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Transient formation of functional acid anhydrides via chemical reaction cycle (Graduate School

of Science and Engineering, Kwansei Gakuin University) oRyosuke Imada, Kohei Sato

Energy conversion systems in living organisms

are highly sophisticated, with one of their central @ G &
functions being the active transport of molecules Extracelluar Ca2t
and ions across cellular membranes using adenosine

triphosphate (ATP) as an energy source. However, ‘@ADEC

realizing active transport coupled with energy
conversion using fully synthetic molecules has l concentration
remained an outstanding challenge. gradient

In recent years, several studies have reported
artificial systems capable of molecular active
transport driven by chemical reactions'”. In these ATP N
systems, the key feature is the transient formation of Cytosol l
acid anhydrides through reactions between
dicarboxylic acids and carbodiimides, accompanied
by changes in partitioning behavior between Schematic illustration of ATP-driven
aqueous and organic phases.  Although these active transport systems in living
approaches successfully demonstrate chemically  organisms.
fueled transport, they have not been fully explored
for their functionality.

In this study, we report the design and synthesis of a new class of molecules in which
carbodiimide-driven transient anhydride formation induces a marked enhancement in guest-
binding ability compared to the corresponding dicarboxylic acids”. The molecular design
concept and initial exploration of the resulting functions will be discussed.

Keywords - Systems Chemistry, Active Transport, Carbodiimide
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1) S. Borsley, et al., Angew. Chem. Int. Ed. 2025, 64, €202421234.

2) J. Boekhoven, et al., Angew. Chem. Let. Ed. 2025, 64, €202500243.
3) Kariyawasam, L. S., Hartley, C. S. J. Am. Chem. Soc. 2017, 139, 11949—11955.
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Synthesis of an aqueous heme P450 model with a [S™—Fe—CO] structure ('Faculty of Science
and Engineering, Doshisha University, *School of Science, University of Hyogo) O Yuto
Isoda,! Takehiko Tosha,> Wataru Sato,” Atsuki Nakagami,! Qiyue Mao,! Minoru Kubo,’
Masahito Kodera,' Hiroaki Kitagishi'

Cytochrome P450 (P450) is a heme protein characterized by a unique active-site structure in
which a thiolate anion is axially coordinated to the heme iron. Owing to the strong electron-
donating nature of this axial ligand, carbon monoxide (CO) adducts of P450 exhibit distinctive
spectroscopic properties and serve as probes of the heme coordination structure and electronic
state. In this study, we synthesized an aqueous cytochrome P450 model complex by
encapsulating a thiolate-coordinated iron porphyrin with methylated cyclodextrins. Then, we
formed its CO-bound form ([S"—Fe—CO]) in NaOH aqueous solution at room temperature and
evaluated it spectroscopically. The UV-vis spectrum showed an absorption maximum at around
450 nm, which is characteristic of native P450 (Fig. 1). Furthermore, resonance Raman
spectrum with isotope shift analysis enabled assignment of the vreco (461 cm ™) mode, yielding
a value close to that of native P450 (Fig. 2). Notably, this is the first P450 model that retains a
stable thiolate-coordinated structure in aqueous solution at room temperature.

Keywords : Porphyrin;, Cyclodextrin; Supramolecular complex; Cytochrome P450;
Biomimetics chemistry 06 -
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1) Spiro, T.; Wasbotten, 1. J. Inorg. Biochem. 2005, 99 (1), 34-44.
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Specific cytotoxicity of cyclodextrin bearing R8-Cys peptide ('Faculty of Science and
Engineering, Doshisha University) O Taku Nakagawa,! Qiyue Mao,' Atsuki Nakagami,!
Masahito Kodera,' Hiroaki Kitagishi'

Cyclodextrin (CD) modified with the cell permeable peptide R8 (R8-CD) exhibits low
cytotoxicity and efficient membrane permeability . On the other hand, R8-Cys-CD, which
incorporates cysteine, shows high cytotoxicity against HeLa cells (ICso = 49 uM).

In this study, we synthesized new CD derivatives, including Cys-R8-CD with altered Cysteine
modification sites and derivatives with other amino acids inserted, and investigated the
mechanism about the unique cytotoxic expression of R8-Cys-CD. In the MTT assay for
measuring survival rates, the three CD derivatives bearing the R8-Cys peptide chain exhibited
higher cytotoxicity compared to R8-CDM¢ (Fig. 1). The cytotoxicity of the three types of CDs
varied depending on the position of the Cys residue introduction, and R8-Cys-CD, which has
the structure where the Cys residue is closest to the CD, exhibited the highest toxicity. When
the R8-Cys peptide chain alone and CD complexes formed with water-soluble porphyrin
(TPPS), which is strongly incorporated into CD, similarly measured, their condition observed
no cytotoxicity. These results suggest that the inclusion function of the CD cavity and the
reactivity of the Cys residue cooperatively exhibit specific cytotoxicity.

