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BASE SEQUENCE DETECTION APPARATUS 
AND BASE SEQUENCE AUTOMATIC 

ANALYZINGAPPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation application of Ser. No. 
11/045,646, filed Jan. 31, 2005, which is a Continuation 
Application of PCT Application No. PCT/JP03/09684, filed 
Jul. 30, 2003, which was published under PCT Article 21(2) 
in Japanese, the entire contents of both of which are incorpo 
rated herein by reference. 
0002 This application is based upon and claims the ben 

efit of priority from prior Japanese Patent Applications No. 
2002-223392, filed Jul. 31, 2002; and No. 2003-200440, filed 
Jul. 23, 2003, the entire contents of both of which are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention relates to a base sequence 
detection apparatus which detects a base sequence and a base 
sequence automatic analyzing apparatus which automatically 
controls the base sequence detection apparatus and automati 
cally analyzes a measurement signal. 
0005 2. Description of the Related Art 
0006. There conventionally exist, e.g., apparatuses which 
execute only hybridization, apparatuses which execute only 
electrochemical measurement after hybridization and addi 
tion of intercalating agents, and apparatuses which automati 
cally execute a whole process from hybridization to cleaning 
using buffers (e.g., patent document 1: Jpn. Pat. Applin. 
KOHYO Publication No. 9-504910). 
0007 Assume that measurement is executed by using the 
above-described apparatuses. Every time one process is 
ended, the operator must manually transfer the sample to the 
apparatus for the next process. This imposes restrictions on 
time. In addition, since the operator takes a hand in transfer 
between processes, the data reproducibility between samples 
is poor. 
0008 Furthermore, measurement results may vary 
depending on reaction conditions in a reaction cell. When 
measurement is performed using a 3-electrode unit including 
a plurality of working electrodes, the reaction environment 
varies between the working electrodes, and therefore, detec 
tion results also vary. 

BRIEF SUMMARY OF THE INVENTION 

0009. It is an object of the present invention to provide a 
base sequence detection apparatus which has a highly uni 
form electrochemical reaction characteristic and a high detec 
tion reliability. 
0010. It is another object of the present invention to pro 
vide a base sequence automatic analyzing apparatus which 
can automatically execute a whole process of reaction, Solu 
tion Supply, and measurement. 
0011. According to an aspect of the present invention, 
there is provided a base sequence detection apparatus which 
detects a first base sequence in a sample on the basis of a 
reaction between the sample in a channel and a probe includ 
ing a second base sequence, comprising a Substrate, a channel 
which is formed on the substrate along a flowing direction of 
a biochemical solution or air, a plurality of working elec 
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trodes which are formed on the substrate along the channel 
and include the probe immobilized thereon, a plurality of 
counter electrodes which are formed on an inner surface of 
the channel in correspondence with the working electrodes 
and located on a first Surface opposing a surface of the Sub 
strate to give a potential difference with respect to the work 
ing electrodes, a plurality of reference electrodes which are 
formed on an inner Surface of the channel in correspondence 
with the working electrodes and located on a second Surface 
opposing the Substrate Surface to feedback a detection Voltage 
to the working electrodes, an introduction port which is open 
to the channel and introduces the biochemical solution or air 
into an upstream side of the channel into the channel, a 
delivery port which is open to the channel and delivers the 
biochemical solution or air from a downstream side of the 
channel; and a sample injection port through which the 
sample is injected into the channel. 
0012. According to another aspect of the present inven 
tion, there is provided a base sequence detection apparatus 
which detects a first base sequence in a sample on the basis of 
a reaction between a probe including a second base sequence 
and the sample in a cell which is defined by a cell upper 
Surface, cell side surfaces, and a cell bottom Surface, com 
prising: 
0013 a base sequence detection chip which comprises a 
Substrate and a plurality of working electrodes and defines the 
cell bottom surface, wherein the working electrodes are 
formed on the Substrate along a flowing direction of a bio 
chemical solution or air and having the probe immobilized 
thereon; 
0014 a chip cartridge top cover which comprises counter 
electrodes and reference electrodes formed along the flowing 
direction of the biochemical solution or air, wherein the 
counter electrodes are formed in correspondence with the 
working electrodes and located on a first Surface opposing a 
surface of the substrate to give a potential difference with 
respect to the working electrodes, and the reference elec 
trodes are formed in correspondence with the working elec 
trodes and located on a second Surface opposing the Substrate 
Surface to feedback a detection Voltage to the working elec 
trodes; 
00.15 a sealing member which is sandwiched and fixed 
between the chip cartridge top cover and the substrate surface 
to form a channel including equal sections near the working 
electrodes, counter electrodes, and reference electrodes and 
defines the cell upper Surface and cell side Surfaces: 
0016 an introduction port which is formed in the chip 
cartridge top cover and introduces the biochemical Solution or 
air into an upstream side of the flowing direction of the 
biochemical solution or air into the cell; 
0017 a delivery port which is formed in the chip cartridge 
top cover and delivers the biochemical solution or air in the 
cell from a downstream side of the flowing direction of the 
biochemical solution or air, and 
0018 a sample injection port which is formed in the chip 
cartridge top cover and through which the sample is injected 
into the cell. 
0019. According to get another aspect of the present 
invention, there is provided a base sequence automatic ana 
lyzing apparatus comprising: 
0020 a base sequence detection apparatus described 
above; 
0021 a Supply unit comprising a first pipe which commu 
nicates with the introduction port and Supplies the biochemi 
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cal Solution or air into the channel through the introduction 
port, and a first valve which controls a flow rate of the bio 
chemical Solution or air in the first pipe; 
0022 a discharge unit comprising a second pipe which 
communicates with the delivery port and discharges the bio 
chemical solution or air from the channel through the delivery 
port, a second valve which controls the flow rate of the bio 
chemical Solution or air in the second pipe, and a pump which 
is arranged on the second pipe and Sucks the biochemical 
solution or air from the channel; 
0023 a measurement unit comprising a Voltage applying 
unit which gives a potential difference between the working 
electrode and the counter electrode: 
0024 a temperature controller which controls a tempera 
ture of the base sequence detection chip; 
0.025 a control mechanism which controls the first valves 
of the Supply unit, the second valve and pump of the discharge 
unit, the Voltage applying unit of the measurement unit, and 
the temperature controller, detects an electrochemical reac 
tion signal from the working electrode or counter electrode, 
and stores the electrochemical reaction signal as measure 
ment data; and 
0026 a computer which gives control condition param 
eters to the control mechanism to control the control mecha 
nism and executes analysis processing of the first base 
sequence on the basis of the measurement data. 
0027. According to further aspect of the present invention, 
there is provided a base sequence automatic analyzing appa 
ratus which automatically analyzes a first base sequence in a 
sample on the basis of a reaction between the sample in a 
channel and a probe including a second base sequence, com 
prising: 
0028 a cassette including 
0029 a substrate including a major surface and pads on the 
major Surface, 
0030 a sealing member comprising a sealing member 
main body which comprises a major surface and a flat lower 
Surface that is arranged in contact with the major Surface of 
the Substrate and includes a plurality of working electrodes 
that are formed on the major Surface along the channel 
wherein the probe is immobilized thereon, reference elec 
trodes and counter electrodes, a groove portion which is 
formed in the lower Surface and forms a gap with respect to 
the working electrodes to form the channel, a first port which 
communicates with one end of the channel and is open to the 
major Surface at a first position separated from the major 
Surface of the Substrate, and a second port which communi 
cates with the other end of the channel and is open to the major 
Surface at a second position separated from the major Surface 
of the substrate, and 
0031 a cassette main body which brings the lower surface 
of the sealing member main body into contact with the major 
Surface of the Substrate and fixes the sealing member main 
body; 
0032 a valve unit including a first valve which switches 
between a biochemical solution and air supplied from the first 
port, a second valve which switches between the biochemical 
Solution and air discharged from the second port, a first nozzle 
connected to the first valve, and a second nozzle connected to 
the second valve wherein the first and second valves and the 
first and second noZZles are integrally formed; 
0033 a probe unit which is fixed to the valve unit and 
includes an electric connector; 
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0034 a driving unit which drives the valve unit or the 
cassette to position the first nozzle to the first port and com 
municate the first nozzle with the first port, position the sec 
ond nozzle to the second port and communicate the second 
nozzle with the second port, and position the electric connec 
tor of the probe unit to the pads on the substrate and connect 
the pads to the electric connector electrically: 
0035 a measurement mechanism which inputs a measure 
ment signal to the Substrate and acquires an electrical signal 
from the substrate; and 
0036 a computer which analyzes the electrical signal 
obtained from the measurement mechanism. 
0037. The present invention related to the apparatus is also 
effective as the invention of the method realized by the appa 
ratuS. 

0038. The present invention related to the apparatus or 
method is also effective as a program which causes a com 
puter to execute procedures for controlling the apparatus and 
a computer-readable recording medium which records the 
program. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0039 FIG. 1 is a block diagram showing the overall 
arrangement of a base sequence detection apparatus accord 
ing to the first embodiment of the present invention; 
0040 FIGS. 2A to 2D are views showing details of the 
structure of a chip cartridge according to the first embodi 
ment; 
0041 FIG. 3 is a view showing a support body and a chip 
cartridge top cover before they are fixed by a top cover fixing 
screw according to the first embodiment; 
0042 FIG. 4 is a view showing the detailed structure of a 
printed board on which a base sequence detection chip 
according to the first embodiment is mounted; 
0043 FIGS. 5A to 5C are views showing a cell and a 
biochemical Solution Supply system which communicates 
with the cell according to the first embodiment; 
0044 FIGS. 6A and 6B are views showing a modification 
of the cell according to the first embodiment; 
004.5 FIGS. 7A and 7B are views showing a more detailed 
structure of constituent elements near the cell according to the 
first embodiment; 
0046 FIG. 8 is a plan view of the cell according to the first 
embodiment; 
0047 FIG. 9 is a plan view of a modification of the cell 
according to the first embodiment; 
0048 FIG. 10 is a sectional view of a modification of the 
shape of the cell according to the first embodiment; 
0049 FIG. 11 is a sectional view of another modification 
of the shape of the cell according to the first embodiment; 
0050 FIG. 12 is a plan view of a modification of a detec 
tion channel according to the first embodiment; 
0051 FIGS. 13A and 13B are views showing a modifica 
tion of the structure of the cell according to the first embodi 
ment; 
0.052 FIG. 14 is a view showing an example of the struc 
ture of a sealing member according to the first embodiment; 
0053 FIGS. 15A to 15Dare sectional views showing steps 
in manufacturing the base sequence detection chip and 
printed board according to the first embodiment; 
0054 FIG.16 is a plan view of the base sequence detection 
chip according to the first embodiment; 
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0055 FIG. 17 is a view showing a detailed arrangement of 
a solution Supply system according to the first embodiment; 
0056 FIG. 18 is a flow chart of a solution supply step for 
base sequence detection using the according to the first 
embodiment; 
0057 FIG. 19 is a view showing the detailed arrangement 
of a measurement system according to the first embodiment; 
0058 FIG. 20 is a view showing the arrangement of a 
conventional potentiostat; 
0059 FIGS. 21A to 21E are timing charts showing voltage 
characteristics according to the first embodiment; 
0060 FIGS. 22A to 22D are timing charts showing the 
Voltage characteristics of the conventional potentiostat; 
0061 FIG. 23 is a graph showing current/voltage charac 

teristic curves applied to counter electrodes in a potentiostat 
according to the first embodiment and the conventional 
potentiostat; 
0062 FIG. 24 is a view showing a modification of the 
potentiostat according to the first embodiment; 
0063 FIG. 25 is a view showing another modification of 
the potentiostat according to the first embodiment; 
0064 FIG. 26 is a view showing still another modification 
of the potentiostat according to the first embodiment; 
0065 FIG. 27 is a view showing still another modification 
of the potentiostat according to the first embodiment; 
0066 FIG. 28 is a block diagram showing the association 
between the control mechanism and the remaining constitu 
ent elements of a computer according to the first embodiment; 
0067 FIG. 29 is a block diagram showing a detailed 
arrangement of the control mechanism according to the first 
embodiment; 
0068 FIG. 30 is a flow chart showing an example of a 
measurement data analyzing method according to the first 
embodiment; 
0069 FIG.31 is a flow chart of type determination filter 
ing processing according to the first embodiment; 
0070 FIG. 32 is a flow chart showing an example of type 
determination processing according to the first embodiment; 
0071 FIG. 33 is a sequence chart of a base sequence 
automatic analyzing method using the base sequence detec 
tion apparatus according to the first embodiment; 
0072 FIG. 34 is a view showing another modification of 
the cell according to the first embodiment; 
0073 FIG. 35 is a view showing the overall arrangement 
of a base sequence automatic analyzing apparatus according 
to the second embodiment of the present invention; 
0074 FIG. 36 is a perspective view of a cassette according 
to the second embodiment; 
0075 FIG.37 is a perspective view of a cassette top cover 
to the second embodiment; 
0076 FIG.38 is a view showing the structure of a cassette 
bottom cover according to the second embodiment; 
0077 FIG. 39 is a perspective view of a packing according 
to the second embodiment; 
0078 FIG. 40 is a plan view of the packing according to 
the second embodiment; 
007.9 FIG. 41 is a plan view of a substrate according to the 
second embodiment; 
0080 FIG. 42 is a view showing the assembled state of the 
cassette according to the second embodiment; 
0081 FIG. 43 is a view showing the assembled state of the 
cassette according to the second embodiment; 
0082 FIG. 44 is a sectional view of a cassette side surface 
according to the second embodiment; 
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I0083 FIG. 45 is a view showing details of a channel 
according to the second embodiment; 
I0084 FIG. 46 is a view showing the detailed structure of a 
packing tip shape according to the second embodiment; 
I0085 FIG. 47 is a view showing the detailed structure of 
another packing tip shape according to the second embodi 
ment; 
I0086 FIG. 48 is a view showing the detailed structure of 
still another packing tip shape according to the second 
embodiment; 
I0087 FIG. 49 is a view showing the detailed structure of 
still another packing tip shape according to the second 
embodiment; 
I0088 FIG.50 is a view showing the detailed structure of 
still another packing tip shape according to the second 
embodiment; 
I0089 FIG. 51 is a view showing the detailed structure of 
still another packing tip shape according to the second 
embodiment; 
0090 FIG. 52 is a view showing the overall arrangement 
of a valve unit according to the second embodiment; 
0091 FIG. 53 is a view showing the functional arrange 
ment of the valve unit according to the second embodiment; 
0092 FIGS. 54A to 54D are views showing the detailed 
structures of nozzle tip shapes according to the second 
embodiment; 
(0093 FIGS. 55A and 55B are views showing the struc 
tures of the packing and nozzle according to the second 
embodiment; 
0094 FIG. 56 is a view showing an example of the 
arrangement of the base sequence automatic analyzing appa 
ratus according to the second embodiment in a cassette load 
ing operation; 
(0095 FIGS. 57A and 57B are views showing the detailed 
structure of a probe unit according to the second embodiment; 
(0096 FIG. 58 is a view showing the detailed structures of 
the probe unit and valve unit according to the second embodi 
ment; 
(0097 FIG. 59 is a view showing a modification of the 
cassette according to the second embodiment; 
(0098 FIGS. 60A and 60B are views for explaining a cas 
sette fixing method in the modification of the cassette accord 
ing to the second embodiment; 
0099 FIG. 61 is a view showing another example of the 
valve unit according to the second embodiment; 
0100 FIG. 62 is a view showing still another example of 
the valve unit according to the second embodiment; 
0101 FIG. 63 is a view showing still another example of 
the valve unit according to the second embodiment; 
0102 FIG. 64 is a view showing still another example of 
the valve unit according to the second embodiment; 
0103 FIG. 65 is a view showing the functional arrange 
ment of another valve unit according to the second embodi 
ment; 
0104 FIGS. 66A and 66B are views showing examples of 
a liquid oscillation mechanism according to the second 
embodiment; 
0105 FIGS. 67A and 67B are views showing examples of 
the cassette with and without a seal according to the second 
embodiment; 
0106 FIG. 68 is a view for explaining a seal detection 
operation according to the second embodiment; 
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0107 FIGS. 69A and 69B are views for explaining a cas 
sette detection operation according to the second embodi 
ment, 
0108 FIG. 70 is a flow chart of measurement preparation 
processing according to the second embodiment; 
0109 FIG. 71 is a view for explaining an electrical con 
nection presence/absence determination method according to 
the second embodiment; 
0110 FIG. 72 is a flow chart of an automatic analyzing 
operation according to the second embodiment; 
0111 FIG. 73 is a functional block diagram of a control 
mechanism and the remaining constituent elements accord 
ing to the second embodiment; and 
0112 FIGS. 74A to 74C are views showing combination 
examples of the nozzle and packing according to the second 
embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

