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What we were up to in March…

Antibiotic resistance and evolution
(with Ian Seiple)

Temperature response, conformational heterogeneity,
 and small molecule design

Advocacy around preprints
Li*, Pellegrino*…Fraser, Seiple, Nature, 2020

qFit: Riley…Keedy, van den Bedem, BioRxiv, 2020
T-jumps: Thompson…Fraser, Nature Chemistry, 2019
Ensemble protein design: Broom, Rakotoharisoa…
Fraser, Chica, Nature Communications, 2020



And what March 
(and April, and May, and June…) became…
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How does a virus with only 
14 genes take over a human cell?
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Some are processed into multiple proteins, but that’s still only 27-30 proteins total!



AP-MS on SARS CoV 2 proteins 
identifies human interacting proteins 
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Interacting proteins are enriched in the lung 
(even though the experiment used kidney cells)
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From Protein-Protein 
interactions to drug 
repositioning



Coverage BEFORE peer-review



Preprint to paper - Timeline



What is a preprint?



Coverage AFTER peer-review



@ASAPbio_  |  #ASAPbio  

Premature media coverage mentioned as main concern about preprints in 
ASAPbio & #biopreprints2020 survey

ASAPbio & #biopreprints2020 survey 
N = 512 



@ASAPbio_  |  #ASAPbio 

Image By Aleszu Bajak and Stuart A. Thompson

Response to medRxiv preprint
‘COVID-19 Antibody Seroprevalence 
in Santa Clara County, California’



@ASAPbio_  |  #ASAPbio  

How can journalists balance coverage of 
research that is promptly shared but has 
not yet undergone peer review?

What technology, oversight and practice 
would support transparent and reliable 
media coverage of preprints?



Nevan  
Krogan

QCRG Structural Biology Consortium

+5 other screens of zoom…



3 spots to stop SARS:  
Entry, Protein Processing, Signaling



3 spots to stop SARS:  
Entry

Using biologics 
(antibodies, 
nanobodies)



We use powerful electron microscopes (cryoEM) 
to visualize Spike protein and biologics

Prof. Yifan Cheng Prof. David Agard

cryoem101.org



Schoof, Faust… Walter, Manglik
Science, 2020



We currently have no effective small molecule therapies 
to stop the spread of SARS CoV 2



3 spots to stop 
SARS:  

Protein Processing
Using small 
molecules



We gained inspiration from Oxford 
(Martin Walsh, Frank von Delft…and Nir London of the Weizmann)

attacking the Main Protease (MPro) with fragments and electrophiles

https://www.diamond.ac.uk/covid-19/for-scientists/Main-protease-structure-and-XChem.html

John Chodera (MSKCC) and COVID Moonshot



What is a fragment?



Chemical space

Possible compounds with <600 Da

= C, N, O, S
X

C
O

Bohacek RS et al Molecular Research Reviews 1,3-50 (1996)

X

X

~1063



Chemical space is huge!

Mullard A Nature 549,445 (2017)



Chemical space is huge!

Mullard A Nature 549,445 (2017)



Log scale!
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Mullard A Nature 549,445 (2017)



Needles in enormous haystacks



Finding that rare needle…



High throughput screening
Library

30 heavy atoms
~106

Hit

Lead

Candidate



High throughput screening
Library

30 heavy atoms
~106

Hit

Lead

Candidate

1060

1010

Vast undersampling!



Fragment based drug discovery
Library

15 heavy atoms
~105

Lead

Candidate

Evaluate WEAK
binding

Rationally
optimize

1060

1010

Less undersampling



Fragment based drug discovery

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



Protein Crystallography



We have been building a new 
fragment-soaking pipeline here at UCSF

collaborators:

Frank von Delft



@ASAPbio_  |  #ASAPbio  

Work on COVID Protease by Diamond Light Source has been inspirational



@ASAPbio_  |  #ASAPbio  

Publishing and media in the time of COVID - data released in March!  
Even BioRxiv is too slow

https://www.diamond.ac.uk/covid-19/for-scientists/
Main-protease-structure-and-XChem.html  

data March, preprint June, paper October



@ASAPbio_  |  #ASAPbio  

Where are they now? https://covid.postera.ai/covid



3 spots to stop SARS:  
Signaling



MACRODOMAIN turns off ADRP signals



MACRODOMAIN turns off ADRP signals



MACRODOMAIN turns off ADRP signals



Macrodomain catalytic mutations 
reduce virulence of SARS-1

Fehr…Ahel, Perlman. mBio. 2016

PDB: 6w02

….but ADPr is the only chemical matter known to bind…



ADRP signaling is also prevalent in cancer!

