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Photoregulatable lysine acetylation catalyst towards generating histone
acetylation circadian rhythm

('Graduate School of Pharmaceutical Sciences, The University of Tokyo, *Graduate School of
Science, Kobe University) O Yuto Azumaya,! Yugo Kamimura,' Tatsushi Yabuta,> Hayu
Hasebe,” Mie Fuyama,”> Kenzo Yamatsugu,! Shigehiro A Kawashima,! Yuki Yamanashi,'
Ryosuke Matsubara,” Motomu Kanai'

Keywords : oscillation of acetylation ; histone acetylation catalyst ; photoreduction ;

Histones undergo various post-translational modifications and are involved in the dynamic
regulation of gene transcription. Periodic oscillation of acetylation on histones at clock genes
constitutes circadian rhythms". In this research, we aim to construct an artificial method to
manipulate the periodic oscillation of histone acetylation, which can be a useful tool for
understanding related biological phenomena or a new therapeutic strategy.

We have developed a histone acetylation catalyst” with a thiol group, which is essential for
its acetylation activity. We hypothesized that we could induce a periodic oscillation of lysine
acetylation by reversibly converting the catalyst between thiol and disulfide through
photoreduction and aerobic oxidation. We found that a carbazole-based photocatalyst® with a
high reduction potential efficiently reduces disulfide to thiol. Then we developed a new
acetylation catalyst that renders both photoreduction and catalytic activity for lysine acetylation.
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1) Biochim. Biophys. Acta Gene Regul. Mech. 2023, 1866, 194958. 2) Nat. Commun. 2023,
14,5790. 3) Nat. Chem. 2023, 15, 794.
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In Vivo Synthesis of Biocompatible Artificial Metalloenzyme by Resourcing Mouse Blood
Albumin and Cancer Therapy ('School of Materials and Chemical Technology, Institute of
Science Tokyo, *Biofunctional Synthetic Chemistry Laboratory, RIKEN Cluster for Pioneering
Research, *Institute of Integrated Research, Institute of Science Tokyo) OKyosuke Imai,'
Kyohei Muguruma,® Akiko Nakamura,” Yuriko Kusakari,® Tsung-Che Chang,' Ambara R.
Pradipta,’ Katsunori Tanaka'~

We have been developing a method to synthesize drugs at the tumor site to mitigate the side
effects of tumor therapy using an albumin-based artificial metalloenzymes (ArMs). Here, we
attempted to synthesize the ArM of ruthenium catalyst directly using circulating albumin in
mice, which is abundant in the bloodstream. Leveraging the catalytic activity of ruthenium
stabilized by albumin could achieve efficient cancer treatment through catalytic chemical
reactions of ArMs synthesized in mice.

Keywords : Cancer therapy, Transition-metal Catalyst; Artificial Metalloenzyme,; Albumin,
Therapeutic in vivo Synthetic Chemistry
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Cancer Treatment Strategy Using Selective Amidation of Polyamines in Cancer Cells

(' School of Materials and Chemical Technology, Institute of Science Tokyo, * Biofunctional
Synthetic Chemistry Laboratory, RIKEN Cluster for Pioneering Research)

OAtsuhiro Matsuura,' Ambara R. Pradipta,’ Katsunori Tanaka'>

Polyamines, including spermine and spermidine, are produced at elevated levels in cancer
cells. We have previously reported that propargylic esters can selectively react with these
endogenous polyamines. Our goal is to utilize this reaction to synthesize polyamine-containing
drugs directly within cancer cells. We have designed and synthesized a variety of precursors
inspired by the structures of natural toxic compounds and pharmaceuticals. When introduced
to cancer cells, these precursors can be converted into active anticancer agents that exhibit
cytotoxic effects.

Keywords : Cancer therapy; Polyamine; Propargylic ester; drug precursor; Therapeutic In
Vivo Synthetic Chemistry
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2) K. Soda. W’Waves, 2011, 17, 26.

3) K. K. H. Vong, S. Maeda, K. Tanaka. Chem. Eur. J. 2016, 22, 18865.

4) K. K. H. Vong, K. Tsubokura, Y. Nakao, T. Tanei, S. Noguchi, S. Kitazume, N. Taniguchi, K. Tanaka.
Chem. Commun., 2017, 53, 8403.
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Development of brain-permeable metabotropic glutamate receptor subtype 1 (mGlul)-
selective allosteric ligands and their application to in vivo chemogenetic control of mGlul
(‘Graduate School of Engineering, Nagoya University, *School of Engineering, Nagoya
University, *National Institutes for Quantum Science and Technology, *Keio University School
of Medicine, *Research Institute for Quantum and Chemical Innovation, Nagoya University)
O Tomohiro Doura,' Takumi Kondo,' Keigo Morikawa,” Tomoteru Yamasaki,® Masayuki
Fujinaga,® Ming-Rong Zhang,® Wataru Kakegawa,* Shigeki Kiyonaka'"

Metabotropic glutamate receptor subtype 1 (mGlul) is a G protein-coupled receptor (GPCR)
that is expressing in the central nervous system (CNS) such as cerebellum, thalamus, and
olfactory bulb. mGlul is known to be involved in higher brain functions such as memory and
learning. Since the physiological functions of mGlul vary depending on the cell type, it is
necessary to regulate mGlul in a cell type-specific manner in order to understand the roles of
mGlul in higher brain functions. To create this technology, we developed a chemogenetic
method to control mGlul based on structural information of the CNS-penetrant allosteric
inhibitor FITM-bound mGlul. We found that MPET, a derivative of FITM, inhibits wild-type
mGlul but not a mGlul mutant, and that MPET crosses the blood-brain barrier by positron
emission tomography (PET) imaging. Furthermore, we investigated the physiological functions
of mGlul related with motor learning in cerebellar Purkinje cells by behavioral experiments on
mGlul gene knock-in mice after MPET administration. Here we report the detailed results.
Keywords : mGlul; GPCR; CNS penetration; blood brain barrier;, chemogenetics
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Cis-Photoisomerization and Enhancing Solubility to Organic Solvents of Carotenoid
Molecules Induced by Nanosecond Pulsed Laser Irradiation ('Hamamatsu Photonics K.K.)
OHiromu Sato,' Shigetoshi Okazaki,' Gen Takebe,!

Carotenoids are lipid-soluble pigments widely found in nature that possess potent
antioxidant activity. Consequently, they have been used in dietary supplements and other health
products. Nevertheless, all-trans carotenoids, which are most found in plants, exhibit low
solubility and poor bioavailability. On the other hand, cis isomers have been shown to have
higher solubility in organic solvents and greater bioavailability than all-trans isomer'?.
Therefore, isomerization methods using heat, catalysts, and photosensitizers have been widely
studied®®. However, each method has its challenges, such as the potential for thermal
decomposition and the need to use harmful substances. Thus, there is a demand for cleaner and
more efficient isomerization methods. In this study, we found that when carotenoids such as f3-
carotene, lycopene, and astaxanthin suspended in an organic solvent were exposed to
nanosecond pulsed laser light, efficient cis isomerization was induced without using
photosensitizers. Hence, solubility in organic solvents was dramatically improved. This
photoisomerization did not occur with continuous wave irradiation. Additionally, this
photoisomerization occurred most efficiently when irradiated with light at wavelengths shifted
approximately 70-100 nm longer than the absorption peaks of each carotenoid solution. This
study provides important insights into efficient methods for carotenoid cis-isomerization and
their mechanisms.

Keywords: Carotenoids,; Photoisomerization; Cis isomer; Multiphoton absorption
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