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Annual Research Highlights

(1) “Synthesis of backbone cyclic peptides by the
induced peptidyl-tRNA drop-off”

We have developed a new method for the preparation
of backbone cyclic peptides using peptidyl-tRNA
drop-off. In this method, an mMRNA containing His codon
(CACQC) right after fMet-Cys-Pep-Cys-Pro (Pep=peptide)
sequence was translated by reconstituted E. coli
translation system without histidine. Then, the ribosome
would stall at the His codon and induce the drop-off of
fMet-Cys-Pep-Cys-Pro-tRNA™®. At the Cys-Pro-tRNA™®
moiety that contains an ester bond, non-enzymatic N-S
acyl shift produces the diketopiperadine thioester. This
thioester formation promotes further intramolecular
rearrangement involving the thiol group of another Cys to
produce a macrothiolactone. Moreover, by generation of
the free amino group of the Cys by the enzymatic
removal of fMet using peptide deformylase (PDF) and
methionine aminopeptidase (MAP), S-N acyl shift occurs
to give a backbone cyclic peptide. By using this method,
backbone cyclic peptides can be synthesized more easily
without the use of a nonproteinogenic glycolic acid for
the introduction of an ester bond into the prepeptide.
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Fig. 1 a) Induced peptidyl-tRNA drop-off from the ribosome, b)
Formation of the backbone cyclic peptide by the intramolecular
rearrangements of the released peptidyl-tRNA.

Angew. Chem. Int. Ed., 50, 2159-2161 (2011)

(2) “Ribosomal synthesis of cyclic y-peptides

We have developed a new methodology involving
genetic code reprogramming to ribosomally express
backbone-cyclized peptides containing y-amino acids. In
this methodology, we utilized an artificial translation
system, in which AUG start codon and UGU elongation
codon are reprogrammed with a dipeptide bearing a
y-amino acid and glycolic acid, respectively. The resulting
translation product contains a y-amino group at the
N-terminus and an ester linkage inside the peptide chain.
Formation of diketopiperadine at the ester position and
the subsequent macrocyclization spontaneously occurred
after translation reaction, and the objective cyclic
y-peptides were vyielded. Given the fact that both
macrocyclic structures and y-amino acids are often found
in bioactive natural products, this methodology is
potentially a powerful tool to discover novel bioactive
peptides.
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Fig. 3 Cover picture selected by ChemBioChem.
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