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Annual Research Highlights

(1) <«“An orthogonal ribosome-tRNA pair via
engineering of the peptidyl transferase center”

In living organisms, proteins and peptides are
synthesized by ribosomal translation system, in which 20
different amino acids on the 3'-end of corresponding
tRNAs sequentially form peptide bonds according to
mRNA sequence. In wild-type translation system, the
Watson-Crick base pairs between the 3'-end of tRNAs
(C74 and C75) and 23S ribosomal RNA (rRNA) G2251,
G2252 at the P site as well as G2553 at the A site are
universally conserved. Here, we revealed that the
introduction of compensatory mutations at these positions
leads to an orthogonal translation system independent of
the wild-type counterpart. This is the first report that
peptides could be successfully translated by such
tRNA-ribosome pairs with the compensatory mutations.
Moreover, we also demonstrated that the wild-type and
orthogonal machineries could function in parallel,
producing two different peptides from a single mRNA
template using two artificially reprogrammed genetic
codes (Fig. 1). This work thus established a new way to
reprogram the genetic code.
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Fig. 1 Parallel synthesis of two different peptides from one
mRNA using orthogonal ribosome-tRNA pairs.
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(2) “One-pot synthesis of azoline-containing peptides
in a cell-free translation system integrated with a
posttranslational cyclodehydratase”

Azoline moieties in the backbones of peptidic natural
products are important structural motifs that contribute to
diverse bioactivities. Some azoline-containing peptides
(Az-peptides) are produced from ribosomally synthesized
precursor peptides, in which cysteine, serine, and
threonine residues are converted to their corresponding
azolines by posttranslational modification through a
cyclodehydratase. We have devised an in Vvitro
biosynthesis system of Az-peptides, referred to as the
FIT-PatD system, by the integration of a cell-free
translation  system  with  the  posttranslational

cyclodehydratase PatD. This system enabled the
"one-pot" synthesis of a wide variety of Az-peptide
derivatives expressed from synthetic DNA templates. The
FIT-PatD system also facilitated mutagenesis studies on a
wide array of precursor peptide sequences, unveiling
unique in vitro substrate tolerance of PatD. This artificial
biosynthetic system will allow us to accelerate studies on
the biosynthetic enzymes and expanding the chemical
diversity of natural products as “pseudo-natural
products.”
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Fig. 2 In vitro biosynthesis of azoline-containing peptides in the
FIT—PatD system.
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(3) “Control of properties of the silicon-silicon bonded
compounds reflecting the changes in the charges”

A silicon—silicon bond is a fundamental unit of silicon
compounds such as oligosilanes and polysilanes, and the
conformation of the silicon chain affects their
photophysical properties. Reversible conversion of a
silane moiety to a silicate moiety would be interesting as
a method for control of properties of the Si—Si bond
compounds. Stepwise twofold protonation of the
disilicate, which is a dianionic species with a bond
between two silicon atoms, by treatment with
hydrochloric acid gave the corresponding disilane via the
silylsilicate. Both the disilane and silylsilicate were
reversibly transformed to the disilicate by deprotonation
with bases. In the stepwise interconversion processes,
changes in conformation around the silicon atoms,
oxidation potentials, and UV spectroscopic properties
were confirmed. Control of these properties in response to
the changes in the charges has been achieved by simple
and reversible acid—base reactions.

1.(1)-15) Organometallics, 33, 2358 (2014).
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