase | (FTIH) » Phase Il (PoC) Phase Il Q Phase IV
Target Validation ; y P & » FirstTime > Proof Multicenter Postmarketing
Target selection | -/ Candidate 4 7 inHumans =~ of Concept Trials Surveillance

N\

Candidate Molecule Drug Drug Drug Drug
Effective in 5“““3' -' els [| safe Safe in Effective Effective MEDICINE

humans in X00 humans in X000 humans

https://doctortarget.com/machine-learning-applied-drug-discovery/

How can we drastically cut down this timeline
and ensure we will succeed?
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Every real drug discovery project needs a target product __Be
profile (TPP) to know what we are aiming to achieve

i

{

Ed Griffen

-rr

TPP for 5-day oral antiviral course following exposure, SARS-CoV-2 PCR+, or onset of symptoms Medchemica

Property
protease assay

viral replication
plaque reduction

Coronavirus spectrum

route of administration

solubility

half-life

safety

MedChemica

CREATING A STEP CHANGE IN MEDICINAL CHEMISTRY

Target range

|C50 <50 nM

ECso < 0.2uM
EC50 < O.2|J.|\/|

SARS-CoV2 B1.1.7,501.V2, B.1.1.248 variants essential,
SARS-CoV1 & MERS desirable

oral

>5 mg/mL, >100uM tolerable

ldeally>= 8 h (human) est from rat and dog

Only reversible and monitorable toxicities

No significant DDI - clean in 5 CYP450 isoforms
hERG and NaV1.5 ICso > 50 uM

No significant change in QTc

Ames negative

No mutagenicity or teratogenicity risk

Rationale

Extrapolation from other anti-viral programs

Suppression of virus at achievable blood levels
Suppression of virus at achievable blood levels

Treat vaccine resistant variants and future pandemic preparation.
bid/tid(qgid)- compromise PK for potency if pharmacodynamic effect achieved

Aim for biopharmaceutical class 1 assuming <= 750 mg dose

Assume PK/PD requires continuous cover over plaque inhibition for 24 h

No significant toxicological delays to development
DDI aims to deal with co-morbidities / combination therapy,

cardiac safety for COVID-19 risk profile
Low carcinogenicity risk reduces delays in manufacturing

Patient group will include significant proportion of women of childbearing age

COVID Moonshot

@) fpem diamond



Our assay cascade is designed to allow us to rapidly
make progress against our TPP objectives

Synthesis

Compound design
e,

—

© MeoRapidFie | x | Does it inhibit Mpro? How does it bind?
) Does it enter cells and inhibit Mpro?
In vitro ADME — thermodynamic solubility, logD, intrinsic DOeS |t have 3 chance Of Working in humans?

clearance, and plasma protein binding

1

~ Plague Reduction Viral Replication | | Calu-3 CCSO

Does it kill virus in infected cells,

By ECy, ) | '~ sparing healthy cells?
Further in vitro profiling — Caco-2, MDCK-MDR1, mouse . .
liver microsomal stability, CYP inhibition and induction DOeS It have d faVOrable safety prOflle?
Is it orally bioavailable at
required concentrations?

Assay components donat
groups and CROs around the wc



The med chem design team brought >100 years ™

of industry med chem experience to bear v
Ed Griffen

Medchemica

~ ~— /
.. : /
~ S U"V\*g? At~
N \ : v ’

3-aminopyridines Ugis quinolones benzotriazoles
948 compounds 403 compounds 86 compounds 42 compounds
(primary series) (backup series) (backup series) (backup series)

258 X-ray structures (and rapidly growing)
L, >25% of all SARS-CoV-2 structures!
F\ttgzllgostera.ailcovid [As of 16 Mar 2021]

- il
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>300 aminopyridine
compounds
synthesized

. ) 3-aminopyridines provide a potent P1-P2 scaffold
" capable of accessing P4 and P1’ pockets

http://postera.ai/covid

4
|C5O=306].l M

\ IC..,=260 nM
P4

o

O
o

IC,= 105 nM

IC,=270 nM
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L

Optimization of the P1-P2 scaffold resulted in mcredlbly

votent compound with ~0.5 uM antiviral activit

2 o 00 o QO

NH Os_NH 0. NH -
E: 1 Lead compound active
Cl Cl : _ _
\©\/Oj against live SARS-CoV-2
O
G RY-UNI-714a7600-6  ADA-UCB-6c2cb422-1 VLA-UCB-1dbcadbd-15 MAT-POS-b3636509-1  PET-UNK-29afea8o-2 150— _
IC5,=360 nM IC5p=140 nM ICso= 80 nM T
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How can we design optimal P1’/P4 substituents?

