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The macrodomain of NSP3
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ADPr is a complex post-translational modification

Olaparib

Prof. Alan  
Ashworth



Macrodomain blocks the output of  
interferon signaling
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Macrodomain is a validated target*

* for SARS-1, CHIKV

Fehr…Ahel, Perlman. mBio. 2016

Kuri…Weber, J Gen Virology, 2011
SARS 1: Vero E6 +interferon

CHIKV: NSC34 cells

SARS 1: animal model

Abraham…Griffin, PNAS, 2018



No assays, no chemical matter, no problem! 

Want a chemical tool compound for:  
RNAseq, proteomics, viral replication, animal studies, etc



What is a fragment?

Prof. Frank 
von Delft  

(SGC, Diamond)

And why use 
X-rays?



We have been building a fragment-soaking 
pipeline at UCSF modeled after X-Chem (UK)

Frank von Delft
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Collins…von Delft, Acta Cryst D, 2016
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Talking to Frank von Delft - they were going after 
macrodomain also - we decided to team up!

Prof. Ivan 
Ahel (Oxford)
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Dr. Galen 
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(QCRG Structural Biology team!)

ALS: James Holton, George Meigs 
SSRL: Aina Cohen, Silvia Russi,  
Clyde Smith, Lisa Dunn,  
Jeney Wierman 
NSLS-II: Martin Fuchs, Alexei Soares



We were surprised by the location of hits  
(north-south rather than east-west)

Catalytic site Adenosine site

Oxyanion 
54

Lower 
32

Upper 
52 

Adenine 
96

Phosphate 
1

Ribose 
0

Outer 
8

D22

F156

N99

N40

G130

V49

F132

Schuller*, Correy*, Gahbauer*, Fearon*,  
Science Advances, 2021



What makes a good structure?

“What concerned us most, however, were the discrepancies 
between the atomic coordinates and the electron-density 
maps calculated using the map coefficients in mtz format 
downloaded from the RCSB server of the PDB.”

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



What makes a good useful structure?







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

I131 loop
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Fragment linking proposes new molecules

Dr. Matteo 
Ferla https://github.com/matteoferla/Fragmenstein



Linking molecules together creates reasonable, (cheap) 
purchasable compounds



5RUE

5S2F

5RSW

ADP-ribose (7KQP)

D22

F156

ADPr

(S,S)-8539 (R,S)-8539

D22

F156

L126

D22

F156

G130

D22

F156

O
NH

NH

N
NH2

OH
O

HO

OH

O

5RUE

5RSW

5S2F

Inspiration*

PanDDA event map Hydrogen bonding distances Aligned with fragments

OH

O
OH

NHO

NHO
NH

(R)

(S)

OH

O
OH

NHO

NHO
NH

(S)

(S)

(S,S)

(R,S)

* 5S2F wasn’t used as input for 
Fragmenstein as far as I know. 
I’ve included it as an example 
of a urea that was identified in 

the initial screen
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Homogenous Time Resolved Fluorescence (HTRF) 
displacement monitors compound binding

Dr. Marion  
Schuller (Oxford)



RR, which overlaps most with fragments, is most potent
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Selectivity data is promising so far



Permeability is a problem!



Attempting to overcome 
permeability liability with 

bioisostere analogs
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Five fragment classes binding in the oxyanion site



Pharmacophores learned from  
fragment data on Mpro, applied to Mac1Hit finding against SARS-CoV-2 Mpro
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Figure 3: A schematic of the FRESCO screening workflow.

Building on the results of the retrospective evaluation, we performed a prospective study

on Mpro. Rather than rescreening Moonshot compounds, we instead deployed the model to

screen the whole Enamine REAL database of 1.4 billion molecules implemented in Virtu-

alFlow13 library of commercially available compounds. We then focused the top predicted

compounds, filtered them by their physical properties to maximise “drug-likeness”, and se-

lected diverse compounds by clustered hit by structural similarity and picking centroids of

the most populous clusters (Figure 3).

We successfully synthesised 38 compounds (see SI for the whole library). One of the

compounds, WIL-UNI-d4749f31-37, has an IC50 of 25.8µM measured via fluorescence assay

while the remaining compounds were found to be inactive.
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Figure 5: (a) Compound Z5551425673 is identified as a hit against Mac1 via HTRF as-
say, with (b) hit confirmation via resolution of a crystal structure of Z5551425673 (colored
in cyan) bound to the Mac1 active site. (c) The pharmacophores of Z5551425673 match
those exhibited by the fragment hits as highlighted by overlaying the bound structure of
Z5551425673 on the distribution of pharmacophores from the fragment ensemble.
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ROCS shape-based searching to identify mergers

ROCS Search

Identify fragment pairs Identify commercial analogs

Pat Walters (RelayTx)



Shape-based approach gives distinct starting points

Pat Walters (RelayTx)
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10/17 mergers correspond to input fragments, 3 match partially, 4 find new pockets



Screening and Structural Core have discovered new hits with docking

Dr. Stefan  
Gahbauer

Gahbauer*, Correy* et al, BioRxiv, 2022

Prof. Brian 
Shoichet



Docking has identified additional leads, with encouraging permeability

Dr. Stefan  
Gahbauer

Gahbauer*, Correy* et al, BioRxiv, 2022

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, 
respectively. 

Prof. Brian 
Shoichet



Interferon stimulation induces ADPr puncta

Prof. Alan 
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Cellular activity from docking ketone series
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3.1 Å

C81

Y68

Neutrons are cool!



Some docked compounds stabilize a new “open” state
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