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Expansion of protein biosynthesis system for the introduction of functional amino acids
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Various types of nonnatural amino acids have been incorporated into proteins by using expanded
protein-biosynthesis systems. However, there have been two problems remained unsolved, both concerning with
aminoacyl tRNAs. The first problem is a difficulty in introducing nonnatural amino acids with large aromatic
groups. The other problem is a short lifetime of nonnatural aminoacyl tRNA that causes low yield of nonnatural
mutant proteins. In this thesis, the two problems were solved by introducing artificial components into the
biosynthesis system.

In the first chapter, a brief introduction of protein biosynthesis system was described. Also resent attempts
toward expansion the biosynthesis system to include nonnatural amino acids were described.

In the second chapter, an attempt to expand substrate specificity of the elongation factor Tu (EF-Tu)/GTP
system was described. Since one of the possible reasons for the low incorporation efficiency of large-sized amino
acids may be a limited affinity of EF-Tu against aminoacyl tRNAs with large amino acids. We synthesized various
E. coli EF-Tu mutants, in which the binding sites for the aminoacyl-moiety of aminoacyl tRNA were modified to
accept large-sized amino acids. Some of these mutants showed improved affinity toward aminoacyl-tRNAs
charged with large nonnatural amino acids.

In the third chapter, the problem of short lifetime of aminoacyl tRNA was solved by introducing a
photocleavable protecting group at the amino group of an aminoacyl tRNA. Under dark condition at 36 °C, the
caged aminoacyl tRNA was stable and did not suffer deaminoacylation for at least 4 h in pH 7.6. The caged
aminoacyl tRNA did not work in the translation system but did not inhibit the translation with standard amino
acids. Upon irradiation of the caged aminoacyl tRNA for 10-20 sec, it was converted to active aminoacyl tRNA.
The resulting free aminoacyl tRNA bound to EF-Tu and worked in the translation system to produce proteins. The
caged Ser-tRNA with a CGGG anticodon was applied to achieve phototriggered translation of EGFP, whose
mRNA contains a CGGG codon at the 214th position.

In the fourth chapter, results of this thesis were summarized and the future prospects by using the tools

developed in this work were described.
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