0113. The embodiments of the present invention will be 
described below with reference to the accompanying draw 
ings. 

First Embodiment 

0114 FIG. 1 is a block diagram showing the overall 
arrangement of a base sequence automatic analyzing appara 
tus according to the first embodiment of the present invention. 
As shown in FIG. 1, a base sequence automatic analyzing 
apparatus 1 includes a chip cartridge 11 (base sequence detec 
tion apparatus), a measurement system 12, a solution Supply 
system 13, and a temperature control mechanism 14. The chip 
cartridge 11 and measurement system 12 are electrically con 
nected. The solution Supply system 13 is physically con 
nected to a channel provided in the chip cartridge 11 through 
an interface section. The temperature control mechanism 14 
controls the temperature of the chip cartridge 11. 
0115 The measurement system 12, solution supply sys 
tem 13, and temperature control mechanism 14 are controlled 
by a control mechanism 15. The control mechanism 15 is 
electrically connected to a computer 16. The control mecha 
nism 15 is controlled in accordance with a program installed 
in the computer 16. In this embodiment, the chip cartridge 11, 
measurement system 12, Solution Supply system 13, and tem 
perature control mechanism 14 will be referred to as a mea 
surement unit 10. 
0116. The chip cartridge 11 is used with a printed board 22 
attached thereto. A base sequence detection chip 21 on which 
DNA probes are immobilized is mounted on the printed board 
22. 
0117. In the following embodiments, a DNA base 
sequence to be detected will be referred to as a target base 
sequence. A base sequence which is complementary to the 
target base sequence and selectively reacts with the target 
base sequence will be referred to as a target complementary 
base sequence. A DNA probe containing the target comple 
mentary base sequence is immobilized to the working elec 
trodes of the base sequence detection chip 21. A sample 
(specimen solution) supplied into the cell of the base 
sequence detection chip 21 contains DNA to be analyzed. The 
base sequence of the DNA to be analyzed will be referred to 
as a specimen base sequence. 
0118. The base sequence detection apparatus according to 

this embodiment hybridizes the specimen base sequence and 
target complementary base sequence. After a buffer and an 

May 13, 2010 

intercalating agent are introduced, the presence/absence of a 
hybridization reaction is monitored. Accordingly, it can be 
determined whether the target base sequence is contained in 
the sample. 
0119 FIGS. 2A to 2D are views showing the detailed 
structure of the chip cartridge 11. FIG. 2A is a plan view. FIG. 
2B is a view taken along a direction A-A. FIG.2C is a partially 
perspective sectional view taken along a direction B-B. FIG. 
2D is a view of a support body 111 as one constituent com 
ponent of the chip cartridge 11, which is viewed from the 
lower surface side. 
0.120. A chip cartridge main body 110 comprises the Sup 
port body 111 and a chip cartridge top cover 112. The support 
body 111 supports the printed board 22 from the lower side. 
The chip cartridge top cover 112 sandwiches the printed 
board 22 from the upper side with the support body 111 and 
fixes and supports the printed board 22. 
I0121 The chip cartridge top cover 112 has two openings 
on a side portion. An interface section 113a is connected to 
one of the openings. An interface section 113b is connected to 
the other opening. The interface sections 113a and 113b 
function as the interfaces between the Solution Supply system 
13 and the chip cartridge 11. 
0.122 The interface sections 113a and 113b have channels 
114a and 114b, respectively, inside. A biochemical solution 
or air from the upstream side of the solution supply system 13 
is introduced into the chip cartridge 11 through the channel 
114a. A sample, biochemical solution, or air in the chip 
cartridge 11 is delivered to the downstream side of the solu 
tion supply system 13 through the channel 114b. 
I0123 Referring to FIGS. 2A to 2C, the channels 114a and 
114b are indicated by broken lines. The channels 114a and 
114b communicate with the interior of the chip cartridge top 
cover 112 through the interface sections 113a and 113b and 
then communicate with a cell 115. The cell 115 is a region that 
is prepared to cause an electrochemical reaction between the 
base sequence detection chip 21 and various Solutions intro 
duced into the base sequence detection chip 21. When the four 
corners of the printed board 22 having the base sequence 
detection chip 21 mounted thereon are fixed to the chip car 
tridge top cover 112 of the chip cartridge 11 by board fixing 
screws 25, the cell 115 is defined as an enclosed spatial region 
Surrounded by the base sequence detection chip 21, a sealing 
member 24a, and the chip cartridge top cover 112. The 
printed board 22 having the base sequence detection chip 21 
mounted thereon is fixed to the chip cartridge top cover 112. 
In this state, the printed board 22 is sandwiched and held by 
the support body 111 and chip cartridge top cover 112 via the 
sealing member 24a. In addition, the chip cartridge top cover 
112 is fixed by a top cover fixing screw 117. Accordingly, the 
injection/discharge path of various biochemical Solutions or 
air is defined Such that it communicates from the channel 
114a to the channel 114b through the cell 115. The base 
sequence detection chip 21 is encapsulated to the printed 
board 22 by an encapsulating resin 23. 
0.124. The chip cartridge top cover 112 located on the cell 
115 has an introduction port 116a and a delivery port 116b. 
The introduction port 116a extends from a side surface to the 
bottom surface of the chip cartridge top cover 112. The intro 
duction port 116a is open to the bottom surface of the chip 
cartridge top cover 112 at a cell hole portion 115a. The 
delivery port 116b extends from another side surface to the 
bottom surface of the chip cartridge top cover 112. The deliv 
ery port 116b is open to the bottom surface of the chip car 
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tridge top cover 112 at a cell hole portion 115b. The intro 
duction port 116a is connected to the channel 114a. The 
delivery port 116b is connected to the channel 114b. With this 
structure, the channel 114a and cell 115 communicate with 
each other while the channel 114b and cell 115 communicate 
with each other. 

0125. An electrical connector 22a is set on the surface 
printed board 22 at a position separated from the cell 115. The 
electrical connector 22a is electrically connected to the lead 
frame of the board main body of the printed board 22. The 
lead frame of the board main body is electrically connected to 
various kinds of electrodes of the base sequence detection 
chip 21 through leads or the like. The terminal of the mea 
Surement system 12 is connected to the electrical connector 
22a. Accordingly, an electrical signal obtained by the base 
sequence detection chip 21 can be output to the measurement 
system 12 through a predetermined terminal provided at a 
predetermined position of the printed board 22 and also 
through the electrical connector 22a. 
0126. As shown in FIG. 2D, the support body 111 has a U. 
shape. A cut portion 111a is formed at the center of the 
support body 111. The cut portion 111a is smaller than the 
printed board 22 and larger than the base sequence detection 
chip 21. Accordingly, the temperature control mechanism 14 
can be arranged in contact with the base sequence detection 
chip 21 without intervening the support body 111 while main 
taining the support function of the printed board 22 by the 
support body 111. Reference numeral 117a denotes a 
threaded hole in which the top cover fixing screw 117 is fixed. 
0127. As the temperature control mechanism 14 which 
adjusts the temperature of the base sequence detection chip 
21, for example, a Peltier element is used. This enables tem 
perature control within the range of +0.5°C. The DNA reac 
tion is generally caused in a temperature range relatively 
close to the room temperature. Hence, if the temperature is 
controlled using only a heater, the stability is poor. In addi 
tion, since the DNA reaction must be controlled inaccordance 
with a temperature control, an independent cooling mecha 
nism is necessary. However, a Peltier element is optimum 
because it can execute both heating and cooling by changing 
the direction of a current. 
0128 FIG. 3 is a view showing the support body 111 and 
chip cartridge top cover 112 before they are fixed by the top 
cover fixing screw 117. As shown in FIG. 3, the four corners 
of the printed board 22 having the base sequence detection 
chip 21 mounted thereon are fixed to the chip cartridge top 
cover 112 by the board fixing screws 25. The sealing member 
24a is integrated with the chip cartridge top cover 112. Hence, 
the cell 115 surrounded by the sealing member 24a and chip 
cartridge top cover 112 is defined on the base sequence detec 
tion chip 21. In addition, the chip cartridge top cover 112 is 
fixed to the support body 111 by the top cover fixing screw 
117. The board fixing screws 25 may be fixed either from the 
lower surface side of the printed board 22 or from the upper 
surface side. When the printed board 22 is fixed to the chip 
cartridge top cover 112 in this way, the contact between the 
base sequence detection chip 21, the sealing member 24a, and 
the chip cartridge top cover 112 can be reliably held. 
0129 FIG. 4 is a view showing the detailed structure of the 
printed board 22 on which the base sequence detection chip 
21 is mounted. As shown in FIG. 4, the base sequence detec 
tion chip 21 is encapsulated by the encapsulating resin 23. 
Working electrodes 501 are formed on the base sequence 
detection chip 21. The working electrodes 501 are arranged 
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one by one along the flowing direction of a biochemical 
solution and air indicated by the arrow in FIG. 4. The flowing 
direction of a biochemical solution and air is defined by 
enclosing a space along the direction indicated by the arrow 
around the working electrodes 501 on the base sequence 
detection chip 21 by the chip cartridge top cover 112 and 
sealing member 24a. The region indicated by the broken line 
is the region where the sealing member 24a is arranged. The 
plurality of working electrodes 501 are arranged within the 
region indicated by the broken line. 
0.130. The electrical connector 22a is arranged at an end 
portion of the printed board 22. The working electrodes 501 
of the base sequence detection chip 21 and the electrical 
connector 22a are electrically connected by a lead frame 
provided on the surface of the printed board 22. When the 
signal interface of the measurement system 12 is connected to 
the electrical connector 22a, each electrode of the base 
sequence detection chip 21 and the measurement system 12 
can be electrically connected. 
I0131 FIG. 5A is a sectional view showing the cell 115 
shown in FIG. 2A and a biochemical Solution Supply system 
which communicates with the cell 115, which are viewed 
from a direction C-C. FIG. 5B is a plan view of a portion near 
the cell 115. 
0.132. As shown in FIG. 5A, a channel-shaped projecting 
portion 112a having a height d is formed on the bottom 
Surface of the chip cartridge top cover 112. The sealing mem 
ber 24a is printed in advance on the channel-shaped project 
ing portion 112a by, e.g., Screen printing so that the channel 
shaped projecting portion 112a is integrated with the sealing 
member 24a. Accordingly, the position of the cell 115 can be 
defined without aligning the sealing member 24a and chip 
cartridge top cover 112. The assembly step of the cell 115 is 
simplified. The sealing member 24a is fixed between the 
channel-shaped projecting portion 112a and the base 
sequence detection chip 21. With this structure, a closed space 
is defined between the chip cartridge top cover 112 and the 
base sequence detection chip 21. This closed space is the cell 
115 serving as a reaction chamber where an electrochemical 
reaction occurs between a probe and a sample or biochemical 
solution. The bottom surface of the cell 115 is defined by the 
base sequence detection chip 21. The side surfaces of the cell 
115 are defined by the side portions of the channel-shaped 
projecting portion 112a and sealing member 24a arranged on 
the chip cartridge 112. The upper surface of the cell 115 is 
defined by a portion of the chip cartridge 112, where the 
channel-shaped projecting portion 112a is not formed. With 
this structure, a closed space which is enclosed except the cell 
hole portions 115a and 115b is defined. The liquid-tightness 
between the base sequence detection chip 21 and a cover 120 
is held. The height of the cell 115 is set to about 0.5 mm. In 
this example, the height is set to about 0.5 mm. However, the 
present invention is not limited to this. The height is prefer 
ably set within the range of 0.1 mm to 3 mm. 
I0133. The cell 115 has a shape with a long channel 601, as 
shown in FIG. 5B, when viewed from the upper side. Refer 
ring to FIG. 5B, there is provided one channel 601 which has 
the same path width from the cell hole portion 115a on the 
side of the introduction port 116a to the cell hole portion 
115b. The channel 601 comprises detection channels 601a, 
port connection channels 601b and 601c, and channel con 
nection channels 601d. 

I0134. The detection channels 601 a comprise a plurality of 
channels in which the working electrodes 501 are arranged. 
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The port connection channel 601b connects the detection 
channel 601 a closest to the cell hole portion 115a to the cell 
hole portion 115a. The port connection channel 601c con 
nects the detection channel 601 a closest to the cell hole por 
tion 115b to the cell hole portion 15b. The channel connection 
channels 601d connect the end portions of the detection chan 
nels 601a adjacent to each other to define the flowing direc 
tion of a biochemical solution or air through the plurality of 
detection channels 601 a to one direction. Accordingly, a bio 
chemical Solution or air that flows to a given detection chan 
nel 601 a flows into the channel connection channel 601d and 
then flows into another detection channel 601a adjacent in the 
same direction. All the channels 601a to 601d have the same 
path width and section. The path width is preferably 0.5 mm 
to 10 mm. 

0135 Referring to FIG. 5B, the region indicated by the 
broken line and having no channel 601 is the region where the 
channel-shaped projecting portion 112a and sealing member 
24a are arranged so that the base sequence detection chip 21 
and sealing member 24a come into contact. The region hav 
ing the channel 601 is the region where the channel-shaped 
projecting portion 112a and sealing member 24a are not 
arranged. 
0136. The introduction port 116a and delivery port 116b 
extend upward from the upper surface of the cell 115 to 
predetermined heights in a direction almost perpendicular to 
the cell bottom surface. The channels of the introduction port 
116a and delivery port 116b deflect in directions to separate 
from each other from the center of the cell 115 and are 
connected to the channels 114a and 114b, respectively. 
0137 The delivery port 116b extends to a predetermined 
height in a direction almost perpendicular to the cell bottom 
surface. The delivery port 116b also deflects in a direction to 
separate from the center of the cell 115. The delivery port 
116b is branched into two paths at the deflecting position. 
One path extends through up to the upper Surface of the chip 
cartridge top cover 112 and communicates with a sample 
injection port 119. With this structure, a sample injected from 
the sample injection port 119 is introduced to the cell 115 
through the delivery port 116b. The central axes of the sample 
injection port 119 and delivery port 116b almost coincide 
with each other. The diameter of the sample injection port 119 
is set to be larger than that of the solution supply port 116b. In 
addition, the sample injection port 119 can be closed by the 
cover 120 arranged near the sample injection port 119. When 
a biochemical solution is circulated from the channel 114a to 
the channel 114b through the cell 115 without using the 
sample injection port 119, the cover 120 prevents the bio 
chemical Solution from flowing out from the sample injection 
port 119. Hence, the path of the biochemical solution can be 
ensured. The cover 120 has a sealing member 121. When the 
sealing member 121 closes the sample injection port 119, 
even a slight leakage of the biochemical Solution can be 
prevented. Although not particularly illustrated in the 
example shown in FIG. 5A, the sealing member 121 may 
deeply enter the path to the sample injection port 119 and 
completely close that path except the path that connects the 
delivery port 116b to the channel 114b. In this case, retention 
of a biochemical solution or air on the side of the sample 
injection port 119 can be reduced. 
0138. With the above structure, a biochemical solution can 
flow in a direction indicated by arrows in FIG. 5A sequen 
tially through the channel 114a, introduction port 116a, cell 
115 (channel 601), delivery port 116b, and channel 114b. A 
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sample is injected from the sample injection port 119 and 
introduced into the cell 115 through the delivery port 116b in 
a direction indicated by an arrow. Hence, the sample is 
injected from the delivery side. The biochemical solution 
Supply flow and the sample injection path are set in reverse 
directions. With this structure, the sample cleaning efficiency 
in a cleaning process can be increased. 
0.139 FIG. 5C is a view showing the optimum positional 
relationship between the introduction port 116a, the delivery 
port 116b, and the channel 601. The outer edge of the intro 
duction port 116a is in contact with that of the port connection 
channel 601b. The outer edge of the delivery port 116b is 
separated from that of the port connection channel 601c. With 
this structure, the residue of a biochemical solution or air that 
readily remains near the port corner of the introduction port 
116a in introducing the biochemical solution or air can be 
reduced. In addition, a variation in Solution Supply speed, 
which is caused at the port corner of the delivery port 116b in 
delivering the biochemical solution or air can be reduced. 
Furthermore, residual air can be reduced. 
0140. As indicated by the broken line in FIG.5C, the outer 
edge of the introduction port 116a may overlap the outer edge 
of the port connection channel 601b. In this case, the intro 
duction port 116a projects from the port connection channel 
601b, and the same effect as described above can be obtained. 
The positional relationship between introduction port 116a, 
the delivery port 116b, and the channel 601 is not limited to 
that shown in FIG. 5C, as a matter of course. Three connec 
tion forms are available as for the port connection channel 
601b on the side of the introduction port 116a: the outer edges 
overlap or are separated. Three connection forms are avail 
able as for the port connection channel 601c on the side of the 
delivery port 116b: the outer edges are in contact, overlap, or 
are separated. 
0141 FIG. 6A shows a modification of the part indicated 
by the broken line in FIG. 5A. FIG. 6B is a view showing the 
cell 115 in FIG. 6A when viewed from the upper side. As 
shown in FIG. 6A, the introduction port 116a has a spot facing 
hole 115d. That is, the diameter of the introduction port 116a 
becomes large stepwise toward the spot facing hole 115d. The 
diameter of the introduction port 116a at a position separated 
from the opening is Smaller than the diameter of the spot 
facing hole 115d. FIG. 6B shows the positional relationship 
between them when viewed from the upper side. The spot 
facing hole 115d has a diameter d larger than a diameter d 
of the introduction port 116a. The outer edge of the introduc 
tion port 116a almost coincides with the inner wall of the 
channel 601. Hence, part of the outer edge of the spot facing 
hole 115d projects from the region of the cell 115. The outer 
edge of the spot facing hole 115d need not have a circular 
shape. For example, as shown in FIG. 6B, the hole width in a 
direction parallel to a line 115c may be set to be smaller than 
the hole width in a direction perpendicular to the line 115c. 
0.142 FIGS. 6A and 6B show a case wherein the spot 
facing hole 115d is formed at the introduction port 116a. 
However, a similar spot facing hole may also be formed at the 
delivery port 116b. 
0143. As described above, when the spot facing hole 115d 

is formed at the opening of the cell 115, the inlet to the cell 
115 has a funnel shape. This provides an effect that a bio 
chemical solution or bubbles can easily be drawn and hardly 
remain in the cell 115. 
014.4 FIGS. 7A, 7B and 8 are views showing the detailed 
structure of the cell 115. FIG. 7A is a sectional view taken 
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along a line that connects the cell hole portions 115a and 
115b. FIG. 7B is a view showing a situation wherein the chip 
cartridge top cover 112 is being fixed to the base sequence 
detection chip 21. FIG. 8 is the plan view of the cell 115. 
0145 As shown in FIG. 7A, the plurality of detection 
channels 601a are formed at almost equal intervals. When a 
biochemical solution or air flows from the inside toward this 
side of the paper through the section of the detection channel 
601a on the left side of FIG. 7A, the biochemical solution or 
air flows in a reverse direction, i.e., away from this side 
toward the inside of the paper through the detection channel 
601a at the center. The biochemical solution or airflows again 
in a reverse direction, i.e., from the inside toward this side of 
the paper through the detection channel 601a on the left side. 
As described above, the flowing direction of a biochemical 
solution or air in the adjacent detection channel 601a is 
reversed. 