http://postera.ai/covid
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Our lab had started to use Folding@home to aid experimental

collaborators in pursuing COVID-19 drug discovery projects

FOLDING s
@HOME

0S Type Native TFLOPS® x86 TFLOPS" Active CPUs Active Cores Total CPUs
Windows 857 857 67467 187,104 5,857,235
Mac OS X 91 91 8,083 85,382 217033
Linux 87 87 6,383 26,457 882,200
NVIDIA GPU 1 2 4 4 348371
ATl GPU 10,243 21,613 7,178 7178 426,335
NVIDAI Fermi GPU 36,065 76,097 21,570 21,587 624822
Total 47,344 98,747 110,685 327,712 8,555,996

1924085 people have non-anonymously contributed to Folding@home.

Table last updated at Sat, 19 Oct 2019 18:23:11

~100 pflop/s!




We built the first exaFLOP/s computing platform

as the public joined in our effort

FOLDING@HOME TAKES UP THE
:Ig‘lll‘; AGAINST COVID-19 / 2019-

February 27, 2020
by Greg Bowman

We need your help! Folding@home is joining researchers around the world working |.M.E pre d iC ts

to better understand the 2019 Coronavirus (2019-nCoV) to accelerate the open Evidence suggests U.N. releases $6.7B

science effort to develop new life-saving therapies. By downloading FoldingaHome, g lobal economic hYdfOXYCh' oroqu ine plan to ﬁght COvID

you can donate your unused computational resources to the Foldingahome wnturn ‘ . | i i
Consortium, where researchers working to advance our understanding of the do o is not effective In fragile countries
structures of potential drug targets for 2019-nCoV that could aid in the design of new U.S. leads

therapies. The data you help us generate will be quickly and openly disseminated as ; Olvmpics .
part of an open science collaboration of multiple laboratories around the world, 1.2E6 fe;l C hg duled in COVID cases

1.0E6 for 2021

(>80,000)

giving researchers new tools that may unlock new opportunities for developing
lifesaving drugs.

2019-nCoV is a close cousin to SARS coronavirus (SARS-CoV), and acts in a similar
way. For both coronaviruses, the first step of infection occurs in the lungs, when a
protein on the surface of the virus binds to a receptor protein on a lung cell This viral
protein is called the spike protein, depicted in red in the image below. and the
receptor is known as ACE2. A therapeutic antibody is a type of protein that can block
the viral protein from binding to its receptor, therefore preventing the virus from
infecting the lung cell A therapeutic antibody has already been developed for SARS-
CoV, but to develop therapeutic antibodies or small molecules for 2019-nCoV,
scientists need to better understand the structure of the viral spike protein and how it
binds to the human ACE2 receptor required for viral entry into human cells. 0.2E6

Proteins are not stagnant—they wiggle and fold and unfold to take on numerous
shapes. We need to study not only one shape of the viral spike protein, but all the 0.0E6

ways the protein wiggles and folds into alternative shapes in order to best

understand how it interacts with the ACE2 receptor, so that an antibody can be 3/04 3/14 3/24 04/03 4/13 4/23 5/03 5/13 5/23
designed. Low-resolution structures of the SARS-CoV spike protein exist and we

know the mutations that differ between SARS-CoV and 2019-nCoV. Given this https://doi.org/10.1101/2020.06.27.175430 D a te

information, we are uniquely positioned to help model the structure of the 2019-nCoV

spike protein and identify sites that can be targeted by a therapeutic antibody. We

can build computational models that accomplish this goal, but it takes a lot of

computing power,

0.8E6
W.H.O. declares
0.6E6 COVID-19 a

pandemic
0.4E6

F@H Users
COVID-19 Cases

This is where you come in! With many computers working towards the same goal. we
aim to help develop a therapeutic remedy as quickly as possible. By downloading
Folding@home here [LINK] and selecting to contribute to "Any Disease”, you can help
provide us with the computational power required to tackle this problem. One protein
from 2019-nCoV., a protease encoded by the viral RNA, has already been crystallized.
Although the 2019-nCoV spike protein of interest has not yet been resolved bound to
ACE2, our objective is to use the homologous structure of the SARS-CoV spike
protein to identify therapeutic antibody targets.




