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Improving allosteric ligands for in vivo chemogenetic regulatlon of metabotropic glutamate
receptor subtype 1 (mGlul) (‘School of Engineering, *Graduate 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)
OKeigo Morikawa!, Tomohiro Doura?, Takumi Kondo?, Tomoteru Yamasaki’, Masayuki
Fujinaga®, Ming-Rong Zhang®, Wataru Kakegawa®, Shigeki Kiyonaka®”

Metabotropic glutamate receptor subtype 1 (mGlul) is a GPCR widely expressed
in the central nervous system, and known to play a vital role in memory and learning.
Since the physiological functions of mGlul differ depending on the cell type in which
it is expressed, methods for regulating mGlul in specific cell types are required to
elucidate the mechanisms of memory and learning. By combining MPET derived from
FITM, an allosteric inhibitor of mGlul, with a mGlul mutant that is not inhibited by
MPET, we established a cell type-specific method for controlling mGlul. Using this
method, we successfully regulated mGlul in a cerebellar Purkinje cell-specific
manner in vivo. However, positron emission tomography (PET) analysis revealed that
MPET is rapidly excreted from the brain. We’re searching for new ligands to
overcome this issue, and will report the findings obtained during this process.
Keywords : Chemogenetics, Pharmacokinetics; GPCR; mGlul
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Strategy to increase the affinity of inhibitors to engineered adenosine A,A receptors for
chemogenetic control ('School of Engineering, Nagoya University, *Graduate School of
Engineering, Nagoya University, *Research Institute for Quantum and Chemical Innovation,
Nagoya University) OShinichi Oki!, Yuma Matsuoka?, Tomohiro Doura?, Shigeki Kiyonaka?*

G protein-coupled receptors (GPCRs) form the largest family of membrane proteins. GPCRs
are activated by a lot of extracellular signals such as some chemical substances, light and so
on. GPCRs trigger signal transductions and regulate a wide range of physiological processes.
Because the physiological functions of GPCRs differ depending on the cell types, developing
methods to regulate GPCRs in a cell type-specific manner is necessary to understand their
physiological functions.

We have previously demonstrated that mutagenesis in the extracellular loops of adenosine Axa
receptor (A2aR), a class A GPCR, can reduce the binding affinity of A>aR inhibitors while
preserving the response to adenosine. In this study, we investigated A>aR mutant-selective
enhancement of the binding affinity of A»aR inhibitors by different approaches intended to
reduce the dissociation rate of the inhibitors from the A,4R mutant or to increase the association
rate of the inhibitors to the A,aR mutant by designing A>,aR mutants based on ligand—receptor
binding kinetics. Here we report the detailed results.

Key words: G protein-coupled receptor, Adenosine A4 receptor, Chemogenetics
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Investigation of the binding mode of stylissatin A on lysosomal PPCA and development
of its analogs for anti-obesity agents

oDewi Luthfiana,' Yiting Sun,! Ayumi Dakiiwa,! Takahiro Shibata,' Masaki Kita'
'Graduate School of Bioagricultural Sciences, Nagoya University
Keywords: stylissatin A, anti-obesity, dmpy-NASA-DACN, PPCA

Stylissatin A (SA) is an anti-inflammatory cyclic heptapeptide of marine sponge Stylissa massa.' SA
inhibited nitric oxide production in LPS-stimulated murine macrophage RAW264.7 cells with low
cytotoxicity. SA and its derivatives (SAs), especially D-Tyr'-rBuSA potently inhibit adipocyte
differentiation in the murine 3T3-L1 preadipocyte.? SAs also inhibit the interaction between
lysosomal protective protein cathepsin A (PPCA) and neuraminidase 1 (Neul), which causes lipid
droplet degradation.’ Understanding SA-PPCA interaction is essential for the discovery and
development of novel anti-obesity drugs. Therefore, to investigate the binding mode of SAs on PPCA,
dmpy-NASA-DACN probe was designed. By the Huisgen reaction, dmpy-NASA-ligand conjugates
can be easily prepared for in-situ labeling and binding position analysis of unknown targets.