Keywords : Cyclodextrin; Octa arginine; Cell permeable peptide; Cytotoxicity; Cysteine
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Cys-R8-CDMe i D 7 2/ iz ffi A\ L 7= CD #5388 (K& Hi7- 128 L. R8-Cys-CDVe (Z
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1) Nakagami, A.; Mao, Q.; Gouhier, G.; Arima, H.; Kitagishi, H. ChemBioChem 2021, 22,2629-2635.
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Selective microbial capture and cultivation using artificial siderophores for environmental
microbial sampling ('Graduate School of Engineering, Nagoya Institute of Technology)
oKenta Goto', Tomohiko Inomata', Tomohiro Ozawa!

Numerous beneficial microorganisms exist on Earth. Collecting and isolating them from the
environment is crucial for effectively utilizing microbes in medical and industrial applications.
We have developed a technology for microbial immobilization by synthesizing artificial
siderophore molecules that function equivalently to natural siderophores — chelating
compounds produced by microorganisms during iron uptake — and modifying substrates with
their iron complexes. In this study, we applied this technology to the screening and isolation of
useful microorganisms. We fabricated artificial siderophore-iron complex-modified substrates
with various structures. Using Escherichia coli and Edwardsiella tarda as model
microorganisms, we attempted selective immobilization onto each substrate and confirmed the
presence of target microbes on the substrate surfaces. Furthermore, utilizing these microbial
immobilization substrates for cultivation in both agar and liquid media, we successfully
demonstrated selective microbial immobilization and proliferation. This technology is
expected to become a useful tool for isolating unknown microorganisms from the environment
and investigating their cultivation conditions.

Keywords : Artificial siderophore, substrates modified with siderrophores, microorganisms

HER BIZIT, NBIZ & > TAMZRMEM DN L KHFET D, T 06 ZBRETT ) DR

L., 7HET D2 Z L I3EETH D, Foxld, 84 1 Preparation of . 2. Immobilization of
MG E BT ABCFER T AT H T 47 modifcdbete T e ,}\
ERIZEDHREZ RT NI T e 74T 1% KR EE /@
Gl TOBRERZERIEMfisEDH 2 & QT or B3 o

T A EEECT 2 HM 2R L&Y, = > i S :9-.,\
AW TIX. Z O &2 A HMED O] - 43 © O @D e S0
BEISAT 272012, AR RT L HIcfEx o e i b

1:%35&: 7‘& ﬁ'a— ) )\ T ‘?/'32 = S ﬂ%ﬁﬂ]‘%*}j 7& 'ﬁE 3. Cultivation of microorganisms

BT, EFAMAEN L LTRBEE T Ry O
=5 R, 20 EH ORI 2 st
LRI & 25, SiRkE L CRIOMEY St N\ 4

0) E{Eﬁiﬁﬁi‘%\ é hf:o : j/[, E @ﬁﬁiff@ﬁ'fh Incubation
FEMR 2RI L CHERER IS X ONRIRE; T o \ \ ,

BRREToI2E 25, IR OEEL T
& WIS STz,

1) T. Inomata, S. Endo, H. Ido, M. Miyamoto, H. Ichikawa, R. Sugita, T. Ozawa, H. Masuda,
Langmuir, 2024, 40, 2632-2645.
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Development of a Compositional Analysis Method for Tissue Metabolites Using
Photodissociation-Mediated Tissue-Imprint TLC (College of Science and Engineering,
Aoyama Gakuin University) OYumika Sugawara, Gaku Suzuki, Tatsuya Nishihara, Kazuhito
Tanabe

Although mass spectrometry imaging (MSI) is valuable for molecular distribution analysis,
it is limited by high costs, time-consuming processes, and difficulty in detecting reactive
molecules. To overcome these issues, we developed a rapid, accessible method for
compositional thiol metabolite analysis using thin-layer chromatography (TLC). We designed
anovel photo-cleavable fluorescent probe, ptFLAT, which had a hydroxycoumarin fluorophore,
a maleimide reactive site, and an ortho-nitrobenzyl photocleavable group. In our method,
frozen tissue sections are applied to ptFLAT-coated TLC plates, transferring and labeling thiols.
Irradiation at the target area generates highly polar products. Subsequent solvent development
separates these labeled metabolites in the low-Rf region. This approach enables the
compositional analysis of thiol metabolites within specific tissue regions.