Prof. Alan 
Ashworth

Olaparib



We currently have no effective small molecule therapies 
to stop the spread of SARS CoV 2

We currently have no validated small molecule 
binders to macrodomain



QCRG proceeded from clone to crystals very 
rapidly!

Ursula 
Schulze-Gahmen

Tristan 
Owens

Robbie 
Díaz



Prof. Michael
Thompson 

(UC Merced)

Ultra-high resolution diffraction means we can 
visualize hydrogens and bond features!



Prof. Ivan
Ahel (Oxford)

Prof. Frank
von Delft 

(SGC, Diamond)

Dr. Marion 
Schuller (OXford)

Prof. Michael
Thompson 

(UC Merced)

Dr. Iris
Young

Dr. Galen
Correy

(and the QCRG Structural Biology team!)

ALS: James Holton, George Meigs
SSRL: Aina Cohen, Silvia Russi, 
Clyde Smith, Lisa Dunn, 
Jeney Wierman



We collected ~1000 datasets from the UCSF effort!

Justin Biel (Fraser lab)
Liam McKay, Loren Jiang (UCSF MSG facility)
James Holton, George Meigs (ALS/LBL/UCSF)

PBBR grant - Jason Gestwicki, John Irwin, Michelle Arkin
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Our team worked around the clock to get this done!

UCSF fragment libraries 
69 hits, 58 in adenine binding site 

411 screened



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

Catalytic site Adenosine site

Oxyanion 
54

Lower 
32

Upper 
52 
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96
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0

Outer 
8
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G130

V49
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Log scale!
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Computational docking screens against macrodomain
• Experimental fragment libraries for soaking 

(UCSF):  
411 fragments  
(XChem):  
2,126 fragments 

• Computer-aided drug discovery: Fragment docking 
Shoichet lab (UCSF):  

20,006,175 fragments (ZINC15.org)

DOCK3.7

2342 core hours 
5h on 500 cores 

20,006,175                 
ZINC15

19,130,798                                   
scored

8,377,913                              
DOCK score < -20

Top 500,000

254,948      
Strain filter

5,514    
Interaction 

filter

54

Fragment docking campaign against 
 adenosine binding pocket

H
it-picking

Purchased from Enamine

+ 21,000  
“in-human” library 10

+ 722,963 
ZINC15 in-stock 8

9             in-stock 
33/45    make-on-demand

60 molecules 
from docking



Experimental confirmation of docking poses

Prof. Brian
Shoichet

Dr. Stefan 
Gahbauer



Electron density reveals different isomers of 
“make on demand” compounds!

• Electron density suggests 3N-alkyl adenine instead of 9N-alkyl adenine isomer

9N 3N

Isomeric species are analyzed by  
Michael Johnson (ChemPartner)

ZINC000089254160 4160-iso

9N isomer, ordered 3N isomer, suggested by electron density



Fragment linking/merging opportunities are 
revealed by structures

I131 loop

G45-47 loop

Phosphate subsite

F156

D22

Lower subsite

Upper subsite

Oxyanion subsite

Adenine subsite



Fragment linking proposes new molecules

Matteo Ferla, Frank von Delft



Merging molecules together creates reasonable, 
purchasable compounds



Phe132

Phe132

H
NN

N

N

N

N O

ZINC000896845531	ADP-ribose co-crystal structure

Multiple lead-like docking hits dramatically remodel active site

Kd ~356 µM

Robbie Diaz





While the “publication” process is going, we are 
getting advice from chemists around the world…

https://fraserlab.com/macrodomain/

…and ordering more molecules to test!



• High fragment soaking hit rate, providing many starting points

• Docking works! Solution binding experiments highly correlated with 
soaking success in crystallography

• Recurrent binding motifs (hinge, oxyanion) - can be linked, retaining high 
chemical diversity, by Fragmenstein

The macrodomain can be targeted by small 
molecules - but strong inhibition is a ways off…

D22-N

D22-Oδ

A154-N

D157-N

F156-N

V48-O

A129-N

G130-N



CryoEM platform reveals the structural basis of 
Orf9b hijack of Tom70 (mitochondrial chaperone)

Gordon…Krogan, Science, 2020

Hsp90 interaction site

Klim Verba, Oren Rosenberg

What’s next?
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• High hit rate, but variability across crystal forms

• Docking works! Solution binding experiments highly correlated with 
soaking success in crystallography

• Recurrent binding motifs (hinge, oxyanion) - can be linked, retaining high 
chemical diversity, by Fragmenstein

The macrodomain can be targeted by small 
molecules - but strong inhibition is a ways off…
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V48-O

A129-N
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