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MOLECULAR DOCKING — MAJOR DRUG DISCOVERY TOOL

WET-LAB HIGHT-THROUGHPUT SCREENING HIT RATE
1S ~0.03%, DOCKING-SUPPORTED HIT RATE IS 5-20%



CONVENTIONAL MOLECULAR DOCKING WORKFLOW
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CHEMICAL SPACE REMAINS INACCESSIBLE TO DRUG DISCOVERY
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DOCKING CANNOT KEEP UP WITH EXPLODING CHEMICAL SPACE
CURRENTLY ENAMINE RS DATABASE CONTAINS 38 B MOLECULES
DOCKING MISSES OUT 99.9% OF ALREADY AVAILABLE MOLECULES
TOTAL NUMBER OF POSSIBLE DRUG-LIKE MOLECULES : 10%° - 10100



Progressive Docking 1.0

J Mad Chem. 2006 Dec 14,49(25).7466-78,

Progressive docking: a hybrid QSAR/docking approach for accelerating in silico high throughput
screening. .
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WHAT IF WE PREDICT DOCKING SCORES WITHOUT DOCKING??

Molecule Fingerprint Algorithm
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DEEP DOCKING PERFORMANCE ON 12 MAJOR DRUG TARGETS
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=3 1,500
£ -10 = 1,000
g -15- % L 500-
-20 0

1234567891011 012345678 91011
Iteration Iteration

PREDICTED HIGH SCORING MOLECULES AUGMENT THE TRAINING SET OF THE MODEL (1% IN TOTAL)
ACTIVE/INACTIVE CUT-OFF TO IS MADE MORE STRINGENT AT EVERY ITERATION

NR OF MOLECULES PREDICTED AS VIRTUAL HITS AFTER EACH ITERATION IS REDUCED



TARGETTING SARS-CoV-2 GENOME WITH DEEP DOCKING

Papain-lke proteinase (NSP3) ORF& Nucleocapsid

A o
protein
-
! Y .
& & a ~ i
i .

IC-hike proteinase (NSP5) NSPY RMA-directed : Spike protein
RHA polymerase 4

ORFra oreio 3'UTR

JCL-PRO NSPY  MNSPI

NEPE  MNSPE  NSP1Q L

e |
Envelope small -
membrane protein

lh
) Uridylate-specific . T
s ENdoribonuclease LT RS
fi R o el
- ] -' &

NSP10 Guanine-N7 methyltransferase 2-0-methyltransferase Membrane profemn ORFTa ORF10

Zhang et al,, 2020
WE HAVE IDENTIFIED 25+ POTENTIALLY DRUGGABLE SITES ON VIRAL PROTEINS OF

SARS-COV-2. SELECTED 3CL PROTEASE AS MAIN TARGET FOR INITIAL DEEP DOCKING

WITH 1.4B ZINC15 COMPOUNDS



DEEP DOCKING FOR SARS-CoV-2 DRUG DISCOVERY
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DEEP DOCKING IDENTIFIED 585 POTENTIAL 3CL PRO INHIBITORS

0.18
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BENCHMARKS _0.12-
= 0.10-
(©
20.08
IDENTIFIED 585 UNIQUE SCAFFOLDS FOR <
0.06 -
SARS-COV-2 3CL PRO, NOT SHARED WITH KNOWN
0.04 -
PROTEASE INHIBITORS.
0.02-
0.00 - -
-75 -80 -85 -9.0 -9.5 -10.0 -10.5 —11.0 —-11.5
IDENTIFIED 30+ ACTIVES, SOME CONFIRMED BY Glide score (kcal/mol)
INDEPENDENT LABS Sets

