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Development of Environment-responsive Probes and Establishment of
Real-time Detection Methods for Elucidating Membrane Permeation Processes

Kohei SATO™', Yusuke ISHIGAKI** and Kiyoshi MIYATA™

Elucidating the mechanism of transmembrane material permeation process at the molecular level remains
one of the most critical unsolved challenges in life sciences. While computational approaches have proposed
various mechanisms, experimental validation has been severely limited due to the difficulty of observing
the permeation process in real time. In this study, we aimed to reveal the comprehensive picture of membrane
dynamics by integrating the expertise of three distinct fields: organic chemistry, biochemistry, and molecular
spectroscopy. We successfully developed a library of 18 giant, dicationic 7-conjugated molecules and
screened them using DOPC liposomes. Surprisingly, specific artificial molecules efficiently integrated into
the lipid bilayer. Furthermore, using time-resolved photoluminescence (TRPL) spectroscopy, we
quantitatively detected the enhancement of emission intensity upon membrane insertion. This cross-
disciplinary approach not only established a foundational technique for tracking membrane permeation
but also fostered significant educational exchange among 13 students. Future work will focus on integrating
highly luminescent complexes and microfluidic systems to achieve complete spatiotemporal mapping of
membrane dynamics.
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