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Strategic International Collaborative Research Program (SICORP)
Japan—France Joint Research Program
Executive Summary of Final Report

1. Project Title : I Molecular technologies for hybrid folded architectures |
2. Project Period : December, 2014 ~ March, 2018
3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Hiroaki Suga | Professor University | Director of the entire
of Tokyo project
Collaborator Joseph Researcher | University | Ribosomal synthesis of
Rogers of Tokyo peptides containing
foldamers
Collaborator Ata Abbas Researcher | University | Ribosomal synthesis of
of Tokyo peptides containing
foldamers
Collaborator Song Xiao Student University | Selection of peptides
of Tokyo against foldamers

Total number of participating researchers in the project:. 4

France-side

Name Title Affiliation Role

Pl Ivan Huc Director CNRS Director of the entire

project

Collaborator Sunbum Researcher | CNRS Synthesis of foldamers
Kwon

Collaborator Simon Researcher | CNRS Synthesis of foldamers
Dawson

Total number of participating researchers in the project: 3

4. Summary of the joint project

This interdisciplinary project aimed at developing a new molecular technology that
combines the benefits of the high conformational stability and structural predictability of
aromatic amide foldamers, and the powerful in vitro expression and selection of peptides
using the Flexible In-vitro Translation (FIT) system. The project demonstrated the ability of
stable foldamer helices to template the folding of short peptides. Remarkably, it was found
that the ribosome tolerates the presence of foldamer appendages on peptides during
translation of mMRNA into peptidic sequences. The benefit of the presence of the foldamers
being that they carry folding information. This opens up the perspective of achieving directed
evolution of peptide-foldamer hybrids with the idea that a hybrid can achieve more than a
peptide alone or a foldamer alone. Eventually, ligands for difficult targets based on these
hybrids may be identified for diagnostic or therapeutic purposes.

5. Outcomes of the joint project

5-1 Intellectual Merit

The project delivered a number of foldamer sequences of varying lengths and propensity to
adopt helical conformations. It demonstrated their successful attachment to a tRNA by
means of an amino acid. When this tRNA loaded with a foldamer was used as the initiation
unit for in vitro peptide translation, peptides were produced that possessed the foldamer as



an N-terminal attachment. Further studies showed that foldamers were also integrated
during ribosomal peptide synthesis as an amino acid side chain attachment. The benefit of
appending the foldamers to these short peptides comes from the folding information that the
foldamer carries, which allows one to induce defined conformations in the peptide, as was
demonstrated in macrocyclic foldamer-peptide hybrids. These results go far beyond what
was expected at the start of the project and demonstrate a high tolerance of the ribosome
for non-peptidic entities. Peptides are prototypical biologically active molecules but also
have inherent limitations including a poor bioavailability and fast biodegradation. It is
expected that foldamer-peptide hybrids offer opportunities for applications where peptide
alone or foldamers alone would not work, and that ribosomal expression of these hybrids will
accelerate the discovery process.

5-2 Synergy through the Collaboration

The technologies borne by the French and Japanese teams are very unigue to each of
them and hav
e little equivalent throughout the world. The advances generated by the project were so at
the interface between the two technologies, taking advantage of both. The scientific results
obtained are unique in this respect and could have hardly been produced by other
combinations of research groups throughout the world. There has thus be very high
synergism. Both sides became familiar with the capabilities of the technology of the other
side.

5-3 Potential Impacts on Society

Approaches for expanding the range of chemical entities that can be produced by the
ribosome may accelerate the discovery of molecules that can perform functions for which
poorly folded, short peptidic sequences are ill suited. The discovery that the ribosome
accepts objects far larger and distinct from peptides than those previously considered has
broad implications. It invites to further exploration of the ribosome’s capabilities and bodes
well for applications in e.g. therapeutics and diagnostics.
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Date Place Partners present Subject of the meeting

March 2015 Paris, Huc, Suga, Rogers | Kick off meeting
France

November 2015 | Tokyo, Huc, Suga, Rogers, | Intermediate meeting
Japan Kwon

August 2016 Heidelberg, Huc, Suga, Rogers, | Intermediate meeting
Germany Dawson

January 2017 Paris, Huc Intermediate review
France

June 2017 Whistler, Huc, Suga, Rogers, | Intermediate meeting
Canada Kwon

October 2017 Jyvaskyla, Huc, Suga Intermediate meeting
Finland

April 2018 Tokyo, Huc, Suga Final review
Japan

Note: Only face-to-face meetings are listed above. Periodic e-mail exchange and
discussions on Skype have gone on during the entire project.
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Date of | Duration Name Affiliation | Destination | Purpose

Departure/ of

Return Exchange

22 November | 12 days Sunbu CNRS-IEC | Univ. Tokyo | Acquaintanc

~ 2 December m Kwon | B e with in vitro

2015 Bordeaux peptide
expression

26 ~ 30 August | 4 days Joseph | Univ. CNRS-IECB | Acquaintanc

2017 Rogers | Tokyo Bordeaux e with
foldamer
manipulation
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