Additionally, conformational study revealed that N-methylation of amide moiety on isoleucine
residue induced significant conformational change on SAs. While introducing N-methyl group can
alter the conformation and intramolecular hydrogen-bond potential, it may also impact the target
selectivity and biological activity of the peptide. To synthesize these peptides, solid-phase peptide
synthesis (SPPS) followed by macrocyclization in solution were employed. This study will elucidate
the impact of N-methyl group incorporation on target selectivity and bioactivity of SA analogs
through in-vitro and in-vivo evaluations.
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1) M. Kita, B. Gise, A. Kawamura, H. Kigoshi, Tetrahedron Lett., 2013, 54, 6826-6828. 2) M. Zhang,
T. Sunaba, Y. Sun, K. Sasaki, H. Isoda, H. Kigoshi, M. Kita, Chem. Commun., 2019, 55, 5471-5474.
3) Y. Sun, A. Dakiiwa, M. Zhang, T. Shibata, M. Kita, Chem. Eur. J., 2024, €202402049.
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Small Molecule-Mediated Paralytic Effects on Movement Regulation in Symbiotic
Dinoflagellates

oCarlos Augusto Loayza-Cassano', Hiroshi Yamashita?, Yuta Tsunematsu', Masaki Kita'
'Graduate School of Bioagricultural Sciences, Nagoya University

2Fisheries Technology Institute, Japan Fisheries Research and Education Agency

Keywords: symbiotic dinoflagellate; host regulation mechanism; paralytic effect; inter-strain effect

Symbiotic dinoflagellates form essential relationships with diverse marine invertebrates, including
corals, giant clams, and jellyfish. These dinoflagellates exhibit two distinct forms—motile and
coccoid—with the latter being predominant within host animals'. However, the mechanisms by which
host organisms regulate these forms and the movement of dinoflagellates remain poorly understood,
as do the interactions between different dinoflagellate strains.

In this study, methanolic extracts from different strains of dinoflagellates were tested to examine
potential inter-strain effects. Notably, the extract of one strain induced a reversible paralytic effect,
temporarily inhibiting movement in other dinoflagellates. This effect subsided within 24 hours of
exposure and removal of the extract, indicating a non-toxic response. Fractionation revealed that the
dichloromethane layer retained these paralytic properties, and further separation via open column
chromatography identified specific fractions responsible for the effect. Interestingly, some alkaloids
of plant origin were also found to exhibit similar reversible paralytic effects on dinoflagellates,
suggesting the potential role of small molecules in influencing dinoflagellate behavior.

These findings highlight a non-lethal mechanism through which certain compounds might influence
dinoflagellate behavior, potentially shedding light on inter-strain interactions and regulatory
processes in symbiotic relationships.

1) Fujise, L., Yamashita, H., & Koike, K. (2014). Application of calcofluor staining to identify motile
and coccoid stages of Symbiodinium (Dinophyceae). Fisheries science, 80, 363-368.
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Synthesis of Nanographenes with Ca?* Triggered “Turn-On”
Blinking Properties toward Super-Resolution Biosensing

(Organic and Carbon Nanomaterials Unit, Okinawa Institute of Science and Technology
Graduate University) O Zhigiang Gao, Hao Zhao, Akimitsu Narita
Keywords: Nanographenes, Turn-On Fluorophores, Super-Resolution Imaging, Biosensing

Optical super-resolution imaging by single-molecule localization microscopy (SMLM)
has emerged as a powerful tool to localize and visualize the intracellular distribution of target
analytes (e.g., metal ions, proteins), contributing to the understanding of life-activities.!
Rhodamines, BODIPY's and cyanines are currently used for SMLM biosensing. However, they
typically require blinking buffers to achieve effective blinking, which are toxic to live cells,
prohibiting the in-situ biosensing applicability in life-science. Dibenzo[4i,st]ovalene (DBOV),
ared-emissive and highly photostable nanographene, has demonstrated self-blinking properties
and its diaza analog had additionally exhibited proton-/metal ion-induced quenching of
emission and blinking, highlighting great potential for SMLM biosensing.> Nevertheless, their
“always-on” fluorescence and blinking properties often leads to low signal-to-background
ratios and thus makes it difficult to acquire high quality images. It is crucial to develop analyte-
sensitive nanographenes, especially with “Turn-On” type emission and blinking properties.