0146 When the detection channels 601a are cut along a 
section perpendicular to the flowing direction of a biochemi 
cal solution or air, all the detection channels 601 a have the 
same rectangular sectional shape. The electrode layouts are 
also the same. 

0147 The bottom surface of each detection channel 601a 
is defined by the base sequence detection chip 21. One work 
ing electrode 501 is formed on the bottom surface of each 
detection channel 601a. 

0148. The side surfaces of each detection channel 601a are 
defined by the channel-shaped projecting portion 112a pro 
jecting from the chip cartridge top cover 112 and the sealing 
member 24a. A reference electrode 503 is fixed on each 
channel side surface, i.e., on a side portion of the channel 
shaped projecting portion 112a at a predetermined height 
from the channel bottom surface. The plurality of reference 
electrodes 503 are located on a plane which is parallel to the 
chip Surface and oppose the chip Surface. The plane is located 
at a position higher than the plane with the working electrodes 
SO1. 

014.9 The upper surface of each detection channel 601a is 
defined by the bottom surface of the chip cartridge top cover 
112 where the channel-shaped projecting portion 112a is not 
formed. A counter electrode 502 is fixed on each channel 
upper surface. The plurality of counter electrodes 502 are 
located on planes which are parallel to the chip Surface and 
oppose the chip Surface. The planes are located at positions 
higher than the planes with the working electrodes 502 and 
reference electrodes 503. 

0150. As described above, the working electrodes 501, 
counter electrodes 502, and reference electrodes 503 are 
three-dimensionally arranged on different planes. 
0151. The sealing member 24a is fixed on the channel 
shaped projecting portion 112a of the chip cartridge top cover 
112 in advance by printing. Hence, when the cell 115 is to be 
assembled, the chip cartridge top cover 112 integrated with 
the sealing member 24a is pressed against the base sequence 
detection chip 21 in a direction indicated by the arrows shown 
in FIG. 7B. Accordingly, the enclosed channel 601 as shown 
in FIG. 7A is defined between the channel-shaped projecting 
portion 112a and the base sequence detection chip 21 via the 
sealing member 24a. 
0152. As shown in FIG. 8, 3-electrodes each comprising 
the working electrode 501, counter electrode 502, and refer 
ence electrode 503 are arranged in each detection channel 
601a at equal intervals along the flowing direction of a bio 
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chemical Solution or air. The 3-electrodes are arranged on 
planes perpendicular to the flowing direction of a biochemical 
Solution or air. 

0153. In the example shown in FIG. 8, the working elec 
trodes 501, counter electrodes 502, and reference electrodes 
503 have a matrix layout independently of the direction of the 
channel when viewed from the upper side. However, the 
present invention is not limited to this. As shown in FIG.9, the 
direction of the channel section structure may be reversed 
between the adjacent detection channels 601a along the flow 
ing direction of a biochemical Solution or air. In this case, in 
all the detection channels 601a, the counter electrodes 502 are 
arranged on the right side Surfaces of the channels along the 
flowing direction. Accordingly, 3-electrode layouts can be 
realized, which have the same shape along the flowing direc 
tion of a biochemical solution or air. If the working electrodes 
501 and counter electrodes 502 are not laid out symmetrically 
in the channel sections, they can be laid out such that the 
layout direction is reversed between the channel sections of 
the adjacent detection channels 601a, like the reference elec 
trodes 503. 

0154 As described above, sets of three electrodes com 
prising one working electrode 501, one counter electrode 
502, and one reference electrode 503 are arranged in the 
channels having the same shape along the flowing direction of 
a biochemical solution or air. The 3-electrodes have the same 
positional relationship. The channel shapes are also the same. 
When viewed from the working electrode 501, the distances 
from the working electrode 501 to the channel bottom sur 
face, side Surface, and upper Surface and the positional rela 
tionship with respect to the counter electrode 502 and refer 
ence electrode 503 corresponding to the working electrode 
501 are the same for all the working electrodes 501. Accord 
ingly, the uniformity of the electrochemical signal character 
istic detected by each 3-electrode increases. As a result, the 
detection reliability increases. 
(O155 In this example, the counter electrode 502 and ref 
erence electrode 503 are laid out separately from the corre 
sponding working electrode 501. However, the present inven 
tion is not limited to this. The plurality of counter electrodes 
502 or reference electrodes 503, or both of them may be 
connected. In that case, a region of each electrode, which is 
closest to a corresponding working electrode, functions as a 
counter electrode or reference electrode. 

0156 The sectional shape of the channel is not limited to 
the structure shown in FIG. 7A. FIG.10 shows a modification 
of the sectional shape of the channel. 
0157. As shown in FIG. 10, a detection channel 601e has 
the base sequence detection chip 21 as a channel bottom 
surface. The side surfaces of the channel are defined by the 
side Surfaces of the channel-shaped projecting portion 112a. 
The path width of the detection channel 601e becomes small 
upward from the channel bottom surface. The path width is 
Zero at the top portion at the highest position. That is, the 
boundaries between the channel upper surface or the cell 
upper Surface and the channel side Surfaces or the cell side 
surfaces are not clearly defined. The counter electrode 502 is 
fixed near the channel top portion. The reference electrode 
503 is fixed on a channel-shaped projecting portion 112c on 
the channel side Surface, i.e., a plane located between the 
plane having the counter electrode 502 and the plane having 
the working electrode 501. Even in this channel sectional 
shape, the positional relationship between the three elec 
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trodes is the same as in FIG. 7A. The structure of the remain 
ing parts is the same as in FIG. 7A, and a detailed description 
thereof will be omitted. 
0158 FIG.11 shows another modification of the sectional 
shape of the channel. As shown in FIG. 11, the structure of the 
chip cartridge top cover 112 is the same as in FIG. 7A, 
including the structure of the channel-shaped projecting por 
tion 112a. The structure shown in FIG. 11 is different from 
that shown in FIG. 7A in the layout of the reference electrode 
503. In the example shown in FIG. 10, the reference electrode 
503 is laid outside by side with the counter electrode 502 on 
the channel upper Surface, i.e., the chip cartridge top cover 
112. In this way, the counter electrode 502 and reference 
electrode 503 may be formed on the same plane. 
0159 FIG. 12 is a plan view showing a modification of the 
detection channel 601a. In the example shown in FIG. 12, the 
working electrode 501, counter electrode 502, and reference 
electrode 503 are not arranged on the same channel section. 
Instead, they are arranged at sectional positions shifted from 
each other in the flowing direction of a biochemical solution 
or air. In addition, the plurality of counter electrodes 502 are 
connected by a wiring line 502a. The plurality of reference 
electrodes 503 are connected by a wiring line 503a. The 
working electrode 501, counter electrode 502, and reference 
electrode 503 are periodically arranged at equal intervals. 
However, the section on which the counter electrode 502 is 
formed does not overlap the section on which the reference 
electrode 503. The sections are arranged alternately along the 
flowing direction of a biochemical solution or air. When 
viewed from the upper side, the working electrode 501 and 
counter electrode 502 partially overlap. The reference elec 
trode 503 and counter electrode 502 partially overlap. 
0160. As compared to the case wherein the counter elec 
trode 502 and reference electrode 503 are laid out on the same 
section, the counter electrode 502 and reference electrode 503 
can be arranged in a smaller region. As a result, the channel 
section can be made Small, and the amount of a biochemical 
Solution to be used can be saved. 

0161 Each counter electrode 502 is connected to the wir 
ing line 502a. When the wiring line 502a is held at a prede 
termined potential, the plurality of counter electrodes 502 are 
held at the same voltage. Similarly, each reference electrode 
503 is connected to the wiring line 503a. When the wiring line 
503a is held at a predetermined potential, the plurality of 
reference electrodes 503 are held at the same voltage. 
0162. In the above example, the number of working elec 
trodes 501, the number of counter electrodes 502, and the 
number of reference electrodes 503 equal. However, the num 
bers need not equal. In addition, the working electrode 501, 
reference electrode 503, and counter electrode 502 need not 
arranged at sectional positions shifted from each other. The 
electrodes need not be periodically arranged at equal inter 
vals. 
0163 FIG. 13A is a view showing a modification of the 
structure that defines the channel. The chip cartridge top 
cover 112 shown in FIG. 12A has a flat bottom surface and no 
channel-shaped projecting portion. A sealing member 24b is 
formed to be thicker than the sealing member 24a. The seal 
ing member 24b is not fixed to the chip cartridge top cover 
112 in advance. 
0164 Hence, as shown in FIG. 13B, the chip cartridge top 
cover 112 is not fixed to the base sequence detection chip 21. 
In assembling the cell, the sealing member 24b is mounted on 
the base sequence detection chip 21. The sealing member 24b 
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is sandwiched and fixed between the chip cartridge top cover 
112 and the base sequence detection chip 21. With this struc 
ture, the enclosed space that Surrounds the working electrodes 
501, counter electrodes 502, and reference electrodes 503 is 
defined. This enclosed space is the channel 601. The counter 
electrodes 502 and reference electrodes 503 are laid outside 
by side on the bottom surface of the chip cartridge top cover 
112. That is, the counter electrodes 502 and reference elec 
trodes 503 are laid out on the same plane. In the cell 115 
shown in FIGS. 13A and 13B, the cell bottom surface is 
defined by the base sequence detection chip 21. The cell side 
surfaces are defined by only the sealing member 24b. The cell 
upper surface is defined by the bottom surface of the chip 
cartridge top cover 112. 
0.165 FIG. 14 is a view showing an example of the struc 
ture of the sealing member 24b. As shown in FIG. 14, the 
circular sealing member 24b has a channel-shaped hollow 
portion which extends from the upper surface side to the 
lower surface side along the shape of the channel 601. The 
sidewalls of the hollow portion function as channel walls. In 
the example shown in FIGS. 5A to 5C, the channel-shaped 
projecting portion 112a and sealing member 24a, which 
defines the channel, have circular outer shapes. However, any 
other outer shape can be used as long as the channel 601 can 
be defined. For example, the outer shape may be rectangular, 
as shown in FIG. 14. 

0166 FIG. 34 is a view showing another modification of 
the structure that defines the channel shown in FIG. 13A. In 
the example shown in FIG. 13A, each working electrode 501 
is arranged on each section perpendicular to the flowing 
direction of a biochemical solution or cell so that the working 
electrodes 501 are one-dimensionally laid out along the chan 
nel. In the example shown in FIG. 34, however, two working 
electrodes 501 are arranged on each section perpendicular to 
the flowing direction of a biochemical solution or cell. That is, 
the working electrodes 501 are two-dimensionally laid out 
along the channel. In this manner, a predetermined number of 
working electrodes 501 may be arranged along the channel. 
In this case, each of the plurality of working electrodes 501 at 
the same sectional position makes a set with each of the 
counter electrode 502 and reference electrode 503 located at 
the section so that they function as a 3-electrode of a poten 
tiostat. 

0.167 A method of manufacturing the above-described 
base sequence detection chip 21 and printed board 22 will be 
described next with reference to the sectional views shown in 
FIGS. 15A to 15D. 

(0168 A silicon substrate 211 is cleaned. After that, the 
silicon substrate 211 is heated to form a thermal oxide film 
212 on the surface of the silicon substrate 211. A glass sub 
strate may be used in place of the silicon substrate 211. 
0169. A Ti film 213 having a thickness of, e.g., 50 nm and 
then an Au film 214 having a thickness of e.g., 200 nm are 
formed on the entire substrate surface by sputtering. The of 
the Au film 214 is preferably <111 > orientation. A photoresist 
film 210 is patterned such that regions serving as prospective 
electrodes and wiring lines are protected (FIG.15A). The Au 
film 214 and Ti film 213 are etched (FIG. 15B). In this 
embodiment, a KI/I solution mixture is used to etch the Au 
film 214. An NH-OH/HO solution mixture is used to etch 
Ti. To etch the Au film 214, diluted aqua regia may be used. 
Alternatively, the Au film 214 may be removed by ion milling. 
The Ti film 213 may also be wet-etched using hydrofluoric 
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acid or buffered hydrofluoric acid. Alternatively, dry etching 
using a plasma by, e.g., a CF/O2 mixed gas can also be 
applied. 
0170 Next, the photoresist film 210 is removed by oxygen 
ashing (FIG. 15C). The removal process of the photoresist 
film 210 may be executed using a solvent or a resist Stripper. 
Alternatively, these methods and the oxygenashing process 
may be combined. 
0171 A photoresist 215 is applied to the entire surface and 
patterned to form openings corresponding to electrode por 
tions and bonding pads (FIG. 15D). After that, the resultant 
structure is hard-baked in a clean ovenat, e.g., 200° C. for 30 
min. Hard baking may be executed using a hotplate. The 
processing conditions may also be appropriately changed. 
0172. In this example, the photoresist 215 is selected as a 
protective film. However, the present invention is not limited 
to this. Instead of a photoresist, an organic film made of 
polyimide or BCB (benzocyclobutene) may be used as a 
protective film. 
0173 Alternatively, an inorganic film of SiO, SiO, or SiN 
may be used as a protective film. For example, when SiO is 
used, openings are formed in the photoresist Such that elec 
trode portions are protected. Then, SiO is deposited. Regions 
except the electrode portions are protected by lift-off. For 
example, if SiN is used, SiN is formed on the entire surface. 
After that, the photoresist 215 is formed and patterned such 
that openings are formed in correspondence with only elec 
trode portions. Then, the SiN film on the electrodes is 
removed. Finally, the photoresist 215 is removed. 
0.174 Chips are formed by executing dicing. Finally, to 
clean the electrode portion Surface, a process by a CF/O. 
plasma mixture is executed. With these processes, the base 
sequence detection chip 21 is obtained. The base sequence 
detection chip 21 is mounted on the printed board 22 to which 
the electrical connector 22a is attached. The bonding pads of 
the base sequence detection chip 21 are connected to lead 
wires on the printed board 22 by wire bonding. After that, the 
wire bonding portion is protected using the encapsulating 
resin 23. 
0175 With the above process, the printed board 22 having 
the base sequence detection chip 21 mounted thereon can be 
manufactured. 
0176 FIG. 16 is a plan view of the resultant base sequence 
detection chip 21. As shown in FIG. 16, the plurality of 
working electrodes 501 are arranged near the center of the 
chip surface. The region where the working electrodes 501 
are formed is Smaller than the formation region of the sealing 
member 24a, which is indicated by a broken line. Bonding 
pads 221 are laid out around the chip peripheral portion. Each 
of the working electrodes 501 is connected to a corresponding 
one of the bonding pads 221 by a wire 222. Although not 
illustrated, the peripheral portion where the bonding pads 221 
are formed is encapsulated by the above-described encapsu 
lating resin 23. 
0177. A detailed arrangement of the solution supply sys 
tem 13 will be described next with reference to FIG. 17. The 
Solution Supply system 13 is roughly divided into a Supply 
system arranged on the side of the channel 114a of the chip 
cartridge 11 and a discharge system arranged on the side of 
the channel 114b. 

0.178 An air supply source 401 is connected to the most 
upstream portion of a pipe 404. A check valve 402 is arranged 
downstream of the air supply source 401. The check valve 402 
prevents a biochemical Solution except air from flowing back 
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to the air supply source 401 through the pipe 404. A two-way 
solenoid valve 403 (V) is arranged downstream of the check 
valve 402. The two-way solenoid valve 403 controls the flow 
rate of air from the pipe 404 to the chip cartridge 11. 
0179 A milli-Q water supply source 411 which stores 
milli-Q water as one of biochemical Solutions is connected to 
a pipe 414. A check valve 412 is arranged downstream of the 
milli-Q water supply source 411. The check valve 412 pre 
vents a biochemical solution except the milli-Q water or air 
from flowing back to the milli-Q water supply source 411. A 
three-way solenoid valve 413 (V) is arranged downstream 
of the check valve 412. The three-way solenoid valve 413 
Switches between communication of the pipe 404 and a pipe 
415 and communication of the pipe 414 and pipe 415. More 
specifically, when the three-way solenoid valve 413 is not 
electrically turned on, the pipe 404 communicates with the 
pipe 415. When the three-way solenoid valve 413 is electri 
cally turned on, the pipe 414 communicates with the pipe 415. 
Accordingly, Supply of air and Supply of milli-Q water to the 
pipe 415 can be switched. 
0180 A buffer supply source 421 which stores a buffer 
(buffer solution) as one of biochemical solutions is connected 
to a pipe 424. A check valve 422 is arranged downstream of 
the buffer supply source 421. The check valve 422 prevents a 
biochemical solution except the buffer or air from flowing 
back to the buffer supply source 421. A three-way solenoid 
valve 423 (V) is arranged downstream of the check valve 
422. The three-way solenoid valve 423 switches between 
communication of the pipe 424 and a pipe 425 and commu 
nication of the pipe 415 and pipe 425. More specifically, when 
the three-way solenoid valve 423 is not electrically turned on, 
the pipe 415 communicates with the pipe 425. When the 
three-way solenoid valve 423 is electrically turned on, the 
pipe 424 communicates with the pipe 425. Accordingly, Sup 
ply of buffer and supply of air or milli-Q water to the pipe 425 
can be switched. 
0181 An intercalating agent supply source 431 which 
stores an intercalating agent as one of biochemical solutions 
is connected to a pipe 434. A check valve 432 is arranged 
downstream of the intercalating agent Supply source 431. The 
check valve 432 prevents a biochemical solution except the 
intercalating agent or air from flowing back to the intercalat 
ing agent supply source 431. A three-way solenoid valve 433 
(V) is arranged downstream of the check valve 432. The 
three-way solenoid valve 433 switches between communica 
tion of the pipe 434 and a pipe 435 and communication of the 
pipe 425 and pipe 435. More specifically, when the three-way 
solenoid valve 433 is not electrically turned on, the pipe 425 
communicates with the pipe 435. When the three-way sole 
noid valve 433 is electrically turned on, the pipe 434 commu 
nicates with the pipe 435. Accordingly, supply of buffer and 
supply of air, milli-Q water, or buffer to the pipe 435 can be 
switched. 

