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Development of Environmental/Biomedical Sensors and Visualization Systems

for Material Functions with Micro/Nano Electrodes
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Micro/nano-devices 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. Additionally, we are investigating

the role of the tissue microenvironment by utilizing a microfluidic device and scanning probe microscopy. These devices are useful in environmental

monitoring, medical applications, and engineering. Figure 1 shows the photo of the members.
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Fig. 1 Photo of members in 2024.

Biosensing of microphysiological systems

It is important to evaluate the cellular barriers of cultured cells for drug
screening. We developed an electrochemiluminescence bioimaging
device to visualize cellular junctions. The device was successfully
applied to evaluate vascular models using endothelial cells (Fig. 2). This
in vitro model, integrated with the electrochemical sensor, will be
widely used for drug development without animal testing.

Scanning electrochemical microscopy (SECM)
of cell analysis

Hydrogels for culturing cells are useful materials for tissue engineering
and microphysiological systems. Scanning electrochemical microscopy
(SECM) has been used for these applications because of its excellent
features, such as low invasiveness and high sensitivity. In SECM, a
microelectrode is manipulated to scan samples, and chemical mapping
can be conducted. We used SECM to evaluate the respiratory activities
of cells in fiber hydrogels (Fig. 3). By analyzing the data, O,-consumption
rates (mol/s) were successfully obtained. In the future, this
electrochemical approach will be applied to evaluate gut and liver
models using hydrogels.

Porous electrode devices for bioanalysis

Thin and porous membranes are useful materials because two types of
cells can be cultured on both sides, forming in vivo—like organ surfaces.
In microphysiological systems based on porous membranes, in situ and

Fig. 2 Electrochemiluminescence imaging of cellular
barrios. Reprinted from Electrochemistry (92, 022009, 2024).
Copyright 2023 The Authors. Under CC-BY license.
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O KBRS (M2) : Best Poster Award (Journal of Material
Chemistry A, B & C prize. ACCS2024) (Fig. 5)
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prize. ACCS2024) (Fig. 5)
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Fig. 3 Scanning electrochemical microscopy for measuring
respiratory activities of cellular hydrogel fibers. Reprinted
from Analytica Chimica Acta (1304, 342539, 2024).
Copyright 2024 The Authors. Under CC-BY license.

Fig. 4 Porous membrane electrode for electrochemical
analysis of glucose transport into cell spheroids.
Reprinted from ACS Sensors (9, 4248, 2024). Copyright
2024 The Authors. Under CC-BY license.

real-time monitoring are described because the monitoring can uncover
drug mechanisms. For this challenge, we integrated an electrode sensor
into the thin and porous membrane (Fig. 4). The electrochemical device
was applied for cell analysis as the proof-of-concept experiment, and
glucose consumptions were successfully measured in situ. Now, the
device is being applied to evaluate other cellular functions.

Evaluation of Cell Aggregates Using
Microelectrodes

We have developed a microelectrode to analyze cell aggregates, a
biological model. In this work, cell aggregates are cultured on
microelectrodes fabricated using microfabrication technology to evaluate
the state of cells and the permeability of substances. This technology is
expected to become a new tool in the fields of cell biology, pharmacology,
and regenerative medicine.

Conference presentations

More than 40 presentations, including five invited lectures.

Awards

- Kyoko Shibata (B4): Poster award (The 37th Tohoku young researcher's
Conference, The Electrochemical Society of Japan Tohoku Branch)

- Yoshinobu Utagawa (D2): 2024 IMRAM Research
Encouragement Award

- Kimiharu Oba (M2): Best Poster Award (Journal of Material Chemistry
A, B & C prize, ACCS2024) (Fig. 5)

- Shuri Nakamura (M2): Best Poster Award (Nanoscale Advances prize,
ACCS2024) (Fig. 5)

- Shotaro Yamada (M1): Poster Award (Joint Meeting of the Tohoku Area
Chemistry Societies 2024)

- Yoshinobu Utagawa (D2): Frontier Lab Award (Michinoku Symposium
of Analytical Sciences)

- Kyoko Shibata (B4): Frontier Lab Award (Michinoku Analytical
Science Symposium)

- Hiroya Abe (Associate Professor): 2024 JACI Encouragement Award

- Ryota Shikuwa (M2): Yong poster Award (The 84th Symposium of the
Japan Society for Analytical Chemistry)

Top Downloaded Article
- Electroanalysis, 34, 212, 2022, top cited article 2022-2023 (Wiley)
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Fig. 5 Photo of the award winners.
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