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Synthesis and Evaluation of Fluorescence Probes for Long-term Membrane Retention
(Graduate School of Science, Fukuoka University) O Ayane Ode, Kosei Shioji, Hidefumi
Iwashita

Plasma membrane consists of bilayer of phospholipids and plays a crucial role in many cellular
processes. Fluorescence probes have been used to visualize the plasma membrane morphology
that reflects cell status and functions. However, the long-term retention of fluorescence probes
in the plasma membrane for tracking has been a challenging problem. In this study, we
synthesized fluorescence probes with a naphthalimide scaffold bearing 1) an ionic functional
group at the head of the probe and 2) a long-chain alkyl group at the end of the probe to improve
membrane retention of the fluorescence probe (Fig.1). To verify the retention ability of the
probe in the plasma membrane, the synthesized probes were evaluated by time-lapse imaging
of live cells. The results revealed that the ionic functional group and the alkyl chain length
effectively contribute to the membrane retention of the fluorescence molecule. Furthermore,
we tried to visualize the dynamics of the plasma membrane with a betaine-based fluorescence
probe that showed a high affinity to the plasma membrane.

Keywords : Plasma membrane; Retention; Phospholipid; Fluorescence probe
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1) Mayeul Collot et al., Bioconjugate Chem., 2020, 31, 875-883.
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Plasma Membrane-Specific Fluorescence Probe for Visualizing Lipid Peroxidation and
Ferroptosis Detection (Graduate School of Science, Fukuoka University) (ORina Tokunaga,
Kosei Shioji, Hidefumi Iwashita

Phospholipids are the main constituents of biomembrane and are oxidized by the ROS, leading
to lipid peroxidation. Although lipid peroxide accumulation through the process is associated
with ferroptosis, an iron-dependent form of cell death, the lipid peroxidation-produced
biomembranes have not been identified'”. In this study, we synthesized the plasma membrane-
specific fluorescence probe, LipoxPM, to visualize lipid peroxidation and evaluated it using
ferroptosis-induced cells. Using this probe, we were able to visualize lipid peroxidation in the
plasma membrane during ferroptosis, showing that the plasma membrane is one of the
biomembranes associated with ferroptosis. In addition, we tried to visualize lipid peroxidation
flux within the cell by combinatory use of LipoxPM and C11-BODIPY?, a fluorescence probe
to detect intracellular lipid peroxidation (Fig. 1). These probes indicated that ferroptosis-linked
lipid peroxidation spreads from intracellular membranes to the plasma membrane.

Keywords : fluorescence probe, lipid peroxidation, plasma membrane; ferroptosis
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(1) R. Tian et al., Nat. Neurosci., 2021.
(2) G. P. C. Drummen et al., Free Radic. Biol. Med., 2002.
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Development of Aldehyde Dehydrogenase 1A3-responsive Turn-on Red Fluorescent Probes
(Graduate School of Engineering, Kyoto University) OYuki Nishida, Koki Miki, Huiying Mu,
Koji Miki, Kouichi Ohe

Cancer stem cells (CSCs), which are subpopulation of cancer cells, are involved in tumor
initiation, proliferation, and recurrence.!!! Several aldehyde dehydrogenase (ALDH) isoforms
are known to be overexpressed in CSCs and used as biomarkers for CSC detection.!”’ Among
ALDH isoforms, ALDHI1A3 is known to be involved in the malignant potential of cancer, *!
and the development of a probe to detect it will lead to the establishment of a simple diagnostic
method for malignant potential of cancer. We have developed turn-on red fluorescent probe
NBn-A to detect ALDH1A3 activity in CSCs.[¥ However, the detection of ALDH1A3 activity
is still difficult because of the low responsiveness of NBn-A. In this study, turn-on red
fluorescent probe NC5-A with high responsiveness to ALDH1A3 was synthesized.!
Results of cell experiments using NCS5-A are described in the presentation.