We report the synthesis of a water-soluble anthanthrene derivative functionalized with
1,2-bis(o-aminophenoxy)ethane-N, N, N, N'-tetraacetic acid (ATR-BAPTA). ATR-BAPTA
exhibited the longest-wavelength absorption peak at 458 nm and weak emission with a
maximum at 468 nm in water. BAPTA groups can quench the fluorescence of the parent
fluorophore through the photoinduced electron transfer (PET) process, which is prohibited by
coordinating with Ca** ions to allow the emission.’ Fluorescence spectroscopy revealed that
the emission of ATR-BAPTA can be activated by Ca** ions, realizing >2000-fold of “Turn-On”
effect, which is among the highest values in the literature. We achieved the synthesis of a water-
soluble nanographene with Ca** triggered “Turn-On” emission, opening a new venture for
long-term and real-time super-resolution biosensing in cell biology.
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1) S. Pyjals, N. Feiner-Gracia, P. Delcanale, 1. Voets, L. Albertazzi, Nat. Rev. Chem. 2019, 3,
68. 2) E. Jin, Q.Yang, C-W. Ju, Q. Chen, K. Landfester, M. Bonn, K. Miillen, X. Liu, A.
Narita, J. Am. Chem. Soc. 2021, 143, 10403. 3) C. Deo, S.-H. Sheu, J. Seo, D. E. Clapham,
Luke. D. Lavis, J. Am. Chem. Soc. 2019, 141, 13734.
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Self-Blinking Nanographene with Cationic Side Chains for Super-
Resolution Bioimaging of Live-Cell Membrane

(Organic and Carbon Nanomaterials Unit, Okinawa Institute of Science and Technology
Graduate University, *Max Planck Institute for Polymer Research) OHao Zhao,' Xingfu
Zhu,? Xiaomin Liu,> Mischa Bonn,? Akimitsu Narita'*

Keywords: Nanographene; Self-Blinking; Membrane Targeting; Super-Resolution;
Bioimaging

Single-molecule localization microscopy (SMLM) is a powerful technique to achieve
super-resolution imaging beyond the diffraction limit. SMLM protocols usually include small-
molecule dyes (e.g., cyanine, thodamine, and oxazine). Unfortunately, these typically require
blinking buffers with external additives, such as glutathione, ascorbic acid, and oxygen-
scavenging agent, to realize effective blinking. Such buffers are incompatible with live cells,
restricting their applicability in life science.! Nanographenes have emerged as self-blinking
fluorophores for SMLM imaging. Dibenzo[#4i,stJovalene (DBOV), a highly stable and red
emissive nanographene, has enabled blinking buffer-free SMLM imaging of amyloid fibrils,
live-cell lysosomal dynamics, and neural nascent proteins via click chemistry, demonstrating
great promise for highly versatile SMLM.? Nevertheless, nanographenes with intrinsic
subcellular targeting properties have remained unexplored.

We report the synthesis of a water-soluble DBOV derivative bearing cationic side chains
with quaternary ammonium terminals (DBOV-QA). DBOV-QA exhibited the longest-
wavelength absorption peak at 670 nm and a broad near-infrared emission with a maximum at
800 nm in water. Single-molecule fluorescence studies revealed the self-blinking
characteristics. Moreover, cellular distribution analysis demonstrated its high affinity to plasma
membrane structures, allowing for the super-resolution SMLM bioimaging of live-cell
membranes. We thus achieved a membrane-targeting nanographene with self-blinking
properties, paving the way to visualizing and tracking nanoscale membrane structures and
dynamics by super-resolution microscopy.
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1) G. T. Dempsey, J. C. Vaughan, K. H. Chen, M. Bates, X. Zhuang, Nat. Methods, 2011, 8, 1027. 2) X.
Zhu, Q. Chen, H. Zhao, Goudappagouda, Q. Yang, M. Gelléri, S. Ritz, D. Ng, K. Koynov, S. H. Parekh,
V. K. Chetty, B. K. Thakur, C. Cremer, K. Landfester, K. Miillen, M. Terenzio, M. Bonn, A. Narita, X.
Liu, J. Am. Chem. Soc. 2024, 146, 5195.
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Tetrazine-based fluorogenic probe toward leaflet-selective polarity imaging of cell
membranes (!Graduate School of Engineering, Osaka University, *Immunology Frontier
Research Center, Osaka University) O Yusei Otsuka,! Tomoya Yamamoto,'” Kazuya
Kikuchi'-

Polarity-responsive fluorescent probes, which shift their emission wavelength according to
the polarity of their environment, have been widely applied to visualize the states of various
molecular complexes within cells, such as hydrophobic packing in the cell membrane and
protein denaturation or aggregation. However, background fluorescence often prevents the
selective visualization of polarity in target regions, necessitating washing steps during imaging.

