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Development of a new chemical structure inhibiting ferroptosis ('Gifu Pharmaceutical
University) OKanta Kawai,' Tasuku Hirayama,' Mieko Tshuji,! Hideko Nagasawa'

In 2012, Stockwell et al. reported Ferroptosis, an iron-dependent programmed cell death
through accumulation of damaged lipids resulting from radical chain reactions between ferrous
ions and lipid peroxide. It is known that Ferroptosis is associated with several diseases.
Therefore, inhibiting ferroptosis is expected to be a new therapeutic target for treating these
diseases. In this work, we report on a new class of inhibitors of Ferroptosis.

Our group has reported a series of ferrous ion-selective fluorescent probes containing tertiary
amine N-oxide moiety. We focused on the mechanism of the N-oxide chemistry, where ferrous
ions are oxidized to ferric ions, and presumed and evaluated if N-oxide chemistry would be a
new therapeutic strategy based on the oxidation of ferrous ions which is a key factor for
Ferroptosis. We found that SiRhoNox-1, a deep-red N-oxide-based fluorescent probe, rescued
erastin-treated cells from ferroptosis. We also analyzed the inhibitory effect of other N-oxide-
based probes having other subcellular distribution profiles and found that the N-oxide probes
accumulating in the endoplasmic reticulum and lysosome effectively inhibited Ferroptosis.

Keywords: Ferroptosis, N-oxide; Drug Discovery, Inhibitor
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Analysis of the correlation between nuclear receptor ROR Yt activity and kynurenine production
(" School of Advanced Engineering, Kogakuin University, Faculty of Pharmacy, Yasuda
Woman's University.) OYuka Hasebe,! Eita Satonaka,' Syota Takeda,! Osamu Ohno,'
Kenji Matsuno?

Kynurenine (KYN) is highly expressed in cancer cells and inhibitors of KYN production are
expected to be applied as novel immunotherapeutic agents for cancer. We searched for
compounds that inhibit KYN production induced by IFN-y in human squamous cell carcinoma
A431 cells from our chemical library. As a result, an agonist of the nuclear receptor RORyt was
found to inhibit KYN production. In addition, an inverse agonist of RORy was found to
promote KYN production.

Keywords : IDO; kynurenine; ROR; inverse agonist;, agonist
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Discovery of small-molecular inhibitors for the Jasmonate-related
major transcription factor MYC and chemical regulation of plant
hormone crosstalk

(‘Graduate School of Science, Tohoku University, *RIKEN Center for Sustainable Resource
Science, *Graduate School of Life Sciences, Tohoku University) ORuigi Liu,' Qi Li,' Koshiki
Mino,? Akiko Idei,> Minoru Yoshida,? Minoru Ueda,'* Yousuke Takaoka'

Keywords: Plant hormone; Protein-protein interaction; High-throughput screening;
Transcription factor

Plant hormone-related transcription factors (TFs) are key regulators for plant life cycles
including growth, differentiation, or defense. Since these TFs play pivotal roles, they are often
genetically redundant to be robust against unexpected mutations. Furthermore, many TFs are
involved in plant hormone crosstalk regulatory system, making analysis difficult. Therefore,
selective chemical tools for plant TFs are expected to be effective in analyzing plant hormone
signaling, although the molecular design of chemical tools has been challenging so far.

Jasmonoyl-L-isoleucine (JA-Ile) is an
essential phytohormone in defense responses
against insects or pathogens.' More than 25 TFs

in the JA signaling are coded in the genome of
the model plant Arabidopsis thaliana with a high
genetic redundancy, although the details remain

unclear.” We herein focus on a master regulator
TFs MYCs in JA signaling, which regulates anti-
insect responses as well as growth inhibition.

MYCs are repressed by interactions with JAZ

. .. h h Anti-i
repressors and activated by transcriptional High-throughput | wreen "o

. . . (/
mediator MED25.° Based on these protein- screening i (e

protein interactions (PPIs), we established a ) o
Figure 1. JA signaling pathway and the

high-throughput screening (HTS) system to screening of MYC inhibitors.

identify MYC inhibitors, and successfully

obtained 18 hit compounds for MYC3 from existing drug library (Figure 1). Subsequently, we
conducted more refined assays in vitro as well as in vivo, and finally identified three efficient
MYC3 inhibitor candidates. These inhibitors also showed similar inhibitory effects for
MY C2/4, redundant homologues for MY C3, but not for other TFs such as EIN3, another master
regulators for defense against pathogen infection in JA signaling. By using in silico docking
study, we aimed to optimize the structure of one candidate. Our new endeavor should provide
various useful tools for understanding plant signaling pathways in the future.

