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GPR120 is a G-protein-coupled receptor (GPCR) whose endogenous ligands have been identified as
medium- to long-chain free fatty acids, and is implicated in the secretion of incretin hormones. Despite
recent research efforts, little is known about the ligands binding mechanism for GPR120. Moreover,
functional studies of GPR120 have been limited by the lack of specific ligands. In my studies, | constructed a
homology model of GPR120 that was developed based on a photoactivated model derived from the crystal
structure of bovine rhodopsin. | for the first time explored the structure-activity relationships (SARs) of
GPR120 agonists by utilizing docking simulation based on the GPR120 homology model, and then
identified several novel selective agonists for GPR120. Furthermore, | subjected five putative residues that
located in the binding site predicted by the docking simulation to the site-directed mutagenesis analysis. As a
result, | identified two residues important for activation of GPR120. Taken together, these studies would be
valuable for understanding the molecular mechanism of ligand binding and pharmacological functions of
GPR120.

Chapter 1. Novel selective ligands for free fatty acid receptors GPR120

To identify selective ligands for GPR120, and for GPR40 that is another receptor whose endogenous ligand
is medium- to long-chain free fatty acid, more than eighty natural compounds were screened, together with a
reference compound MEDICA16, which is known to activate GPR40, by monitoring the extracellular
regulated kinase (ERK) and [Ca®']; responses in inducible and stable expression cell lines for GPR40 and
GPR120, respectively. MEDICA16 selectively activated [Ca®*]; response in GPR40-expressing cells, but not
in GPR120-expressing cells. Among the natural compounds tested, grifolin derivatives, grifolic acid and
grifolic acid methyl ether promoted ERK and [Ca®'; responses in GPR120-expressing cells, but not in
GPRA40-expressing cells, and inhibited the LA-induced ERK and [Ca®]; responses in GPR120-expressing
cells. Interestingly, in accordance with the pharmacological profiles of these compounds, similar profiles of
glucagons-like peptide-1 (GLP-1) secretion were seen for mouse enteroendocrine cell line, STC-1 cells,
which express GPR120 endogenously. Taken together, these studies identified novel selective agonists for

GPR120 and GPRA40.

Chapter 2. Structure-activity relationships of GPR120 agonists based on a docking simulation




I have identified several natural compounds as selective GPR120 partial agonists described as chapter 1. In
order to further develop GPR120-specific agonists, a series of compounds (denoted as NCG compounds)
derived from a PPARYy agonist was synthesized and their structure-activity relationships (SARS) as GPR120
agonists were explored in this study. To examine the agonistic activities of these newly synthesized NCG
compounds, and of compounds already shown to have GPR120 agonistic activity (grifolic acid and
MEDICAL16), | conducted docking simulation in GPR120 homology model that was developed based on a
photoactivated model derived from the crystal structure of bovine rhodopsin. | calculated the hydrogen
bonding energies between the compounds and the GPR120 model. These energies correlated well with the
GPR120 agonistic activity of the compounds (R? = 0.73). NCG21, the NCG compound with the lowest
calculated hydrogen bonding energy, showed the most potent ERK activation in a cloned GPR120 system.
Furthermore, NCG21 potently activated ERK, intracellular calcium ([Ca?];) responses and GLP-1 secretion
in murine enteroendocrine STC-1 cells that express GPR120 endogenously. Moreover, administration of
NCG21 into the mouse colon caused an increase in plasma GLP-1 levels, a finding consistent with the result
of in vitro assays. Taken together, these data demonstrate that the docking simulation utilizing a homology-

based model successfully predicted the agonistic activity of compounds.

Chapter 3. Ligand recognition mechanism of GPR120

Despite the important physiological implications of GPR120, much still remains unclear in our
understanding of the actual mechanism of ligand binding. In this study, | sought to understand the molecular
basis of ligand recognition and to identify the residues involved in ligand binding in GPR120. | constructed
molecular model of GPR120 and estimated the residues, which may contribute to the binding of ligands.
These predicted residues were subjected to site-direct mutagenesis analysis. a-linolenic acid (o-LA) known
to activate GPR120 promoted ERK and [Ca®*]; activity in cells expressing GPR120 wild type (WT), R15A,
H111A, R177A and R182A, but not in R99A. On the other hand, Thiazolidinedione troglitazone that have
no carboxylic acid in the structure promoted ERK and [Ca®]; activity in all of these mutants except for
R15A. Moreover, flow cytometer-based binding assay showed that specific fluorescent-labeled FFA C8-
BODIPY-C5 bind to GPR120 in saturable manner with an apparent dissociation constant of ~2 pM.
Interestingly, the level of binding of C8-BODPY-C5 was significantly lower in GPR120 R99A than in WT.
Therefore, in this study, | demonstrated that the Argl5 and Arg99 are important for the activation of
GPR120, and Arg99 particularly contributed to interaction of carboxylic acid of FFA ligands.

In conclusion, | characterized the molecular basis of ligand recognition and activation of GPR120 by using
SARs and pharmacological studies. In addition, I identified several natural and synthesized GPR120 ligands,

which would be valuable probes to further investigate the physiological functions of GPR120.
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