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[Supporting Drug Discovery and Life Science Researches]

By providing advanced technologies of protein synthesis, purification, crystallization, and quality
assessment, the thirty-nine approved projects have been successfully supported. In particular, the
cell-free protein synthesis methods utilizing extracts of Escherichia coli cells have been established
as the major technologies for production of heteromultimeric protein complexes and integral
membrane proteins. In fact, twelve out of the thirty nine projects are on membrane proteins. The
technologies for site-directed incorporation of non-canonical amino acids into proteins have been
successfully applied for natural post-translational modifications, such as epigenetic lysine
modifications, photo-crosslinking, functional analyses of proteins.

[Technology Developments]
Technologies necessary for production of integral membrane proteins and high-molecular mass

heteromultimeric complexes in drug discovery have been developed.



<Development of protein production technologies> The protocols of cell-free protein synthesis in a
large scale have been established for a variety of needs in supporting drug discovery and life science
researches. A novel powerful techonology, the S-MF method, has been developed targeting human
integral membrane proteins with multiple transmembrane domains, in which the product membrane
proteins are prepared in soluble membrane fragments. In fact, this novel method is useful for GPCRs,
ion channels, membrane-integrated enzymes, and membrane protein complexes.

<Development of technologies for site-directed incorporation of non-canonical amino acids> By using
Escherichia coli cells with the RF-1 gene disrupted, the efficiency of non-canonical amino acid
incorporation in response to the UAG codon has been increased up to ca. 100%, and the cell-free
protein synthesis systems prepared from these RF-1-disrupted E. coli cells have enabled high yield
and multiple-site targeting. Thus, the planned technology platform for incorporating non-canonical
amino acids into highly difficult proteins including integral membrane proteins has been established.
By using this platform, epigenetically modified lysine derivatives, such as acetyl lysine, methyllysine,
etc.,, have been incorporated into multiple sites in histones for reconstitution of epigenetically
modified nucleosome core particles. On the basis of structural studies on the mechanisms of strict
recognition of the tRNA identity elements by aminoacyl-tRNA synthetases, mutants have been
designed for incorporation of mnon-canonical amino acids. Crystallographic analyses of
pyrrolysyl-tRNA synthetase (PylRS) have been performed, and the results have been used for
efficient incorporation of a variety of non-canonical amino acids, including photo-crosslinkers, those
having specific reactive groups (azide & alkyne) for click chemistry, heavy atoms, etc.

<Development of protein crystallization technologies> The lipidic mesophase methods have been
established with novel host lipids, and applied for membrane protein samples prepared by the S-MF

method, which has enabled membrane protein crystallization with no detergent solubilization.
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