0182. As described above, in the supply system of air or a 
biochemical solution, the two-way solenoid valve 403 and 
three-way solenoid valves 413, 423, and 433 are controlled. 
With this operation, supply of air and supply of a biochemical 
Solution Such as milli-Q water, a buffer, or an intercalating 
agent, which is to be Supplied to the chip cartridge 11 through 
the pipe 435, can be switched. In addition, the flow rate of air 
or a biochemical solution to be supplied can be controlled. 
0183. The above-described three-way solenoid valve 433 
communicates with the upstream side of the pipe 435. A 
three-way Solenoid valve 441 (V) communicates with the 
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downstream side of the pipe 435. With the three-way solenoid 
valve 441, the pipe 435 can be branched to a pipe 440 and 
bypass pipe 446. When the three-way solenoid valve 441 is 
not electrically turned on, the pipe 435 communicates with 
the bypass pipe 446. When the three-way solenoid valve 441 
is electrically turned on, the pipe 435 communicates with the 
pipe 440. When a three-way solenoid valve 445 is not elec 
trically turned on, the bypass pipe 446 communicates with a 
pipe 450. When the three-way solenoid valve 445 is electri 
cally turned on, the pipe 440 communicates with the pipe 450. 
With the three-way solenoid valves 441 and 445, supply of 
various kinds of biochemical solutions or air can be switched 
to the bypass pipe 446 or pipe 440. 
0184. A two-way solenoid valve 442 (V), the chip car 
tridge 11, a liquid sensor 443, a two-way solenoid valve 444 
(V), and the three-way solenoid valve 445 (V) are 
arranged downstream sequentially from the three-way Sole 
noid valve 441. The channel 114a corresponding to the intro 
duction system of the chip cartridge 11 communicates with 
the two-way solenoid valve 442. The channel 114b corre 
sponding to the delivery system of the chip cartridge 11 
communicates with the two-way Solenoid valve 444. Accord 
ingly, a biochemical Solution or air can be Supplied to the 
introduction system of the chip cartridge 11 through the pipe 
440. In addition, the biochemical solution or air can be deliv 
ered from the delivery system of the chip cartridge 11. The 
two-way solenoid valves 442 and 444 control the flow rate of 
a biochemical solution or air in the solution Supply and dis 
charge paths. In addition, the liquid sensor 443 can monitor 
the flow rate of a biochemical solution which enters the chip 
cartridge 11 or is discharged from the chip cartridge 11. 
0185. A two-way solenoid valve 451 (V), a decompres 
sion region 452, a two-way solenoid vale 453 (V), a solu 
tion supply pump 454, and a three-way solenoid valve 455 
(V) are arranged downstream sequentially from the three 
way solenoid valve 445. The two-way solenoid valves 451 
and 453 prevent backflow of a biochemical solution or air in 
the paths before and after the decompression region 452. The 
Solution Supply pump 454 comprises a tube pump. As a char 
acteristic feature, the solution Supply pump 454 is arranged in 
the discharge system on the delivery side (downstream side) 
of the chip cartridge 11. More specifically, when the tube 
pump is used, the biochemical solution does not come into 
contact with mechanisms except the tube wall. This structure 
is preferable from the viewpoint of preventing contamination. 
Supply/discharge of a biochemical solution or air to/from the 
chip cartridge 11 is executed by a suction operation. With this 
operation, a biochemical solution and air can Smoothly 
replace in the chip cartridge 11. Even if the pipes slack or the 
chip cartridge 11 is detached from the pipe 440, no solution 
leakage occurs. As a result, the safety of apparatus installation 
increases. 
0186 The pump may be arranged on a pipe upstream of 
the chip cartridge 11. Air or a biochemical solution may be 
Supplied to the chip cartridge 11 by the pump. The pump is not 
limited to a tube pump. A Syringe pump, plunger pump, 
diaphragm pump, or magnet pump may be used. 
0187. When the three-way solenoid valve 455 is not elec 
trically turned on, the pipe 450 communicates with a pipe 
461. When the three-way solenoid valve 455 is electrically 
turned on, the pipe 450 communicates with a pipe 463. The 
pipe 461 has a waste liquid tank 462. The pipe 463 has a waste 
intercalating agent tank 464. By Switching the three-way 
solenoid valve 455, a biochemical solution such as milli-Q 
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water or a buffer except an intercalating agent can be fed to the 
waste liquid tank 462, or an intercalating agent can be fed to 
the waste intercalating agent tank 464. Accordingly, the inter 
calating agent can be separately collected. 
0188 The solenoid valves may be connected by pipes such 
as Teflon tubes. In this embodiment, manifold structures are 
formed on both of the upstream and downstream sides of the 
chip cartridge 11 So that the Solenoid valves and channels 
have integral structures. With this structure, the capacity in 
the pipes decreases. Hence, the necessary amount of a bio 
chemical solution can greatly be reduced. In addition, the 
biochemical solution flow in the pipes stabilizes. Hence, the 
reproducibility and stability of the detection result increase. 
0189 A solution supply step for base sequence detection 
using the solution supply system 13 shown in FIG. 17 will be 
described with reference to the flow chart shown in FIG. 18. 
0190. First, a hybridization reaction between a sample and 
DNA probes immobilized to the working electrode 501 is 
executed in the cell 115 (s.21). In executing the hybridization 
reaction, the temperature control mechanism 14 is controlled 
Such that, e.g., the bottom Surface of the chip cartridge 11, i.e., 
the bottom surface of the printed board 22 becomes about 45° 
C. This temperature is held for, e.g., 60 min. 
0191 In parallel to this hybridization reaction, the bio 
chemical solution line is set up (s22). More specifically, by 
controlling, the three-way solenoid valves 441 and 445, the 
structure on the side of the bypass pipe 446 is used. The 
three-way solenoid valve 433 is electrically turned on to 
Supply an intercalating agent from the intercalating agent 
supply source 431 for about 10 sec. The three-way solenoid 
valve 455 is electrically turned on to store the intercalating 
agent from the pipe 450 in the waste intercalating agent tank 
464. The intercalating agent and air are alternately repeatedly 
introduced from the pipe 435 to the bypass pipe 446 for, e.g., 
about 5 sec each. Next, only air is introduced from the pipe 
435 to the bypass pipe 446. At this time, the waste liquid is 
switched to the waste liquid tank 462. A buffer is introduced 
from the buffer supply source 421 to the bypass pipe 446. 
After that, milli-Q water and air are alternately repeatedly 
introduced from the pipe 435 to the bypass pipe 446 for, e.g., 
about 5 sec each. 

0.192 When the biochemical solution line is set up, and the 
hybridization reaction is ended, pipe cleaning is executed 
(S23). In pipe cleaning, for example, the temperature of the 
printed board 22 is set to about 25° C. by the temperature 
control mechanism 14. The bypass pipe 446 is purged with 
milli-Q water. Then, air and milli-Q water are alternately 
repeatedly introduced for, e.g., about 5 sec each. Next, the 
chip cartridge is cleaned (S24). In chip cartridge cleaning, the 
biochemical solution introduction path is switched from the 
bypass pipe 446 to the pipe 440. Air and milli-Q water are 
alternately repeatedly introduced to the pipe 440 for, e.g., 
about 5 sec each. After it is confirmed by the liquid sensor 443 
that the chip cartridge 11 is filled with water, the introduction 
path is switched to the bypass pipe 446. 
0193 Next, pipe buffer purge is executed (s25). In pipe 
buffer purge, first, air is introduced to the bypass pipe 446 
such that the buffer and milli-Q water do not mix. Next, air 
and the buffer are alternately repeatedly introduced to the 
bypass pipe 446 for, e.g., about 5 sec each. It is confirmed by 
a liquid sensor 447 arranged on the bypass pipe 446 that the 
bypass pipe 446 is replaced with the buffer. 
0194 Next, chip cartridge buffer injection is executed 
(s26). In chip cartridge buffer injection, first, the bypass pipe 
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446 is switched to the pipe 440. Air and the buffer are alter 
nately repeatedly introduced into the chip cartridge 11 for, 
e.g., about 5 sec each. 
(0195 Then, buffer filling into the chip cartridge 11 is 
executed (s.27). In buffer filling, the buffer is introduced into 
the chip cartridge 11 while monitoring the state in the chip 
cartridge 11 with the liquid sensor 443. The chip cartridge 11 
is left to standat, e.g., 60° C. for 30 min. With this process, the 
unnecessary sample is cleaned (s28). After the unnecessary 
sample cleaning step, the pipe 440 is Switched to the bypass 
pipe 446, and milli-Q wateris introduced. Thus, pipe cleaning 
is executed (S29). In pipe cleaning, air and milli-Q water are 
alternately repeatedly introduced again for, e.g., about 5 sec 
each. 
0196) Next, chip cartridge cleaning is executed (s30). In 
chip cartridge cleaning, the bypass pipe 446 is Switched to the 
chip cartridge 11. Air and water are alternately repeatedly 
introduced for, e.g., about 5 sec each. After it is confirmed by 
the liquid sensor 443 that the chip cartridge 11 is filled with 
milli-Q water, the introduction path is switched to the bypass 
pipe 446. 
0.197 Next, measurement starts. In the measurement, pipe 
intercalating agent purge is executed first (s31). In pipe inter 
calating agent purge, the waste liquid is Switched to the waste 
intercalating agent tank 464 while introducing air to the 
bypass pipe 446. Next, air and the intercalating agent are 
alternately repeatedly introduced to the bypass pipe 446 for, 
e.g., about 5 sec each. After that, it is detected by the liquid 
sensor 447 whether the bypass pipe 446 is replaced with the 
intercalating agent. 
0198 Next, the intercalating agent is injected into the chip 
cartridge 11 (s32). In this step, the bypass pipe 446 is 
switched to the side of the chip cartridge 11. After that, air and 
the intercalating agent are alternately repeatedly introduced, 
e.g., about 5 sec each. 
0199 Next, under monitoring by the liquid sensor 443, the 
chip cartridge 11 is filled with the intercalating agent (s.33). 
Then, measurement is executed (s34). 
0200 When measurement is ended, milli-Q water is intro 
duced to the bypass pipe 446. Air and milli-Q water are 
alternately introduced, e.g., about 5 sec each. The bypass pipe 
446 is replaced with air to execute pipe cleaning (s35). 
0201 Finally, the bypass pipe 446 is replaced to the chip 
cartridge 11. Air and milli-Q water are alternately introduced, 
e.g., about 5 sec each. The chip cartridge 11 is replaced with 
air to execute chip cartridge cleaning (s36). Thus, the series of 
Solution Supply steps are ended. 
0202 As described above, according to the steps shown in 
FIG. 18, which uses the solution supply system 13 shown in 
FIG. 17, to efficiently replace biochemical solutions, the solu 
tions can be supplied on the basis of a sequence in which air 
and a biochemical solution alternately flow through the pipe 
in an order of biochemical solution/air/biochemical solution/ 
air. When this solution Supply method is used, mixing of a 
preceding biochemical Solution and a current biochemical 
Solution in biochemical Solution replacement can be mini 
mized. As a result, the number of solution exchange transition 
states decreases. The reproducibility of the final electro 
chemical characteristic can be increased. In addition, when 
the efficiency of biochemical solution exchange increases, 
the Solution Supply time can be shortened, and the amount of 
biochemical solution can be decreased. Furthermore, when 
Solution Supply is executed on the basis of such a biochemical 
Solution/air sequence, the biochemical solution concentration 
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in the reaction cell 115 can always be kept constant. For this 
reason, the in-plane uniformity of the current characteristic 
increases. That is, the detection reliability increases. 
(0203 As a method of filling the cell 115 with a biochemi 
cal Solution, the two-way Solenoid valve 444 serving as a chip 
cartridge outlet valve is closed. In this state, a decompression 
state is set in the pipe 440 downstream of the chip cartridge. 
Then, the two-way solenoid valve 444 is opened. With this 
method, a biochemical solution can be introduced into the 
chip cartridge reaction cell 115. The decompression state in 
the decompression region 452 is held in the following way. 
The pump 454 is operated. In this state, the two-way solenoid 
valve 451 is controlled to reduce the pressure in the decom 
pression region 452. Then, the two-way solenoid vale 453 is 
controlled. 
0204 The solution supply timing shown in FIG. 18 is 
merely an example and can be modified in various ways in 
accordance with the purpose, object, and conditions of mea 
Surement. 

0205 FIG. 19 is a view showing the detailed arrangement 
of the measurement system 12. The measurement system 12 
shown in FIG. 19 comprises a 3-electrode potentiostat 12a. 
The potentiostat 12a feeds back (negative feedback) the volt 
age of the reference electrode 503 to the input of the counter 
electrode 502, thereby applying a desired voltage to a solution 
independently of the variation in various conditions of the 
electrodes or solution in the cell 115. 
0206 More specifically, the potentiostat 12a changes the 
voltage of the counter electrode 502 to set the voltage of the 
reference electrode 503 corresponding to the working elec 
trode 501 to a predetermined characteristic. Then, the poten 
tiostat 12a electrochemically measures the oxidation current 
of an intercalating agent. 
0207. The working electrode 501 is an electrode to which 
a DNA probe is immobilized. The DNA probe has a target 
complementary base sequence complementary to a target 
base sequence. The working electrode 501 is an electrode that 
detects a reaction current in the cell 115. The counter elec 
trode 502 is an electrode that applies a predetermined voltage 
between the counter electrode 502 and the working electrode 
501 to supply a current into the cell 115. The reference elec 
trode 503 is an electrode that feeds back the electrode voltage 
to the counter electrode 502 to control the voltage between the 
reference electrode 503 and the working electrode 501 to a 
predetermined voltage characteristic. By feedback from the 
reference electrode 503, the voltage by the counter electrode 
502 is controlled. As a result, accurate oxidation current 
detection can be executed without being influenced by vari 
ous detection condition in the cell 115. 
0208. A voltage pattern generation circuit 510 is con 
nected to the inverting input terminal of an inverting amplifier 
512 (OP) for reference voltage control of the reference elec 
trode 503 through a wiring line 512b. The voltage pattern 
generation circuit 510 generates a Voltage pattern to detect the 
current that flows between the electrodes. 
0209. The voltage pattern generation circuit 510 converts 
a digital signal input from the control mechanism 15 into an 
analog signal to generate a Voltage pattern. The Voltage pat 
tern generation circuit 510 has a D/A converter. 
0210. A resistance R is connected to the wiring line512b. 
The non-inverting input terminal of the inverting amplifier 
512 is grounded. The wiring line 502a is connected to the 
output terminal of the inverting amplifier 512. The wiring line 
512b on the inverting input terminal side of the inverting 
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amplifier 512 is connected to the wiring line 502a on the 
output terminal side by a wiring line 512a. The wiring line 
512a has a protective circuit 500 formed from a feedback 
resistance R, and a switch SW, 
0211. The wiring line 502a is connected to a terminal C. 
The terminal C is connected to the counter electrode 502 on 
the base sequence detection chip 21. When a plurality of 
counter electrodes 502 are formed, the terminal C is con 
nected in parallel with the counter electrodes 502. Accord 
ingly, a Voltage can simultaneously be applied to the plurality 
of counter electrodes 502 in accordance with one voltage 
pattern. 
0212. The wiring line 502a has a switch SW which 
ON/OFF-controls voltage application to the terminal C. 
0213. The protective circuit 500 arranged in the inverting 
amplifier 512 prevents any excessive voltage from being 
applied to the counter electrode 502. No excessive voltage 
that electrolyzes a solution is applied at the time of measure 
ment. Oxidation current detection of a desired intercalating 
agent is not affected. Hence, stable measurement can be 
executed. 
0214. A terminal R is connected to the non-inverting input 
terminal of a voltage follower amplifier 513 (OP) by the 
wiring line 503a. The inverting input terminal of the voltage 
follower amplifier is short-circuited, through a wiring line 
513a, to a wiring line 513b which is connected to the output 
terminal of the voltage follower amplifier. The wiring line 
513b has a resistance R. The resistance R, is connected 
between the resistance of the wiring line 512b and the inter 
section between the wiring lines 512a and 512b. A voltage 
obtained by feeding back the voltage of the reference elec 
trode 503 to the voltage pattern generated by the voltage 
pattern generation circuit 510 is input to the inverting ampli 
fier 512. The voltage of the counter electrode 502 is controlled 
on the basis of an output obtained by inverting and amplifying 
these Voltages. 
0215. A terminal W is connected to the inverting input 
terminal of a trans-impedance amplifier 511 (OP) by a wir 
ing line 501a. The non-inverting input terminal of the trans 
impedance amplifier 511 is grounded. A wiring line 511b 
connected to the output terminal is connected to the wiring 
line 501a through a wiring line 511a. The wiring line 511a 
has a resistance R. Letting V be the Voltage of a terminal O 
on the output side of the trans-impedance amplifier 511, and 
I be the current, V.I.R. An electrochemical signal 
obtained from the terminal O is output to the control mecha 
nism 15. Since there are a plurality of working electrodes 501, 
a plurality of terminals W and a plurality of terminals O are 
arranged in correspondence with the working electrodes 501. 
The outputs from the plurality of terminals O are switched by 
a signal Switching section (to be described later) and A/D- 
converted so that electrochemical signals from the working 
electrodes 501 can be almost simultaneously obtained as 
digital values. The circuits such as the trans-impedance 
amplifier 511 between the terminal W and the terminal O may 
be shared by the plurality of working electrodes 501. In this 
case, a signal Switching section which Switches between wir 
ing lines from the plurality of terminals W is arranged in the 
wiring line 501a. 
0216. The effect of the measurement system 12 using the 
potentiostat 12a shown in FIG. 19 will be described in com 
parison to the effect obtained using a conventional poten 
tiostat. As shown in FIG. 20, the arrangement of a conven 
tional potentiostat 12a' is almost the same as that of the 
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measurement system 12 shown in FIG. 19. A difference is that 
the inverting amplifier 512 has no protective circuit 500. Let 
Va., be the Voltage at a terminal I of the Voltage pattern 
generation circuit 510, Vbe the voltage at the terminal C, and 
V, be the voltage at the terminal R. By feedback of the 
reference electrode 503, V. R/R.V., holds. refout 

(0217. In this case, examples of the voltage V, the 
switch change-over states of the switches SW and SW, the 
Voltage characteristics and Switch change-over states of the 
voltages V and V, are shown in FIGS. 21A to 21E and 
FIGS. 22A to 22D. FIGS. 21A to 21E show waveforms of the 
potentiostat 12a. FIGS. 22A to 22D show the waveforms of 
the potentiostat 12a'. 
0218 FIG. 21A shows the voltage waveform of the volt 
age V, FIG.21B shows the switch change-Over state of the 
switch SW. FIG. 21C shows the switch change-over state of 
the switch SW, FIG.21D shows the voltage waveform of the 
voltage V. FIG. 21E shows the voltage waveform of the 
Voltage V, etc. 
0219 FIG. 22A shows the voltage waveform of the volt 
age V, FIG.22B shows the switch change-Over state of the 
switch SW. FIG. 22C shows the voltage waveform of the 
voltage V. FIG. 22D shows the voltage waveform of the 
Voltage V, etc. 
0220. A measuring method in the conventional poten 
tiostat 12a' will be described with reference to FIGS. 22A to 
22D. 

