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Development of subtype-selective labelmg reagents for endogenous dopamine
receptors in the live brain ('Graduate School of Engineering, Kyoto University, > ERATO,
JST)

OHiroshi Nonaka'?, Takuma Takeshi', Seiji Sakamoto', Itaru Hamachi'

The dopamine system is associated with brain functions such as motor control, motivation,
learning, and reward systems. Dopamine receptors are responsible for signal transduction in
the dopamine system. Because the downstream signaling and expression sites differ for each
dopamine receptor subtype, subtype-selective functional analysis is keenly required. In this
study, we have developed labeling reagents for subtype-selective chemical modification of
endogenous dopamine receptors.

Keywords : Ligand directed chemistry, Dopamine receptor; GPCR, Brain
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1) S. Kiyonaka, 1. Hamachi et al., Nat. Commun., 8, 14850 (2017).
2) H. Nonaka, I. Hamachi et al., Proc. Natl. Acad. Sci. USA., 121, €2313887121 (2024).

3) T. Tamura, I. Hamachi et al., Nat. Chem. Biol., 21, 109—119 (2025).
4) S. Sakamoto, H. Nonaka, I. Hamachi et al., bioRxiv (2024).
https://doi.org/10.1101/2024.05.23.594618
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Creation of Receptor-Based Fluorescent Sensor and Mapping of Protease Activity in Live
Mouse Brain. (' Graduate School of Engineering, Kyoto University, *JST ERAT 02 OSeiji
Sakamoto,l’2 Mengchu Wang,1 Kazuki Shiraiwa,' Hiroshi Nonaka,"* Itaru Hamachi"

A variety of extracellular proteases in central nervous system (CNS) play significant roles
to maintain the highly ordered brain functions. However, methods for analyzing detailed
localization and activity of each protease in live mouse brain are still limited. In this study,
we attempted to construct an AMPA-type glutamate receptor (AMPAR) based fluorescent
protease sensor in live mouse brain by a combination of ligand directed acyl imidazole
(LDAI) chemistry and inverse electron demand Diels—Alder (IEDDA) click reaction. For
creating AMPAR-based protease sensor, we initially introduced trans-cyclooctene (TCO)
click handle and Alexa Fluor 555 (Ax555) fluorophore on AMPARs in live mouse brain
using the LDAI chemistry. In the second step, Ax647 and methytetrazine (MeTz) conjugated
substrate peptide for a target protease was directly administrated into the mouse brain, which
allowed the rapid and selective chemical labeling of target receptors via IEDDA reaction.
Keywords : In-Brai Ligand Ddirected Chemistry; Inverse Electron-Demand Diels-Alder
(IEDDA) Reaction; Gluramate Receptor; Protein Labeling; Protease Sensor

TN ITRR 2 Zfflifash 7" e 7 7 — BRI L Mgk~ R U w7 200 F 7 A MK
K10 24 LT, MfREEMmE, 7 2ABMR, v 7 At SIcBE L,
BRI RE 2 X 2 D EEAREE 2 R LTS, L LN X 83 OMN T,
Eo7aTr 7 —ERn, EIT, EOXIREA I 7 TIHEMEEIIUERE L T DT
DWW TOFEMMIRIEARHARENR L, AR TIX, YFFRETHBE LICMNY T R
M7 LA 2 Z Y — )b (in-brain LDAI) fb 2% & Wi+ Z 5% Diels-Alder
(IEDDA) 7V v 7 RGO AE LI L > T, A&~ T AN T, AMPAR #7
NI VSRR ERKRE T T T TR =R EZR AT [1,2], BAREY
X, LDAL /b2 H W T, AX T~ T AWANDO TV H I VIS RIKIT,
trans-cyclooctene (TCO) #E & Alexa Fluor 555 (AX555) Z RFSAIZE A L1z, RO B
TlX. Alexa Fluor 647 (Ax647) & methytetrazine (MeTz) S&& I L7707 7 —
PRI R IR ST F R 5 L, IEDDA 7 U v 7 FUS & LIz idadE o5 iR
B78 7 ~NAL & AT/ o Te, TSN B RICIEER 7 a7 7 —8 i L
B WEARTF RO &2/ LT Ax555/Ax647 #IEHRED L AE S L < ITE e
R D FRET RN ENT 58 V=K TH D, SRIOWME T, N TOFRE
EN S % Matrix Metalloproteinase 9 (MMP9) Z & & LT, &7~ AMNTO
MMP9 IEHED~ v E 2 TR E L7z TE OFEMIZ W THET 5,

1. H. Nonaka and I. Hamachi et al. Proc. Natl. Acad. Sci. USA., 121, 6:2313887121 (2024).
2. S. Sakamoto, H. Nonaka, I. Hamachi ef al. doi: biorxiv.org/content/10.1101/
2024.05.23.594618v1.
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In vivo protein labeling by ligand-directed ArNASA chemistry ('Graduate School of
Engineering, Kyoto University) O Tomonori Tamura,' Masaharu Kawano,' Dai Sugihara,’
Itaru Hamachi'

Ligand-directed chemistry has been recognized as a powerful strategy for selective labeling
of endogenous proteins with synthetic reagents in living systems. Although there are several
successful examples, the in vivo application of this technique often faced challenges because
of the sluggish labeling rate and low in vivo stability of reagents. Here we report our recent
efforts on protein labeling in vivo using the latest reactive group, N-acyl-N-aryl-sulfonamide
(ArNASA). The ArNASA-appended labeling reagents selectively labeled their target protein,
integrin a,,33/5, in cultured cells and in tumor-bearing mice.

