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Micro/nano-devices are in continual demand in biological science and engineering, as well as achieving in accurate analytical information. We have
developed micro/nano-electrochemical systems for environmental/biomedical applications and the evaluation of battery materials. We are also investigating
the role of the tissue microenvironment, utilizing a microfluidic device, and scanning probe microscopy. These devices are useful in environmental

monitoring, medical, and engineering applications.
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Spheroid

Development of biosensors for
tissue-mimetic models (cellular aggregate
and vascular models)

A Multi-cellular aggregate, a spheroid is promising for predicting human
responses to drug candidates because it mimics the cellular activity in the
body. Utilizing electrochemiluminescence (ECL), we developed a novel
imaging system to evaluate respiratory activities of spheroids in a high-
throughput manner (Fig.2; Biosensors and Bioelectronics, 181, 113123,
2021).

Endothelial cell sheets cultured on a porous membrane or hydrogel are
widely used for vascular microphysiological models. We developed several
sensing platforms for the vascular models. For the endothelial cell sheet in
amicrofluidic device, we showed that scanning ion conductance microscopy
(SICM) and scanning electrochemical microscopy (SECM) are effective
means to evaluate the changes in the morphology and the permeability (Fig.
3; Adv. Healthcare Mater., 10, 2101186, 2021). Bio-LSI is another
electrochemical imaging device and it could provide spatial information
about the changes in the permeability in a high-throughput manner, which
is applicable to evaluating the cancer extravasation process (Fig. 4; ACS
Omega, in press).

Inaddition, by monitoring the change of ion currentin the microphysiological
systems, we reported techniques to detect a vascular lumen at micrometer-
scale precision (Anal. Chem., 93,4902, 2021) as a sensing system to evaluate

anastomosis (vascular perfusability; Micromachines, 12, 1491, 2021).
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Development of Biosensors

We reported a simple electrochemical sensor that detects proteinuria
(Electrochemistry, 89,409, 2021). By immobilizing glutamate oxidase and
protease on a glassy carbon electrode, we realized an easy-to-use method
for albumin detection with a sensitivity of 0.1 mg/mL within 30 min. In
addition, we developed a highly sensitive electrochemical immunoassay
using a dual-signal amplification strategy of redox cycling within a
nanoscale gap and the limulus amebocyte lysate cascade reaction with a
sensitivity for goat immunoglobulin G of 470 aM (ACS Applied Nano
Materials, 4, 12393, 2021).

We proposed the implementation of a cathodic-luminophore-producing
ECL that enables detection of dopamine in a closed bipolar electrode
(cBPE) system (ChemElectroChem, 8, 3492, 2021). The paper extends the
range of cBPE application because the analyte molecules applicable to the
conventional ¢cBPE/ECL are limited to molecules causing a cathode
reaction on the electrode surface. In addition, we developed a versatile and
scalable thermal drawing process as a novel fabrication method for fiber-
based cBPEs with feature sizes down to micro-/nanoscales (4dv. Mater.
Technol., in press). In addition, the multielectrode fiber was tapered by
using the principle of thermal drawing, for magnified electrochemical
imaging. This work establishes a novel mass-production method for cBPE
arrays, as well as a proof of concept for magnified electrochemical imaging
using a thermally-drawn electrode array fiber.

Other Work

We developed a new bioprinting method for thiolated polymer-based
hydrogels based on an electrochemical technique (Chem. Lett., 50, 256,
2021). In addition, we published review papers for biosensors and
Biofabrication techniques (Electroanalysis, in press, Electrochem. Sci.

Adv., 2100089, 2021, FA)/ 747> AL —).
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Fig.6 Thermally-drawn multi-electrode
fibers for bipolar electrochemistry

Fig.1 Lab members 2021 Fig.2 Electrochemiluminescence analysis

for respiratory activities of spheroids

Fig.3 Application of scanning probe microscopy to
vascular microphysiological system

Fig.4 Bio-LSI assay for cancer extravasation Fig.5 Dual signal amplification for immunoassay
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