
Accelerating Drug Discovery with Machine 
Learning

Alpha Lee

alpha.lee@postera.ai



Wr^® ®rs« ®^zy s« |~® ^f~¯®Ò 



Wr^® ®rs« ®^zy s« |~® ^f~¯®Ò 



-^®^Ï i^®^Ï |~µrkªkÒ 

Image classification:
1000 classes of images 

1.2M total training set

Language models:
~ 1 trillion words 

scraped from WWW

Dataset size

Complexity

Drug discovery?

Physical 

understanding



A little bit about us 

Å PostEra is an AI-first biotech founded in 2019, 
focusing on small molecule therapeutics. 

Å We are developing our own drug pipeline as 
well as working with pharma partners. 

Å We raised $26M in venture capital funding, 
and closed $1Bn in AI partnerships across 
multiple partners including Pfizer and Amgen. 

This talk is solely my opinion, and does not represent our collaborators 



The PostEra platform 



How can machine learning impact drug discovery?

Target 

nomination 
Hit discovery Hit-to-lead

Lead 

optimization

Preclinical 

development 

Clinical 

development 

Chemical synthesis



A money ball approach to drug design 

Chance of improvement with at least one of 15 compounds with 5% chance of working = 1 - (1 - 0.05)15 = 
0.53

is higher than chance of one compound with 50% chance of improvement if investment resources are the 
same!

Suppose I can make N compounds in a batch, with probability p a compound is a 
breakthrough, what is the probability I get a breakthrough?

Breakthrough probability* = 1 - (1-p)N 

*assuming independence 



Identifying hits by predicting binding hotspots from 
binding site structure

Hit discovery 

5k|kª^®s|q z~g^z «g~ªs|q {~ikz«Ð =Î N^^ªÒAAL, PNAS, 120, e2214168120 (2023)
FBDD: W. J. McCorkindaleÒAAL, biorxiv, doi:10.1101/2022.11.21.517375  
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Identifying hits by predicting binding hotspots from 
binding site structure

5B Enamine Molecules

Search 
Results

Hits

Vector Database

Pharmacophore 
Generation Model Matching with 

vector search:
~10 seconds 

Exact matching of top 100K 
molecules with alignment & 

ML-based scoring:
~70 minutes

Hit discovery 

5k|kª^®s|q z~g^z «g~ªs|q {~ikz«Ð =Î N^^ªÒAAL, PNAS, 120, e2214168120 (2023)
FBDD: W. J. McCorkindaleÒAAL, biorxiv, doi:10.1101/2022.11.21.517375  



Explore chemical space by designing high throughput 
libraries

1. Decompose hit into chemical building 
blocks

2. Machine learning searches purchasable 
grk{sg^z «§^gk p~ª ê«s{sz^ªë f¯szis|q fz~gy«

3. Reconnect the building blocks to form an 
informative library

A. Morris, W. J. McCorkindaleéAAL, Chemical Communications, 57, 5909 (2021)

Hit-to-lead



High throughput chemistry meets structural biology

=Î N^^ªÒAAL, PNAS, 120, 
e2214168120 (2023)

Hit-to-lead

IC50 (cpd 1)

IC50 (cpd 2)

IC50 (cpd 3)

Structure (cpd 2)

Structure (cpd 1)

Structure (cpd 3)

Energy-based 

descriptors

Dose

Response

Machine learning



Finetune molecular scaffolds using interpretable 
generative models

1. /¶®ª^g® ¿¾? grk{sg^z ì{~´k«í pª~{ 
patents and publications

2. 4~ª{ ~|®~z~qsk« ~p {~´k ì®·§k«í p~ª 
interpretable references

3. See historical changes in potency and 
molecular properties

Lead 

optimization



Predicting chemical synthesis by a natural language 
processing approach

Jin et al. (2017) IBM (2018) Coley et al. 
(2019)

Molecular 
Transformer

Test set 
accuracy

79.6% 80.3% 85.6% 90.4%

ÅOur Molecular Transformer model 
is state-of-the-art.

ÅMolecular Transformer is 10% 
more accurate than the best 
human chemists.

Chemical 
synthesis

P. SchwalleréAAL, ACS Central Science, 5, 1572 (2019)



Jª~fs|q ®rk grk{sg^z êreactomeë µs®r {^grs|k zk^ª|s|q
Chemical 
synthesis

E. King-N{s®rÒAAL, Nature Chemistry, 16, 633 (2024)

What are the best- and 
worst-in-class reagents?

How important is each 
variable?

How do the reagents 
populate the chemical 
space?

39k high 

throughput 
reactions



Case study: Antiviral development against SARS-CoV-2  



High-throughput X-ray fragment screen against SARS-CoV-2 
main protease (Mpro) amid the first lockdown in 2020

Main protease 
cloned and produced

February 14

Atomic resolution 
structure of the 

protease 
determined

February 20 February 25

Covalent screen 
finds 150

active site hits >40 
hits validated

March 5

1,500 crystals 
collected in 1 day (!)

March 18

78 fragment-bound 
structures solved 

and released to the web

48 covalent fragments

71 active site fragments



Fragments richly cover the Mpro active site

Douangamath et al., Nature Communications 11:5047 (2020)



Hit -to-lead via synthesis-driven design strategy

CPE assay (Calu3)

EC50 = 244 nM

Crystallographic 
fragment screen

IC50 = 24 ˃ M IC50 = 720 nM IC50 = 140 nM IC50 = 80 nM 

ÅFragment-to-Hit
Å1 month from cold start

ÅPotent non-covalent lead 
identified after 6 months.

ÅThe optimisation process focuses 
on delivering ligand efficient  
molecules that engages tightly 
with the substrate envelope.

ÅLead optimisation focuses on 
addressing DMPK.

M. BobbyéJ. D. Chodera*, AAL*, N. London*, A. von Delft*, F. von Delft*, Science, 382, 663 (2023)


