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Development of Safely Non-Invasive Dynamic Measurement Method of Extracellular lons
Using CCD-type lon Image Sensor

Hattori, Toshiaki
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We developed several new CCD-type ion image sensors using plasticized poly(vinyl c
hloride) membrane (lon Microscopes), in order to monitor extracellular concentration of analyte ions relea
sed from cells or adsorbed into cells by stimulation of chemicals. The ion microscoBe developed could be a
pplied to micro observation of living cells actually. In addition, we examined inhibiting effect of plasti
cized poly(vinyl chloride) membranes during the cultivation of cells, and we obtained some guidelines of p
reparing safety and non-invasive membrane.

CCD



CCD
CCD

CCD

(ISFET)

1024
0.2
Light-Addressable Potentiometric Sensor
(LAPS)

(PVC) CCD
102
104

i“:—i '
0s 02s  06s 1.0

102
10+

PVvC CCD

CCD

@ ©
@
mm
2 PC12
®)
Compound48/80
CCD
4)
(4)
PVC
HelLa
@
(32x32=1024 )
NaCl

Amberlite IR 120B Resin

. ARy, y
E St IS

s
Gel-type Resin

——CHz~CH—CHz~CH—CHy—CH—CHy—

f s i

o sov 8 o
—CHy—CH—CHy—

Chemical Structure

10 CaCl,(

BaCl,)



@
PC12

(32x32=1024 )

PC12

PC12
®
(128x128=16384 )
7
Compound48/80
Se:: iSr;gnl:;fa :tfi?h'ﬂ:::; Release of Biogenic Amines
Mast
cell —_—
Response at time
42
PVC Hela
2
6
HelLa 5
37

€Y)

105 M
30mV/decade

108

107'm

1032

0s 1 20s 30

S 10s S 60s
Time —>
Ca% Na*-Ca?
2
@
PC12
10* M 10t M
1027, 102
10734 ’ ,
PC12
0.7 .
s —HlasY
# —HikazaL
£p 0.65
=
#
4_\ 0.6 -~
: e
Y]
0.55 . i
0 50 100 150

PC12

SBIERRE [sec]



PC12

PC12
PC12
PC12
®
10° M 107 M
Compound48/80

7 (
Compound48/80 9
30

9
7.0x107
E 6.0x10"
E 5.0x10°
-E 4.0x107
5
3 3.0x107
2.0x107 T T T T
10 20 30 40 Hi 60
Time,s
9 68/37 -
68/37
42
PVC HeLa

Ca-HDOPP-DOPP Ca-K23E1-NPOE

10 Ca-K23E1-NPOE
10 M
Ca-HDOPP-DOPP 3x107° M

18 mV/decade

g K 5 A B B A
log [Ca®"] , mol/L

10 Ca-HDOPP-DOPP (A) Ca-K23E1-NPOE (B)

Ca-K23E1-NPOE
K23E1

Ca-HDOPP-DOPP
Ca-K23E1-NPOE

11 12



1
8.0 85 90 95 100 105 110

min

11 Ca-HDOPP-DOPP A,
6 ppm DOPP; B, 0.6 ppm  DOPP; C,
DOPP

6.0 6.5 7.0 1.5 8.0

12 Ca-K23E1-NPOE A,
3.7ppm NPOE; B, 0.15ppm  NPOE ;
C, NPOE

PVC
HelLa

Ca-HDOPP-DOPP Ca-K23E1-NPOE

Ca-HDOPP-DOPP
Ca-K23E1-NPOE

PVC

Ca-K23E1-NPOE Ca-HDOPP-DOPP

PVC

5
3

Toshiaki Hattori, Youichiro Tamamura,
Kenta Tokunaga, Takashi Sakurai, Ryo Kato,
Kazuaki Sawada, Two-Dimensional
Microchemical Observation of Mast Cell
Biogenic Amine Release Monitored by 128
x 128 Array-type CCD lon Image Sensor,
Analytical Chemistry, 86
2014, pp.4196-4201.

2014
63 2 2014 , pp-119-126.
Toshiaki Hattori, Yoshitomo Masaki,
Satoshi Mori, Daichi Miyamoto, Ryo Kato,
and Kazuaki Sawada, CCD-type Sodium lon
Image Sensor: Dyanmic Observation for
lon-exchange Reactions of a Single Na-type
Cation-Exchange Resin Bead, Electroanaly

sis, 24, 2012, pp.114-120.
2
CCD
, Electrochemist
ry, Vol. 82 No. 4, pp.288-293,
2014.
CCD
. 11

pp.8-13, 2013.

11
7
T. Hattori, T. Sakurai, K. Okumura, F.
Dasai, and K. Sawada, Label-Free Real-time
Chemical Observation of Living Cells Using
a New CCD-type lon Image Sensor, Pittcon
Conference, 2014, Chicago, Illinoi, USA
(2014).
T. Hattori, Y. Tamamura, K. Tokunaga,
T. Sakurai, R. Kato, K. Sawada,
CCD-TypeOrganic Cation Image Sensor:
Direct Observation of Biogenic Amine
Release from Mast Cells, ASIANALYSIS XII
The Twelfth Asian Conference on Analytical
Sciences, 2H1-AM2, Fukuoka, Japan (2013).
T. Hattori, CCD-type ion image sensor
with plasticized PVC membrane for a
micro-observation tool, German-Japanese
Mini-Workshop on Nano- and
Biotechnologies, 24th of May 2012, Aachen
University of Applied Sciences, Campus
Julich Gerling Pavillo, Germany (2012).
H. Taki, T. Sakurai, Y. Masaki, T.
Hattori, K. Takahashi, S. Terakawa, M.
Ishida, K. Okumura, K. Sawada, Label-free



real-time imaging of [Ca2+]o in endocrine
cell by an 1on image sensor-based chemical
microscopy. 2012 International Symposium
on Chemical Environmental Biomedical
Technology, September 2-5, Tainan, Taiwan
(2012).

T. Hattori, K. Okumura, and K. Sawada,
CCD-type lon Sensitive Image Sensor for
Rapid Monitoring Biological Cells and
Tissues, Pittcon Conference, 2012,
Orlando, Florida, USA (2012).

Y. Tamamura, Y. Tamai, K. Okumura, R.
Kato, K. Sawada, and T. Hattori, CCD-type
hydrophobic cation sensitive image sensor
for measurement of acetylcholine, The
Asia-Pacific Interdisciplinary Research
Conference 2011, Toyohashi, Japan (2011).

T. Hattori, M. Yoshitomo, S. Mori, D.
Miyamoto, R. Kato, and K. Sawada, Dynamic
Observation on lon Exchange of a Grain of
Na-type Cation Exchange Resin Using CCD
Sodium lon Selective Image Sensor,
Matraftired 2011 International Conference
on Electrochemical Sensor, Dobogoks,
Hungary (2011).

4
PVC  CCD
Separation Science2013, G10
2013
, 1005, 2012
[ ]
43
2012
o Ca2+
PC12 59
16p—F8-3 2012
3
1

1 Kazuaki Sawada and Toshiaki Hattori,
Image Sensor for Biological Application,
Ed. by Kiyoshi Toko, Biochemical Sensors:
Mimicking Gustatory and Olfactory Senses,
Pan Stanford Publishing, 18-29, 2013

o

@

HATTORI, Toshiaki

80198762

OKUMURA, Koichi



