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Annual Research Highlights

(1) “Posttranslational chemical installation of azoles
into translated peptides”

Azoles, five-membered heterocycles found in the
backbones of many peptidic natural products, can enhance
the structural rigidity and lipophilicity of peptides and
contribute to potent binding to the targets as well as
improved membrane permeability. Despite the fact that
recent advances in engineering of in vitro translation
systems have allowed for ribosomal incorporation of
diverse and exotic building blocks, direct incorporation of
an azole ring(s) into the peptide backbone by translation
remains a major challenge.

In the present study, we have reported a method of
ribosomal synthesis of azole-containing peptides involving
specific ribosomal incorporation of a bromovinylglycine
derivative (BrvG) into the nascent peptide chain and its

chemoselective conversion to a unique azole structure (Fig.

1). In this method, ribosomally expressed peptides
containing BrvG are subjected to tetrabutylammonium
fluoride (TBAF)-induced dehydrobromination conditions,
where the BrvG residue can be specifically converted to
the corresponding backbone oxazole moiety. This method
enables us to install exotic azole groups, oxazole and
thiazole, at designated positions in the peptide chain with
both linear and macrocyclic scaffolds and thereby expand
the repertoire of building blocks in the mRNA-templated
synthesis of designer peptides.
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Fig. 1 Schematic illustration of the chemical
posttranslational maodification for in vitro ribosomal
synthesis of azole-containing peptides.
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(2) “Consecutive ribosomal incorporation of a-
aminoxy/a-hydrazino acids into nascent peptide chains”

a-Aminoxy acid and a-hydrazino acid are f-amino-acid
analogs, where the B-carbon is substituted with oxygen and
nitrogen, respectively. These molecules induce pseudo y-
turn of peptides via formation of an 8-membered-ring
hydrogen bond between the adjacent amino acids (Fig. 2a).
In addition, a-aminoxy acid induces lone pair repulsion
between heteroatoms to reinforce hydrogen bonding. o-
Hydrazino acid forms a bifurcated hydrogen bond via a
lone electron pair at the a-nitrogen. Therefore, a-aminoxy
and a-hydrazino acids are able to fold peptides into unique
structures such as hairpins and helices, and are attractive
building blocks of bioactive foldamer peptides.

Since B-amino acids are poor substrates for ribosomal
incorporation, consecutive incorporation of f-amino acids
is extremely difficult. Similarly, consecutive/multiple
incorporation  of  a-aminoxy/a-hydrazino acid is
challenging and has never been demonstrated to date.
However, we have recently developed an engineered
tRNA, referred to as tRNAP™IE2 whose T-stem and D-arm
were designed so as to efficiently recruit translation factors,
EF-Tu and EF-P, respectively. Use of tRNAPE2 resulted
in a remarkable enhancement of consecutive incorporation
of B-amino acids. Since a-aminoxy/a-hydrazino acids are
B-amino-acid analogs, here we expected that their
ribosomal incorporation can also be enhanced by using
tRNAPE2  Consequently, we demonstrated for the first
time ribosomal synthesis of various model peptides,
including macrocyclic peptide scaffolds, bearing
multiple/consecutive a-aminoxy/a-hydrazino acids with
both L/D-configurations (Fig. 2b).
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Fig. 2 Ribosomal incorporation of a-aminoxy/a-hydrazino
acids into peptides. (a) Pseudo y-turn of peptides induced
by a-aminoxy/a-hydrazino acids. (b) Examples of a-
aminoxy/a-hydrazino acids that are introduced into model
peptides.
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