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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, as well as 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. Fig. 1 shows a photo of members.
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Fig. 1 Photo of members in 2023.

Biosensors for microphysiological systems

We developed sensing platforms for the vascular models as
microphysiological systems (MPSs). Microfluidic devices contained a
vascular endothelial monolayer on a porous membrane. An
electrochemical sensor was integrated into the membrane, and chemicals
secreted from cells were successfully monitored in real time (Fig. 2).

Building a cell culture environment on
hydrophobic fluid surfaces

Analyzing the adhesion of cells to hydrophobic fluid surfaces, which
generally exhibit poor cell adhesion, is challenging. We designed a
surface coating with biomimetic polymer materials to improve cell
adhesion on the fluidic surface. Additionally, we achieved a successful
introduction of wrinkles onto hydrophobic fluid surfaces, observing cell
adhesion and alignment along the wrinkles (Fig. 3).

Fig. 2 Vascular-on-a-chip with a porous membrane electrode for in situ
electrochemical detection of nitric oxide (NO) released from endothelial cells.
Reprinted with permission from Analytical Chemistry (in press, DOI: 10.1021/
acs.analchem.3c03684). Copyright 2023 American Chemical Society.
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Fig. 3 Images of the wrinkled hydrophobic fluid surface.
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O Macromolecular Bioscience, 23, 2300069, 2023, selected as
a front cover.

O Advanced Healthcare Materials, 12, 2302011, 2023, selected
as a cover.

O Electroanalysis, 34, 212, 2022, top downloaded article (Wiley)
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Fig. 4 Immunoassay based on
electrochemiluminescence imaging and digital
bead system. Reprinted from Biosensors and
Bioelectronics: X (13, 100312, 2023). Copyright
2023 The Authors. Under CC-BY license.

Fig. 5 SICM imaging of the cellular membrane of a
single cell. Left: general outline of SICM. Right: SICM
image of a HeLa cell. Scale bars: 2 um. Reprinted with
permission from Electrochimica Acta (441, 141783,
2023). Copyright 2023 Elsevier.

Highly sensitive biosensors

We reported the immunoassay based on electrochemiluminescence
imaging and digital bead system (Fig. 4). The assay can amplify signals
and count individual analytes, resulting in a highly sensitive assay.

Scanning ion conductance microscopy to visualize
the morphology of a single cell’s membrane

A nanocapillary was used in scanning ion conductance microscopy
(SICM) imaging of nanoscale visualization of the cell membrane (Fig. 5).
By using a high-speed SICM, 0.5-1.0 images/min was achieved. In the
future, cellular responses for drugs will be monitored in real time.

Scanning electrochemical cell microscopy to
evaluate 2D materials

A scanning electrochemical cell microscopy (SECCM) was used to
evaluate the catalytic activity of 2D materials. This technique can be
utilized in the design of 2D materials.

Conference presentations

More than 35 presentations, including one keynote and two invited lectures.

Awards

- Hiroya Abe (Assistant Professor): MIT Technology Review Innovators
Under 35 Japan 2023

- Kaoru Hiramoto (Assistant Professor), Kosuke Ino (Associate Professor),
Ayumi Hirano (Professor), and Hitoshi Shiku (Professor): Lab on a Chip
outstanding research award

- Kentaro Ito (D3): President's Award (Tohoku University)

- Yoshinobu Utagawa (D1): Excellent Student Award of the Society for
Biotechnology, Japan

Journal Covers, and Top Downloaded Article
(Fig. 6)

- Macromolecular Bioscience, 23, 2300069, 2023, selected as a front cover.
- Advanced Healthcare Materials, in press, DOI: 10.1002/adhm.202302011,
selected as a cover.

- Electroanalysis, 34, 212, 2022, top downloaded article (Wiley)
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Fig. 6 Journal covers. Reprinted from
Macromolecular Bioscience and Advanced
Healthcare Materials. Copyright 2023 John
Wiley and Sons.
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