
Activity-Based Proteomics – Protein 

and Ligand Discovery on a Global Scale 

Benjamin F. Cravatt
Department of Molecular Medicine

The Skaggs Institute for Chemical Biology
The Scripps Research Institute



Current State of Understanding of Biochemical 
Pathways in Mammalian Cells

Unannotated

pathways

Unannotated

pathways



Candidate Profiling Strategies for Mapping 
Biochemical Pathways

RNA Protein
Enzyme
Activity

Genomics Proteomics

Substrates

Post-translational control

Chemical technologies



Overview

• Activity-based Protein Profiling (ABPP) – Original
Concepts and Technology

• Extending ABPP – Mapping the Ligandability of 
the Human Proteome
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Chemical Probes for Activity-Based Profiling

•  Activity-based 
probes should:

1)  Bind and label many
enzymes in proteomes

2)  Labeling should be
activity-dependent

3) Possess a reporter tag
for detection/identification



- Serine hydrolases (Cravatt et al)

- Cysteine proteases (Bogyo et al)

- Histone deacetylases (Cravatt et al)

- Kinases, Phosphatases (Activx, Taunton, Zhang)

- Metalloproteases (Cravatt et al, Yao et al)

- Glycosidases (Overkleeft, et al)

- Cytochrome P450s (Cravatt et al)

Representative Enzyme Classes Addressed by
Activity-Based Protein Profiling (ABPP)



- Serine hydrolases (Cravatt et al)

- Cysteine proteases (Bogyo et al)

- Histone deacetylases (Cravatt et al)

- Kinases, Phosphatases (Activx, Taunton, Zhang)

- Metalloproteases (Cravatt et al, Yao et al)

- Aspartyl proteases (Li, et al)

- Cytochrome P450s (Cravatt et al)

Representative Enzyme Classes Addressed by
Activity-Based Protein Profiling (ABPP)



Serine Hydrolases – A  Large and Diverse
Enzyme Class

•  ~1-2% of all eukaryotic and prokaryotic proteomes

- proteases, lipases, esterases, transacylases, amidases



Fluorophosphonates as General Activity-Based 
Profiling Probes for Serine Hydrolases

- Fluorophore - detection (in-gel)
Biotin - enrichment



ABPP Coverage of Mammalian Serine Hydrolases



Advantages:

- No enzyme purification required
- No substrate assay required
- Evaluates both inhibitor potency AND selectivity

Inhibitor Discovery by Competitive 
Activity-Based Protein Profiling



X

Systematic Discovery of Serine Hydrolase
Inhibitors by Competitive ABPP



Toward a Complete Pharmacology
For the Serine Hydrolase Superfamily

Human disease
mutations



Integrating ABPP with Human Genetics to 
Map Orphan Disease Mechanisms



Excavating Cases of Convergent/Parallel Evolution 
of Unpredecented Hydrolase Activities by ABPP

If FP reactivity marks hydrolase activity…does the human proteome 
possess FP-reactive proteins not predicted to be serine hydrolases?



AIG1 (and ADTRP) are Multi-Pass Transmembrane
Proteins of Poorly Characterized Function

AIG1:  

– androgen-induced 
gene product 1

– evolutionarily 
conserved (to yeast)

– ~35% homologous 
protein (ADTRP)

– No structure or
biochemical function… no conserved serines…



AIG1 (and ADTRP) are Founding Members of a
New Class of Transmembrane Thr-Hydrolases



FAHFAs – A Class of Lipid Transmitters that 
Regulate Metabolic and Inflammatory Processes



AIG1 Inhibitors Discovered by ABPP



AIG1 Regulates FAHFA Metabolism in Human Cells



Conclusions and Future Directions

• AIG1 and ADTRP appear to represent a mechanistically
unprecedented class of hydrolases

– transmembrane Thr hydrolases

• Why such an unusual mechanism?  

– FAHFAs are unusual substrates

• Do AIG1 and ADTRP regulate FAHFAs in vivo?

– potential relevance for treating metabolic disorders

Chemical proteomics can assign functions to proteins
that defy sequence- and structure-based predictions
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Challenges and Opportunities for Design of Covalent 
Ligands that Target Cysteine Residues

Serine hydrolase Cysteine enzyme



Proteome-Wide Covalent Ligand Discovery



50+ electrophilic fragments
X

5000+ reactive cysteines

Proteome-Wide Covalent Ligand Discovery



Proteome-Wide Covalent Ligand Discovery 
Accesses New (Un)Druggable Space 



Initiator Caspases (CASP8 & CASP10) - Human 
Genetic Evidence for Key Roles in Immunology



Respective Roles of Caspase-8 and -10
in Human T Cell Biology

Cell death
Activation



Initiator Caspases (CASP8 & CASP10) - Human 
Genetic Evidence for Key Roles in Immunology

PROBLEM: selective and drug-like 
inhibitors of caspases have proven 
difficult to generate



Covalent Ligands that Target the Pro (Inactive) 
Forms of Caspases



Dual Pro-Caspase-8/10 and Selective 
Pro- Caspase-8 Ligands



FAS Ligand-Mediated Apoptosis in Human T Cells 
Requires Both Caspase-8 and -10

7 = C8/10
63-R = C8



Conclusions and Future Directions

• Chemical proteomics reveals a rich content of 
ligandable cysteines in the human proteome

• Future Directions:

– Ligand optimization

– Extension to other (non)-nucleophilic residues

• Combining cysteine ligandablity maps with human 
genetics identifies:

- Sites of action for the immunosuppressive drug 
Tecfidera (dimethylfumarate) – Blewett et al. 2016

- Novel way to drug initiator caspases important 
for human immunology
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Proteome-Wide Non-Covalent Ligand Discovery with
Fully Functionalized Fragment Probes (Chris Parker)
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Fragment-Based Ligand Discovery in Living Cells



Discovery of an Inhibitor of the Mitochondrial 
Acylcarnitine Transporter SLC25A20



Proteome-Wide Non-Covalent Ligand Discovery with
Fully Functionalized Fragment Probes



Phenotypic Screening w/ Fragment Library Identifies Novel 
Ligand-Protein Pathway that Regulates Adipogenesis
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Conclusions and Future Directions

• Chemical proteomics enables fragment-based ligand 
discovery directly in living cells

• Future Directions:

– Ligand optimization for “undruggable” proteins
– Improved site-of-labeling coverage
– Additional phenotypic screens

• Applications include:

- Integrated phenotypic screening and target ID

- Discovery of first-in-class ligands for human proteins
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