Keywords : ArNASA, Ligand-directed chemistry, Integrin, Protein labeling
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1) T. Tamura and I. Hamachi, J. Am. Chem. Soc., 2019, 141, 2782-2799.
2) S. Tsukiji, et al., Nat. Chem. Biol., 2009, 5, 341-343.

3) H. Nonaka, et al., Proc. Natl. Acad. Sci., 2024, 121, ¢2313887121.

4) M. Kawano, et al., J. Am. Chem. Soc., 2023, 145,26202-26212.
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Detection of dipeptidyl peptidase-4 activity in vivo with a rationally designed hyperpolarized
MRI molecular probe ('Graduate School of Engineering, The University of Tokyo, *National
Institutes of Health, USA, School of Medicine, Gifu University, *National Institutes for
Quantum Science and Technology, > Graduate School of Science, Chiba University) O Akihito
Goto', Hiroyuki Yatabe', Abdelazim Elsayed Elhelaly’, Takayasu Sugiyama', Keisuke Saito',
Norikazu Koyasu?, Fuminori Hyodo®, Masayuki Matsuo®, Keita Saito*, Yoichi Takakusagi*™
Hiros}%i Ishikita!, Kazutoshi Yamamoto®, Murali Cherukuri Krishna?, Yutaro Saito!, Shinsuke
Sando

Dipeptidyl peptidase-4 (DPP-4) is a biologically important enzyme related to various diseases
such as type 2 diabetes and cancers. Therefore, the detection of DPP-4 activity in vivo is a
promising technique for diagnosis. In this study, we developed a molecular probe for detecting
DPP-4 activity in vivo with hyperpolarized MRI." In the presentation, we will show the design
strategy for a hyperpolarized MRI molecular probe targeting DPP-4 and the results of in vivo
experiments aimed at preclinical applications. Furthermore, on the basis of quantum
mechanics/molecular mechanics calculation, we will explain how the optimized molecular
structure shows excellent enzymatic reactivity for DPP-4.

Keywords :Molecular imaging, Hyperpolarized MRI; Magnetic resonance imaging; Molecular
probe,; Dipeptidyl peptidase-4
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[1] K. Golman et. al., Proc. Natl. Acad. Sci. U. S. 4. 2006, 103, 11270-11275.
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Live-cell super-resolution imaging of mitochondrial inner
membranes using a fast-blinking fluorophore

(*Graduate School of Life Sciences, Tohoku University, ?Institute of Multidisciplinary Research
for Advanced Materials, Tohoku University, 3Institute for Integrated Cell-Material Sciences,
Kyoto University) OBochao Li,' Toshiyuki Kowada,' Takahiro Fujiwara,> Shin Mizukami'~
Keywords: Fluorescent probe; Single-molecule localization microscopy; Spontaneous
blinking; Mitochondria

Single-molecule localization microscopy (SMLM) is a powerful technique for super-
resolution imaging of living cells at the nanoscale by switching fluorophores between
fluorescent (ON) and non-fluorescent (OFF) states. For this purpose, spontaneously blinking
fluorophores have been developed by employing an intramolecular spirocyclization reaction of
rhodamines (Fig. a). This approach enables live-cell SMLM imaging under low laser intensity
and eliminates the need for exogenous cytotoxic additives. The temporal resolution of SMLM
imaging depends on the blinking kinetics (zon and zofr, representing the lifetimes of the open and
closed forms, respectively). A shorter 7o, aligned with the faster recording speed of the camera,
is essential for high temporal resolution, while an appropriately short 7o ensures sparse but
sufficient fluorescence signals required for SMLM imaging. However, the relatively slow
blinking kinetics of a widely used fluorophore HMSiR (7on = 10-300 ms, zorr> 1 s) restrict
temporal resolution to the minute scale, making it challenging to capture rapid dynamics.
Consequently, there is a demand for a general strategy for designing fast-blinking fluorophores
capable of resolving second-scale cellular dynamics.