Keywords: Cancer Stem Cell; Fluorescence Probe; Aldehyde Dehydrogenase; Cyanine Dye
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11Y. Zhao, Q. Dong, J. Li, K. Zhang, J. Qin, J. Zhao, Q. Sun, Z. Wang, T. Wartmann, K. W. Jauch, P.
. Nelson, L. Qin, C. Bruns, Semin. Canc. Biol. 2018, 53, 139.
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Development of turn-on fluorogenic probes based on meso-vinyl-BODIPY scaffold for
coenzyme A detection (Graduate School of Engineering, Kyoto University) O Sayoko
Yamamoto, Huiying Mu, Koji Miki, Kouichi Ohe

Recently, we have developed fluorogenic probes based on meso-vinyl-BODIPY (VB) dyes
for the detection of intracellular thiols [!!. However, these probes lack selectivity and react with
all free thiols. Coenzyme A (CoA), an essential cofactor involved in various cellular enzymatic
reactions and metabolism, represents a specific target for selective detection. In this study, we
present CoA-responsive fluorogenic probes relying on the core structure of VB and the
chemical properties of CoA. By incorporating a cationic moiety into the side chain of VB as a
recognition site, the probe exhibited an increased selectivity and reactivity towards CoA
(Figure 1). In this presentation, the photophysical properties of the synthesized probes and their
applications in cellular imaging will be discussed.

Keywords : BODIPY dye; Coenzyme A; Fluorogenic probe; imaging
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Figure 1. Design strategy of fluorogenic probes for coenzyme A detection based on meso-vinyl-BODIPY.

[1] Mu, H.; Miki, K.; Kubo, T.; Otsuka, K.; Ohe, K. Chem. Commun. 2021, 57, 1818—1821.
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Synthesis and Characterization of Unsymmetric Thieno-Phospha-
Rhodamine for Bioimaging

(‘Graduate School of Science, Nagoya University, *Institute for Glyco-core Research
(iGCORE), Gifu University, *Institute of Transformative Bio-Molecules (IThM), Nagoya
University, ‘Integrated Research Consortium on Chemical Sciences (IRCCS), Nagoya
University) OSibo Ma,' Masayasu Taki,” Shigehiro Yamaguchi'**

Keywords: Bioimaging; Fluorescent Probe; Rhodamine; Near Infrared Imaging

Near-infrared (NIR) imaging has emerged as a highly promising modality due to its
reduced tissue scattering and absorption, along with alleviated interference from
autofluorescence in the NIR spectral region. However, conventional NIR dyes, such as cyanine
and aza-BODIPY-based dyes, suffer from inherent limitations, including poor water solubility
and low photostability. To overcome these challenges, NIR-emissive phospha-rhodamine dyes
(PORs), in which an endocyclic oxygen atom of the rhodamine fluorophore is replaced with an
electron-withdrawing phosphoryl group, have been developed.! We conceived that the
substitution of benzene ring in PORs with an electron-donating thiophene ring would result in
increasing in the HOMO energy level, leading to a bathochromic shift in the absorption and
emission spectra, thereby enhancing deep tissue imaging capabilities.

In this study, we synthesized a series of unsymmetric thieno-phospha-rhodamine (TPR)
dyes with varied amino substituents, such as pyrrolidyl (TPR-py), diethylamino (TPR-Et),
and dimethylamino (TPR-Me) groups, on the thiophene ring (Figure 1a). These dyes exhibited
similar photophysical properties, with absorption and emission maxima around 700 nm and
800 nm, respectively, resulting in large Stokes shift over 1600 cm™ in the NIR region. Cell
staining experiments with TPRs revealed that the electron-donating character of the amino
groups significantly influenced the intracellular localization of the TPR dyes. Specifically,
TPR-py primarily stained mitochondria (Figure 1b), while TPR-Me was predominantly
localized in lysosomes (Figure 1c).

TPR-Me TPR-py

Figure 1. (a) Structure and (b) imaging result of TPRs.

1) Grzybowski, M.; Taki, M.; Senda, K.; Sato, Y.; Ariyoshi, T.; Okada, Y.; Kawakami, R.;
Imamura, T.; Yamaguchi, Angew. Chem. Int. Ed. 2018, 57, 10137-10141.
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Diarylphosphonium-Bridged Fluorescent Dyes for Mitochondrial Imaging (! Graduate School
of Science, Nagoya University, *Institute for Glyco-core Research (iGCORE), Gifu University,
3Institute for Chemical Research (ICR), Kyoto University, *Institute of Transformative Bio-
Molecules (WPI-ITbM), Nagoya University, *Integrated Research Consortium on Chemical
Sciences (IRCCS), Nagoya University) O Ayato Hakamada', Masayasu Taki?, Masahito
Murai!, Yoshimasa Kawaguchi®, Shiroh Futaki®, Shigehiro Yamaguchi'*?

