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Development of Environmental/Biomedical Sensors and Visualization Systems

for Material Functions with Micro/Nano Electrodes
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Micro/nanodevices are in continual demand in biological science and engineering to achieve accurate analytical information. We have developed

micro/nano electrochemical systems for environmental and biomedical applications and to evaluate energy materials. Figure 1 shows the photo of

the members.
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Fig. 1 Photo of the members in 2025.

Biosensing device for microphysiological
systems

Evaluating the cellular functions of cultured cells is essential for drug
screening. We developed a porous electrode device that can effectively
assess cellular functions in a gut model. This study was featured on the
journal’s inside front cover, and Fig. 2 presents a schematic illustration
in which the porous membrane device and the gut model are personified.
Such in-vitro models integrated with electrochemical sensors are
expected to be widely used for drug development without animal testing.

Electrochemiluminescence microscopy for
the analysis of cell spheroids

When cells are three-dimensionally cultured, they form cell aggregates
known as cell spheroids. These spheroids are widely used in regenerative
medicine and microphysiological systems because their functions
closely resemble those in vivo. For these applications, it is important to
evaluate cellular functions in a high-throughput manner. In this study,
we developed a novel strategy to measure biomolecules produced by
spheroids using electrochemiluminescence microscopy (Fig. 3). Compared
with simple electrochemical devices, this strategy enables high-
throughput and spatially resolved assays.

Lab on a Chip

Fig. 2 Electrochemical microphysiological systems for a gut model. Reproduced
from the inside front cover of Lab Chip (DOI:10.1039/D5LC90109J). Copyright
2025 The Royal Society of Chemistry. Licensed under CC BY 3.0.
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Microelectrode Array  Microelectrode Probe

Fig. 4 Electrochemical analysis of intracellular diffusion in 3D cultured cells using a probe
microelectrode and a microelectrode array. Reprinted with permission from Electrochimica

Acta (538, 147005, 2025). Copyright 2025 Elsevier.

Fig. 3 Electrochemiluminescence microscopy
for measuring diffusive biomolecules from cell
spheroids. Reprinted from Sensors and Actuators
B: Chemical (441, 137944, 2025). Copyright
2025 The Authors. Licensed under CC BY 4.0.

Evaluation of intracellular diffusion in cell
spheroids

It is important to measure intracellular diffusion in cell spheroids to
elucidate drug mechanisms and facilitate drug screening. For this
purpose, we developed an electrochemical approach wusing a
microelectrode array and an electrochemical probe. This strategy
enables analysis of diffusion of redox molecules within spheroids. This
technology is expected to become a valuable tool in cell biology,
pharmacology, and regenerative medicine.

Conference presentations

More than 40 presentations, including 7 invited lectures.

Awards

- Tomoyuki Ogawa (M2): Poster Award (56th Semi Conference & 38th
Tohoku Young Scientists Meeting

- Gaku Kurogi (M1): Poster Award (Joint Meeting of the Tohoku Area
Chemistry Societies 2025)

- Nozomu Koiwa (B4): Frontier Lab Award (Michinoku Symposium of
Analytical Sciences)

- Taiyo Kanno (M2): Yong Poster Award (The 85th Symposium of the
Japan Society for Analytical Chemistry)

- Kosuke Ino (Assoc. Prof.): Springer Nature Editor of Distinction Award
2025

- Hiroya Abe (Assoc. Prof.): Young Innovator Award on Chemistry and
Micro-Nano Systems (CHEMINAS)

- Kosuke Ino (Assoc. Prof.): Outstanding Reviewer 2024 for Lab on a
Chip (RSC)

- Kimiharu Oba (M2): Graduate School of Engineering Dean’s Award
(Tohoku University)

- Kyoko Shibata (B4): School of Engineering Dean’s Award (Tohoku
University)

Fig. 5 Photo of the award winner.
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