Keywords : Metabolite; Thin-Layer Chromatography,; Photo Irradiation
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1) T. Nishihara, K. Nishida, R. Tsukame, Y. Sugawara, S. Nagano, K. Tanabe, RSC Adv, 2025, 15,26302.
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Development of a Compositional Analysis Method for Tissue Metabolites Using In Situ Click
Chemistry-Mediated Tissue-Imprint TLC (Graduate School of Engineering, Aoyama Gakuin
University) (OShunya Nagano, Shogo Yamaguchi, Tatsuya Nishihara, Kazuhito Tanabe

Although analyzing tissue metabolites is vital for diagnosis, current mass spectrometry
imaging requires specialized expertise. We developed a simple, cost-effective method using
functionalized thin-layer chromatography (TLC) to analyze tissue metabolites. We synthesized
a labelling agent with a target-reactive site and an alkyne group. Tissue sections were applied
to agent-coated TLC plates to capture metabolites, followed by an in situ click reaction with a
fluorescent azide for visualization. Using a thiol-targeting agent (Alk-Mal), we successfully
separated GSH and Cys. Additionally, thiol metabolites were detected in pork liver sections.
This method offers a promising tool for accessible tissue metabolite analysis.

Keywords : Thin Layer Chromatography,; Thiol Labelling Reagent; Click Chemistry
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Figure 1 Schematic illustration of the thiol labelling and click
VAT reaction on functionalized TLC
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Quantitative detection of oligosaccharides utilizing hydrophobic interactions of alkynyl-linked
BODIPY derivatives

(‘Department of Advanced Bioscience, Faculty of Agriculture, Kindai Universitym *Major in
Advanced Bioscience, Graduate School of Agriculture, Kindai University, *Faculty of
Medicine, Saitama Medical University, “Fac. Biotech., Fukui Pref. Univ.)

OAkira Yashiro,' Marina Sumida,? Noriko Tsuchida,® Takao Hibi,* Takashi Kitayama,'

Oligosaccharides are among the most challenging biomolecules to analyze due to their
structural diversity and conformational flexibility. We developed a new class of saccharide-
sensing fluorescent probes, BOliFluor, derived from the hydrophobic dye BODIPY, in which
saccharide-recognition groups were introduced via click chemistry. BOIliFluor 2, bearing a
phenyl substituent, showed an excellent linear fluorescence response (0.10—1.5 mM) toward
cyclic and linear maltooligosaccharides with six to eight glucose units, whereas BOIiFluor 1,
containing a heptyl group, exhibited no response to linear maltooligosaccharides.

In this research, further investigation into side-chain effects revealed that alkynyl, alkenyl, and
alkyl substituents of comparable hydrophobicity exhibited opposite behaviors in aqueous
media—either promoting or suppressing dimerization. The alkynyl group, in particular
suppressed dimerization effectively, in contrast to the alkenyl and alkyl analogues. These
findings suggest that noncovalent interactions among hydrocarbon chains are strongly
influenced by hydration structures, and that rational modulation of these effects enables precise
control over hydrophobic interaction—driven aggregation. This principle provides a versatile
foundation for designing high-performance fluorescent probes capable of dynamic and
selective saccharide recognition.

Keywords: BODIPY; fluorescent probe; alkyne
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Electrochemical detection of virus and extracellular vesicles using diamond electrodes
(‘Faculty of Science and Technology, Keio University, *Graduate School of Engineering, Tokyo
University) O Yusaku Hosokawa', Reiko Matsumoto', Mayu Tsurutani’, Naohiro Seo?,
Takanori ichiki?, Takashi Yamamoto', Yasuaki Einaga', Teruhiko Matsubara!

Easy and sensitive biosensor for detecting influenza A virus (IAV) and extracellular vesicles
(EVs) have been required in clinical practice. In this study, IAV and EVs were detected
electrochemicaly using a boron-doped diamond (BDD) electrode, which has excellent
electrochemical properties. For IAV detection, hemagglutinin-binding peptides were
biotinylated and immobilized on the BDD electrode through avidin. For EVs detection,
antibodies were immobilized on the BDD electrode. Electrochemical impedance spectroscopy
measurements showed that the charge transfer resistance increased depending on IAV and EVs
particle concentration.

