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Nspl3 is an Integrated Component of the Replication Transcription Complex

PDB: 7RDY

Chen et al. (2022) Nat Struct Mol Biol



RNA Occupies a Druggable Central Channel of Nsp13

DRUGGABILITY SCORE
(SiteMap, Schrodinger NY)

druggable 1.11

difficult 0.87 -

undruggable 0.63 -

Nspl3 central
channel

Nspl3

Pocket-lining
residues
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3
Yazdani et al. (2021) J. Proteom Res.



Residues Lining the Central Channel of Nsp13 Are Highly
Conserved in Coronavirus

B-coronavirus

g-coronavirus

SARS2
CVHSA
BCRP3
BC279
BCHK3
BCHK9
CVEMC
BCHKS
BCHK4
BC133
CVHOC
CVBLU
CVBEN
CVBM
CVBQ
CVMAS
CVMJH
CVM2
CVHN1
CVHNS
LCVHN2
CVPPU
FIPV
PEDV7
CVHNL
CVH22
| BC512

SARS-CoV-2 nspl3 helicase central channel or 5°-RNA site
residue numbering
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SRNAASDESMGDQOQLPSYNTDSOGHR

Organism

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

Severe acute respiratory syndrome coronavirus (SARS-CoV)

Bat coronavirus Rp3/2004 (BtCoV/Rp3/2004) (SARS-like coronavirus Rp3)

Bat coronavirus 279/2005 (BtCoV) (BtCoV/279/2005)

Bat coronavirus HKU3 (BtCoV) (SARS-like coronavirus HKU3)

Bat coronavirus HKU9 (BtCoV) (BtCoV/HKU9)

Middle East respiratory syndrome-related coronavirus (Human coronavirus EMC) ‘

Bat coronavirus HKUS (BtCoV) (BtCoV/HKUS5/2004)

Bat coronavirus HKU4 (BtCoV) (BtCoV/HKU4/2004)

Bat coronavirus 133/2005 (BtCoV) (BtCoV/133/2005)

Human coronavirus OC43 (HCoV-0OC43)

Bovine coronavirus (strain 98TXSF-110-LUN) (BCoV-LUN) (BCV)

Bovine coronavirus (strain 98TXSF-110-ENT) (BCoV-ENT) (BCV)

Bovine coronavirus (strain Mebus) (BCoV) (BCV)

Bovine coronavirus (strain Quebec) (BCoV) (BCV)

Murine coronavirus (strain A59) (MHV-A59) (Murine hepatitis virus)

Murine coronavirus (strain JHM) (MHV-JHM) (Murine hepatitis virus)

Murine coronavirus (strain 2) (MHV-2) (Murine hepatitis virus)

Human coronavirus HKUTI (isolate N1) (HCoV-HKU1)

Human coronavirus HKUI (isolate N5) (HCoV-HKU1)

Human coronavirus HKU1 (isolate N2) (HCoV-HKU1)

Porcine transmissible gastroenteritis coronavirus (TGEV)

Feline coronavirus (strain FIPV WSU-79/1146) (FCoV)

Porcine epidemic diarrhea virus (strain CV777) (PEDV)

Human coronavirus NL63 (HCoV-NLG63)

Human coronavirus 229E (HCoV-229E)

Bat coronavirus 512/2005 (BtCoV) (BtCoV/512/2005)

% Non-identical residues

4
Yazdani et al. (2021) J. Proteom Res.



% Pocket residues conserved across 27 a/p -

coronaviruses
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RNA Engagement is Associated with a Massive Conformational
Rearragement at the Nsp13 Central Channel

RNA-engaged Nsp13 Apo Nspl13

»’ ' . ;

PDB:7RDY ¢ PDB: 7RDX
Chen et al. (2022) Nat Struct Mol Biol



Fragment-Bound Nspl13 Conformation is Close to the RNA-Engaged State

RNA-bound Fragment-bound

Newman et al. (2021) Nat. Commun.



Fragments in the PDB May be a Starting Point for Inhibitor Design

5rmm

5rlh

5rlz

5rml

Newman et al. (2021) Nat. Commun.



CACHE Challenge #2: Asking Participants to Predict Ligands
Targeting the RNA-Binding Channel of Nsp13

CACHE is modelled after the protein structure prediction challenge CASP

CACHE is a benchmarking initiative to reveal the most efficient computational
methods for hit finding and to guide future technological improvement



CACHE Is a Prospective Hit Finding Competition

* Participants use their computational method to predict up to 100 hits that
are ordered and tested experimentally by CACHE

* All data is publicly released without restriction on use at the end of each
competition



CACHE Reveals the State-of-The-Art to Scientists,
Pharmas, Funders

scientists, my method my method my method my method
pharmas, is best! is best! is best! is best!

funders hear
and see: BIOTECH 1 LAB 2 BIOTECH 3 LAB 4
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ABOUT ¥

WWW.CACHE-CHALLENGE.ORG

CACHE NEWS JOIN A CHALLENGE ¥

CHALLENGE #2

CACHE Challenge #2

Fragments

Crystal structures of SARS-CoV-2 NSP13/helicase bound
to fragments (5RLH, S5RLZ, SRML, SRMM) and RNA (7CXM).