In this study, we focused on the click reaction of tetrazine. Tetrazine functions as a quencher;
however, after click reactions with TCO (trans-cyclooctene) or BCN (bicyclo[6.1.0]nonyne),
its quenching effect is eliminated, enabling fluorescence activation. Utilizing this mechanism,
we hypothesized that it would be possible to selectively visualize the polarity of specific
intracellular regions where target molecules are present.

We first synthesized a polarity-responsive fluorescent probe conjugated with tetrazine. The
synthesized probe was confirmed to be quenched in various solvents and to exhibit
fluorescence activation upon reaction with BCN, showing a broad fluorescence wavelength
shift depending on the polarity of the solvent. In this presentation, we will also report on the
application of this probe for leaflet-selective visualization of lipid membrane polarity.
Keywords : Fluorescent probes, Cell membrane, Click chemistry
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Development of Fluorogenic Probes for Monitoring Protein-protein
Interactions with Reversible Labeling Strategy

O Jiatong Li,! Masafumi Minoshima,! Kazuya Kikuchi.'? (1. Graduate School of
Engineering, Osaka University, 2. Immunology Frontier Research Center, Osaka
University)

Keywords: Fluorescent Probes, Protein-protein Interactions, Fluorescence Microscopy,
Reversible Interactions, Live-cell imaging

Protein-protein interactions (PPI) play essential roles in signal transduction and
molecular transportation in cells'. Understanding PPI reveals the network of gene products
and function in cells. Fluorescence imaging is a powerful tool for visualizing biomolecules
in living cells, enabling researchers to study biological processes with high spatiotemporal
resolution. Fluorescence Resonance Energy Transfer (FRET) %-based techniques and
Bimolecular Fluorescence Complementation (BiFC)*® methods have been widely used for
investigating PPIs. Nevertheless, interpreting PPIs by these approaches may be confounded
by various factors, such as fluorescence crosstalk and fluorescence artifact by spontaneous
complementation, respectively.

To address these challenges and advance the detection of PPIs, our research focuses on
a reversible labeling strategy utilizing chemical fluorescent probes. This study introduces an
innovative imaging approach for visualizing PPIs based on a fluorogenic and reversible
protein labeling system. The key of this method is the OBP-tag, a protein tag designed to be
fused with the protein of interest (POI), enabling dynamic labeling and visualization with
reversibility.

This approach represents a novel method for PPI detection. A series of fluorescent
probes were synthesized and characterized, and their irreversible binding to HaloTag and
reversible interaction with OBP were successfully validated. Significant fluorescence shifts
were observed in response to PPIs. Using N-Cadherin interactions as a model in live-cell
imaging experiments, we demonstrated visualization at cell adhesion sites and confirmed
the reversible labeling capabilities.
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(DLu, H. et al. Sig Transduct Target Ther 2020, 5 (1), 213.
(2)Park, S.-H. et al. J. Am. Chem. Soc. 2019, 141 (10), 4273—4281.
(3)Wang, S. et al. ACS Chem. Biol. 2018, 13 (5), 1180-1188.
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Development of Reversible Protein Labeling Probe with Red fluorescence ('Graduate School
of Engineering, Osaka University, > Immunology Frontier Research Center, Osaka Univ) O
Nana Otani,! Masafumi Minoshima,! Kazuya Kikuchi'-?

Fluorescent protein labeling is an important tool for the imaging-based analysis of the
dynamics of proteins. During microscopic observation, the fluorescence signals are gradually
diminished because of photobleaching by strong excitation light, which limits the observation
time. Non-covalent labeling methods using protein tags have recently been re-evaluated
because the labeling state is apparently maintained by probe exchange (V. We have developed
a non-covalent labeling system using odorant binding protein (OBP) as a protein tag . The
fluorescent probes were developed by conjugating environmentally responsive coumarin dye
derivatives with fatty acids as OBP-tag ligands. However, coumarin dye derivatives are limited
to blue to green fluorescence and their photostability is insufficient.

