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The macrodomain of NSP3
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ADPr is a complex post-translational modification
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Macrodomain blocks the output of
interferon signaling
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Macrodomain blocks the output of
interferon signaling
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Macrodomain is a validated target*
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Want a chemical tool compound for:
RNAseq, proteomics, viral replication, animal studies, etc

No assays, no chemical matter, no problem!



What is a fragment?
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We have been building a fragment-soaking
pipeline at UCSF modeled after X-Chem (UK)
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Talking to Frank von Delft - they were going after
macrodomain also - we decided to team up!
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We were surprised by the location of hits
(north-south rather than east-west)
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What makes a good structure?

“No useful conclusions can be derived by PDB users from this ligand ..."”

Volume 8 | Part 3 | May 2021 |
https://dol.org/10.1107/$2052252521003018
OPEN (J ACCESS

Viewed by (173

Rapid response to emerging biomedical challenges and threats
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Insanity Is doing the same thing over and over again and expecting different results (attributed to Albert Einstein).

As part of the global mobilization to combat the present pandemic, aimost 100 000 COVID-19-related papers have been published and nearly a thousand models of macromolecules encoded
by SARS-CoV-2 have been deposited in the Protein Data Bank within less than a year. The avalanche of new structural data has given rise to multiple resources dedicated to assessing the
correctness and quality of structural data and models. Here, an approach to evaluate the massive amounts of such data using the resource https://covid19.bioreproducibility.org is described,
which offers a template that could be used in large-scale initiatives undertaken in response to future biomedical crises. Broader use of the described methodology could considerably curtail
information noise and significantly improve the reproducibility of biomedical research.

“What concerned us most, however, were the discrepancies

between the atomic coordinates and the electron-density PROTEINISCIENCE
maps calculated using the map coefficients in mtz format

downloaded from the RCSB server of the PDB.” Commentary | & Free Access

Group depositions to the Protein Data Bank need adequate
presentation and different archiving protocol

Mariusz Jaskolski 3% Alexander Wlodawer, Zbigniew Dauter, Wladek Minor, Bernhard Rupp i

First published: 09 January 2022 | https://doi.org/10.1002/pro.4271



useful structure?

What makes a goeed
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Of problems and opportunities-How to treat and how to not treat crystallographic fragment screening data
Weiss MS, Wollenhaupt J, Correy GJ, Fraser JS, Heine A, Klebe G, Krojer T, Thunissen M, Pearce NM.

Protein Science. 2022



o Public datasets
= |dentifying new ligands for the SARS-CoV-2 Macrodomain by Fragment Screening and

Multi-temperature Crystallography [Interactively explore on Fragalysis]

o Preprints and papers
» |[terative computational design and crystallographic screening identifies potent inhibitors
targeting the Nsp3 Macrodomain of SARS-CoV-2 [DOI]
= Fragment binding to the Nsp3 macrodomain of SARS-CoV-2 identified through

crystallographic screening and computational docking [DOI]

= The mechanisms of catalysis and ligand binding for the SARS-CoV-2 NSP3 macrodomain

from neutron and x-ray diffraction at room temperature [DOI]

= Of problems and opportunities—How to treat and how to not treat crystallographic

fragment screening data [DOI]

o Tutorials
= Multi-state models from PanDDA
= |nspecting PanDDA event maps deposited in the Protein Data Bank




# Home © About Browse [l Statistics X Submit data News

Search diffraction images

m) National Institutes of Health
Office of the Director

Data Science at NIH

This project is being funded by the Targeted Software Development
award 1 UO1 HGO008424-01 as part of the BD2K (Big Data to
Knowledge) program of the National Institute of Health. The project is
developing tools for "wrangling" data from protein diffraction
experiments. We are also creating a growing repository of diffraction
experiments used to determine protein structures in the PDB,
contributed by the CSGID, SSGCID, JCSG, MCSG, SGC, and other
large-scale projects, as well as individual research laboratories.