We have developed a diphenylphosphonium-bridged fluorophore, PLaS, which exhibits
remarkable photophysical properties. In an aqueous solution containing 10% DMSO, PLaS
showed a large Stokes shift, with absorption and emission maxima at 460 nm and 575 nm,
respectively, and a high fluorescence quantum yield of 0.60. The cationic nature of the PLaS
fluorophore facilitated its selective localization to mitochondrial inner membranes, as
confirmed by STED imaging. Furthermore, we functionalized PLaS with a propyl sulfonate
group, yielding PLaS-C3SO3. While PLaS-C3;SO0:; is intrinsically membrane-impermeable, co-
incubation with a cell-penetrating peptide enabled selective staining of the mitochondrial outer

membrane in living cells.
Keywords : Fluorescence probe, phosphonium, mitochondrial inner membrane, mitochondrial

outer membrane, super-resolution imaging
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Figure 1. (a) Structures of PLaSs. (b) STED image of mitochondrial inner membrane
with PLaS-C;. (¢) STED image of mitochondrial outer membrane with PLaS-C3SOs.
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Development of a mitochondria-targeting fluorescent probe for
visualizing Zn?* flux

(‘Graduate School of Science, Tohoku University, *Institute of Multidisciplinary Research for
Advanced Materials, Tohoku University) O EunHye Sung,! Toshiyuki Kowada,"? Shin
Mizukami'-?

Keywords: Small-molecule fluorescent probe, Fluorescence imaging, Zn’*

Zinc ion (Zn?*), which is one of the most essential elements in mammalian cells, plays
critical roles in enzymatic activities, cellular signaling, and transcription.
Dyshomeostasis of Zn?*, particularly within mitochondria, can lead to loss of
mitochondrial membrane potential, ATP depletion, increased production of reactive
oxygen species, and apoptosis.! Therefore, tools for visualizing intracellular Zn?*
dynamics are essential to understand the physiological roles of Zn?*,

Previously, we developed a small molecule—protein hybrid probe to quantify labile
Zn*" concentration in various organelles by combining ZnDA-3H (Figure 1a) with
HaloTag technology.? In this study, to extend the versatility of our probes, we developed
a new fluorescent probe, ZnDA-3TPP, which enables the monitoring of Zn** dynamics
in mitochondria without HaloTag. This mitochondria-targeting probe is particularly
advantageous for applications in cells that are difficult to transfect, such as neurons,
and also allows HaloTag to be used for another purpose in general cell studies. The
substitution of the HaloTag ligand with a triphenyl phosphonium (TPP) moiety
facilitates the spontaneous probe retention in mitochondria through electrostatic
interaction with negatively charged mitochondrial inner membrane. In vitro
fluorescence measurement demonstrated that ZnDA-3TPP exhibits Zn>'-dependent
fluorescence enhancement with a K4 of 0.28 nM, indicating that ZnDA-3TPP
possesses sufficient binding affinity to visualize labile Zn*" in mitochondria (60 pM?).
Fluorescence imaging of HeLa cells treated with ZnDA-3TPP confirmed that the
probe localized predominantly to the mitochondria (Figure 1b,c).

(©)

(a) (b
Fluorophore 'M?

m’h App In'* chelator
N 00 \L";

a HaloTag ligand

HN g O

Figure 1. (a) Structure of ZnDA-3H. (b,c) Confocal fluorescence microscopic images of
ZnDA-3TPP (b) and MitoTracker Deep Red FM (c) in HeLa cells. Scale bar: 20 um.