There are multiple design vectors to explore

fragment-drived _ipspiration 3-a m i NO pyr i d i ne

scaffold interactions
(264 assayed compounds in series)

fragment merger produced
initial lead compound
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We can enumerate a huge variety of molecules that can be quickly
synthesized by changing out the ingredients used in the
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Folding@home can run relative alchemical free energy calculations at

planetary scale, performing tens of thousands of transformations/week

Dominic Rufa
Tri-1 TPCB PhD student

nonequilibrium alchemical retrospective performance on
constrained enumeration of selection of pose i 3-aminopyridine lead series
X-ray structure as reference : : P free energy calculation Py
poses for proposed molecule with best docking score final posed structure
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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 Dotcon
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The progress bar
measures the fraction
of compounds we
could synthesize that
we’ve evaluated for
each sprint




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

Folding@home hd
@foldingathome

e

Replying to @foldingathome @covid_moonshot and @EnaminelLtd

The first @covid_moonshot sprint was a huge success!
Your GPUs worked through 2,353,512 work units of small
molecules binding to the #COVID19 main protease.
That's nearly 10 milliseconds of simulation time!

Progress on the current Sprint 1 to evaluate a batch of potential drugs Started Sun
Jul 26 06:31:13 UTC 2020

7

8:52 AM - Aug 17, 2020 - TweetDeck

https://reqistry.opendata.aws/foldingathome-covid19/
https://covid.molssi.org//org-contributions/#folding--home
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FREE ENERGY CALCULATIONS CAN RAPIDLY PRIORITIZE
COMPOUNDS FROM LARGE VIRTUAL SYNTHETIC LIBRARIES

Wpound

Can we engage S4 from this 5,000-compound virtual synthetic library varying R3 ;j\ @
/“\/lf:l\ t alkylati /HD\ nnnnnnnnn )‘\y/©\ Pd catalysed coupling Ry ”N X, = |c50 o 25*%.\

TRY-UNI-714a760b-6 w@
Top free energy calculation compounds and experimental affinity measurements: s

EN300 26624333 EN300-365771 EN3OO 316592 EN300-60314 EN300-6734624 EN300-20814457
X X
ijil ' 2 ii::" Q 20 uM QJ\ 23 pM ' /
EN3OO 298506 EN300 1086686 ENSOO 106778 EN300 1723947 EN300-2515954 EN300 6734624
QOuM
EN300-1425849 EN300-1704613 EN300-299518 EN300-124496 EN300-212829

> 199 uM | 23 uM Q E‘J\ Q 37 UM ,
</ J ) s A, top cgnﬁ)gunds from free energy calculations

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



http://postera.ai/covid
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http://postera.ai/covid
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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
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Human chemists seem better than random, .
but it’s hard to get them to generate enough ideas

e Primary amines
~ Boronic esters

computer
=gl humans

-10.0 -7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0
Affinity relative to ligand 0 / kcal mol~?




~ COVID Moonshot SprintS Summary Compounds Microstates Transformations Reliable transformations Retrospective transformations

- Description
p r I n COVID Moonshot Sprint 5 for benzopyran-isoquinoline series retrospective based on x11498 (MAT-POS-b3e365b9-1) to optimize substituents in the P1' pocket with Mpro dimer and

neutral Cys145:His41 catalytic dyad
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(1] &
1 VLA-UNK-83c3754c-1 « K clccc2e(c1)ence2N3C(=0) [C@@]4(COcS5cd4cc(cc5)C1)NC3=0 -159+0.2 11.6+02
80!
2 ADA-UCB-dc2b944c-1 O::) clcec2e(e1)ence2N3C(=0)CN( [C@@]4(C3=0)CC0cSc4cc(cc5)C1)CC6CCCCCo -155+0.3 11.3+02
T
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dashboard: https://tinyurl.com/fah-sprint-5-dimer =
P

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

= Menu | FRAGALYSIS: MPRO B sAvE < SHARE %) DOWNLOAD STRUCTURES A TIMELINE A REPORT ISSUE _ damond ' SGC y ) 2. CONTRIBUTOR!

VECTOR
SELECTOR

SELECTED FOLDING@HOME-
COMPOUNDS SPRINTS%

it cluster selector i CLEARSELECTION A

Selected sites:
Site 1 - Aminopyridine-like

Folding@home-S... Q, Search

[] Site 2 - Benzotriazole Total

[ ] Site 3 - Chloroacetamide age) X | N9 [EOOS

[ ] Site 4 - Immature Form ] VLA-UNK-83C3754C-1_1 Na e cBEN & :

[] Site 5-Isatin 1 2011 -7.0 0.24 - ;?&

[ ] Site 6 - Isoquinoline ] MIC-UNK-9582B2C5-1_6 AEFERFR _

[] Site 7 - Moonshot - active site %%
2 2011 -6.9 0.24 -

it navigator v Q Search [ ] VLA-UCB-50C39AE8-9_1_1 [A[PTes[F[x] o)? |

1 2011 -6.4 0.44 o’