0221 For example, as shown in FIG. 22A, the voltage 
pattern generation circuit 510 generates a Voltage pattern 
which gives a predetermined Voltage from times t to t and 
then linearly decreases and nullifies it at time t. For example, 
assume a case wherein the Switch SW is turned on to apply a 
voltage to the counter electrode 502 at time t after the elapse 
of a predetermined time from time t, as shown in FIG.22B. 
In this case, at the start of measurement, i.e., before the Switch 
SW is turned on, the switch SW is OFF. 
0222. The gain of the inverting amplifier 512 is very large. 
Hence, if a slight Voltage is applied to the inverting input 
terminal of the inverting amplifier 512 before the switch SW 
is turned on to form the feedback loop, the output from the 
inverting amplifier 512 is saturated. On the other hand, even 
when the voltage V, is 0 V, a saturated state is set because 
of the input offset voltage of the inverting amplifier 512. In 
this case, Saturation occurs to a polarity opposite to that of the 
input offset Voltage. 
0223) As described above, the output voltage of the invert 
ing amplifier 512 is saturated almost to the power Supply 
voltage of the inverting amplifier 512. Hence, when the 
Switch SW is turned on, an excessive voltage is applied to the 
counter electrode 502. This excessive voltage corresponds to 
the hatched portion in FIG. 22A. The excessive voltage 
causes an undesirable electrochemical reaction Such as elec 
trolysis in a solution in the cell 115. As a result, measurement 
of an electrochemical reaction that is originally desired is 
adversely affected. 
0224. To solve the problem of the conventional poten 
tiostat 12a", the potentiostat 12a of this embodiment uses the 
protective circuit 500. In the potentiostat 12a of this embodi 
ment, before the start of measurement, i.e., in the initial State 
before time t, the voltage V, is set to 0 V, the switch SW, 
is set in the ON state, and the switch SW is set in the OFF 
state. First, the switch SW is turned on at time t. In this state, 
the switch SW, is still OFF, and the protective circuit 500 does 
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not function. Since the inverting amplifier 512 is always used 
with feedback, no excessive Voltage is applied to the counter 
electrode 502. 

0225. At time t, after the elapse of a predetermined time 
from time t, the switch SW, is turned on to cause the protec 
tive circuit 500 to function. After that, from time t, the 
voltage V, generated by the Voltage pattern generation 
circuit 510 is applied. With the voltage V, a desired volt 
age is set in the reference electrode 503. Since the response 
has a first-order lag characteristic, no excessive Voltage is 
applied to the counter electrode 502. 
0226 FIG. 23 is a graph showing current/voltage charac 

teristic curves applied to the counter electrodes 502 in the 
potentiostats 12a and 12a". As shown in FIG. 23, in the con 
ventional potentiostat 12a", both the current and the voltage 
may have large negative values. In the potentiostat 12a of this 
embodiment, however, even when the Voltage has a negative 
value, the current keeps a predetermined value. Convention 
ally, when the Voltage has a negative value, undesirable elec 
trolysis in the solution in the cell 115 progresses. This may, 
e.g., generate bubbles in the electrodes or change the compo 
sition of the electrode. When the protective circuit 500 is 
used, as in this embodiment, any undesirable Voltage can be 
prevented from being applied to the counter electrode 502. 
Hence, any undesirable electrolysis in the solution in the cell 
115 can be avoided. As described above, stable measurement 
can be executed without any adverse effect on oxidation 
current detection of a desired intercalating agent. 
0227 Modifications of the potentiostat 12a serving as the 
measurement system 12 shown in FIG. 19 are shown in FIGS. 
24 to 27. FIGS. 24 and 25 show examples in which a 3-elec 
trode potentiostat is used as the measurement system 12. 
FIGS.26 and 27 show examples in which a 4-electrode poten 
tiostat is used as the measurement system 12. 
0228. The basic arrangement of a potentiostat 12b shown 
in FIG. 24 is the same as that of the potentiostat 12a shown in 
FIG. 19. The same reference numerals denote the same parts, 
and a detailed description thereof will be omitted. The poten 
tiostat 12b is different from the potentiostat 12a in that the 
protective circuit 500 is not arranged, including the wiring 
line 512a. In place of the protective circuit 500, a resistance 
R is arranged in the wiring line 502a. When the resistance R. 
is connected in series with the output from the inverting 
amplifier 512 on the side of the counter electrode 502, the 
voltage applied to the counter electrode exhibits a first-order 
delay due to the double layer capacitance. Accordingly, the 
influence on the biochemical solution in the cell 115 can be 
reduced. 

0229. The arrangement of a potentiostat 12c shown in 
FIG. 25 is slightly different from those of the potentiostats 
12a and 12b. In the potentiostat 12c, the current detection 
resistance R is arranged on the side of the counter electrode 
502. A detected current is converted into a voltage by a high 
input impedance differential amplifier 520. The arrangement 
will be described below in more detail. 

0230. As shown in FIG. 25, the voltage pattern generation 
circuit 510 which generates a voltage pattern to detect a 
current between the electrodes is connected to the inverting 
input terminal of the inverting amplifier 512 (OP) through 
the wiring line 512b. The resistance R is connected to the 
wiring line 512b. The non-inverting input terminal of the 
inverting amplifier 512 is grounded. A wiring line 512f is 
connected to the output terminal. The output terminal and 
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inverting input terminal of the inverting amplifier 512 are 
connected by the protective circuit 500. 
0231. The wiring line 512f has the switch SW which 
ON/OFF-controls voltage application to the terminal C. The 
wiring line 512f is branched to two wiring lines 521a and 
521b at an intersection 512c. The wiring line 521a is con 
nected to the non-inverting input terminal of an amplifier 522 
in the high-input impedance differential amplifier 520. 
0232. The wiring line 521b has the current detection resis 
tance R. The wiring line 521b is branched to the wiring line 
502a and a wiring line 521e at an intersection 521d. The 
wiring line 502a is connected to the terminal C. The wiring 
line 521e is connected to the non-inverting input terminal of 
an amplifier 523 in the high-input impedance differential 
amplifier 520. 
0233. The arrangement of the voltage follower amplifier 
513, wiring lines 513a and 513b, and resistance R, which 
feeds back a voltage from the terminal R on the side of the 
reference electrode 503 to the inverting input terminal of the 
inverting amplifier 512, is the same as in FIG. 19. 
0234. The terminal W on the side of the working electrode 
501 is grounded through the wiring line 501a. 
0235. The high-input impedance differential amplifier 520 
amplifies the differential voltage between the output from the 
wiring line 521a without intervening the current detection 
resistance Rand the output from the wiring line521e through 
the current detection resistance Rand outputs the differential 
voltage to the terminal O. The inverting input terminals of the 
amplifiers 522 and 523 are connected by a wiring line 522a 
having a resistance R. The inverting input terminal and out 
put terminal of the amplifier 522 are connected by a wiring 
line 522b having a resistance R. The inverting input terminal 
and output terminal of the amplifier 523 are connected by a 
wiring line 523a having a resistance R. The output from the 
amplifier 522 is connected to the inverting input terminal of 
an amplifier 524 through a resistance Ra. The output from the 
amplifier 523 is connected to the non-inverting input terminal 
ofan amplifier 525 through a resistance Rs. The amplifier 524 
is grounded through a resistance R. The inverting inputter 
minal and output terminal of the amplifier 524 are connected 
by a wiring line 522d having a resistance R7. The output 
terminal of the amplifier 524 is connected to the terminal Oby 
a wiring line 524b. 
0236. In the potentiostat 12c, an oxidation current is 
detected not from the working electrode 501 but from the 
counter electrode 502. 
0237 As described above, even when the potentiostat 12c 
shown in FIG. 25 is used, the same effect as that of the 
potentiostat 12a can be obtained. 
0238. The arrangements on the side of the counter elec 
trode 502 and on the side of the working electrode 501 of a 
4-electrode potentiostat 12d shown in FIG. 26 are the same as 
those of the potentiostat 12a shown in FIG. 19. In the poten 
tiostat 12d, the voltages from two reference electrodes 5031 
and 5032 are differentially amplified by using the high-input 
impedance differential amplifier 520. The differential ampli 
fied voltage is fed back to the inverting amplifier 512 on the 
side of the counter electrode 502. In this way, the potential 
difference between the two reference electrodes is detected. 
The supply current from the counter electrode 502 is con 
trolled such that the value of the potential difference has a 
predetermined Voltage characteristic. 
0239. As shown in FIG. 26, a terminal R on the side of the 
reference electrode 5031 is connected to the non-inverting 
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input terminal of the amplifier 523. A terminal R on the side 
of the reference electrode 5032 is connected to the non 
inverting input terminal of the amplifier 522. The high-input 
impedance differential amplifier 520 differentially amplifies 
the two Voltage of the non-inverting input terminals of the 
amplifiers 522 and 523 and outputs the differential voltage. 
The output side of the high-input impedance differential 
amplifier 520 is connected to the wiring line512b through the 
resistance R 
0240. As described above, even when the potentiostat 12d 
shown in FIG. 26 is used, the same effect as that of the 
potentiostat 12a can be obtained. 
0241 The basic arrangement of a 4-electrode potentiostat 
12e shown in FIG. 27 is the same as that of the potentiostat 
12c shown in FIG. 25. The difference from the potentiostat 
12c is that the potentiostat 12e has two reference electrode 
extraction Voltages, and the two Voltages are differentially 
amplified and fed back to the side of the counter electrode 
502. The arrangements on the side of the counter electrode 
502 and on the side of the working electrode 501 are the same 
as those of the potentiostat 12c, and a detailed description 
thereof will be omitted. Reference numeral 520' denotes a 
high-input impedance differential amplifier that has the same 
arrangement as the above-described high-input impedance 
differential amplifier 520. 
0242. As shown in FIG. 27, in the potentiostat 12e, the 
outputs from the terminal R on the side of the reference 
electrode 5031 and the terminal R on the side of the reference 
electrode 5032 are respectively connected to the non-invert 
ing input terminal of the amplifier 523 and the non-inverting 
input terminal of the amplifier 522. As described above, the 
high-input impedance differential amplifier 520 differentially 
amplifies the two inputs and outputs the differential voltage. 
The resistance R, is connected to the output side. The high 
input impedance differential amplifier 520 is connected to the 
wiring line512b through the resistance R. With this structure, 
the output from the high-input impedance differential ampli 
fier 520 is fed back to the inputside of the inverting amplifier 
S12. 

