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Opportunity – to understand human physiological and disease processes at a molecular level

Yeast 
genome

Human 
genome



Opportunities and Challenges in the Era

of Human Biology Research

Opportunity – to understand human physiological and disease processes at a molecular level

CRISPR (gene editing)

gene essentiality in cancer cell lines

>1000 genes including validated cancer drug targets: 

ESR1, AR, KRAS, EGFR, ALK, BTK, etc.
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Challenge – human biology often directs researchers to currently “undruggable” targets

Classical druggable protein

(the past 50 years of 
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Undruggable protein
(today and the future)
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Opportunities and Challenges in the Era

of Human Biology Research

Challenge – human biology often directs researchers to currently “undruggable” targets

The Problem:  Disease diagnosis is far outpacing disease treatment – how do we fix this?



Overview

• Activity-based proteomics

• Discovering drug candidates in living systems

• Advancing covalent (permanent) chemistry with activity-based proteomics 

• Radically expanding the drug target universe
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How Have Drugs Typically Been Discovered for 

Disease Proteins?

Human cell

Human cell

Compounds

+

Assay 1

Assay 2

Assay 3

Assay ???

• One protein at a time

• Wrong protein forms (“proteoforms”)?

• Wrong neighborhoods?

Protein



Activity-Based Proteomics Provides a Near-Universal 

Assay for Drug Targets in Cells

Human cell Drug-bound 
proteins

Universal identification 

of drug-bound proteins

• Thousands of proteins at a time (“proteomics”)

• Right protein forms (“proteoforms”)

• Right neighborhoods



• Activity-based proteomics

• Discovering drug candidates in living systems

• Advancing covalent (permanent) chemistry with activity-based proteomics 

• Radically expanding the drug target universe 

Overview
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Anandamide Inactivation is Regulated by 

Fatty Acid Amide Hydrolase (FAAH) 

Cell membrane



Serendipitous Discovery of Inhibitors that 

Permanently Bind to FAAH (with Pfizer; 2005-2007)

Covalent bond



Most Drugs Bind Reversibly to Proteins

atorvastatin/LipitorTM

(cardiovascular disease)

sitagliptin/JanuviaTM

(diabetes)



Some Important Drugs Bind Permanently to Proteins

penicillin V

(bacterial infection)

• Serendipitous discoveries

• Begrudgingly tolerated

aspirin

(pain, inflammation)



What is the Concern with Permanent Drugs?

penicillin V

(bacterial infection)
aspirin

(pain, inflammation)

• Serendipitous discoveries

• Begrudgingly tolerated



Evaluating Permanent FAAH Inhibitors by Activity-Based Proteomics

Mouse brain



Evaluating Permanent FAAH Inhibitors by Activity-Based Proteomics

*

*Click chemistry (KB Sharpless, Nobel 2022)



FAAH Inhibitors in the Clinic – A Long and Winding Road

2007-2009

2012-2019

2019-present





Extending the Reach of Permanent Chemistry

(Cheat code #1)

Reactive Reactive

Non-reactive Reactive

1% of all proteins All proteins?



Reactive

Reactive

PCI-32765/Ibrutinib/ImbruvicaTM

(leukemia)

Extending the Reach of Permanent Chemistry

(Cheat code #2)

All proteins?



created with BioRender.com

Most Drugs Bind Proteins with Deep Pockets;

But Many Important Disease Proteins Lack Deep Pockets
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Addressing Challenging Proteins with Permanent Chemistry
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Backus KM et al. Nature 2016

Extending the Reach of Permanent Chemistry

(No cheat codes)



Backus KM et al. Nature 2016

Global Discovery of Permanent Chemistry by Activity-Based Proteomics

Targeted proteins

Numerous proteins can be targeted at shallow/cryptic pockets with permanent chemistry 

Phil Baran Jin-Quan Yu Tom Daniel Rich Heyman



+
Covalent chemistry library 

(> 10,000 compounds)

Industrialized screening 

(> 1000 samples/week)

Permanent

binding



WRN Helicase – The “Not So” Long Road from

Discovery to Drug Candidate in the Genome Era

2019

2024

2024



Vividion WRN Inhibitor – Initial Clinical Activity in 
Microsatellite Instability (MSI) Cancers

https://x.com/mdandersonnews/status/1917642912948425008?s=42

Disease control rate >65%



Going Forward – Opportunities and Challenges

• Opportunity – Treating the 

diseases that we understand 
with innovations in chemistry 

• Challenge – Better understanding 

diseases to know how to treat them

Yu Lab

Ligands



How to Predict Cryptic Druggable Pockets?

AI/ML Is Not (Yet) the Answer

C287

C219

IMiD
Pocket

CRBN (Cereblon):

• One well understood (orthosteric) pocket (IMiD)

• Two cryptic (allosteric) pockets (C219 & C287)



C287

C219

AI/ML predictions:

• All allosteric ligands are placed in the 
  orthosteric pocket: orthostery burnout?

How to Predict Cryptic Druggable Pockets?

AI/ML Is Not (Yet) the Answer

CRBN (Cereblon):

• One well understood (orthosteric) pocket (IMiD)

• Two cryptic (allosteric) pockets (C219 & C287)



Challenges Ahead

• A complete map of cryptic pockets 

  in disease-relevant proteins

• Predicting functional effects of cryptic 
pockets and ligands that bind them

• Converting that knowledge into 

precision medicines with max efficiency 

 

Ligand pocket
Genetic variants 



Our Lab’s Achievements Are Entirely Due to Scripps 

• We are a Research Institute

• Training, collegiality, collaboration

• Entrepreneurial spirit
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