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Annual Research Highlights

(1) “Expanding the amino acid repertoire of
ribosomal polypeptide synthesis via the artificial
division of codon boxes.”

In ribosomal polypeptide synthesis the library of amino
acid building blocks is limited by the manner in which
codons are used. Of the proteinogenic amino acids, 18 are
coded for by multiple codons and therefore many of the
61 sense codons can be considered redundant. Here we
report a method to reduce the redundancy of codons by
artificially dividing codon boxes to create vacant codons
that can then be reassigned to non-proteinogenic amino
acids and thereby expand the library of genetically
encoded amino acids. To achieve this, we reconstituted a
cell-free translation system with 32 in vitro transcripts of
transfer RNAgnn (tRNAgnn) (S=G or C), assigning the
initiator and 20 elongator amino acids. Reassignment of
three redundant codons was achieved by replacing
redundant tRNAg\ns with tRNAgyns pre-charged with
non-proteinogenic amino acids. As a demonstration, we
expressed a 32-mer linear peptide that consists of 20
proteinogenic and three non-proteinogenic amino acids,
and a 14-mer macrocyclic peptide that contains more than
four non-proteinogenic amino acids.
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Fig. 1 Expanding the amino acid repertoire of ribosomal
polypeptide synthesis via the artificial division of codon boxes.

1.(1)-3) Nat. Chem., 8, 317-25 (2016).

(2) “D-arm motif in tRNA"™ recognized by EF-P for
acceleration of Pro-Pro formation”

Ribosome is prone to stall on translation of polyproline
sequences due to the very slow peptidyl transfer reaction,
and EF-P alleviates the ribosomal stalling by accelerating
the peptidyl transfer reaction between the prolines.
However, the mechanism by which EF-P recognizes the
stalled complexes and accelerates peptide bond formation
has been not understood. Here, we investigated how
mutations in tRNAP™ affect EF-P function, and showed
that the 9-nt D-loop closed by the stable D-stem sequence
in tRNA™ is a crucial recognition determinant for EF-P
function. Such D-arm structures are shared among the
three tRNA"™ isoacceptors in Escherichia coli. Thus, the
activity of EF-P is controlled by recognition elements in
the tRNA D-arm. These results indicate that EF-P

selectively improves the incorporation of proline among
the 20 proteinogenic amino acids by recognizing the
tRNA structure.
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Fig. 2 Recognition of D-arm of tRNA"™' by E. coli EF-P

1.(1)-6) Nat. Commun., 7, 11657 (2016)

(3) “Synthesis of a dianionic compounds with a bond
between pentacoordinated tin atoms”

Homonuclear E-E bonds between heavier group 14
elements (E = silicon, germanium and tin), which are
analogues of C—C bonds, are important as fundamental
structural units of group 14 element compounds. Changes
in the coordination number of the central elements would
cause drastic changes in both their structure and
properties. Here, we synthesized the first dianionic
compounds bearing a bond between pentacoordinated tin
atoms. Reductive homocoupling of an anionic
pentacoordinated tin compound bearing a tin—fluorine
bond gave the corresponding tin—tin bonded compound in
a stable form. The X-ray -crystallographic analysis
showed the trigonal bipyramidal structures around the tin
atoms and the single bond length of the tin—tin bond. The
Sn NMR spectroscopy and DFT calculations revealed
the high s-character of the bond, suggesting contributions
of the sp>-hybridized orbitals to the tin—tin bond.

Fig. 3 Structure of the dianionic tin-tin bonded compound.

1.(1)-12) Dalton Trans., 45, 19374-19379 (2016).
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