1) Wasternack, C. and Hause, B., Ann. Bot. 111, 1021 (2013). 2) Chini, A., et al. Curr. Opin. Plant Biol.
33, 147-156 (2016). 3) Takaoka, Y., et al. J. Biol. Chem. 298, 101504 (2022).
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Identification of the tomato CYP94 enzyme responsible for the catabolism of the plant hormone
jasmonoyl-isoleucine. (!Faculty of Science, Tohoku University, *Graduate School of Life
Science, Tohoku University, 3Graduate School of Science, Tohoku University)

(OMai Morikawa!, Rina Saito?, Toshiya Muto?, Sayaka Saito?, Takuya Kaji®, Minoru Ueda?*

The plant hormone (3R,7S)-jasmonoyl isoleucine (JA-Ile) is biosynthesized in response to
attacks of enemies and induces defense responses. Since JA-Ile also causes growth inhibition,
JA-Ile is oxidatively inactivated to 12-OH-JA-Ile and then to 12-COOH-JA-Ile by CYP94
enzymes. -3 However, the CYP94 enzymes have not been well characterized in plants other
than Arabidopsis thaliana. We attempted to identify the CYP94 enzyme responsible for the
oxidative catabolism of JA-Ile in tomato. We analyzed wound-induced genes expression and
identified six candidate genes involved in JA-Ile catabolism. Next, we examined the activities
of these CYP94 enzymes using the yeast heterologous expression system. As a result, we
revealed that CYP94B18/B19 catabolize JA-Ile to 12-OH-JA-Ile and then to 12-COOH-JA-Ile.
Keywords : Tomato (Solanum lycopersicum), jasmonate, JA-Ile, catabolism, CYP94
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Figure 1. F~ MZEIT 5 JA-lle DICGHFEKE
1) Koo, A. J. et al. Proc. Natl. Acad. Sci. U.S.A. 2011, 108, 9298. 2) Heitz, T. et al. J. Biol. Chem.
2012, 287, 6296. 3) Koo, A. J. et al. J. Biol. Chem. 2014, 289, 29728.
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Development of rice jasmonate receptor subtype-selective synthetic ligands

(‘Faculty of Science, Tohoku University, *Graduate School of Science, Tohoku University,
3Graduate School of Life Sciences, Tohoku University, *Graduate School of Science and
Engineering, Teikyo University, ’Graduate School of Agricultural and Life Sciences, The Uni.
of Tokyo) OMaria Mitsui,' Taichi Okumura,® Tsumugi Kitajima,® Takuya Kaji,’

Kengo Hayashi,” Hideo Inagaki,* Koji Miyamoto,* Kazunori Okada,’ Minoru Ueda®*

The plant hormone jasmonoyl-L-isoleucine is perceived by COI-JAZ co-receptors and
induces diverse biological responses. In the model monocot rice (Oryza sativa; Os), there are
three OsCOls (OsCOl1a/1b/2) and 15 OsJAZs, and their combination gives 45 OsCOI-OsJAZ
co-receptor subtypes. Three OsCOls regulate different responses”, so we expected subtype-
selective synthetic ligands would be effective chemical tools. To develop such ligands, we have
focused on the natural product coronatine (COR), a JA-Ile mimic. We have investigated the
binding affinity of stereoisomers of COR to OsCOI-OsJAZ subtypes?, and found that several
stereoisomers selectively bind to OsCOI2. Based on these structures, we synthesized analogs
and successfully obtained a chemical tool with improved affinity to OsCOI2-OsJAZ.
Keywords : plant hormone, jasmonate, coronatine; stereoisomer, rice
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OsCOL-OsJAZ EZRARITRET D8 | i
e HEERAI AT L7252, OsCOIR Hige '~ - - - e
RICHE BT B IR & 372, 5 6 i l
(2. F O A b LIRS R R
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1) Miyamoto, K., Ueda, M., et al., Plant Cell Physiol., 2023, 64, 405-421.
2) Ueda, M. et al., Commun. Biol., 2023, 6, 320.
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Chemogenetic regulation of dopamine receptors using structural information of the
extracellular loops (Graduate School of Engineering, Nagoya University) O Ryuji Hara,
Shuntaro Kashiwa, Tomohiro Doura, Shigeki Kiyonaka

