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Pharmacophore-focused chemical libraries are collections of molecules that contain biologically
active scaffolds, which target a specific protein or family of proteins. These libraries are utilized in
drug discovery programs to find seed molecules that could serve as chemical tools to modulate the
function of a protein of interest or to elicit a specific biological response. Target-based screening and
phenotypic screening are the traditional ways to discover bioactive ligands from chemical libraries.
However, despite the success of these screening methods in generating valuable small molecule
probes, a large fraction of the chemical libraries remains unexplored. In this study, an alternative
screening strategy was explored to reutilize an in-house chemical library of 1,800 indole-containing
molecules. Instead of performing another target-based screening in which indole structures are
known to play an important role, a chemical proteomic approach was employed to identify
unexpected targets of the indole structures.

To search for indole-based ligand-protein interactions, a competitive gel-based protein profiling
of the library molecules was carried out using an indole-containing photo-affinity probe (1). Probe 1
consists of an indole scaffold equipped with a benzophenone for photo-crosslinking and an alkyne
group for conjugation to an azide reporter tag. During the protein profiling, HEK293 cells were
treated with probe 1 along with the indole-containing compounds, exposed to UV and lysed. The
resulting cell lysates were reacted with sulforhodamine B-PEGS3-azide via copper catalyzed
azide-alkyne cycloaddition (CuAAC), and were characterized by SDS-PAGE and fluorescence
imaging. In this context, a compound that has stronger affinity to a probe 1-binding protein will
compete with the probe resulting in the loss or decrease of fluorescence labeling of the protein in the
gel profile. Of the 1,800 indole molecules examined, two compounds, 70a3 and 7qc8, were found to
abolish the probe labeling of a protein whose approximate molecular weight is 25 kDa. By biotin
pulldown analysis, the ~25 kDa protein band was identified to be glyoxalase 1 (Glol), an enzyme
involved in the detoxification of the reactive methylglyoxal.

The ability of 70a3 and 7qc8 to modulate Glo1 enzymatic activity was evaluated. The two Glo1
binders and the probe were found to exhibit marginal human Glol (hGlol) inhibition. Structure
optimization and protein profiling successfully generated a cell-permeable human and mouse Glo1
inhibitor (9). Molecule 9 was characterized to be an effective Glo1 inhibitor i vitro, which displays
tight-binding and mixed-type of inhibition against hGlol. Molecule 9 increased the cellular
methylglyoxal levels in cultured human cells and suppressed the osteoclast formation of mouse
bone marrow-derived macrophages, denoting that the molecule efficiently inhibits Glo1 function in
cells. Characterization of the binding mode by X-ray structure analysis revealed that molecule 9

binds to a hydrophobic site abutting the substrate-binding site, which is consistent with the enzyme
kinetic profile of 9. The ligand-protein pair (9-Glo1) described here, uncovered a unique binding
mode for Glo1 inhibition. These results showcase that a chemoproteomic way of screening may lead
to the discovery of unknown small molecule binding modes and unpredicted allosteric sites for
protein modulation. Taken together, the study demonstrated how chemical proteomics could be a
valuable method for the identification of biologically active ligands from focused chemical libraries

that have been fully exhausted in target and phenotypic-based screening.
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