SPONSOR A CHALLENGE CONTACT

FINDING LIGANDS TARGETING THE CONSERVED RNA
BINDING SITE OF SARS-COV-2 NSP13

The second CACHE Challenge target is the NSP13 helicase of
SARS-CoV-2.

Participants are asked to find hits for the RNA-binding site of
NSP13. Read more under Details below.



Challenge #2: RNA Binding Site of SARS-CoV-2 NSP13

41 Applications, including multiple leaders in the field

US 11
UK 5
China 4 readern N
Canada 3 fia emia
Biotech 7
Germany 3 o
Electronics giant 1
Korea 3 c ;
Brazil 2 | overnmgnt 2
Denmark 1 nternet glant
i Pharma 1
India 1 o . :
Ireland 1 naependen
Italy 1
Japan 1
Malaysia 1
So. Africa 1l
Switzerl. 1
Taiwan 1

Ukraine 1



CACHE Attracted a Diverse Team of Computational Chemistry and
Al Experts to Work on Nsp13

Publications from the 25 selected participants to CACHE #2

JOURNAL papers since 2020

Any 367
Journal of Chemical Information and Modeling 27
Journal of Medicinal Chemistry 11

=
o

Drug Discovery Today

Molecules

Advances in Neural Information Processing Systems
Scientific Reports

PLoS Computational Biology

Journal of Chemical Theory and Computation
European Journal of Medicinal Chemistry

Journal of Chemical Physics

Nature

Ul U1 OO0 O N N 00 o0 ©

Science




Drug-it is One of the 25 Participants of CACHE #2. Will Crowd-
Sourcing do Better than the Experts?

[ ]
* fOId lt Game ¥ Community ¥ About ¥ Download

Download the Game!

Current Small Molecule Drug Design Puzzle

e SARS-CoV-2 helicase CACHE Challenge: Round 3

Finding the Small Molecule Puzzles

¢ Once the game is running you will be asked to play online or offline.
e Select Play Online and sign in.

httpS//fOId |t/d rugit o Select Science Puzzles.

e The current Small Molecule Drug Design Puzzles will automatically appear in your puzzle selection menu shown below:




NATURE REVIEWS | CHEMISTRY https://rdcu.be/cG34z
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CACHE (Critical Assessment of Computational Hit-finding Experiments): A public-private partnership
benchmarking initiative to enable the development of computational methods for hit-finding

Suzanne Ackloo University of Toronto & Structural Genomics Consortium, Johanna M. Jansen Novartis Institutes for BioMedical Research,
Rima Al-awar Ontario Institute for Cancer Research & University of Toronto, Daniel Kuhn Merck Healthcare KGaA,
Rommie E. Amaro University of California, San Diego, Andrew R. Leach European Molecular Biology Laboratory, European Bioinformatics
Cheryl H. Arrowsmith University of Toronto & Structural Genomics Consortium, Institute (EMBL-EBI),
Hatylas Azevedo Aché Laboratérios Farmacéuticos, Alpha A. Lee PostEra Inc. & University of Cambridge,
Robert A. Batey University of Toronto, Yoshua Bengio University of Montreal, Uta Lessel Boehringer Ingelheim Pharma GmbH & Co. KG,
Ulrich A.K. Betz Merck Healthcare KGaA, John Moult Institute for Bioscience and Biotechnology Research & University of
Cristian G. Bologa University of New Mexico Albuquerque, Maryland, College Park,
John D. Chodera Memorial Sloan Kettering Cancer Center, Ingo Muegge Alkermes, Inc.,
Wendy D. Cornell IBM TJ Watson Research Center, Tudor I. Oprea University of New Mexico School of Medicine,
lan Dunham European Molecular Biology Laboratory, European Bioinformatics Benjamin G. Perry Drugs for Neglected Diseases Initiative,
Institute (EMBL-EBI), Patrick Riley Relay Therapeutics, Kumar Singh Saikatendu Takeda California, Inc.,
Gerhard F. Ecker University of Vienna, Kristina Edfeldt \*' Karolinska Institute, Vijayaratnam Santhakumar Structural Genomics Consortium & University of
>k Aled M. Edwards Structural Genomics Consortium & University of Toronto, Toronto,
Michael K. Gilson University of California, San Diego, Matthieu Schapira Structural Genomics Consortium & University of Toronto,
Claudia R. Gordijo Structural Genomics Consortium & University of Toronto, Cora Scholten Bayer AG, Pharmaceuticals,
Gerhard Hessler Sanofi-Aventis Deutschland GmbH, Matthew H. Todd University College London,
¢ Alexander Hillisch Bayer AG, Pharmaceuticals, Masoud Vedadi Structural Genomics Consortium & University of Toronto,
Anders Hogner AstraZeneca (Sweden), Andrea Volkamer Charité - University Medicine Berlin,

John J. Irwin University of California, San Francisco, Timothy M. Willson University of North Carolina at Chapel Hill
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