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Project Title: High-resolution structure determination of the multiple conformations of membrane

proteins using single-particle analysis and cryo-EM.

More than 50% of the commercially available drugs target membrane proteins. The crystallization step has
been the primary bottleneck in the structure determination of membrane proteins. Recently, single-particle
cryo-electron microscopy (cryo-EM) has accelerated this process because it does not involve the rate limiting
step of crystal growth. However, single-particle analysis for rational structural drug design faces the following
two challenges: 1. Obtaining high-resolution structures above 3.0 A resolution, which is required for
structure-based drug design. 2. Distinguishing the multiple conformations of membrane proteins in the
presence/absence of compounds. Recent research has addressed these problems using tools such as lipid
nanodiscs and software packages based on maximum likelihood estimation. In addition, expression,
purification, and sample preparation of membrane proteins at the scale required for cryo-EM structural
analysis remains highly challenging. Optimization of all three steps crucially depends on mutual feedback
from each step. Here we propose a mutual feedback pipeline system for structure determination of membrane

proteins at the atomic level by single-particle cryo-EM, based on the following three metrics:

(1) High-resolution single-particle cryo-EM
(2) Dynamic structural information using single-particle analysis

(3) Cryo-EM services for structure determination and educational support

Achievements:

Our project provided a seamlessly connected pipeline for sample preparation, cryo-EM data collection, and
structural analysis of highly challenging drug targets. Mutual feedback at all steps enabled quick determination
of problems in the dynamic single-particle analysis of novel membrane proteins, allowing their optimized
production for structure-guided drug design. These techniques were also successfully applied to determine
high-resolution structures of soluble protein complexes. Such experiences also trained many of our
collaborators in performing cryo-EM. The practical and educational services offered by our project stimulated

research in the fields of cryo-EM and drug development.
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