Abnormalities in dopaminergic neurons are implicated in psychiatric disorders such as
Parkinson’s disease and schizophrenia. Thus, dopamine receptors are regarded as important
drug targets, and their physiological functions are desirable to elucidate. Dopamine receptor
antagonists are useful for elucidating the physiological functions of dopamine receptors.
However, because of broad expression of dopamine receptors in vivo, it is hard to control
dopamine receptors in a cell-type specific manner. To solve this problem, we worked to develop
a chemogenetic method that can regulate dopamine D1 receptor (D1R), a class A GPCR, in a
cell type-specific manner. The extracellular loops (ECLs) of D1R have little impact on binding
of DIR to its endogenous ligand, dopamine, but are involved in binding to dopamine receptor
antagonists. We introduced mutations in the ECLs of DIR and found a mutant with
significantly higher 50% inhibitory concentration (ICso) of dopamine receptor antagonists
through cell-based screening. This result indicates that extracellular Loop-Engineered
Chemogenetics (eLEC) is useful for controlling D1R in a cell-type specific manner.
Keywords : Chemogenetic regulation;, Dopamine receptor; Extracellular loop, eLEC
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Affinity Control of Clinical Drugs for Serotonin 5-HT24 Receptor by the Loop-Swapping approach
(Graduate School of Engineering, Nagoya University) oHajime Inoue, Tomohiro Doura, Shigeki
Kiyonaka

G protein-coupled receptors (GPCRs) are responsible for a variety of important physiological
functions, and approximately one third of approved drugs target GPCRs. However, it is difficult to
elucidate the functions of GPCRs expressed in specific cells using these drugs, because most
GPCRs are widely expressed in vivo. To solve this problem, we have proposed extracellular-Loop
Engineered Chemogenetics (eLEC). The eLEC is a chemogenetic method to control the affinity
between GPCRs and synthetic ligands by introducing mutations in the extracellular loops (ECLs)
away from the 7-transmembrane domain where endogenous ligand binds. Here, we applied eLEC
to serotonin 5-HT2a receptor (5-HT2aR), which is a target of many psychiatric drugs. We focused
on the subtype-selectivity of clinical drugs targeting 5-HT2aR, and prepared 5-HT2aR mutants in
which part of the ECLs of 5-HT2aR is replaced that of other serotonin receptor subtypes. By
introducing these mutations, we succeeded in shifting the ICso values of these drugs to
approximately 200-fold higher concentration.

Keywords: Chemogenetics, GPCR, Serotonin 5-HT>4 receptor, Clinical drug
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Chemogenetic regulatlon of metabotropic glutamate receptor 1 and in vivo dynamics of the
designer ligand (!Graduate School of Engineering, Nagoya University, *National Institutes for
Quantum Science and Technology) OTakumi Kondo', Tomohiro Doura', Tomoteru Yamasaki?,
Masayuki Fujinaga®, Ming-Rong Zhang?, Shigeki Kiyonaka!'

Metabolic glutamate receptor 1 (mGlul) is a class C GPCR that is highly expressed in the
cerebellum, thalamus and olfactory bulb, and is known to be involved in memory and learning.
Since the physiological functions of mGlul differ among the expressing cell type, it is highly
desired to control mGlul in a cell type-selective manner. By combining MPET derivatized from
FITM, an allosteric inhibitor of mGlul, and mGlul mutant (T748W) which is introduced a
tryptophan (W) near the FITM binding site of mGlul, we established the basis for a cell type-
selective mGlul regulation method. For its in vivo applications, we analyzed the pharmacokinetics
of MPET by positron emission tomography (PET). As a result, we found that MPET has
characteristics suitable for in vivo applications, including penetrating the blood-brain barrier (BBB).
Based on these findings, we conducted behavioral experiments using mice, and demonstrated that
the developed method allows to control mGlul in a cell type-selective manner in vivo.

Keywords : mGlul; Chemogenetics, pharmacokinetics
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