GOL

Global Phasing Limited

Currently indexed projects: 6111
Currently indexed datasets: 9541

Gerard to Me & Clemens JUL 14

Dear Jamie,
We hope this message finds you well and deeply involved in truly "great stuff"!

We noticed the recent PDB entries 5spz to 5ssr (and perhaps a few more) that constitute a PanDDA
deposition in conjunction with a bioRxiv preprint on the "Structure-based inhibitor optimization for
the Nsp3 1 Macrodomain of SARS-CoV-2".

All the Supplementary Material is very nicely organised, but the Zenodo files only contain merged X-

ray data and results derived from them.

Would it be possible to also have access to the raw diffraction images? These had been made

available for an earlier version of this work, and we had found them very useful (as you may recall we

=) Login

Q

Integrated Resource for Reproducibility in
Macromolecular Crystallography

388 results
© X-ray diffraction data for the Crystal structure of SARS-CoV-2 NSP3 macrodomain in complex with ZINC000000388262

i= View dataset details

< Download all images (6.4 GB)
(£ PDB website for 5SRSX

(4" doi: 10.18430/m35rsx

First author: G.J. Correy
Resolution: 1.00 A
R/Rfree: 0.1 6/0.1 8

© X-ray diffraction data for the Crystal structure of SARS-CoV-2 NSP3 macrodomain in complex with ZINC000004787230

i= View dataset details

< Download all images (6.2 GB)
(£ PDB website for 5SRSY

(4" doi: 10.18430/m35rsy

First author: G.J. Correy
Resolution: 1.04 A
R/Rfree: 0.1 7/0-1 9




Fragment linking opportunities are revealed by the
large set of fragment structures




Fragment linking proposes new molecules
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Linking molecules together creates reasonable, (cheap)
purchasable compounds




PanDDA event map
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Aligned with fragments

ADP-ribose (7KQP)




Homogenous Time Resolved Fluorescence (HTRF)
displacement monitors compound binding
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RR, which overlaps most with fragments, is most potent
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Selectivity data is promising so far
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Permeability is a problem!

A MDR1-MDCKII permeability
[10-° cm/s]
Compound | P_ (AB) P, (BA)
Z8539 |1.1+£0.1 0.5£0.0
Z8539 0002 |0.8+0.2 1.4+£1.0
Z8539 2001 |1.1+£0.1 0.5+0.0
Atenolol |0.9+0.1 -
Ketoprofen | 17.6 £2.5 16.1+0.5
B 4 on
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Attempting to overcome
permeapility liability with

pioisostere analogs
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Fragment-Protein Complexes
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ROCS shape-based searching to identify mergers
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Shape-based approach gives distinct starting points
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Screening and Structural Core have discovered new hits with docking

Virtual screening

400 million Screened
“ Synihesized

Prof. Brian  Dr. Stefan
v X-ray structures

Shoichet Gahbauer

Gahbauer*, Correy* et al, BioRxiv, 2022




Docking has identified additional leads, with encouraging permeability

Virtual screening 60 synthesized
| 45 X-ray structures
LRI B Screened N,LH e Ny ﬂ\ N o | |
N N7 SAR-by- _
: Jer catal / /
‘ “ Synthesized N N O”'-LO o % kv N n-NH
HO_ . ( ) ./ OH o N v
Prof. Brian  Dr. Stefan B "o Y
Shoichet Gahbauer X-ray structures O
27873 25722 28207 LL1-0023 LRH-0003
ICs0 =90 uM  1Cs0 = 460 pM ICs0 = 60 uM ICs0 = 5.8 uM ICs0 = 1.7 uM

LRH-0003 and LRH-0021 obtained high permeability values in
MDR1-MDCKII cell-based assays of 138 and 120 nm/s in apical
) to basal and 243 and 91 nm/s in basal to apical direction,

r tively.
especlively Gahbauer*, Correy* et al, BioRxiv, 2022




Interferon stimulation induces ADPr puncta

A549 cells
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Average cytoplasmic
ADPR foci across field
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Neutrons are cool!
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Some docked compounds stabilize a new “open” state

C 2553115500y ™ | 13
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QCRG: Team Macrodomain
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