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Abstract

Chemical proteomics has taken shape as a powerful technique that seeks to understand small 

molecule and protein function in the physiological system. Chemical proteomics that integrates 

activity-based protein profiling (ABPP) technology with mass spectrometry has been introduced to 

evaluate small molecule and protein interaction and expand the druggable proteome.

DNA sequencing technologies have facilitated the discovery of many genes that play 

fundamental roles in human disease1. The protein products encoded by some of these genes 

have served as targets for ground-breaking new medicines2. Other genes, however, code for 

proteins, such as transcription factors and adaptor proteins, that lack small-molecule ligands 

and are often considered “undruggable”. In these cases, our knowledge of human genetics 

has not yet been effectively translated into new therapies. A critical challenge has thus 

emerged in biomedical research – how can the massive gains in understanding of the 

genetics of human disease be translated into new therapies? Over the past decade, chemical 

proteomics has taken shape as a powerful technique that seeks to understand small molecule 

and protein function in the physiological system and plays an irreplaceable role in drug 

discovery3. The development of the activity-based protein profiling (ABPP) technology, 

pioneered by Benjamin Cravatt, uses broad-spectrum chemical probes to functionally 

characterize large numbers of proteins in native biological systems4. Chemical proteomics 

that integrates ABPP with mass spectrometry (MS) has been introduced for simultaneously 

evaluating the reactivity and small-molecule interactions of thousands of sites on proteins 

from diverse structural and mechanistic classes (Figure 1). This relationship extends far 

beyond enzyme active sites to include more cryptic sites of functionality/druggability at, for 

instance, protein-DNA/protein-protein interfaces in transcription factors, scaffolding/adaptor 

proteins, and E3 ligases. Accordingly, an outstanding proteome coverage has now been 

achieved, with a still growing inventory of 30,000+ sites on 10,000+ human proteins5-7.

One example that leverages chemical proteomic platform to expand druggability is from a 

recent study by Bar-Peled et al. that identifies NR0B1 as a co-dependent vulnerable target in 

KEAP1-mutant non-small-cell lung cancers (NSCLCs)8. NR0B1 is a poorly understood 

orphan nuclear receptor with a very shallow pocket in the typical ligand-binding domain and 

considered as a ligandless adaptor. The authors used their ligand-discovery platform that 

*To whom correspondence should be addressed: zhangx@scripps.edu. 

HHS Public Access
Author manuscript
Chembiochem. Author manuscript; available in PMC 2021 December 01.

Published in final edited form as:
Chembiochem. 2020 December 01; 21(23): 3319–3320. doi:10.1002/cbic.202000495.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



integrates ABPP and chemical proteomics to identify druggable sites on proteins that are 

preferentially expressed in KEAP1-mutant NSCLCs. NR0B1 was found to engage in a 

multimeric protein complex to regulate the transcriptional output of KEAP1-mutant NSCLC 

cells, and, more crucially, possess a ligandable cysteine in its protein interaction domain. 

The authors then developed small molecules that covalently target the ligandable cysteine, 

thereby disrupting NR0B1 complexes and suppressing the growth of KEPA1-mutant 

NSCLCs. This study underscores the value of emerging chemical proteomic methods in 

discovering druggable vulnerabilities in generically defined cancers, in this case disclosing a 

cysteine in the protein-protein interaction domain of a transcriptional regulator that is 

amenable to inactivation by small molecules.

The systematic advancements that have been made by chemical proteomics and ABPP over 

the past decade have furnished the first technology platform for realizing the complete 

druggability of the human proteome. Now a much larger fraction of the human proteome can 

be targeted by small molecules than estimated by past predictions of protein druggability. 

Accordingly, by leveraging and continuing to advance the chemical proteomic and ABPP 

platforms, many more chemical probes can be identified for biologically credentialed, but, 

as-of-yet, undrugged disease targets.
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Figure 1. 
Schematic depicting the chemical proteomic platform for expanding druggability of human 

proteome. The structures shown are cysteine reactive5, lysine reactive6 and fully 

functionalized7 probes. The ligand-protein interaction can be quantitatively analyzed using 

isoTOP-ABPP (isotopic Tandem Orthogonal Proteolysis – ABPP)9 or TMT-ABPP (Tandem 

Mass Tag – ABPP)10 technology.
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