1) H. Liu, L. Li, and R. Lu, J. Cell. Physiol., 2024, 239, ¢31223. 2) R. Liu, T. Kowada, Y. Du,
Y. Amagai, T. Matsui, K. Inaba, and S. Mizukami, ACS Sens. 2022, 7, 748-757.
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Microglia-targeting two-photon excitation probe for simultaneous multicolor imaging
(‘Graduate School of Engineering, Nagoya University, *School of Engineering, Nagoya
University, *Nagoya University Graduate School of Medicine, *Research Institute for Quantum
and Chemical Innovation, Institutes of Innovation for Future Society, Nagoya University) O
Kenji Yatsuzuka', Kana Tsujimura’, Yutaro Saito’, Atsushi Tsurumune’, Hiroaki Wake®*,
Shigeki Kiyonaka'*

Two-photon excitation microscopy (TPM) enables intravital imaging using femtosecond
pulsed infrared lasers to excite fluorophores through low-energy two-photon absorption.
Unlike visible light, the low absorption and scattering properties of near infrared light allow
for greater transparency, making it suitable for deep-tissue imaging. To enhance the rare two-
photon absorption, laser light is concentrated near the focal point, increasing spatial photon
density and decreasing background. Usually, TPM employs the same or similarly designed
probes with single photon microscopy, only with a few specifically designed for two-photon
excitation.

In this study, we developed a two-photon excitation probe targeting microglia, immune cells
involved in neurological disease pathology in brains. We focused on the differences between
two-photon and single-photon excitation to design effective intravital imaging probes for TPM.
This presentation will cover the probe design and evaluation process.

Keywords : Multicolor imaging; Two-photon excitation; Microglia; Fluorescent probe
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In vivo multicolor imaging of mouse microglia ('School of Engineering, Nagoya University,
2Graduate School of Engineering, Nagoya University, *Nagoya University Graduate School of
Medicine, *Research Institute for Quantum and Chemical Innovation, Institutes of Innovation
for Future Society, Nagoya University) OKana Tsujimura', Kenji Yatsuzuka'?, Yutaro Saito?,
Atsushi Tsurumune®, Hiroaki Wake>#, Shigeki Kiyonaka'->*

Microglia, the primary immune cells of the central nervous system, have attracted significant
attention due to their implication in the onset and progression of neurological diseases through
their functional disruption. Two-photon excitation microscopy (TPM) is useful for observing a
particular cell type like microglia in vivo. However, white-light lasers used in TPM require
significant time for wavelength switching, interfering with simultaneous multicolor imaging
and limiting the use of in vivo imaging to analyze their function.

To overcome this limitation, we developed new imaging probes for visualization of microglia
in the brain through two-photon excitation. While the initial probe could be utilized for cultured
cells, it was unsuitable for in vivo imaging. By investigating its physicochemical properties, we
successfully developed probes suitable for in vivo multicolor imaging by TPM, which allowed
us to analyze dynamics of microglia.

Keywords :in vivo imaging, Microglia; Two-photon excitation microscopy, Multicolor imaging
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O Hidetoshi Terada', Hiroyuki Yatabe?, Yutaro Saito?, Keita Saito®, Yoichi Takakusagi® *,
Shinsuke Sando®

('School of Engineering, The University of Tokyo, *Graduate School of Engineering, The
University of Tokyo, *National Institutes for Quantum Science and Technology, *Graduate
School of Science, Chiba University)

Dynamic nuclear polarization (DNP) is a quantum technology that significantly enhances the
detection sensitivity of molecular probes in magnetic resonance imaging (MRI), enabling in
vivo imaging of enzymatic activities'. Aminopeptidases (APs) are a group of enzymes that
recognize and cleave N-terminal amino acid residue of peptides. Among them, aminopeptidase
N (APN) and leucine aminopeptidase (LAP) are recognized as important disease biomarkers.
However, the selective detection of APN and LAP activity utilizing molecular probes remains
challenging because of their overlapping substrate recognition. Although DNP-MRI molecular
probes detecting APN activity in vivo have been reported?, selective in vivo imaging of AP
activity has yet to be achieved. In this study, we present the design, synthesis, and evaluation
of DNP-MRI molecular probe candidates capable of selectively detecting APN and LAP
activity.