0243 FIG. 28 is a block diagram showing the association 
between the control mechanism 15 and the remaining con 
stituent elements of the computer 16. As shown in FIG.28, the 
computer 16 comprises a main processor 16a and an interface 
16b. Data can be transmitted/received to/from the plurality of 
control mechanisms 15 via the interface 16b through a local 
bus 17. The control mechanism 15 comprises a measurement 
control mechanism main body 15a and a data memory 15b 
which stores data to be handled by the measurement control 
mechanism main body 15a. One control mechanism 15 is 
arranged in correspondence with each measurement unit 10. 
As the plurality of connected measurement units 10 are con 
nected to one main processor 16a, the load on the main 
processor 16a can be reduced. 
0244 FIG. 29 is a block diagram showing a detailed 
arrangement of the control mechanism 15. As shown in FIG. 
29, the measurement control mechanism main body 15a has 
an initial value register 151, step value register 152, terminal 
value register 153, interval register 154, and operation setting 
register 155, which are connected to the local bus 17. 
0245. The initial value register 151, step value register 
152, terminal value register 153, interval register 154, and 
operation setting register 155 store an initial value, step value, 
terminal value, measurement time interval, and operation 
mode, respectively, which can be set by the main processor 
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16a. When an initial value, step value, terminal value, mea 
Surement time interval, and operation mode are set, a data 
measurement operation is started. 
0246 The initial value, step value, and terminal value 
represent a value corresponding to the Voltage value of a 
Voltage pattern to be generated by the Voltage pattern genera 
tion circuit 510. A voltage pattern is set as a digital value from 
the initial value to the terminal value for every step value. For 
example, assume that a Voltage pattern having a predeter 
mined waveform is to be generated from times t to ts. The 
Voltage value at time t corresponds to the initial value. The 
Voltage value varies by the step value from time t at a mea 
Surement time interval At. Such a Voltage value changes step 
wise to the terminal value. 
0247 Only at the start of measurement, a selector 158 
selectively outputs the initial value from the output value 
from the initial value register and the output value from an 
adder 156. From the next data, the selector 158 selectively 
outputs the sum from the adder 156. The output value from 
the selector 158 is output to the voltage pattern generation 
circuit 510 of the measurement system 12 in synchronism 
with the output signal from a timing generator 161. The 
Voltage pattern generation circuit 510 generates a Voltage 
having a Voltage value corresponding to the output value from 
the selector 158. With this operation, a voltage pattern having 
the voltage waveform shown in FIG. 21A described above 
can be generated. 
0248. An adding register 157 temporarily stores the output 
value from the selector 158 in synchronism with the output 
signal from the timing generator 161. 
0249. The adder 156 adds the step value from the step 
value register 152 to the initial value from the initial value 
register 151 and outputs the sum to the selector 158 and a 
comparator 159. The value stored in the adding register 157 
corresponds to the Voltage value to be output to the measure 
ment system 12. Hence, the adder 156 outputs a value corre 
sponding to a Voltage value as the Sum of the step value and 
the output Voltage value to the measurement system 12. The 
comparator 159 compares the sum from the adder 156 with 
the terminal value from the terminal value register 153. When 
the sum exceeds the terminal value, the comparator 159 out 
puts a signal representing the end of count to a counter 160. 
(0250. The counter 160 counts clocks on the basis of the 
operation setting mode from the operation setting register 155 
for a period defined by the measurement time interval from 
the interval register 154. The counter 160 continues counting 
until the count end signal is input from the comparator 159. 
0251 AS the operation setting mode, a single measure 
ment mode, 4-electrode setting mode, 8-electrode setting 
mode, or the like can be set in accordance with, e.g., the 
number of working electrodes to be measured simulta 
neously. When, e.g., the single measurement mode is set, the 
counter 160 executes counting for the period defined by the 
measurement time interval and outputs the count value to the 
timing generator 161. When the 4-electrode setting mode is 
set, the counter 160 executes counting for each of periods 
obtained by dividing the measurement time interval into four 
parts and outputs the count value to the timing generator 161. 
As described above, when a multiple electrode setting mode 
is set, counting is executed for each of periods obtained by 
dividing the measurement time interval into parts equal in 
number to the electrodes. 
0252. The timing generator 161 outputs an address signal 
and write signal to the data memory 15b in synchronism with 
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the output timing of the count value from the counter 160 
while counting the clocks. The timing generator 161 also 
Switches a signal Switching section 163 of a signal detection 
section 162 in accordance with the operation setting mode 
from the operation setting register 155. 
0253) The signal switching section 163 is connected to the 
terminals O of the plurality of working electrodes 501 of the 
measurement system 12. In the plurality of working elec 
trodes 501, electrochemical signals by an intercalating agent 
can be simultaneously detected for the terminals O. With the 
signal Switching section 163, one of the electrochemical sig 
nals from the plurality of working electrodes 501 can selec 
tively be detected. 
0254 The signal detection section 162 A/D-converts the 
electrochemical signal from the working electrode 501 
switched by the signal switching section 163 controlled by 
the timing generator 161 and outputs the electrochemical 
signal to the data memory 15b through a data bus 164. 
Accordingly, every time a write signal from the timing gen 
erator 161 is input, data from the data bus 164 can sequen 
tially be written in the data memory 15batan address position 
given by each write signal. 
0255 In, e.g., the single electrode setting mode, when the 
measurement time interval is 10 msec, a write signal and an 
address are output from the timing generator 161 to the data 
memory 15b once in a period of 10 msec. In addition, the 
digital conversion value of an electrochemical signal is output 
from the signal detection section 162 to the data memory 15b 
through the data bus 15b. 
0256 In the 4-electrode setting mode, when the measure 
ment time interval is 10 msec, a write signal and four 
addresses are output from the timing generator 161 to the data 
memory 15b four times in a period of 10 msec. In addition, the 
digital conversion values of the four electrochemical signals 
are sequentially output from the signal detection section 162 
to the data memory 15b through the data bus 15b. Accord 
ingly, the electrochemical signals that are almost simulta 
neously detected at the measurement time interval can be 
stored as data. 
0257 To increase the accuracy of measurement, in the 
multiple electrode setting mode, the signal detection timing 
from the plurality of working electrodes 501 may be short 
ened without synchronizing the detection timing with the 
timing obtained by equally dividing the measurement time 
interval. For example, when a plurality of switching signals of 
the signal Switching section 163 are generated in a short time 
in the measurement time interval, a measurement accuracy 
independently of the measurement time interval can be main 
tained. For example, when the measurement time interval is 
10 msec, no Switching signal is generated during initial 9 
msec. The timing generator 161 is programmed Such that 
Switching signals are generated in 1 msec between the timing 
corresponding to 9 msec and that corresponding to 10 msec 
and output to the signal switching section 163. With this 
setting, electrochemical signals from the four working elec 
trodes 501 can be detected within 1 m.sec. Hence, even when 
a long measurement time interval is set, no variation in mea 
Surement time interval is generated, and a high accuracy can 
be maintained. 
0258. The measurement data stored in the data memory 
15b are read out by the main processor 16a of the computer 16 
and used for various kinds of signal analysis. 
0259. As described above, when a plurality of measured 
electrochemical signals are Switched and selectively detected 
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at a shorter interval than the measurement time interval set by 
the timing generator 161, the signals of the working elec 
trodes 501 can be almost simultaneously measured. 
0260 One example of a measurement data analyzing 
method of causing the computer 16 to execute signal analysis 
on the basis of measurement data will be described next. A 
type determination analyzing method which determines 
whether the base at the SNP position of a target DNA is G type 
(homo type), T-type (homo type), or GT-type (hetero type) 
will be described here with reference to the flow chart shown 
in FIG. 30. Although not particularly illustrated in FIG. 1 or 
28, the main processor 16a of the computer 16 executes an 
analysis program comprising a plurality of commands for 
type determination filtering, type determination processing, 
and determination result output, thereby executing type deter 
mination filtering, type determination processing, and deter 
mination result output. In addition, for control of the above 
described control mechanism 15, a control program is 
separately prepared. The analysis program or control pro 
gram may be executed by causing a recording medium read 
ing device arranged in the computer 16 to read out the analy 
sis program Stored in a recording medium. Alternatively, the 
program may be read out from a storage device Such as a 
magnetic disk provided in the computer 16 and executed. 
0261. As a presupposition of measurement data analysis, 
four types of target base sequences, which have A, G, C, and 
T as bases at SNP positions, are prepared as objects to be 
detected. A plurality of target complementary DNA probes, 
which have base sequences complementary to the target base 
sequences, are immobilized to the working electrodes 501 in 
correspondence with the respective types. In addition, a plu 
rality of DNA probes (to be referred to as negative control 
hereinafter) having base sequences different from those of the 
four target complementary DNA probes are immobilized to 
other working electrodes 501 (sé1). Note that DNA probes of 
one kind are fixed to the working electrodes 501 in principle. 
0262. A sample containing the specimen DNA probe is 
injected into the base sequence detection chip on which the 
above-described target complementary DNA probes are 
fixed. A hybridization reaction is caused (S62). Cleaning by a 
buffer and an electrochemical reaction by introduction of an 
intercalating agent are executed. Then, a representative cur 
rent value is calculated using the measurement system 12 
(s(53). 
0263. The representative current value indicates a numeri 
cal value that is effective for quantitatively grasping occur 
rence of hybridization reactions of the respective DNA 
probes. For example, the maximum value (peak current 
value) of the current value of a detected signal corresponding 
to the representative current value. The peak current value is 
derived by measuring an oxidation current signal from an 
intercalating agent which is bonded to double stranded DNA 
hybridized to the DNA probe immobilized to each working 
electrode 501 and obtaining the peak of the current value. The 
peak current value is preferably detected by subtracting a 
background current except the oxidation current signal from 
the intercalating agent. 
0264. Any other value may be defined as the representative 
current value in accordance with the accuracy or object of 
signal processing. For example, the integral value of oxida 
tion current signals can be used. Not a current value but a 
Voltage value or a value obtained by executing numerical 
value analysis processing for the current or Voltage may be 
defined as the representative current value. 
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0265 Measurement data, i.e., representative current val 
ues related to the target DNA with A, G, C, and T as bases at 
the SNP positions are defined as X, X, X, and X. The 
representative current value of the DNA probe of negative 
control is defined as X. A plurality of representative current 
values are obtained for each type. To identify the representa 
tive current values, first X is defined as X, second X is 
defined as X2, . . . . 
0266 The numbers of representative current values 
obtained for the target DNA with A, G, C, and T as bases at the 
SNP positions are defined as n n n, and n. The number of 
representative current values obtained for negative control is 
defined as n. 
0267 Next, to remove clearly abnormal data from the 
obtained representative current values XXXX, and X, 
type determination filtering processing is executed (S64). 
0268 FIG. 31 is a flow chart of type determination filter 
ing processing. The type determination filtering processing 
shown in FIG.31 is executed for each of X, X, X, X, and 
X. For, e.g., X, representative current values that are Sup 
posed to be clearly abnormal are excluded from then repre 
sentative current values obtained for X by the type determi 
nation filtering. The same processing is executed even for X. 
X, X, and X. 
0269. In the description of FIG. 31, the same processing is 
executed in accordance with the data type. Filtering for X, 
will be exemplified. 
0270 More specifically, as shown in FIG. 31, all measure 
ment data of each measurement group are set. That is, data 
sets are set (S81). For, e.g., X. X1,X2,..., X, are set as 
data sets. 
(0271 Next, a CV value (to be referred to as a value CVo 
hereinafter) for the measurement data X, X, ..., X is 
calculated (s82). The value CV is obtained by dividing the 
standard deviation of the measurement data X, X. . . . . 
X, by the average value. It is determined whether the 
obtained value CV is 10%, i.e. 0.1 or more (s83). 
0272. If the value CV is 10% or more, a CV value (to be 
referred to as a value CV hereinafter) of (na-1) data sets, 
excluding the minimum value of the measurement data, is 
calculated (s84). If the value CV is less than 10%, it is 
determined that no data is clearly abnormal, and the flow 
advances to type determination (to be described later). 
0273. After CV is calculated, it is determined whether 
CVo22xCV (s85). When this inequality holds, the flow 
advances to (s86) to newly define (na-2) data sets, excluding 
the minimum value of the measurement data. The flow returns 
to (s82) to repeatedly execute abnormal data filtering. 
0274. When the inequality does not hold, it is determined 
that abnormal data is present not on the minimum value side 
but on the maximum value side. A CV value (to be referred to 
as a value CV hereinafter) of (na-2) data sets, excluding the 
maximum value of the measurement data, is calculated (s37). 
It is determined whether CV22xCV (s88). When this 
inequality holds, (na-3) data sets, excluding the maximum 
value of the measurement data, are newly set as data sets. The 
flow returns to (s82) to repeatedly execute abnormal data 
filtering. If the inequality does not hold, it is determined that 
no data is clearly abnormal, and the flow advances to type 
determination (to be described later). 
0275. The above-described type determination filtering is 
executed even for X, X, X, and X, 
0276 Next, type determination processing is executed 
using the obtained type determination filtering result (sé5). 
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An example of the type determination processing will be 
described with reference to the flow chart shown in FIG. 32. 
In the example shown in FIG. 32, type determination is per 
formed to determine whether the base at the SNP position of 
target DNA is G type, T type, or GT type. This type determi 
nation processing is roughly divided into a maximum group 
determination algorithm and a 2-sample t-test algorithm. 
0277 As shown in FIG. 32, first, the average value of the 
representative current values of each group is extracted (s.91). 
The groups are X X X X, and X, That is, DNA probes 
with different target base sequences are put into different 
groups, and DNA probes having the same target base 
sequence are input into the same group. In (S64), measure 
ment data excluding clearly abnormal data are extracted by 
type determination filtering. Measurement data excluding 
abnormal data may be extracted by filtering except the type 
determination filtering in (S64). Measurement data may be 
extracted without executing any filtering. Instead of the aver 
age value of the representative current values, another statis 
tical processing value may be obtained by statistical process 
ing of the statistical values. 
0278 Groups which have A, G, C, and T as bases at the 
SNP position of target DNA are defined as groups A to T. A 
group for negative control is defined as a group N. The 
obtained average values for the groups XXXX, and X, 
are defined as M. M. M. M. and M, respectively. 
(0279. For the obtained average values M. M. M. M. and 
M, it is determined whether the average value M of the 
group G is maximum (s.92). If M is maximum, the flow 
advance to (s93). If M is not maximum, the flow advances to 
(s.97). 
(0280. In (s97), for the average values M. M. M. M., and 
M, it is determined whether the average value M, of the 
group T is maximum. If M is maximum, the flow advance to 
(s.99). If M, is not maximum, neither the groups G and Tare 
maximum. Since determination is impossible, re-inspection 
is executed. 
(0281. In (s93), it is determined whether a difference is 
present between the measurement data X, X2, ... of the 
group G and the measurement data X, X. . . . of the group 
N. To determine whether a difference is present, for example, 
2-sample t-test is used. More specifically, a probability Pand 
a significance level C. obtained by 2-sample t-test are com 
pared as the representative relationship. 
0282. H0: when P2C, no significant difference is present 
(null hypothesis) 
0283 H1: when P-O, a significant difference is present 
(alternative hypothesis) 
0284. The significance level C. can be set by the user using 
the computer 16. In the example of (s.93), a question for H1, 
i.e., whether a difference is present between the measurement 
data of the group G and that of the group N is raised. For this 
question, the hypothesis H1 that no difference is present 
between the two groups is set. The probability is obtained 
assuming that the difference between the two groups is sum 
marized in the average value M of the group G and the 
average value M of the group N. To calculate the probability, 
a statistical constant tanda degree of freedom (pare calculated 
on the basis of the statistical values X1,X2,... of the group 
G and the statistical values X, X. . . . of the group N. The 
probability P is obtained from the integral value of the prob 
ability density variables of the t-distribution. 
(0285 For the obtained probability P, when P2C., H0 can 
not be discarded, and determination is retained. That is, it is 
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determined that no difference is present. When P-C., H0 is 
discarded, and the hypothesis H1 is employed. It is deter 
mined that a difference is present. 
0286. When it is determined that “a difference is present, 
the flow advances to (s94). When it is determined that “no 
difference is present, determination is impossible, and re 
inspection is executed. 
0287. In (s94), for the group G and group A, it is deter 
mined using the same 2-sample t-test as in (s93) whether a 
difference is present between the two groups. Ifa difference is 
present, the flow advances to (s95). If no difference is present, 
determination is impossible, and re-inspection is executed. 
0288. In (s95), for the group G and group C, it is deter 
mined using the same 2-sample t-test as in (s93) whether a 
difference is present between the two groups. Ifa difference is 
present, the flow advances to (s96). If no difference is present, 
determination is impossible, and re-inspection is executed. 
0289. In (s96), for the group G and group T, it is deter 
mined using the same 2-sample t-test as in (s93) whether a 
difference is present between the two groups. Ifa difference is 
present, the group G type is determined. This is because the 
group G type has the maximum average value and differences 
to the remaining measurement groups. If no difference is 
present, the group GT type is determined. This is because the 
group G type has the maximum average value though the 
measurement result of the group G type and that of the group 
T type have no difference. 
0290. In (s98), for the group T and group N, it is deter 
mined using the same 2-sample t-test as in (s93) whether a 
difference is present between the two groups. Ifa difference is 
present, the flow advances to (S99). If no difference is present, 
determination is impossible, and re-inspection is executed. 
0291. In (s.99), for the group T and group A, it is deter 
mined using the same 2-sample t-test as in (s93) whether a 
difference is present between the two groups. Ifa difference is 
present, the flow advances to (s100). If no difference is 
present, determination is impossible, and re-inspection is 
executed. 
0292. In (s100), for the group T and group C, it is deter 
mined using the same 2-sample t-test as in (s93) whether a 
difference is present between the two groups. Ifa difference is 
present, the flow advances to (s101). If no difference is 
present, determination is impossible, and re-inspection is 
executed. 
0293. In (s101), for the group T and group G, it is deter 
mined using the same 2-sample t-test as in (s93) whether a 
difference is present between the two groups. Ifa difference is 
present, the group T type is determined. This is because the 
group T type has the maximum average value and differences 
to the remaining measurement groups. If no difference is 
present, the group GT type is determined. This is because the 
group T type has the maximum average value though the 
measurement result of the group T type and that of the group 
G type have no difference. 
0294 The above determination results are displayed on a 
display apparatus (not shown) arranged in the computer 16 
(s66). When the above type determination algorithm is used, 
a hetero type can be determined. 
0295 FIGS. 30 to 32 show a method of determining 
whether the type corresponds to the G type, T type, or GT 
type. This method can also be applied to determine two of the 
A type, G type, C type, and T type or determine a hetero type 
thereof. In addition, measurement data need not always be 
acquired for the four types of groups, i.e., A type, G type, C 
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type, and T type. For example, measurement data may be 
acquired for only two groups related to two considerable 
bases of SNP. In addition, one group for negative control may 
be added to the two groups. 
0296 Abase sequence automatic analyzing method using 
the above-described base sequence detection apparatus will 
be described with reference to the sequence chart shown in 
FIG. 33. 

0297 As shown in FIG. 33, first, automatic analysis con 
dition parameters for automatic analysis are set by using the 
computer 16. The user instructs the computer 16 to execute 
automatic analysis based on the set automatic analysis con 
dition parameters (s301). The automatic analysis condition 
parameters are control parameters used to control the control 
mechanism 15. The control parameters used in the control 
mechanism 15 include measurement system control param 
eters used to control the measurement system 12, Solution 
Supply system control parameters used to control the Solution 
Supply system 13, and temperature control mechanism con 
trol parameters used to control the temperature control 
mechanism 14. 

0298. The measurement system control parameters are 
input setting parameters stored in the above-described initial 
value register 151, step value register 152, terminal value 
register 153, interval register 154, and operation setting reg 
ister 155 shown in FIG. 29. The input setting parameters 
comprise the initial value, step value, terminal value, mea 
Surement time interval, and operation mode. 
0299 The solution supply system control parameters 
include solenoid valve control parameters used to control the 
solenoid valves 403, 413, 423, 433,441, 442, 444, 445, 451, 
453, and 463, sensor control parameters used to control the 
liquid sensors 443 and 447, and a pump control parameter 
used to control the pump 454. The solenoid valve control 
parameters, sensor control parameters, and pump control 
parameter more specifically include the control amounts of 
objects to be controlled, the control timings of objects to be 
controlled, and control conditions for controlling objects to 
be controlled as conditions to sequentially execute the series 
of processes shown in (s.22) to (s36) in FIG. 18. 
0300. The temperature control parameters accompany the 
Solution Supply system control parameters in principle. More 
specifically, when the Solution Supply system control param 
eters are set, the temperature control parameters are set in 
correspondence with the operation of the Solution Supply 
system 13. Accordingly, temperature control of the tempera 
ture control mechanism 14 can be executed in Synchronism 
with the solution supply system 13. 
0301 When automatic analysis is executed, the automatic 
analysis condition parameters are transmitted to the control 
mechanism 15 (s302). The control mechanism 15 controls the 
measurement system 12 on the basis of the measurement 
system control parameters. The control mechanism 15 con 
trols the solution supply system 13 on the basis of the solution 
Supply system control parameters. The control mechanism 15 
controls the temperature control mechanism 14 on the basis 
of the temperature control mechanism control parameters. 
The control mechanism 15 also manages the control timings 
of the measurement system 12, Solution Supply system 13, 
and temperature control mechanism 14 on the basis of the 
control timings and control conditions included in the control 
parameters. Hence, the control sequence is freely defined in 
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accordance with the automatic analysis condition parameters 
set by the user. In FIG. 33, a typical example will be 
described. 
0302 Independently from the automatic analysis, the user 
prepares the chip cartridge 11. First, desired DNA probes are 
immobilized to the working electrodes 501 of the base 
sequence detection chip 21. The printed board 22 in which the 
base sequence detection chip 21 is encapsulated is fixed to the 
support body 111 of the chip cartridge 11 with the board 
fixing screws 25 and thus attached to the chip cartridge 11 
(S401). The chip cartridge top cover 112 having the sealing 
member 24a integrated and the support body 111 are fixed 
using the top cover fixing screw 117 to form the cell 115. The 
chip cartridge 11 in this state is prepared (S402). A sample is 
injected into the chip cartridge 11 through the sample injec 
tion port 119 (s403). When the chip cartridge 11 is attached to 
the apparatus main body, and a start operation is executed, a 
hybridization reaction (S21) starts. The amount of the sample 
injected is preferably slightly larger than the volume of the 
cell 115. In this case, the cell 115 can be completely filled 
with the sample without any remaining air. 
0303. The control mechanism 15 starts controlling the 
timing of the measurement system on the basis of the mea 
Surement system control parameters received from the com 
puter 16 (s303). 
0304. The control mechanism 15 also sequentially con 

