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Protein structure-based molecular design using the computational techniques of protein structure prediction, ligand
docking, and virtual screening is an integral part of drug discovery for limiting the application of the structure-based ap-
proach to target proteins such as G-protein-coupled receptors (GPCRs). GPCRs play an important role in living organ-
isms and are of major interest to the pharmaceutical industry. However, structural data on ligand-binding forms for
GPCRs from experiments to elucidate structural templates for docking simulations are lacking due to the difficulties as-
sociated with crystallization and crystallography. Therefore structural prediction of GPCRs in the ligand-bound state
using computational methods has been introduced, but the prediction of ligand conformation onto target GPCRs is still
constructed manually by human experts. We developed a molecular modeling technique for the prediction of ligand-
receptor binding using comparative ligand-binding analysis (CoLBA) that not only considers interaction energy but also
the similarity of interaction profiles among ligands. The advantage of CoLBA is that it can facilitate intuitive and flexi-
ble screening based on docking results when protein structures with low resolution (or theoretical models) are targeted.
We applied CoLBA to ligand-binding prediction in several GPCRs. The predicted ligand-binding models were evaluated
in site-directed mutagenesis experiments in collaborative research, and the enrichment rate of activated ligands was com-
pared with random compounds in virtual screening simulations. We propose that CoLBA can be applied in large-scale
modeling of ligand-receptor complexes and virtual screening for GPCRs.

Key words——membrane proteins; G-protein-coupled receptors; molecular modeling; docking simulation; virtual
screening
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Fig. 1. Conserved Key Residues in Three Transmembrane Helices of the Class A Rhodopsin-like GPCR Family (Right) and Structur-

al Mapping to the Rhodopsin Structure (Left)
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Fig. 3. Results Produced Using CoLBA for Three Histamine H,-receptor Antagonists
(a) chemical structures of epinastine, chlorpheniramine, and mequitadine, (b) dispersion diagram in CoLBA, and (c) proposed binding mode for three an-

tagonists determined using CoLBA.
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Fig. 4. Results of an Enrichment Graph Illustrating How the
Ligand-binding Model Determined Using CoLBA Can Be
Useful for Virtual Screening More Effectively than Using the
Best Docking Score and Random Selection
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Fig. 5. Average Inhibition Rate (%) of 140 Screened Compounds at One Point Concentration (10 um) in Duplicate
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