Keywords: Hyperpolarization, Nuclear magnetic resonance, Aminopeptidase, Molecular probe
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1) Ardenkjer-Larsen, J. H. et al. Proc. Natl. Acad. Sci. U. S. 4. 2003, 100, 10158-10163.
2) Saito Y. et al. Sci. Adv. 2022, 8, eabj2667.
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In vivo long-term observation of the hyperpolarized MRI signal with a glycine-derived probe
(‘Graduate School of Engineering, The University of Tokyo, *School of Medicine, Gifu
University, *National Institutes for Quantum Science and Technology, *Graduate School of
Science, Chiba University, *National Institutes of Health, USA) ORuki Ashikaga', Yutaro
Saito!, Hiroyuki Yatabe', Yohei Kondo', Hiroshi Nonaka', Abdelazim Elsayed Elhelaly?,
Fuminori Hyodo?, Matsuo Masayuki’, Keita Saito’, Yoichi Takakusagi’*, Kazutoshi
Yamamoto®, Murali C. Krishna®, Shinsuke Sando'

Nuclear magnetic resonance imaging (MRI) is a prevailing technique that allows
noninvasive observation at the depths of the body. However, typical MRI has the disadvantage
of low sensitivity, making it difficult to observe the signal of molecular probes administered in
vivo. Dynamic nuclear polarization (DNP) improves MRI sensitivity by tens of thousands of
times.' By observing the MR signals enhanced by DNP, it is possible to monitor the dynamic
changes of the injected molecular probes and thereby analyze their metabolism in vivo.
However, existing DNP-MRI molecular probes have a problem of short signal lifetime in vivo,
limiting the application of DNP-MRI. In this study, we designed a glycine-derived probe based
on precise insights into the relaxation mechanism. We performed in vivo long-term observation
of the hyperpolarized MRI signal with the synthesized molecular probe.

Keywords: Nuclear magnetic resonance imaging, Hyperpolarization; Molecular probes
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1) Ardenkjer-Larsen, J. H. et al. Proc. Natl. Acad. Sci. U. S. 4. 2003, 100, 10158-10163.
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Development of nanostructured lipid carrier for "F MRI probe ('Graduate School of
Engineering, Osaka University, 2Immunology Frontier Research Center, Osaka University) O
Shiho Sugiura!, Tomoya Yamamoto'?, Kazuya Kikuchi'~

Magnetic Resonance Imaging (MRI) is a non-invasive imaging technique. '°F MRI can trace
the localization of 'F MRI contrast agents with high contrast due to 100% natural isotopic
abundance and the absence of biological background signals. To enhance signal intensity by
increasing the local concentration of !°F, nanoparticle-based '"F MRI contrast agents
encapsulating fluorine compounds have been developed. However, nanoparticles tend to
accumulate in the liver, and their delivery efficiency to tumors via the enhanced permeability
and retention (EPR) effect is generally low.

In this study, we aim to apply nanostructured lipid carriers (NLCs) for °F MRI contrast
agents that are designed to reduce liver accumulation. NLC is a lipid nanoparticle composed
of a solid and liquid lipid core. Solid lipids enhance the size stability of nanoparticles, while
the MR signal of liquid lipids can be detected due to their mobility. We synthesized fluorinated
triglyceride as the liquid lipid. The MR signals of NLC encapsulating fluorinated triglyceride
showed high intensity. Size remained stable for at least one week. In this presentation, we will
report on the fluorinated compounds in NLCs, MR signal intensity, 7> relaxation time, and
size stability.

Keywords : '° F MRI; lipid nanoparticle; nanostructured lipid carrier

RIS E4 L (MRD (3EBKISBS ZFIH Lz, IHMRENRA A=V 7 F
@T%é AERNIZIE F AT E A ETFEIE L=, F Z8IHIKERE L L7- '°F MRI

X, FEEEATHERAORELZE 2 T A NTHEBILT DI ENTE D, "Fi%
@%ﬁﬁgéiTT/?%W%E%%@ékaﬁ%7y%MA%%W@Lt%/
B 7-A > UFMRIEEAIDBFBE SN T, LaL, — IS 2RI Fgic ErE L
9 < . EPR ZhE & W2 IES A~ D B ER R I,