trols the constituent elements of the solution Supply system 
13 on the basis of the solution Supply system control param 
eters received from the computer 16 (s304). Although not 
particularly illustrated in FIG.33, temperature control of the 
temperature control mechanism 14 is executed on the basis of 
the temperature control mechanism control parameters in 
synchronism with the control of the solution Supply system 
13. By this control, the solution supply system 13 automati 
cally executes the solution supply step shown in (s21) to (s36) 
(except s34) in FIG. 18, including the hybridization reaction 
(s305). In addition, the temperature control mechanism 14 is 
automatically controlled Such that the base sequence detec 
tion chip 21 is set to the temperature designated in the Solution 
Supply step. 
0305. The control mechanism 15 sends a measurement 
command to the measurement system 12 in synchronism with 
the timing of the measurement step (s34) in the Solution 
supply step (s305). More specifically, at the timing of the 
measurement step (s34) in the solution Supply step, the initial 
value, step value, terminal value, measurement time interval, 
and operation setting mode are stored in the initial value 
register 151, step value register 152, terminal value register 
153, interval register 154, and operation setting register 155. 
The above-described measurement system timing control 
(s303) may be executed simultaneously with (s305). 
0306 The measurement system 12 executes measurement 
by generating, e.g., a Voltage pattern on the basis of the 
measurement command (s306). The obtained measurement 
signal is output from the terminal O to the control mechanism 
15 (s307). The control mechanism 15 processes the received 
measurement signal and stores it in the data memory 15b as 
measurement data (s308). The measurement data is output to 
the computer 16 through the local bus 17 (s309). The com 
puter 16 receives the measurement data (s310). 
0307 When the necessary measurement data is obtained, 
the computer 16 executes type determination filtering in (s64) 
shown in FIG.31 on the basis of the measurement data. When 
type determination filtering is ended, type determination pro 
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cessing shown in FIG. 32 is executed on the filtered data 
(s65). Finally, the obtained determination result is displayed 
on the display apparatus of the computer 16 (S66). 
0308 As described above, according to this embodiment, 
a uniform reaction environment is obtained for the 3-elec 
trode system comprising a working electrode, counter elec 
trode, and reference electrode. For this reason, the flow veloc 
ity of a biochemical solution is constant on the electrodes. The 
uniformity of the electrochemical reaction in the channels 
increases. As a result, the reliability of the detection result 
increases. In addition, when the counter electrode and refer 
ence electrode are arranged on planes different from that of 
the working electrode, the layout density of the working 
electrodes can be increased. Furthermore, when DNA probes 
are to be immobilized to the working electrodes 501, the 
counter electrode 502 or reference electrode 503 is not con 
taminated. 
0309. In addition, after the specimen DNA solution is 
injected into the chip cartridge 11, the whole process from 
hybridization to cleaning of nonspecific absorption DNA by a 
buffer, injection of an intercalating agent, electrochemical 
measurement, storage of measurement data, and determina 
tion of target base sequence based on the measurement data 
can be automatically executed. Accordingly, the detection 
signal reproducibility and the detection accuracy can be 
increased, and the time until result derivation can be short 
ened. 
0310. The present invention is not limited to the above 
embodiment. 
0311. The probe immobilized to the working electrode 
501 is a DNA probe in the above embodiment. However, a 
probe formed from any other nucleic acid except DNA may 
be used. In addition, any other probe that is not formed from 
a nucleic acid and has a predetermined base sequence may be 
used. 
0312 The process assignment to the computer 16 and 
control mechanism 15 is not limited to the above-described 
example. For example, when each of the measurement system 
12, Solution Supply system 13, and temperature control 
mechanism 14 has a processor which interprets a command 
from the computer 16 and executes each constituent element, 
the control mechanism 15 may be omitted. In this case, the 
function of the control mechanism 15 shown in FIG. 29 is 
executed by the computer 16. 
0313 As for management of timings of the measurement 
system 12, Solution Supply system 13, and temperature con 
trol mechanism 14, when each of the measurement system 12, 
Solution Supply system 13, and temperature control mecha 
nism 14 has a processor which manages the timing, each 
process is executed on the basis of the timing managed by the 
processor. In this case, the computer 16 only needs to transmit 
automatic analysis condition parameters to the measurement 
system 12, Solution Supply system 13, and temperature con 
trol mechanism 14 and need not manage the timings. 
0314. Alternatively, the computer 16 may execute timing 
control of the measurement system 12, Solution Supply sys 
tem 13, temperature control mechanism 14, and control 
mechanism 15. 
0315. In the above example, the sample injection port 119 
communicates with the delivery port 116b. However, the 
sample injection port 119 may communicate with the intro 
duction port 116a. The working electrode 501 or bonding pad 
221 on the base sequence detection chip 21 has a multilayered 
structure of Ti or Au. However, an electrode or pad made of 
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another material may be used. The layout of the working 
electrodes 501 is not limited to that shown in FIG. 16. The 
numbers of working electrodes 501, counter electrodes 502, 
and reference electrodes 503 are not limited to those illus 
trated, either. 
0316 The solution supply system 13 is not limited to that 
shown in FIG. 17. For example, when a supply system which 
Supplies a biochemical Solution or a gas other than air, milli-Q 
water, a buffer, and an intercalating agent in accordance with 
the type of reaction is added, a more complex reaction can be 
executed in the cell 115. Control of the biochemical solution 
or air Supply path or Supply amount between the pipes may be 
done by a mechanism other than a Solenoid valve. The opera 
tion of the solution supply system 13 shown in FIG. 18 is 
merely an example, and various changes and modifications 
can be made in accordance with the purpose of reaction. 
0317 FIGS. 30 to 32 show a case wherein the base 
sequence automatic analyzing apparatus 1 is used for type 
determination. However, this is merely an example. The base 
sequence automatic analyzing apparatus 1 may be used for 
another analyzing purpose. The automating method shown in 
FIG.33 is also merely an example. The automating sequence 
can also be changed in various ways by changing the arrange 
ments of the chip cartridge 11, measurement system 12, Solu 
tion Supply system 13, temperature control mechanism, and 
control mechanism 15 in various ways. 
0318. The relationship between the base sequence detec 
tion chip 21 and the chip cartridge top cover 112 may be 
reversed. 
0319. The layout of the channels 601a to 601d is not 
limited to that shown in FIG. 5B. For example, the detection 
channels 601a may be arranged in parallel to a line that 
connects the cell hole portions 115a and 115b. Each of the 
channels 601 a to 601d may have a curved shape instead of a 
linear shape. In the above example, the introduction port 116a 
and delivery port 116b extend perpendicularly to the cell 
bottom surface. However, the present invention is not limited 
to this. The introduction port 116a and delivery port 116b 
may extend in parallel to the cell bottom surface. 

Second Embodiment 

0320. This embodiment is related to a modification to the 
first embodiment. This embodiment is related to a modifica 
tion of the arrangement of the base sequence automatic ana 
lyzing apparatus 1 shown in FIG. 1 of the first embodiment. In 
this embodiment, any arrangement that is not particularly 
mentioned is the same as in the first embodiment, and a 
detailed description thereof will be omitted. 
0321 FIG. 35 is a view showing the overall arrangement 
of a base sequence automatic analyzing apparatus 700 
according to this embodiment. The base sequence automatic 
analyzing apparatus 700 comprises a housing 701 and a com 
puter 16. The housing 701 corresponds to the arrangement of 
the chip cartridge 11, measurement system 12, Solution Sup 
ply system 13, temperature control mechanism 14, and con 
trol mechanism 15 in FIG. 1. 
0322 The housing 701 has two slide stages 702a and 702b 
at predetermined portions on the front surface. Each of the 
slide stages 702a and 702b has a cassette loading groove 792. 
When cassettes 703 are set in the cassette loading grooves 
792, the cassettes 703 can be positioned and arranged with 
respect to the slide stages 702a and 702b. More specifically, 
the slide stages 702a and 702b are designed to slide in the 
horizontal direction with respect to the housing 701. This 
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slide operation can be done using slide operation buttons 
704a and 704b. When one of the slide operation buttons 704a 
and 704b is pressed, a slide instruction signal is transmitted to 
a control mechanism 15. Upon receiving the slide instruction 
signal, the control mechanism 15 can drive a stage driving 
mechanism 891 (not shown) to slide a corresponding one of 
the slide stages 702a and 702b. FIG. 73 is a functional block 
diagram of the control mechanism 15 and its constituent 
elements. 
0323. A display section 893 is arranged at another portion 
on the front surface of the housing 701. Information detected 
by the control mechanism 15 can be displayed on the display 
section 893 on the basis of a command from the control 
mechanism 15. Examples of detection information are a cas 
sette type, the presence/absence of a cassette, the presence? 
absence of a seal, the slide stage driving state (tray open/ 
close), the cam rotation state (e.g., the presence/absence of 
rotation), valve unit/probe unit driving state (e.g., the pres 
ence/absence of positioning of a nozzle/electric connector), 
and the inspection process progress situation. 
0324 When the slide operation buttons 704a and 704b are 
pressed while the slide stages 702a and 702b are kept accom 
modated in the housing 701, the slide stages 702a and 702b 
slide from the housing 701 in a direction indicated by arrows 
in FIG. 35. Accordingly, the cassette loading groove 792 can 
unload the cassette 703 from the housing 701. Alternatively, 
the cassette 703 can be set in the cassette loading groove 792. 
0325 After the cassettes 703 are set in the cassette loading 
grooves 792, the slide operation buttons 704a and 704b are 
pressed. Then, the slide stages 702a and 702b slide in a 
direction reverse to that of the arrows in FIG. 35 and are 
accommodated in the housing 701. 
0326 In the housing 701, nozzles 707a, 707b, 708a, and 
708b are inserted into nozzle insertion holes 722 and 723 of 
the cassettes 703. In addition, electric connectors 730 are 
inserted into electric connector ports 724 and 725 so that a 
base sequence detection operation is executed. 
0327. The nozzles 707a and 708a are arranged in a valve 
unit 705a on theside of the slide stage 702a. The nozzles 707b 
and 708b are arranged in a valve unit 705b on the side of the 
slide stage 702b. The electric connectors 730 are arranged in 
each of probe units 710a and 710b of the slide stages 702a and 
702b. 
0328 FIGS.57A and 57B are views showing the structure 
of the probe unit 710a including the electric connectors 730. 
FIG.57A is a perspective view. FIG. 57B is a side view. The 
two electric connectors 730 are arranged at a predetermined 
interval on the probe unit 710a made of, e.g., a glass epoxy 
substrate. At the distal end of each electric connector 730, a 
plurality of projecting electrodes 730a are laid out in the same 
matrix as that of pads on a substrate 714. When the projecting 
electrodes 730a come into contact with the pads on the sub 
strate 714, electrical connection between the substrate 714 
and the probe unit 710a is ensured. The electric connector 730 
has wires inside. The projecting electrodes 730a and control 
mechanism 15 are electrically connected by the wires. 
0329 FIG. 58 is a side view of the driving system such as 
the nozzles 707a and 708a and the electric connector 730, and 
the cassette 703. FIG. 58 mainly shows the arrangement on 
the side of the slide stage 702a. However, the arrangement on 
the side of the slide stage 702b is the same as that on the side 
of the slide stage 702a. 
0330. The probe unit 710a is integrated with the valve unit 
705a. The valve unit 705a and probe unit 710a are simulta 
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neously driven by a valve unit/probe unit driving mechanism 
706a. The valve unit/probe unit driving mechanism 706a 
drives the valve unit/probe unit in accordance with an instruc 
tion from the control mechanism 15. The valve unit/probe 
unit driving mechanism 706a has two driving directions, i.e., 
the vertical direction and horizontal direction, as indicated by 
arrows in FIG. 58. With this structure, the nozzles 707a and 
708a and electric connectors 703 move horizontally and 
downward with respect to the upper portion of the cassette 
703 on the side of the slide stage 702a. The nozzles 707a and 
708a are positioned to the nozzle insertion holes 722 and 723, 
and the electric connectors 703 are positioned to the electric 
connectorports 724 and 725. Similarly, on the side of the slide 
stage 702b, when a valve unit/probe unit driving mechanism 
706b is driven, the nozzles 707b and 708b and electric con 
nectors 703 are positioned to the nozzle insertion holes 722 
and 723 and electric connector ports 724 and 725, respec 
tively. Accordingly, the Solution Supply system and the chan 
nel in the cassette 703 communicate. When the electric con 
nectors 730 are positioned to the pads of the cassette 703, the 
pads and the electric connectors 730 are electrically con 
nected. 

0331. In this state, a biochemical solution or the like can be 
Supplied from a solution Supply mechanism (not shown) 
through the nozzles 707a and 707b and discharged through 
the nozzles 708a and 708b. The electric connectors 730 are 
also electrically connected to a measurement system 12. 
When a voltage is applied to the substrate 714 through the 
electric connectors 730, and a current is detected, electro 
chemical measurement can be executed. To unload the cas 
settes 703 from the housing 701, the slide operation buttons 
704a and 704b are pressed. Then, the valve unit/probe unit 
driving mechanisms 706a and 706b drive and move the valve 
units 705a and 705b upward and then slide the slide stages 
702a and 702b in the direction indicated by the arrows in FIG. 
35. Accordingly, the cassettes 703 can be unloaded. 
0332. In this example, a valve unit 705 and probe unit 710 
are integrally formed. However, the present invention is not 
limited to this. The valve unit 705 and probe unit 710 may be 
separately formed and moved vertically by separate elevating 
driving mechanisms. In this example, 3-electrode systems 
761 to which probe DNA is immobilized and pads 762 and 
763 are formed on the same surface of the substrate 714. 
However, the present invention is not limited to this. The 
3-electrode systems 761 may be formed on the upper surface 
of the substrate 714 while the pads 762 and 763 may be 
formed on the opposite surface. In this case, the valve unit 705 
is arranged on the upper side of the cassette 703 and the probe 
unit 710 is arranged on the lower side. In this case, the valve 
unit 705 and probe unit 710 are inevitably separated. 
0333 Although not illustrated in FIG. 35, the base 
sequence automatic analyzing apparatus 700 incorporates the 
measurement system 12 which extracts an electrical signal 
from the base sequence detection chip in the cassette 703 or 
sends a signal, a temperature control mechanism 14, and the 
control mechanism 15. The control mechanism 15 in the base 
sequence automatic analyzing apparatus 700 is connected to 
the computer 16. 
0334 FIG. 56 is a view showing an example of the 
arrangement of the base sequence automatic analyzing appa 
ratus 700 in loading the cassette 703. When the slide opera 
tion buttons 704a and 704b are pressed, the slide stages 702a 
and 702b slide from the housing 701 so that the cassette 
loading grooves 792 each having a predetermined depth 
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appears outside the housing 701. Each cassette loading 
groove 792 has a temperature adjustment mechanism 720, 
positioning pins 709a and 709b, and a cassette type determi 
nation pin 789. 
0335. As the temperature adjustment mechanism 720, for 
example, a Peltier element is used. The cassette 703 is loaded 
such that the positioning pins 709a and 709b are inserted into 
cassette positioning holes 728a and 728b (to be described 
later), and the temperature adjustment mechanism 720 is 
positioned to a temperature adjustment window portion 743. 
In this cassette loaded state, a microswitch 811 is pressed by 
the cassette 703 to detect that the cassette 703 is loaded. The 
microswitch 811 is connected to the control mechanism 15. 
The switch change-over state can always be confirmed by the 
control mechanism 15. 
0336 FIGS. 69A and 69B are views for explaining the 
detection operation of the microswitch 811. As shown in FIG. 
69A, the microswitch 811 is arranged on the surface of the 
cassette loading groove 792 of the slide stage 702a. When the 
cassette 703 is not loaded, the microswitch 811 projects from 
the surface of the cassette loading groove 792. When the 
cassette is loaded, the cassette 703 presses the microswitch 
811, as shown in FIG. 69B. This press operation is detected by 
the control mechanism 15 connected to the microswitch 811. 
When the cassette 703 is unloaded from the cassette loading 
groove 792, the microswitch 811 returns to the state shown in 
FIG. 69A, i.e., projects from the groove surface. Hence, load 
ing of the cassette can be repeatedly detected. 
0337. On the basis of the same principle as that of the 
microswitch 811, the type of cassette is determined by detect 
ing the presence/absence of press of the cassette type deter 
mination pin 789. If the cassette 703 has a cassette type 
determination hole 749, the cassette type determination pin 
789 is not pressed when the cassette is loaded. If the cassette 
has no cassette type determination hole 749, the cassette type 
determination pin 789 is pressed even when the cassette 703 
is loaded. A signal representing the presence/absence of press 
of the cassette type determination pin 789 is output to the 
control mechanism.15. On the basis of the signal representing 
the presence/absence of pin press, the control mechanism 15 
can determine the type of cassette. When a sensor that detects 
the degree of press of the cassette type determination pin 789 
stepwise is used, a plurality of types of cassettes can be 
determined. In this case, the depth of the cassette type deter 
mination hole 749 is adjusted in accordance with the deter 
minable degree of press. 
0338 After loading the cassettes, the slide operation but 
tons 704a and 704b are pressed to slide the slide stages 702a 
and 702b into the housing 701 (the direction indicated by the 
arrow in FIG. 56) so that the cassettes 703 are accommodated 
in the housing 701. 
0339 FIG. 36 is a perspective view of the cassette 703. 
The cassette 703 comprises a cassette top cover 711, cassette 
bottom cover 712, packing 713 (seal member), and the sub 
strate 714. The inner surfaces of the cassette top cover 711 and 
cassette bottom cover 712 are made to oppose each other and 
fixed while inserting the packing 713 and substrate 714 
between the cassette top cover 711 and the cassette bottom 
cover 712. Thus, the cassette 703 is completed. 
0340. The nozzle insertion holes 722 and 723 each having 
an almost circular section are formed to extend from an outer 
surface 721 to an inner surface 729 of the cassette top cover 
711. The inner diameter of the nozzle insertion holes 722 and 
723 is set to be slightly larger than the outer diameter of 
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nozzles 707 and 708 and the introduction and delivery ports 
752 and 753. The inner diameter of the nozzle insertion holes 
722 and 723 is, e.g., about 3.2 mm. 
0341 The electric connector ports 724 and 725 each hav 
ing an almost rectangular section are formed to extend from 
the outer Surface 721 to the inner Surface 729. Each of the 
electric connector ports 724 and 725 are used upon receiving 
the electric connector 730 (to be described later). 
0342. A seal detection hole 726 is formed to be extend 
from the outer surface 721 to the inner surface 729. The seal 
detection hole 726 is used to detect the presence/absence of a 
seal 750. FIG. 67A is a view showing a state wherein the seal 
750 is attached in injecting a sample into the cassette. FIG. 
67B is a view showing a state wherein the seal 750 is peeled 
after a sample is injected into the cassette. In the state shown 
in FIG. 67A, the seal detection hole 726 and electric connec 
torports 724 and 725 are covered with the seal 750. In the 
state shown in FIG. 67B, the seal 750 is not present, and the 
seal detection hole 726 and electric connector ports 724 and 
725 are exposed. As shown in FIG. 67A, the seal 750 is 
adhered from the surface of the seal detection hole 726 on the 
outer surface 721 of the cassette 703 to the surfaces of the 
electric connectorports 724 and 725. A sample is injected into 
the cassette 703 while keeping the seal 750 adhered. With this 
structure, even when the sample solution undesirably drops to 
the electric connector port 724 or 725, the solution does not 
enter the actual port 724 or 725, and any problem such as an 
electrical short circuit is not posed because the port 724 or 725 
is covered with the seal 750. After the sample is injected, the 
seal 750 is peeled. 
0343 FIG. 68 is a view showing an example of a mecha 
nism to detect the presence/absence of the seal on the seal 
detection hole 726. As shown in FIG. 68, a detection light 
irradiation means 812 such as an LED and a detection pho 
tosensor 813 Such as a photosensor are arranged such that 
detection light passes through a detection light passing hole 
702e and the seal detection hole 726 at a position where the 
slide stage 702a is accommodated in the housing 701. More 
specifically, the detection light irradiation means 812 and 
detection photosensor 813 are arranged to oppose each other 
via the cassette 703 so that the detection light passing hole 
702e and seal detection hole 726 are located on the optical 
path of the detection light when the slide stage 702a is accom 
modated. 

