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Annual Research Highlights

(1) “Flexizymes for genetic code reprogramming”

Genetic code reprogramming is a method for the
reassignment of arbitrary codons from proteinogenic
amino acids to non-proteinogenic ones, and thus specific
sequences of non-standard peptides can be ribosomally
expressed according to their mRNA templates. We have
developed a protocol that facilitates the genetic code
reprogramming using flexizymes integrated with a
custom-made in-vitro translation apparatus, referred to as
the flexible in-vitro translation (FIT) system. Flexizymes
are flexible tRNA acylation ribozymes that enable the
preparation of a diverse array of non-proteinogenic
acyl-tRNAs. These acyl-tRNAs read vacant codons
created in the FIT system, vyielding the desired
non-standard peptides with diverse exotic structures, such
as N-methyl amino acids, D-amino acids and
physiologically stable macrocyclic scaffolds. Facility of
the protocol allows for a wide variety of applications in
the synthesis of new classes of non-standard peptides
with biological functions.
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Fig. 1 Ribosomal synthesis of cyclic N-alkyl peptide syntheses
by the genetic code reprogramming. (a, b) Reprogrammed
genetic code tables used for cyclic N-methyl peptide synthesis
(@) and cyclic peptoid-peptide hybrid synthesis (b). (c)
Sequences of mMRNA template and linear peptide/peptoid
translation products. The KK-Flag in parentheses indicates the

RNA sequence encoding a KK-Flag peptide (KKDYKDDDDK).

(d, e) Schematic structures of cyclic N-methyl-peptide (d) and
cyclic peptoid-peptide hybrid (e) synthesized by FIT system via
spontaneous posttranslational cyclization. (f, g) MALDI-TOF
mass spectra of cyclic N-methyl-peptide (f) and cyclic
peptoid-peptide hybrid (g).
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(2) “Selection of natural product-like macrocyclic
N-methyl-peptide inhibitors against a ubiquitin ligase
using a ribosome-expressed de novo library”

We have developed a new method for synthesizing a de
novo library of natural product-like macrocyclic
N-methyl-peptides by ribosomal translation. N-terminus
chloroacetyl-D-tryptophan ~ (CIAC®W)  and  four
N-methyl-amino acids (V°F, ™S, ™A, and MG) were
introduced into the peptide library by using a
reprogrammed genetic code. Then, the chloroacetyl group
of the CIACPW intramolecularly reacted with the
sulfhydryl group of the downstream Cys residue to give
macrocyclic backbone via a nonreducible thioether bond.
By coupling the macrocyclic N-methyl-peptide library
with an in vitro display method, which is referred to as
RaPID (random nonstandard peptides integrated
discovery) system, we have successfully demonstrated the
selection of anti-E6AP macrocyclic N-methyl-peptides,
all of which have multiple N-methyl amino acids. We
confirmed that one of the peptide strongly inhibits
polyubiquitination of proteins such as p53. This work
demonstrated the potentials of the RaPID system for the
discovery of a novel class of biologically active
nonstandard peptides.
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Fig. 2 Overview of the RaPID system for the selection of
macrocyclic N-methyl-peptides against EGAP.
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Fig. 3 Peptide sequences obtained from the in vitro selection.
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