B protease inhibitors random DD



30+ INHIBITORS OF 3CL PRO ENZYME ARE CONFIRMED ACTIVE

OUR FIRST PUBLICATION WITH INITIAL DRUG CANDIDATES

; o7
® | AGAINST COVID19 APPEARED AS EARLY AS FEB19, 2020
.F P
& OUT OF 585 PREDICTED COMPOUNDS 30+ ACTIVE (5%)
@ \
© WET-LAB SCREENING HIT RATE IS USUALLY ~0.03%
§ 4, RP-noems
g = 5 molecular informatics
L;“mhm:h' Full Paper = (& Free Access
R Rapid Identification of Potential Inhibitors of SARS-CoV-2 Main
;ém,,_ L Protease by Deep Docking of 1.3 Billion Compounds
g . f Anh-Tien Ton, Francesco Gentile, Michael Hsing, Fugiang Ban, Artem Cherkasov &
3 .
3 . . .\‘L_. . 1 First publisheq: 11 March 2020 || https://doi.org/10.1002/minf.202000028 | Citations: 88
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DEEP DOCKING ENABLES ROUTINE SCREENING >1B LIBRARIES

LARGER DOCKING LIBRARIES YIELD BETTER AND MORE HITS (LYU ET AL, NATURE, 2019)
PUBLICLY AVAILABLE CHEMICAL LIBRARIES KEEP EXPLODING: ZINC20 (1.6B), ENAMINE REAL (1.6B)

FEW METHODS PUBLISHED AFTER OUR FEB20 PUBLICATION ON SCREENING 1B+ ULTRA LARGE LIBRARIES

DATAB | REQUIRED DOCKING
METHOD TIME RESOURCES PROGRAM TARGET REFERENCE

SEIE(')\'IEYE REAL  1DAY 45,000 CORES FRED PNp/Hspo0 TSI e SOPE
VIRTUALFLOW ~ REAL 4 WEEKS 8,000 CORES Ql\J/'If\l';\f'.'_\fA' T e
MULTIPLE GENTILE ET AL, CENTRAL

DEEP DOCKING ZINC15 5 WEEKS 60 CORES, 4 GPU FRED, GLIDE TARGETS SCIENCE, 2020



Stringent consensus docking as hitlist filters

L =—p M > N » O > P
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RFU

High throughput screening (HTS) IQFS assay
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INTEGRATED EVALUATION PIPELINE FOR SARS-CoV-2 3CL PRO
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40B DD hit rate (5 uM; 10% inhibition scored as active)
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PREPARED - 2021 MOTIVATION

In 2005 on the emergence of SARS-1 outbreak we created an
iIntegrated scientific platform PREPARE-2005 aiming to rapidly
respond to future SARS-like infectious threats

§ Functional Genomics for Emergl+ X+ Functional Genomics for Emerging Infectious Diseases (Proteomics for
< C = genomecanada.ca/en/functional—genomics—emerging—im‘ectEmerglng Pathﬂgen Respﬂnse {PREPARE}

( Status: Past
2 Competition: Competition Il
d Sector: Health
ZOYEARS Genome Centrefs): Gename Britich Columbia

GenomeCanada  covwasoramie on THE FuTURE

l'l'¢;itt! Lender(s): Srett Finlay (Universty of Brtish Columbia), Bell Beiner (Undversity of British Columbia), Bobert Brunham [Unversty of British Columbia
Fiscal Year Project lll.lnl:hl
This project will use one overall approach to uncover the biology of infection of such serious diseases as SARS, influenza, West Nile, BSE, pathogenic E. coli, tuberculosis,
malaria and HIV/AIDS. The approach consists of identifying microbial drug targets through the study of protein interaction networks and the application of innovative
computational genomics. Protein interaction networks are complex - they are involved in catalytic processes, protein synthesis and gene expression within the cell.

The research team will share experimental approaches to study different pathogens and use whole-genome approaches to investigate common pathogens. This new

knowledge base will be particularly valuable in the event that new infectious agents emerge - new strains of existing pathogens, for example, or previously unknown
pathogens.

The research project will create new opportunities for the pharmaceutical and biotechnology industries, and will also maintain a rapid response team of highly
competent genomics researchers, ready to find scientific solutions for new infectious threats as they arise.

B
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WE PROPOSE TO ESTABLISH GLOBAL PATHOGEN - DEFENSE SYSTEM
ON THE BASIS OF

PREPARED-2023 PROJECT
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