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Development of multi-channel incubation-type planar patch clamp biosensor
using plastic substrate

ONoriko Takada, Takuhiko Kondo, Nobuo Mizutani, Masaki Aoyama, Hisashi Yoshida, Mitsukazu Suzui, Tsuneo Urisu
Equipment Development Center, Institute for Molecular Science

~

4 1. Introduction

We are developing multi-channel incubation-type planar patch clamp biosensor, which can measure ion channel currents of cells including neurons positioned at
multi-points at the same time. It has such characteristics, compared with pipette patch clamp method, which is generally used in electrophysiological field, as (1)
possible multi-channel measurements at the same time, (2) long term measurements, and (3) that high level of skill is not required. These characteristics are
suitable to the application such as high throughput screening and signal transduction measurements of neurons. Until now, we have developed 1-channel
incubation-type planar patch clamp biosensor, and succeeded in measurements of ion channel currents. At present, we are aiming at the fabrication of multi-channel
one. Here, we chose the PMMA (PMMA) material, which has various micro fabrication and functional modification possibilities, as a substrate on which cells are

patterned.
SOI substrate
PMMA substrate
L
(@ Ag/AgCl
(b) ()

Fig. 1. Structures of patch clamp biosensors.
\ (a) Pipette patch clamp biosensor., (b) Incubation-type planar patch clamp biosensor (1 channel type), .(c) Incubation-type planar patch clamp biosensor (4x4 channel type).

f2. Fabrication process of micro structures on PMMA substrates \
At present, it is under development to fabricate the micro fluidic structure for cell patterning on one side of PMMA substrate surface and the well structure for

storing the pipette solution and AgCl /Ag electrode to measure ion channel current on the other side. The fabrication process and the substrate structure are shown in
Fig. 2. Hot embossing from both sides on one PMMA substrate using two kinds of molds is the main fabrication process of our device. The mold (Fig. 2. Mold 2)
for forming the pipette solution wells, by which thin film structures with 5-10 pum thickness at the pipette solution well are constructed, was fabricated by ultra-
precision machining equipment of Dr. Omori’s group, RIKEN. The other mold (Fig.2. Mold 1) for micro fluidic structure formations is fabricated by
electroforming. The master for electroforming was fabricated by photolithography and wet etching. After hot embossing, we are planning to form micro through
holes with 1.5-2 pm in diameter at the centers of the cell positioning regions of the micro fluidic structure, which are formed just above the pipette solution wells,

by Deep X-ray lithography (DXL).

Fabrication of master for Fabrication of mold with micro
electroforming by » fluidic structure by

photolithography electroforming I — Both sides | Deep X-ray Lithography |
hot embessing Fabrication of micro through holes

Fabrication of micro fluidic structures and thin by Deep X-ray Lithography

Oo— film regions by both sides hot embossing » X-ray
— 13338
e ——

Heat [ PMMA substrate]

lzament mark o —

(2 mm in length) Micro fluidic structure
‘ — D 1.5~2u m
Press <10p m —t || =— @ 30~50p m
U

Fabrication of mold with pyramidal structure by ultra-precision machining

36mm

— =

equipment E E E E ‘ 0.2mm
oo TR S
Release
: —
£ o—
=]
&
—>
30mm
Alignment mark .
(2 mm in length) Pyramidal structure
KF ig. 2. Fabrication process of micro fluidic structures and pipette solution wells by both sides hot embossing and micro through holes by Deep X-ray lithography. j
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#1] - 12C transfer for AD774X -----
void tx_start(void)
t
StartI2CO:
/I Wait till Start sequence is completed
while(I2CCONbits. SEN):

/I Write Slave address and set master for transmission

#include "i2c.h"

/I Baud rate is set for 100kHz, Fcy:30MHz
config2 = 0x111; /I 0x30 -- 400KHz
/I Configure I12C for 7bit address mode
configl = (I2C_ON & I2C_IDLE_CON & I2C_CLK_HLD
& 12C_IPMI_DIS & I2C_7BIT_ADD & I12C_SLW_DIS
& 12C_SM_DIS & I2C_GCALL_DIS & I2C_STR_DIS
& 12C_NACK & I[2C_ACK_DIS & I2C_RCV_DIS
& I12C_STOP_DIS & [2C_RESTART_DIS & I2C_START_DIS):
Openl2C(configl,config2);:
IdleI2CQ);

MasterWriteI2C(¥*p_tx_buff);
/I Wait till address is transmitted
while(I2CSTATbits. TBF);
/I Wait ACK bit receipt
while(I2CSTATbits. ACKSTAT);
// Indispensable wait
IdleI2CQ);
// Transmit string of data
p_tx_buff++;
MasterputsI2C(p_tx_buff);
StopI2CO;
// Indispensable wait
IdleI2CQ);
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