Keywords : Boron-doped diamond electrode; Electrochemical detection; Ectracellular
vesicles, Antibody; Virus
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B

RETLRPE L) OfEILE « BHFN - AR - S5 R - <FIE T
Cell-Laden Click Gel Construction and Cell Dynamics at Discontinuous Interfaces (Graduate
School of Engineering, Tokyo University of Agriculture and technology) O Reina Fukue,
Kazuya Shimada, Ayaka Kadotani, Daisuke Yoshino, Masayuki Tera

We developed a cell-laden click gel based on azide-modified hyaluronic acid (HA-Ns) and a water-
soluble cyclooctadiyne (WS-CODY), which rapidly formed a 3D cell-compatible hydrogel under
physiological conditions. Using this system, covalently bonded interfaces were constructed by directly
adhering two compositionally distinct click gels. In this model, a C2C12 mouse myoblast—laden gel was
connected to an RGD-functionalized gel, enabling cell migration across the interface. After 7 days,
interfacial cell migration accompanied by myogenic differentiation was observed.

Keywords : click chemistry ; strain promoted azide-alkyne cycloaddition ; hyaluronic acids ; 3D culture
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1) Kitagawa, Tera et al., Bioconjug. Chem., 2023, 34, 638—644.
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Surface modifiable small °F MRI contrast agent using lipid nanodisc ('Graduate School of
Engineering, The University of Osaka,? Immunology Frontier Research Center, The University
of Osaka) OKodai Fukushima,' Tomoya Yamamoto,' Kazuya Kikuchi'-?

F Magnetic Resonance Imaging ('°F MRI) is an imaging technique that enables visualization
of the contrast agents containing '°F nuclei. To achieve sensitive detection in vivo, '’F MRI
probes based on silica- or polymer-coated nanoparticles encapsulating perfluorocarbons have
been developed!?. These nanoparticles improve sensitivity by increasing the local '°F
concentration; however, their relatively large particle size (~100 nm) leads to long-term
accumulation in the liver and short blood circulation time.

To address these problems, we developed '"F MRI probes based on lipid nanodiscs
incorporating '"F-labeled phospholipids. Lipid nanodiscs are sub-20 nm nanoparticles
composed of phospholipids and amphiphilic belt molecules. We hypothesized that their small
size would reduce hepatic accumulation while maintaining high '°F MRI sensitivity with °F-
labeled mobile phospholipids. ’F MRI experiments demonstrated reduced hepatic capture and
enhanced renal clearance of the resulting probes. We further prepared PEGylated 'F MRI
probes by co-assembling PEGylated lipids. PEGylated probes exhibited slower signal buildup
in the bladder region than unmodified probes, suggesting prolonged blood circulation.

Keywords : °’F MRI; Nanodisc; Phospholipid; Imaging
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[1] H. Matsushita, S. Mizukami, F. Sugihara, Y. Nakanishi, Y. Yoshioka, K. Kikuchi, Angew.
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 Polymer-Grafted '’F MRI Probes via Surface-Initiated Polymerization on
Silica Nanoparticles (!Graduate School of Engineering, The University of Osaka,
2Immunology Frontier Research Center, The University of Osaka) (OSuzuna Miura', Tomoya
Yamamoto' 2, Kazuya Kikuchi': 2

F MRI is an imaging technique that enables high-contrast visualization of signals derived
from 'F-containing probes. Our laboratory has previously developed FLAME (Fluorine
accumulated nanoparticle for MRI contrast enhancement), a highly sensitive '°’F MRI probes
" In this study, we aimed to develop silica-nanoparticle-based '°F MRI probes densely grafted
with polymers from initiators introduced onto the nanoparticle surface. Firstly, we established
methods to introduce ATRP and RAFT polymerization initiators onto the FLAME surface and
examined polymerization reactions initiated from the particle surface. In addition, we
investigated analytical methods to evaluate the extent and state of polymer modification on the
FLAME surface. This approach is expected to enable the development of novel '°F MRI probes
with prolonged blood circulation time.

Keywords : '°F MRI, silica nanoparticles, grafi-from polymerization, polymer cleavage
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1) H. Matsushita et al., Angew. Chem. Int. Ed. 2014, 53, 1008.
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Development of ratiometric MRI probes for quantitative pH imaging (!Okazaki Collaborative
Platform, NINS, 2ExCELLS, S3Institute for Molecular Science, *Graduate School of Pharmaceutical
Science, Nagoya City Univ., Graduate School of Engineering, The Univ. Osaka, °*CLS, Science Tokyo)
OKen Kato'??, Koichi Kato'?>**, Kazuya Kikuchi'>*, Satoshi Okada®

