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Annual Research Highlights

(1) “Ribosomal incorporation of consecutive p-amino
acids”

In the endogenous ribosomal translation system, only
the twenty canonical L-o-amino acids are exclusively
utilized for polypeptide synthesis. However, natural
bioactive peptides often contain various f-amino acids in
their structure. It has been reported that f-amino acids
induce unique helical structures of peptides, such as 10-,
12-, and 14-helices, which are generally more stable than
a-helix. f-amino acids also induce specific turn structures
like pseudo-y-turn. Due to such unique characteristics,
peptides containing consecutive B-amino acids are an
attractive platform for discovery of novel peptide drugs
and nanomaterials.

By using a reconstituted ribosomal translation system in
combination with the genetic code reprogramming
technology, incorporation of single or non-consecutive
B-amino acids into peptides has previously been
accomplished; however, consecutive incorporation of
B-amino acids has been still a formidable challenge. This
is mainly due to the slow accommodation of
B-aminoacyl-tRNA on to the ribosomal A site, and slow
peptidyl transfer between B-amino acids.

Here, in order to overcome these issues, we took
advantage of an engineered tRNA, tRNAP©®!E2 bearing
optimized T-stem and D-arm motifs for enhancing
binding affinity to EF-Tu and EF-P, respectively. The
improved binding affinity of EF-Tu contributes to
efficient accommodation of PB-aminoacyl-tRNAP©!E2
whereas EF-P accelerates peptidyl transfer between
B-amino acids. As a result, we succeeded in introducing
up to seven consecutive P-amino acids into model
peptides. Furthermore, we also synthesized macrocyclic
peptides containing consecutive B-amino acids closed by
a thioether bond between two D-a-amino acids (Fig. 1).
These were the first demonstration of the ribosomal
synthesis of peptides containing consecutive B-amino
acids.
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Fig. 1 Structure of a ribosomally synthesized macrocyclic
peptide containing three consecutive Bf-amino acids closed by
two D-o-amino acids.
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(2) “Ribosomal synthesis and folding of peptide-helical
aromatic foldamer hybrids”

In the endogenous translation, the mRNA-templated
synthesis of peptides by the ribosome, only the twenty
proteinogenic L-a-amino acids are utilized. Genetic code
reprogramming, which reassigns new amino acids to the
codons using reconstituted in vitro translation, enables to
incorporate various non-proteinogenic amino acids into
peptides such as D-o-amino acids, B-amino acids and so
on. Integration of genetic code reprogramming and in
vitro evolution methodology like mRNA display has
developed non-natural peptides bearing high resistance to
proteolytic degradation, cell penetration capabilities or
protein recognition through the folding of short sequences.
The further expansion of the range of chemical entities
that can be utilized by translation may accelerate the
discovery of functional molecules.

Here, we showed that the ribosome accepts helical
aromatic oligomer, called foldamers, at the N terminus of
translated peptides. The translation process was found to
require foldamer unfolding to pass the ribosome exit
tunnel. Once the translation was completed, foldamers
formed helical structures. The folding propensity of these
foldamers largely exceeded that of short peptides, and
their  incorporation encoded additional folding
information that can effectively control the peptide
structure. For example, we showed that macrocycles can
be translated by the ribosome, whereby a foldamer
segment adopts a helical conformation and forces a
peptide segment to remain extended. These results
expanded the scope of chemicals utilized in the ribosomal
expression of mRNA-encoded sequences, and also
showed the benefits of using the stable conformations of
foldamers to control peptide conformation.

Fig. 2 Crystal structure of the macrocyclic peptide-foldamer
hybrid synthesized by ribosomal translation. The peptide
segment (gray) was stretched by the helical aromatic foldamer
segment (Cyan).

2.(1)-15) Nat. Chem., 10, 405 (2018)
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