AHFFETIL, %/%LFW%«UY(ME)%mwfﬁwm®£%%mik%ﬁwF
MRI & AIOBI A4 BHE L7c, NLC IXERIFE S RIAIEE D27 b2 EE 7
K+ CThsd, BURIEEILXT RO A XLE % &8, KNS 1 3EE) i%‘:ﬁﬁ“ét
W YF BAEATSHE YFNMR 7T Z2HE 052 ERBIETE 5, IRIKIEE &
T, MU ZUk®Y FoOKmE 7 v L7 vt ) 708 REERK LT, E}ZL
727t U Z7U&Y REHNE L7 NLC 205 F NMR 7 U@l < iu, 18
PLEIZD720 B A ZZ2EEPHER ST, AFEERTIX, NLC ICNETHHET v 5
{EEWORRFE F NMR & 7 F VRS T §EFNREE], WA XL EMEDOFHmIZ-2W T
WETLHTETH D,

© The Chemical Society of Japan - [AID501-1pm-12 -



[A] D501-1 pm-1 3 The 105th CSJ Annual Meeting

Development of Core-shell Silica Nanoparticles for in vivo 'F MRI

('Graduate School of Engineering, Osaka University, *JST PRESTO, *Immunology Frontier
Research Center, Osaka University)
OYue Wu', Masafumi Minoshima'?, Kazuya Kikuchi'*

Keywords: '’F MRI; Silica Nanoparticle; MRI

Magnetic resonance imaging (MRI) is one of the most well-established clinical imaging
techniques, known for its high sensitivity, deep tissue penetration, and non-invasive, radiation-
free nature. '’F MRI, in particular, is a powerful tool for in vivo imaging, allowing for the
tracking of specific cells and enzyme activities in deep tissues, all in a background-free
modality.

Our laboratory has developed FLAME (Fluorine-Accumulated Silica Nanoparticle for '°’F MRI
Enhancement), a novel '’F MRI nanoprobe enabling in vivo '°F MRI'*(Figure 1a, b). FLAME
features a core-shell structure, in which liquid perfluorocarbon is encapsulated within a silica
shell. This design provides the probe with high '"F MR sensitivity and enhanced surface
modifiability. However, despite these advantageous properties, the delivery efficiency of
FLAME to cancer tissues remains suboptimal. Instead, FLAME demonstrates long-term
accumulation in the liver and spleen following administration in mice. This inefficiency is
believed to be influenced by its size, as modified FLAME nanoparticles can reach up to 200
nm. Consequently, developing smaller-sized nanoprobes is deemed necessary to improve
delivery efficiency.

Herein, we introduce the
development of ultrasmall FLAME
(u-FLAME)  nanoparticles.  u-
FLAME was synthesized via a one-
pot method that prevents an increase
in nano-emulsion size. Surface
modification with carboxyl groups
was achieved through a co-
condensation approach to produce u-
FLAME-COOH (Figure 1c). In vivo
experiments demonstrated the rapid
clearance of u-FLAME-COOH from
the liver (Figure 1d).

Figure 1. (a) (b) Schematic and TEM image of FLAME; (c) TEM
image of u-FLAME-COOH: (d) F MRI of u-FLAME-COOH.

1. H. Matsushita et al., Angew. Chem. Int. Ed., 2014, 53, 1008-1011.
2. T. Nakamura et al., Angew. Chem. Int. Ed., 2015, 54, 1007-1010.
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Development of small °F MRI probe using lipid nanodsc('Graduate School of Engineering,
Osaka University, > Immunology Frontier Research Center, Osaka University) O Kodai
Fukushima,'! Tomoya Yamamoto,' Kazuya Kikuchi'-

F Magnetic Resonance Imaging ('°F MRI) is an imaging technique that detects the location
of contrast agents containing '°F nuclei. '°F MRI has low intrinsic background signals and
enables imaging of the location of °F nuclei in vivo with high sensitivity. To detect '°F nuclei
in vivo, ’F MRI probes such as silica- or polymer-coated nanoparticles encapsulating
fluorinated molecules have been developed™?. These nanoparticles enable highly sensitive
detection by increasing the local concentration of °F nuclei in vivo. However, long-term
accumulation in the liver and particle size control remain a problem.