In this study, we focused on Si-Rhodamine derivatives with red fluorescence and high
photostability for developing new protein labeling probes via OBP-tag. The design, synthesis,
and fluorescent properties of the probes will be presented.

Keywords : Protein; Fluorescent probe; Imaging
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W= T~ by AT AR L T& @, = PDBcode:4RUN
NETIS, REDSENED 7 < U AR THER LRI b 9t 7 7 —7 % OBP
DI _XMUIZHNTE 2, LarL, 7~V UAaRFEERTIE, dOEERE» bk
ICIRHNTLEN, HLEED A TRNEVIRER D D,

AR TEREEOFNEEZFD, ML EROEWEFETH S Si-Rhodamine &
ZOFHERIZERL, OBP IZHATO2H7u—7ORFELZHE Lz, Si-
Rhodamine Z A& & L7 7' m—7 Z5%EF, &AL, OBP & OFEEIC X D Ha0EMEIC D
WTHRET D,

1) J.Kompaetal., J. Am. Chem Soc. 2023, 145, 3075.
2) EE HESC M, FRE 2023-34762
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Development of a novel Raman probe for glutathione (!Department of Life Science and
Technology, Institute of Science Tokyo, *Research Center for Advanced Science and Technology,
The University of Tokyo, *Research Center for Autonomous Systems Materialogy (ASMat),
Institute of Science Tokyo) (OYuta Murao,' Hiroyoshi Fujioka,! Minoru Kawatani,! Spencer
John Spratt,” Kazuhiro Kuruma,? Yasuyuki Ozeki,> Mako Kamiya'*

Glutathione (GSH) is one of the important antioxidants in cells and plays a pivotal role in
maintaining intracellular redox levels, thus various fluorescent probes for detecting GSH have
been developed so far. We have focused on the fact that Raman imaging, which detects
molecular vibration, is superior capability for multiplexed detection to fluorescence imaging,
and aimed to develop a novel Raman probe for detecting GSH. At the previous annual meeting,
we reported on a novel GSH-sensitive Raman probe using rhodamine (Rho) scaffold based on
our recently established molecular design that Raman signals can be controlled by the
absorption wavelength of the molecule. However, the developed probe did not respond
reversibly toward GSH in cells.

Then, we focused on malachite green (MG) scaffolds and prepared a series of MG derivatives
to develop a new Raman probe toward GSH. As a result, we confirmed that the developed MG
derivatives showed different Raman shifts depending on the chemical structure and Raman
signal intensity changed upon reaction with GSH. Furthermore, we prepared several probes by
conjugating GSH-reactive MG dyes and GSH-unreactive Rho dyes. Currently, we are
evaluating which derivatives can function as Raman probes for quantifying GSH concentration
in cells based on live-cell imaging. We plan to present these results at this meeting.

Keywords : GSH, Raman probe, rhodamine, malachite green, Raman imaging

B FA > (GSH) ITAEN O E7- 538 ek & L CER LR TE L~ UL OMERRIC F 5
LTEY, TNETITERA 7 GSH &7 m— 7 BB SN TE o, Fxld, o
TR AR T 5 7~ VBMIENEEIE L R TEERHEICE TTWVD Z L ITHE
AL, 9~ A A=Y 7RI BE: GSH 8B T~ 70 —7 ORIZICHR Y
ATE T, BiXEIOFESTIE, 5 FOWNERIZE Y T~ A5 558 E & il 5 R
IZHSE, n—& 43 (Rho) #REE L7 GSH 72— 712 OW TR L7223,
FIRNIZF1T 5 GSH ISE AP EIZEREDN & - 72,

