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Annual Research Highlights

(1) “An aminoacylation ribozyme evolved from a
natural tRNA-sensing T-box riboswitch”

In the present world, protein enzymes are responsible
for the aminoacylation reaction (conjugating amino acid
to the 3’-end of tRNA) in the ribosomal translation system.
On the other hand, RNA world hypothesis suggests
ribozymes catalyzed the aminoacylation reaction in the
primitive translation system, but no such ribozymes have
been found in modern organisms. Although various
artificial aminoacylating ribozymes have been developed
by in vitro molecular evolution method, they are not
related to natural RNA sequences. Therefore, if we can
evolve aminoacylating ribozymes from the RNAs of
modern living organisms, the RNA world hypothesis will
be further supported.

In this study, we partially randomized T-box riboswitch
RNA from Bacillus subtilis glyQS and evolved it to Tx2.1,
a ribozyme that recognizes tRNA anticodon and body
sequences and catalyzes aminoacylation. Tx2.1
recognizes N-biotinyl-L-phenylalanine-cyanomethylester
(Bio-Phe-CME) as a substrate. In other words, Tx2.1
catalyzes aminoacylation by recognizing both tRNA
sequences and amino acid chemical structures, just like
natural protein aminoacyl-tRNA synthetases. Furthermore,
by integrating the reconstituted in vitro translation system
with Tx2.1, aminoacylation and translation reactions can
be completed in one-pot, resulting in the translation and
synthesis of peptides containing unnatural amino acids
(Fig. 1).

From these results, we can propose the hypothesis that
aminoacylated ribozymes such as Tx2.1 existed in the
hypothetical RNA world but had been replaced by protein
enzymes in the process of evolution, and that the T-box
riboswitch remains as a remnant of aminoacylating
ribozymes. From a technical point of view, availability of
the tRNA-recognizing Tx2.1 will lead us to consider a set
of future experiments involving the engineering and
evolution of T-boxzymes that potentially function in
cellular environments.
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Fig. 1 Schematic illustration of in vitro translation
coupled with aminoacylation ribozyme Tx2.1 to produce
an artificial peptide.

1.(1)-18) Nat. Chem. Biol., 16, 702-709 (2020)

(2) “Ribosomal synthesis of foldamer peptides
containing cyclic p-amino acids and its application to
discovery of novel bioactive peptides”

B-Amino acids can induce unique rigid folding
structures of peptides, referred to as foldamers, owing to
their turn/helix inducing abilities. Cyclic p?3-amino acids
(cBAAs), such as 2-aminocyclohexanecarboxylic acid
(2-ACHC) and 2-aminocyclopentanecarboxylic acid
(2-ACPC), can act as particularly strong helix/turn
inducers due to the structural rigidity derived from their
constrained cyclic structures. Therefore, such foldamer
peptides containing cBAAs are an attractive platform for
developing novel peptide drugs.

Although ribosomal incorporation of f-amino acids into
peptides is intrinsically inefficient, particularly for their
consecutive elongation, we improved the efficiency by
developing an engineered tRNA, named tRNAP©E2
bearing specific T-stem and D-arm motifs that efficiently
recruit EF-Tu and EF-P to improve accommodation and
peptidyl transfer, respectively. This tRNA enabled
ribosomal incorporation of consecutive stereoisomeric
cBAAs derived from 2-ACPCs and 2-ACHCs.
Remarkably, the most effective substrate,
(1S,2S)-2-ACPC, could be extended for up to 10
consecutive residues.

Taking advantage of this strategy, we constructed a
macrocyclic peptide library containing three kinds of
cPAAs and applied it to the RaPID discovery of ligands
against human Factor Xlla (hFXlla) and human
interferon gamma receptor 1 (IFNGR1). The resulting
peptides exhibited low- to sub-nM dissociation and
inhibitory constants. X-ray analysis of a co-crystal of
hFXlla complexed with one of the inhibitors, F3,
revealed that one of the (1S,2S)-2-ACHC residues
induces the formation of two y-turns and contributes to
the folding of the peptide into an anti-parallel (-sheet.
These results showed the potential of this platform to
explore previously inaccessible sequence space of
cBAA-containing peptides.

Fig. 2 X-ray structure of F3 bound to hFXlla.
2.(1)-9) Nat. Chem., 12, 1081-1088 (2020).
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