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for “Pioneering Works for the Development of De
Novo Peptide Therapeutics”

Outline of the work:

Dr. Hiroaki Suga developed three highly innovative technologies, “flexizymes (for tRNA
aminoacylation)”, “a flexible in-vitro translation system (for synthesis of nonstandard peptides)”,
and “RaPID platform system (for drug screening)”. The combination of these three technologies
enables for the one-pot synthesis of libraries of “nonstandard macrocyclic peptides” from mRNA
templates and effectively discover potent and selective binders against protein targets of inter-
est, which has cultivated the area of “nonstandard peptide therapeutics” as a new modality of
molecules with about 2,500 Dalton (Da).

Although drug discovery and development historically have relied on small molecules with
about 500 Da, in this century protein drugs, referred to as biologics, have become another line in
drug development. Particularly, antibody drugs with about 150,000 Da have given tremendous
successes, even becoming the mainstream of drug industry. In such a trend, Dr. Suga has made
efforts on developing novel concept, nonstandard macrocyclic peptide therapeutics, with 2,000–
3,000 Da, containing nonproteinogenic amino acids.

To realize this concept, he first devised the “flexizyme technology”, consisting of a series
of artificial RNA enzymes (ribozymes) capable of catalyzing aminoacylation onto tRNAs. The
promiscuous catalytic ability of flexizymes enables the preparation of a wide range of aminoacyl-
tRNAs charged with nonstandard building blocks, which can be utilized in translation. The
genetic code in translation consists of only 20 proteinogenic amino acids, which are strictly
controlled by protein factors, such as aminoacyl-tRNA synthetases, initiation, elongation, termi-
nation, and recycling factors. A reconstituted in-vitro translation system allows researchers to
control the contents and concentrations of such protein factors, referred to as “flexible in-vitro
translation (FIT)” system, and effectively to replace designated proteinogenic amino acids with
arbitrary nonproteinogenic amino acids. Thus, the flexizyme and FIT technologies rewrite the ge-
netic code and realize the genetic code reprogramming to express various nonstandard peptides
containing multiple nonproteinogenic amino acids. Particularly, N-methyl-amino acids, D-amino
acids, and b/g-amino acids were used to be nearly impossible to incorporate into peptide nascent
chains, but Dr. Suga has demonstrated effective incorporation of such exotic ones into not only
linear but also macrocyclic scaffolds, opening a new path for constructing novel peptide libraries.
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Moreover, he has integrated this method with a messenger RNA display technique, enabling
for displaying macrocyclic nonstandard peptides on mRNA templates via a puromycin linker,
referred to as RaPID (random nonstandard peptides integrated discovery) system. This system is
able to screen mass libraries containing as high as 10 trillion of molecules against a protein target
of interest, and iterative cycles of enrichment of binding species lead to the discovery of de novo
potent and selective binders in a week. This rapidness of discovery process and high success
rate have given a strong impact on academic and industrial research in the drug discovery field.
Indeed, he has established many collaborations with national and international researchers who
have expertise in various therapeutic areas, giving tremendous successes for the discovery of
desired drug candidates.

His achievements have been well recognized by the communities of science, resulting in
many awards, including the Award of The Chemical Society of Japan for Creative Work (2013),
the Akabori Memorial Award, Japanese Peptide Society (2014), the Max-Bergmann Medal, Ger-
many (2016), the Japan Innovator Award (2016), the Vincent du Vigneaud Award, American Pep-
tide Society (2019), the Prelog Lecture, ETH Zurich, Switzerland (2022), the Research Award
of the Alexander von Humboldt Foundation, Germany (2022), and the Wolf Prize in Chemistry,
Israel (2023), and more. Moreover, a startup company established by his technologies, called
PeptiDream Inc., became a public trading company at the Tokyo Stock Exchange Market in 2006
(currently at the Prime Market), and globally set collaborations with pharmaceutical companies
for the discovery of macrocyclic nonstandard peptides, and the technologies have been also li-
censed to more than 10 of them.

Thus, his research accomplishment has given great impact on not only science in academia
but also Japanese economy. In consideration of his achievements, he deserves the recognition of
the Japan Academy Prize.
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