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Approximately 70% of currently marketed drugs are known to target proteins that localize to the
cell membrane, such as G-protein coupled receptors (GPCR), channels, membrane transport proteins,
and membrane enzymes. However, the series of processes required to develop drugs that target these
proteins, (e.g. detection of target molecules among other membrane proteins, assay system assembly,
screening for lead compounds, and/or final optimization of drug dosage and delivery), requires
considerabletime, and hasalow probability of success. Structural studies of membrane proteins could
potentially lead usto discover potent compounds with less side effects for various disease conditions
including cancer, hypertenson and chronic inflammation. However, such structure-based drug
discoveries remain stagnant, because it is still challenging to solve the structure of human membrane
proteins.

To overcome the bottlenecks, we have developed a state-of -the-art technical platform for
discovery of therapeutic antibodies directed to druggable membrane protein targets. Researchers of
Kyoto Universtiy have established an ingenious antibody-assisted crystallographic approach and
successfully applied it to determine the structures of human adenosine A2a receptor (Nature, 2012),
bacterial homolog of Rcel, atherapeutic target in K-Ras induced cancer (Nature, 2013), human
adiponectin receptors (Nature, 2015), human erythrocyte membrane anion exchanger
(Band3)(Science, 2015), and rat fructose transporter GLUTS5 (Nature, 2015). Recently, they have
further improved the antiboby protocols to efficiently generate “ crystallization chaperones’ that
specifically recognize conformational epitopes of the extracellular domain of membrane proteins.
With these technical advances, they have determined the crystal structures of human prostanoid EP4
receptor, human angiotensin 11 receptor type 2, and human dopamine D2 receptor.

In this project, we are focusing on GPCRs, which respond to a broad spectrum of chemical
entities ranging from photons, protons and calcium ions, to small organic molecules (including
odorants and neurotransmitters), peptides and glycoproteins. Many GPCRs are members of closely
related subfamilies that respond to the same hormone or neurotransmitter but have different
physiologic functions owing to the cells in which they are expressed and the differing signaling
pathways they exploit (e.g., coupling through heterotrimeric G-proteins such as Gs, Gi, and Gq, but
also B-arrestins). Using prostaglandin E receptor as a model, a new stream could emerge via X-ray
crystallography, free electron laser, and single-particle cryo-electron microscopy for the
determination of GPCR-signaling molecule complex structures. Based on the structural knowledge
for molecular interactions between target membrane proteins and small molecule drugs, we would

like to regulate rationally cellular functions for therapeutics.
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