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On receiving ‘Excellent Stone Award’ at the
58th Japanese Peptide Symposium

It was my great pleasure
to participate in the past
58th Japanese Peptide Sym-
posium, held virtually in
October 2021. First and
foremost, I would like to
thank the organizer com-
mittee, Hayashi-sensei and
all the symposium staff for
organizing such a successful
event during the Covid-19 pandemic and giving
me the opportunity to present our work in the
Young Investigator Oral Presentation session. I
would also like to express my deepest gratitude to
the judges for recognizing our presentation en-
titled ‘Discovery and Characterization of a Novel
Peptide Prenyltransferase for Facile Preparation
of Prenylated Macrocyclic Peptides’ and selecting
me as the winner of the ‘Excellent Stone Award’
sponsored by Kokusan Chemical. Furthermore,
my utmost appreciation is due to my advisor Goto-
sensei, who taught me how to become a better
young scientist in numerous aspects unlimited
to teaching me how to become a responsible
reviewer for the scientific community. Lastly, I
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especially appreciate my advisor Suga-sensei for
offering me the chance to work with him, which is
my dream seeded in 2014 when we first met each
other, and his tremendous support to me.

Taking this opportunity, I would like to briefly
introduce our work related to this presentation.
Peptides are gaining exceptional interest in drug
discovery efforts since they possess various phar-
macological characteristics by occupying the size
vacancy between two other current classes of ther-
apeutic molecules, small molecule drugs and an-
tibodies!. It has been proved that peptide-based
drug candidates are capable of selective binding
to some previously undruggable targets involved
in clinically relevant protein-protein interactions
(PPI). Generally, peptides are comparable in affin-
ity and selectivity with antibody-based therapeu-
tics, while they retain the synthetic accessibility
like small molecule drugs benefit from the well-
established solid-phase synthesis chemistry. Al-
though peptide-based drug candidates have these
advantageous features, unfortunately, unmodified
peptides are generally impermeable to the cell
membrane mainly due to their giant polar sur-
face, making intracellular targets inaccessible to
them?. Thus, one of the overarching goals of
peptide-based drug discovery is to devise modifi-
cation tools that may improve the membrane per-
meability of peptides.

We are particularly interested in enzymatic
prenylation on peptides for two reasons: 1. Prenyl
groups enhance the lipophilicity of the pep-
tides and can consequently improve their mem-
brane permeability and bioavailability; 2. En-
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Tolypamide
Thr-O-prenylation

zymes installing prenyl groups, so-called prenyl-
transferases (PTases), have the potential to modify
various nonnatural substrates with overwhelming
selectivity and mild reaction conditions. In na-
ture, the biosynthetic pathways of cyanobactins,
a class of ribosomally synthesized and post-
translationally modified peptides (RiPPs) from
cyanobacteria, are rich sources for PTases cat-
alyzing diverse modes of prenylation. In addition
to previously characterized PTases that modifies
Tyr, Ser, Thr, Trp, and peptide N/C-terminus®®,
an Arg-N-PTase has been reported by Dr. Mat-
suda from Hokkaido university during this sym-
posium’. These enzymes are promising biocat-
alysts because of their strict chemo-selectivity
but yet remarkable substrate tolerance for the
global substrate sequence compositions. How-
ever, the chemistry of these cyanobactin PTases
is largely limited to installing prenyl moieties
on electron-rich hetero atoms (Figure 1). Being
found so far, only PTases modifying carbon atom
is KgpF involved in kawaguchipeptin A biosyn-
thesis, which catalyzes Trp-C-dimethylallylation®.
The enzymatic tool for regioselective peptide C-
prenylation remained to be expanded. Thus, we
aim to explore novel PTases with unprecedented
C-prenylation activity.

To discover potential C-PTases, we performed
bioinformatic analysis using currently character-
ized PTases as queries. In light of phylogenetic and
sequence similarity network analyses, we focused
on a putative PTase, which was named LimF later,
from Limnothrix sp. to study it further. We first

OH
Kawaguchipeptin A
Trp-C-prenylation

Terminus-N/C-prenylation

Figure1 Examples of previously characterized prenylated cyanobactins and the chemistry of corresponding PTases.



heterologously expressed and purified LimF and
incubated it with its putative backbone-cyclized
peptide substrate. LimF exhibited prenylation ac-
tivity on the substrate in the presence of geranyl-
pyrophosphate and magnesium ions (Figure 2).
The MS/MS analysis of the geranylated product
suggested that LimF geranylates a His residue in
this peptide. This was a surprise to us since mod-
ification on His residue has not been found in
the RiPPs family. The NMR analysis of the LimF-
geranylated product gave critical correlations be-
tween the geranyl moiety and the imidazole ring,
which allowed us to identify the geranylation site
to be the C2 position of His side chain in the for-
ward direction (i.e., prenylation at primary carbo-
cation). To the best of our knowledge, LimF is the
first enzyme that catalyzes posttranslational mod-
ification on His-C2 position.

After uncovering the LimF ability of His-C-
geranylation with the natural substrate, we won-
dered if we could establish a general approach to
introduce such modification on various artificial

H
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His-C-geranylation

Figure 2 LimF-catalyzed His geranylation with its pu-
tative substrate.
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peptides. We have previously developed a custom-
made cell-free translation technology, called flex-
ible in vitro translation (FIT) system, which al-
lowed us to readily generate various thioether-
macrocyclic peptides by simply varying the en-
coding DNA sequences. By coupling LimF modi-
fication with the FIT system (Figure 3), we could
conduct transcription, translation, and posttrans-
lational geranylation in a one-pot manner. We re-
ferred this coupled system as the FIT-LimF sys-
tem, which allowed us to perform the in-depth
substrate probing of LimF. The results provided
us the guideline to design sequences for efficient
LimF modification and proved that LimF is capa-
ble of regio-selective His-C-geranylation with di-
verse substrates regardless of their ring sizes and
global sequence compositions.

Collectively, we have discovered the first en-
zyme to catalyze posttranslational modification
on His-C2 position. Further substrate probing
with the FIT-LimF system revealed it as a versatile
regioselective His geranyltransferase. We are cur-
rently working on applying LimF for the produc-
tion and selection of various bioactive geranylated
peptides with enhanced membrane permeability.

Lastly, I would thank my colleagues Dinh-
kun, Inoue-san, Ariga-kun, and collaborators
Okada-sensei, Satake-sensei, Hamada-sensei, and
Sengoku-sensei for their tremendous effort in this
project. I'm also grateful to my colleagues Drs.
Vinogradov, Tsiamantas, and Wang for the scien-
tific stimulating discussions.

Synthetic coding DNA

MNP FDIRURNM IR

GGT

Gly

Translation and
spontaneous Sy2 cyclization
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cce CAT TAT GCA [ee]e] TGT UAA

1 11
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I T I

Z

i

Geranylated thioether-macrocyclic peptide

Figure 3 Schematic illustration of facile preparation of geranylated thioether-closed macrocyclic peptides in the FIT-LimF

system.
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