In this study, we developed a series of fast-blinking fluorophores by optimizing the
intramolecular nucleophile, substituting the hydroxy group in HMSiR with an amino group to
accelerate the spirocyclization kinetics. By fine-tuning the steric effects at the adjacent
position of the ring-closing nucleophile (Fig. b), one of the newly developed fluorophores
exhibited sufficiently fast blinking kinetics (zon = 1.6 ms, 7o = 0.24 s). Leveraging these
superior properties, we tracked the fast dynamics of the mitochondrial inner membrane in living
cells using SMLM, achieving a 3-s temporal resolution over 20-s duration.
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Figure (a) Intramolecular spirocyclization of rhodamines. (b) Design strategy of this work.
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Development of Optochemogenetic Technology for Regulating
Intracellular Droplet Formation

(*Graduate School of Life Sciences, Tohoku University, *Institute of Multidisciplinary Re-
search for Advanced Material, Tohoku University, *Department of Molecular Oncology, In-
stitute for Advanced Medical Sciences, Nippon Medical School) O Muhammad W.
Saifudin,! Toshiyuki Kowada,'? Hayashi Yamamoto,® Shin Mizukami'-

Keywords: Autophagy; Photochromism; Droplet formation; Fluorescence imaging
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Autophagosome formation in Fig. 1. Strategy for regulating droplet formation.
fluidophagy involves the recognition
and sequestration of droplets by the isolation membrane. Notably, only droplets with small
size and low surface tension can be fully sequestered.'! However, the detailed mechanism
of autophagosome formation in fluidophagy remains unclear, highlighting the need for a
method to manipulate droplet formation and properties, such as droplet size and fluidity, in
living cells.

Recently, we developed a photochromic CID (chemically induced dimerization) sys-
tem capable of photoreversibly controlling the dimerization of two tag proteins, E. coli di-
hydrofolate reductase (¢eDHFR) and HaloTag, using a photochromic dimerizer, pcDH.! We
also improved this photochromic CID system by combining a newly developed photo-
chromic dimerizer, pcDH2b, with a tag protein mutant, thereby reducing background asso-
ciation. Based on this improved photochromic CID system with a multivalent protein (Fig.
1), we developed a novel technology for optically controlling intracellular droplet formation.
In this presentation, we will discuss the results regarding optical control of droplet for-
mation and dissolution, including optical control at the sub-cellular region and droplet size
regulation.

Reference:

1) J. Agudo-Canalejo ef al., Nature 591, 142 (2021). 2) T. Mashita et al., Nat. Chem. Biol. 20, 1461
(2024).
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Degradation of lipid droplets by in-cell self-assembly of
autophagy-tethering chimeras

(*Graduate School of Life Sciences, Tohoku University, *Institute of Multidisciplinary
Research for Advanced Materials, Tohoku University) O Yi Ding,! Ira Novianti,"?
Toshiyuki Kowada,'? Shin Mizukami'-?

Keywords: Autophagic degradation; Lipid droplet degradation; Autophagy-tethering
chimeras; Click reaction

Lipid droplets (LDs) are dynamic organelles characterized by a unique phospholipid
monolayer structure and a hydrophobic core composed of neutral lipids. By interacting with
other organelles, LDs play critical roles in cellular lipid synthesis, metabolism, and transport
processes, as well as in regulating cellular stress. Cancer, the leading cause of global
mortality, is characterized by metabolic reprogramming, one of its primary hallmarks.
Alterations in LD metabolism have emerged as a key feature of this reprogramming, with
abnormal accumulation of LDs observed in various cancers, particularly under hypoxic
conditions.! Therefore, promoting LD degradation could be a promising approach to
mitigate cancer-related metabolic disorders, though research in this area remains limited.

Proximity-inducing bifunctional chimeras can exploit endogenous cellular machinery
to modulate various physiological processes. Among these, autophagy-tethering chimeras
(ATTECs) utilize the native autophagy-lysosomal pathway to degrade specific cargo,
including mitochondria and LDs, by tethering them to phagophores via LC3.2 However, this
strategy has several limitations, such as poor cellular permeability and solubility due to their
high molecular weights (> 800 Da), as well as potential on-target toxicity to normal cells.

In this study, we aimed to develop an activatable ATTEC capable of intracellular
self-assembly from two smaller, more cell-permeable precursors via a click reaction for the
targeted degradation of LDs in cancer cells. The click reaction between tetrazine and
trans-cyclooctene (TCO) is well-suited for this purpose, as it features rapid kinetics, high
yields, and compatibility with physiological conditions without requiring catalysts.® Herein,
we designed and synthesized a tetrazine-conjugated LD-targeting moiety (LD-Tz), which
can assemble with a TCO-tagged LC3 ligand (LC3-TCO). The resulting click-formed
active ATTEC is expected to tether LDs to LC3-II-positive isolation membranes, facilitating

their degradation through the selective autophagy.
LC3

o LC3 DDA binding
T bindin \ A
by ¢ click reaction O~ N
P + ~ /0_7“/*—/ - 0 \\7 N
LDs [ o Self-assembly L LDs
targeting @

LD-Tz LC3-TCO Active ATTEC . targeting
LN o~
H

1) Y. Miyagi et al., Int. J. Mol. Sci. 2016, 17, 1430. 2) W. Wei et al., J. Biol. Chem. 2023, 299,
104572. 3) C. Zagni et al., Bioorg. Chem. 2024, 150, 107573.
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