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Main Research
Projects

@ Study on the synthesis of super proteins carrying unnatural amino acids
inserted site-specifically

For site-specific insertion of unnatural amino acids into proteins, mutant tRNAs
and mutant aminoacyl-tRNA synthetases—artificially introduced into the protein
synthesis system—should not interfere with endogenous tRNAs or aminoacyl-
tRNA synthetases. It was previously confirmed that tyrosine-tRNA and tyrosyl-
tRNA synthetase from yeasts and methane-producing archaea can be introduced
into Escherichia coli without interfering with the endogenous protein synthesis
system. We have successfully created genetically modified tyrosyl-tRNA
synthetase, which, unlike its wild-type counterpart, can recognize 3-
azidotyrosine from yeasts and methane-producing archaea. In order to introduce
unnatural amino acids in a site-specific manner, we also developed an efficient
method for the preparation of an artificial amber suppressor tyrosine-tRNA, which
can recognize amber (UAG) codons that usually serve as stop codons.
Furthermore, by combining both, we have already succeeded in the site-specific
introduction of 3-azidotyrosine, an unnatural amino acid, into proteins. Because
the azide group is not a constituent functional group of natural polymers,
chemical modification of introduced azide groups will add novel value to proteins.
We have already achieved the following: modification with biotin or fluorescence
residues without affecting the activities of the original protein; analysis of
structural changes; and analysis of protein-protein interaction. Our preparation
method for proteins carrying unnatural amino acids is a patented technology and
will contribute to a number of collaborative studies.

@ Study of the structure-function relationship of modified nucleosides

present in tRNAs

tRNAs play an important role in the conversion of the base sequences of genes
into amino acid sequences of the corresponding proteins. One of characteristics
of tRNA is the high content of modified nucleosides. Modified nucleosides appear
to enhance the accuracy of codon recognition and the stability of 3D structure,
thereby contributing to the fine-tuning of tRNA function. Against this background,
we have been analyzing structures of modified nucleosides, and consequent
changes in tRNA function. First, we found that addition of tetraalkylammonium
salt increases the tRNA-oligo DNA hybridization efficiency and we utilized this to
establish a unique tRNA purification method. This efficient tRNA purification
method successfully enabled purification of specific tRNAs and analysis of
modified nucleosides that are contained within. For example, we discovered a
modified nucleoside 5-formylcytidine in bovine mitochondrial methionine-tRNA
and showed its involvement in the recognition of a non-universal genetic code
(AUA for methionine instead of isoleucine) in mitochondria. We also discovered a
novel modified nucleoside, agmatidine, in archaeal isoleucine-tRNA and found
that it is essential in the recognition of the AUA codon. We are currently studying
the mechanism involved in biosynthesis of archaeosine and other modified
nucleosides those are Archaea specific.

(3 Study on the archaeal protein synthesis system
Archaea, lacking a nucleus, are classified as prokaryotes, but the characteristics
of constituent factors of the protein synthesis system are more similar to those
of eukaryotic cells than those of bacteria. Furthermore, by taking into
consideration the number of constituent genes, the archaeal system has the
appearance of a simplified system of the complex protein synthesis system in
eukaryotic cells. However, all archaea are currently culturable only under extreme
conditions (hyperthermophilic, halophilic, or acidophilic), and this has been an
obstacle to investigating the protein synthesis system. We have selected several
archaea that might grow at the temperature similar to that used for E. coli
culture. Among them, Methanosarcina acetivorans, a methane-producing
archaeon, is now culturable at the liter-scale. We are currently trying to establish




a cell-free protein synthesis system and genetic engineering of this organism,
and will study other archaea to establish the archaeal protein expression system.
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