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AI accelerates antiviral discovery by speeding 
up medicinal chemistry 



Medicinal chemistry is also crucial to discovering 
“chemical probes” that validate viral targets  

• “Chemical probes” is a well established way to understand how target 
engagement translates to phenotypic effects 


• ~300 human proteins have been probed, but only a few viral proteins…



AI enables an exhaustive chemogenomics approach to 
pandemic preparedness 

Number of identified virus species is 
increasing, though the number of 

identified viral families appears to plateau Woolhouse et al., Proc. R. Soc. B 275, 2111 (2008)

• SARS-CoV-2 only has 29 
proteins


• Many viruses of pandemic 
concern have far less 


• Exhaustively finding 
chemical probes against 
every protein in prototypical 
pathogens is not out of reach



AI speeds up synthesis, the slowest step in medicinal 
chemistry

•Synthesis is the rate-limited step in med 
chem cycle times 


•With AI-driven medicinal chemistry, median 
synthesis time is 24 days, a 56% 
improvement on typical synthesis cycles 



We learn the rules of chemistry using a natural 
language processing approach 



Our AI platform delivers development candidates at 
pace 



An international effort to
Develop a COVID antiviral



Moonshot’s Target Product Profile
• Development candidate nominated 

• Currently in IND-enabling studies led by DNDi, funded by a $11M grant from the Wellcome Trust

• Patent-free from the get-go. Aggressive real-time disclosure of data. 



High-throughput X-ray fragment screen against Mpro 
amid the first lockdown

Atomic resolution  
structure of the


protease determined 

February 20

2020

1,500 crystals  
collected in one day (!)

March 5 

2020

78 fragment-bound 
structures solved  

and released to the web


48 covalent fragments 
71 active site fragments

March 18

2020

Main protease 

cloned and produced

February 14

2020

Covalent screen finds 150 
active site hits


>40 hits validated

February 25

2020

  

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


Crowdsourcing generated a number of novel chemical 
series by fragment merging

IC50=23𝞵M



Journey from hit to lead 
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• 1 month from cold 
start
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• Potent non-covalent lead 
identified after 6 months. 


• The optimisation process 
delivered ligand efficient 
molecules that engages 
tightly with the substrate 
envelope 


• Lead optimisation 
addressed other important 
pharmaceutical properties.



Moonshot delivered optimized chemical matter
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Robust antiviral activity across different assays

Robust antiviral activity across different circulating variants



A rising tide lifted all boats

Moonshot’s data directly helped Shionogi in their Ensitrelvir discovery campaign  



The vision: Reducing the risk of future 
pandemics through AI technologies
Pandemics are usually driven by a vicious cycle  

Mutation

Transmission

Viruses mutate into 
more virulent and 
pathologic strains

Uncontrolled 
transmission drives 

more mutations



The vision: Reducing the risk of future 
pandemics through AI technologies

Mutation

Transmission

Right targets: Identify resistance-
robust targets  

Right molecules: Using AI/ML to 
rapidly design inhibitors that engage 
resistance-robust binding sites

Right access strategy: Global 
equitable access. An outbreak 
anywhere is a pandemic risk everywhere



AI-driven Structure-enabled Antiviral Platform (ASAP): 
A NIH-funded engine for pandemic preparedness 

$68M initial funding over 3 years, with a 5 year funding envelope

e.g. SARS-CoV-1, 
SARS-CoV-2, MERS

e.g. Dengue (400M 
infections/year), Zika 

(risk to pregnant 
women)

e.g. EV-D68 (polio-like 
paralysis), EV-A71, HRV


