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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 have continuing demands on biological science, engineering, and accurate analytical information. We have developed micro/nano-

electrochemical systems for environmental/biomedical applications and 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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BRERICBVWVCEBEMBICESEZN5I2EMMICEVWTE
b BRRIGHFES N, ZOEE M=/ A R—F—E& (BPE)
EMER, BPE FERIEERN K EEAEDED L. —IHTREDEN
DEBEXIEFRGZMIFETECZBRULER LY T FILELTEZS Y
VIITBIENTES,

IhZzFALT. ZRTMNICEESINIRESE (R700K)
DOBHERIEEETMLUIZ. 32480 BPE NEBINI-T/INA 2%
EEL. IADAMER 7O ROBRREEEZHITDZEITK
WU (ACS Sens., 5, 740 (2020)), ABRIE. HEZMFEDH/\—
ICEiEhiz (K 5).

I5IC, BBHIAREEWS BPE DF#MERKBICEN UL, TIN1
R—Z—BRILZEME 2K Uz, EERMEEFAL. ZILE
DRILDAHlcEZTHS I LT FHOBEERH 41 um &
WS BPE 7L Z8k,. chZzRAWCARRO7 )71+
YDAR—=I VT R{ToIzETB. 100 ms DEFEDEFEEET. 7YY
FACIAA Y OB AT R TE foo £, BIRSEEBICHESRT T
O RAROBREERDEAA—VEUVTIRAZILICERILE
(Analyst, 145, 6895 (2020)) .

Fig.1 Lab members 2020

Fig.2 Electrochemiluminescence analysis

Development of bipolar electrode arrays
for cell analysis and bioimaging

When an electric field is applied to conductive materials placed in an
electrolyte solution, oxidation/reduction reactions are induced at both ends
of the materials. The conductive materials are called “bipolar electrodes”
(BPEs). By combining BPEs with electrochemiluminescence, the target
electrochemical reaction at one end of a BPE can be monitored by
quantifying a luminescence at the opposite end.

By using this BPE-electrochemiluminescence system, the oxygen
metabolic activity of three-dimensionally cultured cells (spheroids) was
evaluated. The device with 32 BPEs successfully provided the oxygen
metabolic activity of breast cancer cell spheroids (ACS Sens., 5, 740
(2020)). The figure in the project was featured on the cover of the journal
(Fig. 5).

Because BPE does not need any direct electrical connection, a large
number of BPEs can be easily integrated into a single platform and is
applicable to bioimaging, namely, “bipolar electrochemical microscopy”
(BEM). The average interval between BPEs in our platform was 41 pm. By
using BEM for the imaging of ferricyanide ions in a solution, the diffusion
of ferricyanide ions was visualized with a time resolution of 100 ms. In
addition, the decrease of the oxygen concentration near a tumor spheroid
was visualized, which reflects the respiration activity of the tumor
spheroid (4nalyst, 145, 6895 (2020)).

Fig.3 Oxygen consumption rate analysis using
scanning electrochemical microscopy
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INEXTICAFRULTELER(CZEHAY —ILD S5, Bio-LSI &
BERESLZEME (SECM) ZAWT, MER%ZHE I 2
A7 O ROEEREEEOIMETo/co Bio-LSI ZAWER
RFOAFERIE. ChETHREDHREZEBELUTE /2 SECM I
KBEREMEAI KU, Bio-LSI ICLZEHBIOZ LY MENBRER
Infc, 25IC, MEBELOBRERTHIPABIDORSKOERAHOEK
TOREICHEENSZIENER TS, Thid. EFMRICKIFS
MEOHEDRESZRULTED, HBEAFMETSY T A—LA
EULTOERMNERES 1B (Electrochimica Acta, 340, 135979
(2020)) —A. PARZzOAC RO TIE. RA7zO040RDPERL
FEBRICHRERICER SN 2I|IE A7 DR OBRAHOE L ZRAEL
Tz (Analyst, 145, 6342 (2020)). RIEIT ORI, EBICHL
T EEHNRREOERROEBEZRI HIREE RS, #5EIT(X 6)
PEBREINZDLSBRATOCMRODRESICHRD L, HiEHD DM
DBFHEBEICHINRESNI, Thid. A7z04 RFOE O
DIFRTERLIZ>TVWB I EZRL. BIEIT DA ZIRERIC
FRIRRETH DI EERUT,
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NAARD 3D 7V H—~DibFAZBiEL. BZzHENELT 7
WEYBAINY ILADIIENBRTIVEBETIRMERRELL U
Biosci. Bioeng., 130 539 (2020)), */=. BRILET/N\1X%EH
Wz /N1 AR O T (Aav. Biosyst., 4, 1900234 (2020)).
BRibFREXERWHREHRIICE T 28X (Micromachines,
11, 530 (2020)) ZHR Uz, E5Ic. ZRBET/I\A AZBWi:
DNA O@HEEMEMXEARR U (PHTEFE. ]RIR),

Fig.4 Enzymatic assay in a bio-safety hood

Fig.5 Our research featured on the
cover of ACS Sensors
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Oxygen consumption rate analysis of a
vascularized spheroid and a tumor spheroid

We evaluated the oxygen consumption rates (OCRs) of a vascularized
fibroblast spheroid using Bio-LSI and scanning electrochemical
microscopy (SECM). The OCRs determined using Bio-LSI fairly
corresponded to those using SECM, a conventional OCR measurement
tool used for more than 20 years. The result indicates that Bio-LSI can be
another analytical tool for OCR, with advantages in rapid detection.
Furthermore, we found that vascularization enhanced anti-cancer drug
effects in a spheroid culture, suggesting that vascularization should be
considered in the drug-screening platform (Electrochimica Acta, 340,
135979 (2020)). For the analysis of a tumor spheroid, we investigated
whether the formation of a necrotic core (Fig. 6) affected oxygen
metabolism. The OCR per spheroid volume decreased with increased
spheroid radius, indicating the limitation of the oxygen supply to the core
of the tumor spheroid. OCR analysis using SECM noninvasively monitors
the change of oxygen metabolism in tumor spheroids. The approach is
promising to evaluate various three-dimensional culture models (4nalyst,
145, 6342 (2020)).

Others

We developed a new method using sacrificial templates of sugar structures
to fabricate three-dimensionally (3D) designed Ca-alginate hydrogels (J.
Biosci. Bioeng., 130 539 (2020)). In addition, two review papers related to
biofabrication (Adv. Biosyst., 4, 1900234 (2020)) and electroluminescence
(Micromachines, 11, 530 (2020)) using electrochemical devices were also
published. Furthermore, a new concept to detect a DNA duplex was
proposed using a droplet array device in Bunsekikagaku.
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Fig.6 Tumor spheroid with a necrotic
core evaluated in our study
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