To address these problems, we focused on lipid nanodiscs. Lipid nanodiscs are small
nanoparticles, approximately 10~20 nm in size, consisting of a phospholipid bilayer and belt-
like amphiphilic molecules. The size of lipid nanodiscs can be easily controlled by adjusting
the properties of the amphiphilic molecules. In addition, we expected that lipid nanodiscs
would suppress the long-term accumulation in the liver due to their small particle size.

In this research, we developed small ’F MRI probes using lipid nanodiscs approximately 10
nm in size by incorporating synthesized '"F-labeled phospholipids. In '’F NMR, ""F-labeled
phospholipids in nanodiscs exhibit a 7> relaxation time of approximately 200 ms. We also
performed "°F MRI measurements of '°F-labeled nanodiscs using a phantom. This presentation
will also include the results of an in vivo experiment with '?F-labeled nanodiscs.

Keywords : °’F MRI; Nanodisc; Phospholipid; Imaging
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[1] H. Matsushita, S. Mizukami, F. Sugihara, Y. Nakanishi, Y. Yoshioka, K. Kikuchi, 4Angew.
Chem. Int. Ed. 2014, 53, 1008—1011.

[2] Y. Konishi, M. Minoshima, K. Fujihara, T. Uchihashi, K. Kikuchi, Angew. Chem. Int. Ed.
2023, 62, 202308565.
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Development of ’F MRI Probe labeling B-lactamase (' Graduate School of Engineering, Osaka
Univ., 2JST PRESTO, *Immunology Frontier Research Center, Osaka Univ.) oHiroto Fukuda,'
Jeremy Salaam,! Masafumi Minoshima,! >3 Kazuya Kikuchi'-*

Plasmin is a serine protease that is produced by plasminogen activation. In addition to its
role in blood clotting, recent studies have demonstrated that plasmin is involved in the early
stages of inflammation response in the liver. Thus, there is a need to detect plasmin activity in
vivo.! 1°F magnetic resonance imaging (MRI) is a useful method to non-invasively visualize
the probe signals in deep tissue without endogenous background signals. We have developed a
nanoparticle comprised of perfluorocarbon core and a silica shell as a "’F MRI nanoprobe.
Furthermore, the modification of the nanoparticle with paramagnetic quenchers via an enzyme-
specific cleavage linker allowed the detection of the enzyme activity.?

In this study, an OFF-ON type '°F MRI nanoprobe was designed for the detection of plasmin
activity in the liver. We prepared the nanoprobe modifying the surface with a gadolinium
complex via a substrate peptide for plasmin. '°’F MRI signal was increased when the gadolinium
complex was cleaved off by plasmin.

Keywords : °F MRI; nanoparticle

TIAIVIIRIBREETH LT T AI ) =T rohbELAESND B TR T T —E
BEO—METHY, MDEMREESEIFRKRENEZR-LTWD, 77 A 03,
RFIE I 1T 2 RIS LT\ D 2 & DNTEDHIZE TH LM R > TR Y | AR
WNTOTTAIAEEEZRET D2 kD 5D D, ERNTEEIEEZBRETS
FyEE LTOF MRIICHEEH L7=, “YF MRIIZARIER 2 IR BRI W L4 5 FIET
O Ry TT T R T TN EEROREEZA A=Y 7 TEx 5, Fxldbh
AN A=A ah—R o a7 Ila8T5 U hF JRiFE2EL TS, Z0F )
B3, WREMET R Y =0 AERZBERRF RO SN D U v —Z2 0 L TESR L
ZHbDTHY, BEEEEOBHICKRIIL TV 5 2,

AW TIE, HlgICB T 577 A3 ofFt Rt % B 5 L7z OFF-ON ¢ F MRI
Tu—T7wEE LT, R RIS, T AI LU END XTI TF REMLTH
RU =7 DR AER LSRR 2 ER L, 7T AIVEDORIGICEY, AR =
T LBERNGIVEES D Z LT, PFMRI 7 A ER L,

19F MRI Cleaved by plasmin 19F MRI

. \@f Plasmin " . n
> J@:
o’ ON

OFF Y

.

A,
Gd complex (*®F MRI quencher)

1) S. K. Baker, S. Strickland, J. Exp. Med. 2020, 217, ¢20191865.
2) K. Akazawa, et al., Bioconjug. Chem. 2018, 29, 1720.
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