MW JogP TPSA HA Hacc Hdon Rots Rings Velec gﬁa

1 X0107A:MAK-UNK-6435E6... i‘

150 1 42 11 2 1 1 1 58 v i

1 X0434A:AAR-POS-D2A4D1.. nnaa
2(213 3 /5416 2 | 2| 2| 2| 80

1 X0678A:ALE-HEI-F28A358B... BEEEE

218 3 (42/16| 2 |1 (| 3:| 2 | 86

] VLA-UCB-34F3EDOC-16_1 AFEEFR %,é)
)

4 2011 -6.1 0.28

] VLA-UCB-50C39AE8-3_1 AL Pes[FIX]
s 2011 -5.8 0.22 %W

| ] PET-UNK-431B3BFB-1_1 [A[ceTe]s]F]x]

& 2011 -5.0 0.22

[ ] EN300-110423_1_11 I“lLl’lcllelxl %w
1 X2562A:BAR-COM-4E090D... nnaa sy o !
4 298 1 93 22 5 2 5 3 |'112

[ ] EN300-211158_1_1_1 IAILIPlc]lelxl e
1 X2569A:DAR-DIA-23AA0B9... nna g 2011 -49 0.31 Q“V

51238 2 (79 |18 | 4 | 1 | 3 | 2 | 88

1 X2572A:TRY-UNI-714A760... A[L]p[e]s

6. 251 2 66 19 3 1 3| 2| 94

1 X2581A:ALV-UNI-7FF1A6F... BEEEE

2|292 3 |[§1 (22| 3 (1 | 4 | 3 | 110

MIC-UNK-50CCE87D-8_2

LJ [a]c]e]e]s]F]x] %%

2011 -49 0.26

| ] PET-UNK-7BE94445-1_1 W Of:)

o 2012 -4.8 0.19

| ] EDJ-MED-6864A934-1_1 [A[Pels]F]x] e
1 -ANN-UNI- !
X2600A:ANN-UNI-2638280... . [TT[[e[q] Ml i K
£1237 2 (66 18| 3 1 3 2 88
[ ] EN300-301925_1_2_1 IAILIPICISIF]’q Qj&a
1 X2608A:DAR-DIA-842B433... . ITTA[[q 2 2012 -4.3 | 0.26 e

233 3 |54 /16| 3 | 2 (.2 | 2 | 82

1 X2643A:DAR-DIA-842B433.. _
AfL]pfc]s| S804

w 252 3 42 16 3 1 3|2 | 82

1 X2646A:TRY-UNI-714A760.. BHBE q)\

260 A2 1R 2 1 2 2 Q2

] VLA-UCB-34F3EDOC-1_1 I“ILI"ICIS]F[XI
g

13 2012 -43 0.14

| ] ALP-POS-EOFE77ES-4_1 IAIL]PICISIF]XI

w2012 -4.2 0.24 ES"%"

dashboard: https://tinyurl.com/fah-sprint-5-dimer
Fragalysis viewer: https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mpro
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We are close to achieving our TPP objectives

Orally bioavailable inhibitor for therapeutic and prophylactic use

Property
protease assay

viral replication
(Vero-E6)

plaque reduction
(Vero-E6, Calu-3)

PK-PD

Coronavirus spectrum

Route of administration

solubility

half-life

safety

Target range

|C50 <50 nM
(compromise if clean and anti viral activity sufficient)

ECso < 0.2uM

ECso < 0.2uM

Cmin > EC90 (plague reduction) for 24h

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

oral

>5 mg/mL, >100uM tolerable

|Ideally>= 8 h (human) est from rat and dog

No significant protease activity >50% at 10uM (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 ICs0 > 50 uM

No significant change in QTc

No mutagenicity or teratogenicity risk

Progress March 2021

50nM (mean n=3)
~0.5 uM VeroE6 CPE

~0.25 uM Calu3

O Studies in progress

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

Some oral exposure observed
< 1mg/ml

Rat 2h

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

Cardiotoxicity in vivo testing planned
Live phase planned
Ames planned

COVID Moonshot )



We're lining up IND-enabling studies now

MAT-POS-96151285-3 0.101 125
~" °N 100 - ¥
S - g 15 7 100 nM racemate
§ 5ol (likely ~50 nM)
O~ _NH 2 Ll .
= o predicted to be
C | | | | metabolically stable!
- 1 10 100
: Concentration (uM)
F O Flag outliers & Override
CVD-0016872
COVID Moonshot
Apr 20 Sep 20 } Jul 21 Mar 22

fragment-to-lead lead optimization pre-IND (planning) trials
S350k, 30 groups S800k, 40 groups > Suite of optimized leads >> Regulatory phase > (exploring)

Isoquinolines

COVID Moonshot)
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