ZZTAHRE, T4 N7V —rmFE MG) R E U CHERER 21T i
B, AFEBEIE L TERDI T~ v 7 MaZERTZ L, GSH EIGTHIETT
~ ANEETRENENT HZ L 2R LT, S HIC, GSH L& MG 3 & IR
Rho b % U o h—TCREA L7 0 —T7 28 Uiz, BIE, 74 78 A A=
VTR ESWT GSHIREERIZET A7~ 7T —T7OREZToTEBY, K
ETIHIORBIZOWTRET L TETH D,
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Development of photo-switchable Raman probe with simultaneous detection ('Department of
Life Science and Technology, Institute of Science Tokyo, *Research Center for Advanced
Science and Technology, The University of Tokyo, *Research Center for Autonomous Systems
Materialogy (ASMat), Institute of Science Tokyo) OSatoshi Matsumoto,' Hiroyoshi Fujioka,'
Minoru Kawatani,! Hikaru Akaboshi,?> Spencer John Spratt,> Kazuhiro Kuruma,? Yasuyuki
Ozeki,> Mako Kamiya'*

We have developed a diarylethene-based photo-switchable Raman probe whose Raman
signal changes upon light-irradiation, with which we performed super-resolution Raman
imaging". Since Raman microscopy is known to exhibit superior potential for multiplexed
imaging than fluorescence microscopy, we set out expand the repertoire of photo-switchable
Raman probes for multiplexed super-resolution vibrational imaging.

First, we predicted the Raman spectra of diarylethene derivatives with various structures
based on quantum chemical calculation, which suggested that they showed various patterns of
vibrational features. Next, we synthesized more than 30 derivatives, and it turned out that they
actually showed various Raman spectra and signal intensities. Among them, we found 3
candidate derivatives that can be detected simultaneously. Moreover, we confirmed photo-
switching properties of these candidates in living cells. We are preparing probes with organelle-
targeting ligands, and we will also report these results.

Keywords: Raman probe, photo-switching, diarylethene, simultaneous detection, imaging

FxlxoT7 V=T v EEEE LT ERRIC L s TI v B RN LT 56
Ay FrIMT s Ta—TEHBE L INERAWZEBEGR T~ A A—T T ER
HLTERY, 22T, I BEIREEE L T EREREAEVFEE LT
HHNTWDTD, RRFRHAIRER AL v F U TR T~ T a—T O eI TE
MU EBIRGA A=V IRARRICIRD EEZ, IR T e —T Ol E1T-7,

XL DICEFALFHREICE SN TH A REEDO VT Y — VT VFEERD T~
AR NETHLIEE Z A FOEZ LR D T~ AT NVERTZEN
RS LTz, EBRIC 30 B EOFBEERO G - Ml T o7& A, Fka T~
VARG MV AGERE AT HHEARNE DAL, T OF N S RIRR H AR AT
MVE RS 3T OGEMFEEAE LM L, S5, ZRO6FEEITHEN Ty 7~
VEFERAA T U IRRETH D I L AR Lo, BUE, B LIFaRic A7
X TREE) B REEA LT 0 —T O% - fHMliZ{ToC\nb EZATHY, £
DFERIZONVWTEHRET L TETH D,

1) Sci Adv. 2023, 9, eade9118.
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Synthesis and functional elucidation of fatty acid glyceride derivatives with cytoprotective
activity (!School of Advanced Engineering, Kogakuin University, > Faculty of Pharmacy,

Yasuda Woman's University) OYuki Utsugi,! Leo Kwon,! Yuki Sakata,! Kenji Matsuno,’
Osamu Ohno !

Stress in the endoplasmic reticulum (ER) caused by the accumulation of abnormal proteins
induces cell death??. ER stress-induced cell death is involved in diseases such as diabetes and
stroke when it occurs excessively in certain cells. In this study, we searched for a compound
that shows cytoprotective activity towards human cervical cancer HeLa cells treated with
thapsigargin, an ER stress inducer. Then, we found 1-linolenoyl-(2R)-glycerol, isolated from
the MeOH extract of giant hornet Vespa mandarinia, as an active compound. To obtain
compounds with further potent activity, derivatives with various fatty acid moieties were
synthesized and were evaluated for their cytoprotective activity.

Keywords : ER stress; Fatty acid; Cytoprotective activity, Derivative
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Scheme 1. lEiEE 7 V& U REFEE(RDARL  Fig. 1 1-Linolenoyl-(2R)-glycerol (1) (Z
X 2 AEIE M (HeLa, trypan blue
assay, 24 h) (*p <0.01vs TG group)

1) V. L Rasheva, P. M. Domingos, Apoptosis. 2009, 14, 996.
2) S. Kanemoto, K. Imaizumi, J. Jpn. Biochem. Soc. 2018, 90, 51.
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