Normal tissue has a pH level of 7.2-7.4, whereas tumor tissue is slightly acidic with a pH
level ranging from 6.5 to 6.8. Therefore, tissue pH may have potential as a biomarker for
monitoring tumor treatment progression. Thus, our group has developed a ratiometric MRI
probe to enable quantitative pH imaging of tumor tissue. Previous studies have demonstrated
that core-shell nanoparticles incorporating gadolinium (Gd*") complex-modified silica
nanoparticles within a pH-responsive polymer can function as probes for quantitative pH
imaging by mapping the ratio of the longitudinal relaxivity 7 to transverse relaxivity r,".
However, the optimal pH range for this probe is 4 to 7, thus, a significant change in the 7/
ratio is required within the narrow pH range found in biological systems. In this study, we
developed a novel ratiometric MRI probe that functions at biological pH levels with a pH-
responsive polymer crosslinked with diethylene glycol dimethacrylate that induces volume
changes near neutral pH?.

Keywords : ratiometry; MRI probes, quantitative pH imaging, core-shell nanoparticles
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1) S. Okada, S. Mizukami, T. Sakata, Y. Matsumura, Y. Yoshioka, K. Kikuchi, Adv. Mater. 2014, 26,
2989.
2) S. Okada, S. Takayasu, S. Tomita, Y. Suzuki, S. Yamamoto. Sensors 2020, 20, 3367.
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Development of Iron(IlI) Complexes with Albumin-Binding Coumarin for MR Imaging of
Tumors (!School of Life Science and Technology, Institute of Science Tokyo, *Centre national
de la recherche scientifique, *National Institutes for Quantum Science and Technology,
“Laboratory for Chemistry and Life Science, Institute of Science Tokyo)

OGakuto Oki!, Martina Sanadar?, Shunya Kitahara!, Akira Sumiyoshi®, Célia Bonnet?,
Hiroyuki Nakamura'#, Satoshi Okada'#

To explore the application of paramagnetic iron(IIl) ions as low-toxicity MRI
contrast agents, we synthesized two iron(IIl) complexes, 12a and 12c¢, in which an
albumin-binding coumarin was conjugated to a 1,4,7-triazacyclononane via alkyl
linkers with carbon chain length of one and five, respectively. The relaxivity of 12a
and 12¢ were 1.0 and 2.4 mM™' s7!, and that of 12¢ increased to 5.0 mM™' s ! in the
presence of albumin. Furthermore, Density Functional Theory calculations, !’0O NMR,
and NMRD measurements, suggested that different water coordination structures
could contribute to the observed difference in r; values. MRI measurements of a
tumor-bearing mouse model injected with the 12c¢ revealed that the change in R,
values reached a maximum of approximately 10% at 3 h post-injection, and that the
complexes were cleared by 16 h post-injection (Figure 1). This behavior is consistent
with the biodistribution results obtained by ICP analysis. Keywords : MRI Contrast
Agents,; Iron(lll) Complex; Coumarin; Albumin,; Tumor Imaging
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FRIEREN !« WHERIET - ILAAE !
Exploration of dipeptide biomarkers for the diagnosis of metabolic dysfunction-associated
steatohepatitis and the application to in vivo molecular imaging. (!Graduate School of
Engineering, The University of Tokyo, *Graduate School of Medicine, Gifu University,
3Graduate School of Pharmaceutical Sciences, The University of Tokyo, *Graduate School of
Medicine, The University of Tokyo) OMayu Suzuki,' Kei Arimura,' Yuki Aketa,' Elhelaly
Abdelazim Elsayed,? Fuminori Hyodo,?> Masayuki Matsuo,’ Toru Komatsu,® Yasuteru Urano,>*
Yutaro Saito,' Hiroyuki Yatabe,' Shinsuke Sando'

Abnormal activity of metabolic enzymes in vivo is closely associated with various diseases,
and detecting disease-specific enzyme activities using molecular probes enables precise disease
diagnosis. However, for many diseases, there is still a lack of indicators that accurately reflect
disease progression. This makes the development of new biomarkers essential. In this study,
we screened a dipeptide library to study the metabolic dysfunction-associated steatohepatitis
(MASH). We identified a dipeptide with significantly high metabolic turnover in MASH model
livers and determined the primary enzyme responsible for its metabolism. Furthermore, aiming
for metabolic imaging-based diagnosis, we developed a hyperpolarized MRI molecular probe
based on this dipeptide. /n vivo imaging using this probe successfully revealed distinct
metabolic differences between MASH model mice and healthy controls.

Keywords : Peptide biomarker, Library screening; In vivo imaging;, Molecular probe;
Metabolic dysfunction-associated steatohepatitis (MASH)
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