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Development of molecular probes and methodologies for next-generation biomolecular
imaging (' Graduate School of Engineering, The University of Tokyo) Yutaro Saito'

Biomolecular imaging is a crucial technology in life science, with continuous advancements
in techniques. However, the application of these methods remains constrained by the limited
availability of suitable molecular probes and methodologies. This study establishes design
guidelines for practical molecular probes and methodologies for hyperpolarized nuclear
magnetic resonance imaging and tissue-clearing fluorescence imaging—two cutting-edge
imaging techniques—through chemical approaches.

Keywords :  Hyperpolarized Nuclear Magnetic Resonance Imaging; Tissue-clearing
Fluorescence Imaging; Molecular Probe
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1. BEDFEIICLIBRBEBIERBSAA - TDEOORFITO—TDORHK

*z&%ibq%4’ A— 7 (MRI) 1%, FHEREHIC E%{Mfs%‘: U7 A A LA
T DAL TH D, 1BH O MRLIZEEDMEN 2D, ARNICE FICIFEET
LKCNEE D H 8y 7w lig b+ 5 AT EL ﬁﬁw%hﬂ\é L2 L. MRI
JE 2 BRI B S5 BIRIBET & n 7 —7 2 0 5s 2 LT REA
BN O ®Z T 5 2 &N TE 5, BRBEN O TH RS EREREAL
TWDFEO—DIZEIIZRMRE (DNP) ' 232815 5415, DNP-MRI (& [1 Bele L
E VA7 a—T7 L LTHWD Z & TR A A—T 0 T %:T ZL. KE

TIXAFEDN A OFIZWIE & U TR ED b Tnd 2, —F, [I- 13(:] 1:"/»1:“
UEED KO \ZAERIS A ATHEZ: DNP-MRI 43 17" 1 — 7| iﬂizsbfd\fm FHW 725y
7'a— 7 BRI INA S Ew)u% Lo TND FRZH N7 —T DX D _Eﬁi,a?f
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TR ERERTRT X ) RTF X —BIEMEE in vivo THRHT 5017 0 — 7 OBIRITED)
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2. HBBRERLA A =D TDEODORFITO—TELUVUA LR

WA A= 71X, BREED DERBEIZ S T a2 ETE L7280, ZRETIC
%< ORI A A —2 > 71T S Bk x e EMBIB OfIICHEBR L T& 7=, — 5 T,
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et al. Sci. Transl. Med. 2013, 5, 198ral08. 3) Y. Saito, et al. Sci. Adv. 2022, 8, eabj2667. 4) Y. Kondo, et
al. Sci. Adv. 2024, 10, eadp2533. 5) D. M. Sakamoto, et al. ACS Nano 2024, 18,5167-5179. 6) 1. Tamura,
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Designing functional molecules inspired by natural proteins (' Department of Chemistry, School
of Science, Kwansei Gakuin University) OKohei Sato'

The highly complex structures and sophisticated functions of natural proteins are the
ultimate goal of synthetic chemistry. In particular, membrane proteins play a central role in
intercellular communication by transporting specific molecules and ions across the cell
membrane. As evidenced by the fact that more than 50% of modern drugs target membrane
proteins, these proteins can be considered one of the most important targets for manipulation
of biological events. Inspired by such natural membrane proteins, we have developed various
functional molecules based on synthetic organic chemistry and supramolecular chemistry. We
have reported that fluorinated amphiphilic molecules can self-assemble within lipid bilayer
membranes to form artificial channels that can permeate ions in response to various external
stimuli. In addition, we found that fluorinated nanochannels enable ultrafast selective water
permeation. More recently, we have achieved permeation of multivalent anions across the
membranes and dynamic control of ion permeation in response to chemical reactions.
Keywords : Supramolecular Chemistry, Organic Chemistry, Biological Membrane, Channel
Protein
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W TIE, AEREEZ N L2 T7 =4 0 OFE=e, (LRI E L8 7A 4

FHROHIEHZ EH T D5 N TF v RV OBRICH N LTz,

1) K. Sato, Langmuir 2024, 40, 2809.

2) R. Sasaki, K. Sato, K. V. Tabata, H. Noji, K. Kinbara, J. Am. Chem. Soc. 2021, 143, 1348.

3) K. Sato, R. Sasaki, R. Matsuda, M. Nakagawa, T. Ekimoto, T. Yamane, M. Ikeguchi, K. V. Tabata, H.
Noji, K. Kinbara, J. Am. Chem. Soc. 2022, 144, 3127.

4) Y. Itoh, S. Chen, R. Hirahara, T. Konda, T. Aoki, T. Ueda, I. Shimada, J. J. Cannon, C. Shao, J.
Shiomi, K. V. Tabata, H. Noji, K. Sato, T. Aida, Science 2022, 376, 738.

© The Chemical Society of Japan - [F]14202-3vn-02 -



