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Structural studies of membrane proteins could potentially lead us to discover potent compounds with less side effects for
various disease conditions including cancer, immunological and allergic diseases, lifestyle-related diseases, psychiatric and
neurological diseases, and virus infections. However, such structure-based drug discoveries remain stagnant, because it is still
challenging to perform systematic structural analysis of human membrane proteins.

In this research program, one half of our R&D efforts devoted to “technical innovation” for next-generation
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technologies, we succeeded in determining the Fig. 1. GPCR structures newly determined in the “technical innovation” section
novel structures of more than eight GPCRs

(Fig.1). In joint research with several pharmaceutical companies, we determined X-ray crystal structures of many GPCRs
complexed with novel seed compounds synthesized and developed by the companies, contributing to structure-based
molecular design of drugs (results not disclosed).

The structure determination of monomeric membrane proteins with small molecular size (40-60 kDa) and no
molecular symmetry by cryo-EM single-particle analysis is still extremely difficult at the current technical level. To test a
proof of concept that “Binding of structure-recognition antibodies to target membrane proteins dramatically increases the
success rate of structural analysis of membrane proteins because the antibodies act as fiducial markers that enable accurate
and efficient alignment of cryo-EM single-particle images”, we applied our proprietary antibody technology to the structure
determination of a model protein, NTCP, which is an 9-TM an sodium-dependent bile acid symporter belonging to the solute
carrier superfamily (SLC10A1) exclusively expressed on the basolateral membrane of hepatocytes and also known to function

as the entry receptor of hepatitis B virus

(HBV). We successfully obtained the antibody-

aided cryo-EM structures of human, bovine, oS ) i :
and rat NTCPs and provided structural % : ) autophagy factor Atgo

(Nat. Struc. Mol. Biol., 2020)

MdfA/Fab complex

framework for HBV recognition and for (Nature Gommun., 2012)
mechanistic ~ understanding of  sodium-

dependent Dbile acid translocation by

channelrhodopsin
ChRmine/Fab
complex

( Cell, 2022)

mammalian NTCPs (Asami et al., Nature,
2022; Park et al., Nature, 2022).
The rest of our efforts devoted to

antimicrobial peptide transporter SbmA/
Fab complex( Science Adv., 2021) PsaBC./Fab complex (Science Adv., 2021)

a Outnard-facing Invard-facing

SARS-CoV-2
envelope protein
/Fab complex

ér§; ;@ ( submitted)
R

human metal
ion transporter
/Fab complex
v ( submitted)

“technical support” activities, in which we

offered external investigators opportunities for

collaboration, knowledge sharing, and joint use : v
Fig. 2. Examples of membrane protein structures newly determined in the “technical support” section

4



of facilities on antibody-aided structure determination of membrane proteins. We made this antibody technology widely
available to external researchers and succeeded in X-ray crystallography and cryo-EM single particle analysis of more than
10 membrane proteins (e.g. Nagarathinam et al., Nat. Commun., 2018 ; Umeda et al., Nat. Commun., 2020; Matoba et al.,
Nat. Struc. Mol. Biol., 2020; Okamoto et al., Nat. Struc. Mol. Biol., 2021; Ghilarov et al., Science Adv., 2021; Neville et al.,
Science Adv., 2021; Kishi et al., Cell, 2022; Fag. 2).