0344) The detection light irradiation means 812 and detec 
tion photosensor 813 may be fixed on the housing 701. Alter 
natively, only the detection light irradiation means 812 may 
be fixed on the housing 701 while the detection photosensor 
813 may be fixed on the slide stage 702a. The detection light 
irradiation means 812 emits the detection light and the detec 
tion photosensor 813 detects it on the basis of an instruction 
from the control mechanism 15, and the detection photosen 
Sor 813 outputs a detection signal to the control mechanism 
15. 

0345 The detection light is emitted such that it passes 
through the detection light passing hole 702e and seal detec 
tion hole 726, which are formed to extend from the groove 
surface to the bottom surface of the slide stage 702a. The 
photosensor 813 detects the light that has passed through the 
detection light passing hole 702e and seal detection hole 726. 
The detection signal is transmitted to the control mechanism 
15. 

0346. In the state shown in FIG. 67A wherein the seal 750 
is adhered to the cassette 703, the detection light is shielded 
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by the seal 750. Hence, the detection photosensor 813 cannot 
detect the detection light. In the state shown in FIG. 67B 
wherein the seal 750 is peeled, the detection light is detected 
by the detection photosensor 813 without being shielded. 
(0347 Accordingly, it can be detected whether the seal 750 
of the cassette 703 is peeled. More specifically, even when the 
cassette 703 is set on the stage without peeling the seal 750, 
the nozzles 707a, 707b, 708a, and 707b and the electric 
connectors 730 are prevented from moving downward and 
coming into contact with the seal 750. 
0348 FIG. 37 is a perspective view of the cassette top 
cover 711 viewed from the side of the inner Surface 729. 
0349. On the side of the inner surface 729, a substrate 
positioning groove 731 having a predetermined depth and 
almost the same sectional shape as that of the substrate 714 is 
formed. The substrate positioning groove 731 is surrounded 
by the inner surface 729. The substrate positioning groove 
731 is formed to overlap the nozzle insertion holes 722 and 
723 and the electric connector ports 724 and 725. When the 
substrate 714 is fitted in the substrate positioning groove 731, 
the Substrate 714 can be positioned and arranged in the cas 
sette top cover 711. The depth of the substrate positioning 
groove 731 is almost the same as the thickness of the substrate 
714. 
0350 A packing positioning groove 732 deeper than the 
substrate positioning groove 731 is formed to overlap the 
substrate positioning groove 731 on the side of the inner 
surface 729. The packing positioning groove 732 is sur 
rounded by the substrate positioning groove 731. The packing 
positioning groove 732 is formed to overlap the nozzle inser 
tion holes 722 and 723. When the packing 713 is fitted in the 
packing positioning groove 732, the packing 713 can be posi 
tioned and arranged in the cassette top cover 711. The depth 
of the packing positioning groove 732 with respect to the 
Substrate positioning groove 731 is almost the same as the 
thickness of a packing main body 751 (to be described later). 
Hence, the depth of the packing positioning groove 732 with 
respect to the inner surface 729 is almost the same as a 
thickness obtained by adding the thickness of the substrate 
714 to the thickness of the packing main body 751. 
0351. Fourthreaded holes 727a, 727b,727c, and 727d are 
formed at the periphery portion of the inner surface 729. With 
the threaded holes 727a to 727d, the cassette top cover 711 
and cassette bottom cover 712 can be fixed by screwing. 
0352. Two cassette positioning holes 728a and 728b are 
formed at the peripheral portion of the inner surface 729. 
When the cassette 703 is set while aligning the cassette posi 
tioning holes 728a and 728b to two positioning pins provided 
on each of the slide stages 702a and 702b, the cassette 703 can 
be positioned to each of the slide stages 702a and 702b. 
0353 FIG.38 is a plan view of the cassette bottom cover 
712 viewed from an outer surface 741. The temperature 
adjustment window portion 743 is formed to extend from the 
outer surface 741 to an inner surface 742. The substrate 714 is 
arranged on the side of the inner surface 742 of the tempera 
ture adjustment window portion 743. When the substrate 714 
is arranged to come into contact with the temperature adjust 
ment mechanism 720 arranged on each of the slide stages 
702a and 702b through the temperature adjustment window 
portion 743, the temperature of the substrate 714 can be 
adjusted from the side of the cassette bottom cover 712. 
0354. The outer surface 741 has a bar code 744. The iden 
tification number of the cassette 703 is written as bar code 
information of the bar code 744. When the bar code 744 with 
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the identification number is read by a bar code reading means, 
the cassette 703 can be identified. 

0355. A seal detection hole 746 is formed to extend 
through the outer surface 741. The seal detection hole 746 of 
the cassette bottom cover 712 is formed at a position where 
the seal detection hole 746 communicates with the seal detec 
tion hole 726 of the cassette top cover 711 when the cassette 
top cover 711 and cassette bottom cover 712 are fixed. 
Accordingly, when the cassette top cover 711 and cassette 
bottom cover 712 are fixed, the seal detection hole 726 which 
extends from the cassette top cover 711 to the cassette bottom 
cover 712 is formed. When the Seal detection hole 726 is 
irradiated with the detection light, the presence/absence of the 
Seal 750 can be detected. 

0356. Four threaded holes 747a, 747b, 747c, and 747d are 
formed at the peripheral portion of the outer surface 741. 
Each of the threaded holes 747a to 747d and a corresponding 
one of the threaded holes 727a to 727d formed in the cassette 
top cover 711 are screwed. Accordingly, the cassette bottom 
cover 712 can be fixed to the cassette top cover 711. 
0357 Two cassette positioning holes 748a and 748b are 
formed at the peripheral portion of the outer surface 741. The 
cassette 703 is set while aligning the cassette positioning 
holes 748a and 748b to two positioning pins provided on each 
of the slide stages 702a and 702b. Accordingly, the cassette 
703 can be positioned to each of the slide stages 702a and 
702b. 

0358 Reference numeral 749 denotes the cassette type 
determination hole 749. The type of cassette can be deter 
mined on the basis of the presence/absence of the hole. The 
type determination can be automatically done on the basis of 
the presence/absence of press of the cassette type determina 
tion pin 789. The pin press state of the cassette type determi 
nation pin 789 is detected by the control mechanism 15. In the 
following example, the cassette 703 having the cassette type 
determination hole 749 is used. Even when the cassette 703 
having no cassette type determination hole 749 is used, the 
same measurement can be executed except that the type of 
cassette to be determined is different. Alternatively, the con 
trol mechanism 15 may cause the display section 893 to 
display a warning representing that the type of cassette 703 is 
different and prevent the measurement process from starting. 
Alternatively, a fixed pin may be used as the cassette type 
determination pin 789 such that the cassette 703 having no 
cassette type determination hole 749 cannot be loaded. 
Accordingly, any erroneous cassette 703 may be prevented 
from being set. 
0359 FIG. 39 is a perspective view of the packing 713. 
The packing 713 comprises the packing main body 751, 
introduction port 752, and delivery port 753. The packing 
main body 751 has an almost rectangular shape and a prede 
termined thickness. The four corners of the packing main 
body 751 are cut. The introduction port 752 and delivery port 
753 are ports each having a cylindrical shapes. The introduc 
tion port 752 and delivery port 753 are arranged on the major 
surface of the packing main body 751 near the two ends along 
the long sides and near the central portion along the short 
sides. The introduction port 752 and delivery port 753 have, at 
their distal ends, opening portions 754 and 755, respectively. 
Channels 756 and 757 are formed through the axes of the 
introduction port 752 and delivery port 753 to extend from the 
opening portions 754 and 755 to the packing main body 751 
in a direction perpendicular to the major Surface of the pack 
ing main body 751. A groove 758 having a curved shape is 
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formed on the lower surface of the packing main body 751 
from the formation position of the introduction port 752 to the 
formation position of the delivery port 753. The lower surface 
of the packing main body 751 is almost flat. The groove 758 
is connected to the channels 756 and 757. The sectional areas 
of the channels 756 and 757 and the groove 758 are almost the 
SaC. 

0360 FIG. 40 is a plan view of the packing 713. The 
groove 758 goes from the channel 756 toward the channel 
757, curves at a predetermined curvature, turns, and goes 
again from the channel 757 to the channel 756. the groove 758 
is formed in this way such that it repeatedly turns a plurality 
of number of times between the channels 756 and 757. When 
each turn of the groove 758 has a curve at a predetermined 
curvature, any residual biochemical Solution or air generated 
when a corner of a turn is formed can be suppressed. 
0361 FIG. 41 is a plan view of the substrate 714. The 
3-electrode systems 761 and the pads 762 and 763 are formed 
on the major surface of the substrate 714. The 3-electrode 
system 761 and pad 762, and the 3-electrode system 761 and 
pad 763 are connected by wiring lines (not shown). The 
3-electrode systems 761 are electrodes each formed from a 
combination of a working electrode, counter electrode, and 
reference electrode shown in the first embodiment. DNA 
probes are immobilized to the working electrodes. 
0362 FIG.41 shows the layout of the substrate 714 and the 
packing 713 which overlaps a portion of the substrate 714. 
Reference numeral 764 denotes a packing arrangement posi 
tion 764; and 765, a channel formation position. The 3-elec 
trode systems 761 are formed at the packing arrangement 
position 764 while aligning to the channel formation position 
765. Accordingly, when the packing 713 and substrate 714 are 
positioned to the cassette top cover 711 and cassette bottom 
cover 712 and fixed between them, a channel is formed by the 
groove 758 and the surface of the substrate 714. In addition, 
the 3-electrode systems 761 are exposed to the surface of the 
channel. More specifically, a gap is formed on the 3-electrode 
systems 761 by the groove 758. A channel is formed by the 
gap. In this state, sealing between the packing 713 and the 
substrate 714 is held. 

0363 Reference numerals 766 and 767 denote regions 
where the electric connector ports 724 and 725 are arranged 
when the packing 713 and substrate 714 are sandwiched and 
fixed between the cassette top cover 711 and the cassette 
bottom cover 712. The electric connectors 730 come into 
contact with pads 762 and 763 formed in the electric connec 
tor formation positions 766 and 767 through the electric con 
nector ports 724 and 725. Accordingly, the 3-electrode sys 
tems 761 and the electric connector 730 arranged through the 
electric connector port 724 or the 3-electrode system 761 and 
the electric connector 730 arranged through the electric con 
nector port 725 can be rendered conductive. 
0364 The packing arrangement position 764 functions as 
a sensor region where a DNA probe is immobilized, and the 
presence/absence of hybridization is detected by an electro 
chemical reaction. The pads 762 and 763 function as electri 
cal contact regions where an electrical signal is extracted 
from the Substrate 714 to the outside of the cassette 703. The 
sensor regions and electrical contact region are separately 
arranged. 
0365 FIGS. 42 and 43 are views showing the assembled 
state of the cassette 703 viewed from the side of the cassette 
top cover 711 and the side of the cassette bottom cover 712, 
respectively. 
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0366 First, the packing 713 is fitted into the packing posi 
tioning groove 732 while aligning them to each other Such 
that the introduction port 752 and delivery port 753 are 
inserted into the nozzle insertion holes 722 and 723. Next, the 
Substrate 714 is positioned to the Substrate positioning groove 
731 such that the major surface of the substrate 714, i.e., the 
surface on which the 3-electrode systems 761 and pads 762 
and 763 are formed faces the side of the cassette top cover 
711. Next, the cassette bottom cover 712 is placed on the 
cassette top cover 711 such that the inner surface 742 faces the 
side of the cassette top cover 711, and the positions of the 
threaded holes 747a to 747d correspond to those of the 
threaded holes 727a to 727d. Screws 770a to 770d are thread 
ably inserted into the threaded holes 747a to 747d and 
threaded holes 727a to 727d. Accordingly, the cassette top 
cover 711 and cassette bottom cover 712 are threadably 
attached to each other. In addition, the packing 713 and sub 
strate 714 are sandwiched and fixed between the cassette top 
cover 711 and the cassette bottom cover 712. Thus, the cas 
sette 703 is completed. In this complete state, a channel is 
formed from the nozzle insertion hole 722 to the nozzle 
insertion hole 723 while communicating sequentially 
through the opening portion 754, channel 756, groove 758, 
channel 757, and opening and 755. 
0367 FIGS. 42 and 43 show an example in which the 
cassette top cover 711 and cassette bottom cover 712 are fixed 
by screwing. However, the present invention is not limited to 
this. For example, an engaging method using projecting and 
recess members may be used. FIG. 59 is a view showing an 
example of the structure of a cassette 821 fixed by engaging. 
As shown in FIG. 59, a total of six engaging holes 824 are 
formed in a cassette top cover 822. That is, three engaging 
holes are formed in each of the side portions of the cassette 
top cover 822 to extend from the inner wall to the outer wall. 
On the other hand, a total of six pawl-shaped engaging mem 
bers 825 are formed in a cassette bottom cover 823. That is, 
three engaging members 825 are formed on the inner Surface 
of each of the two side portions of the cassette bottom cover 
823. The components except the engaging members 825 and 
engaging holes 824 are the same as those of the cassette top 
cover 711 and cassette bottom cover 712 shown in FIGS. 42 
and 43, and a detailed description thereof will be omitted. 
0368. When each of the engaging members 825 and a 
corresponding one of the engaging holes 824 engage at, e.g., 
a position indicated by the alternate long and short dashed line 
in FIG. 60A, the cassette top cover 822 and cassette bottom 
cover 823 are fixed by engaging, as shown in FIG. 60B. 
0369 FIG. 44 is a sectional view of the side surface of the 
cassette 703 which is completed in accordance with the pro 
cedures shown in FIGS. 42 and 43. As shown in FIG. 44, the 
cassette 703 has a total of three types of openings. 
0370. The first openings are openings formed by the pack 
ing positioning groove 732 and nozzle insertion holes 722 and 
723. With the first openings, the nozzles 707 are attached to 
positions corresponding to the projecting portions (ports) of 
the packing 713. Hence, a biochemical solution or air can be 
introduced or delivered. In addition, a sample solution can be 
injected using a pipette or the like. 
0371. The second openings are openings which are 
formed in the same Surface as that of the first openings while 
being separated from the portion where the packing 713 is 
fixed, and formed by the electric connectorports 724 and 725. 
In the second openings, the pads 762 and 763 to obtain an 
electrical contact between the substrate 714 and the apparatus 
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main body are arrayed. The probe units (electric connectors 
730) arranged in the apparatus main body are inserted into the 
second openings. Accordingly, the electrical contact with the 
pads on the substrate 714 can be obtained. 
0372. The third opening is formed in the surface that is 
opposite to that of the first and second openings via the 
substrate 714. The third opening is formed at a position cor 
responding to the lower surface of the portion where the 
packing 713 is fixed, i.e., in the lower surface of the first 
openings. With the third opening, the temperature control 
mechanism 14 can come into direct contact with the lower 
surface of the substrate 714 so that the temperature of the 
substrate 714 can be controlled. 
0373) More specifically, the nozzle 707 is pressed again 
the nozzle insertion hole 722 in the direction indicated by an 
arrow. The electric connector 730 is inserted into each of the 
electric connector ports 724 and 725. The lower surface side 
of the substrate 714, i.e., the side where the 3-electrode sys 
tems 761 are not formed is exposed through the temperature 
adjustment window portion 743. The cassette 703 is placed on 
the slide stage 702 such that the temperature adjustment 
mechanism 720 comes into contact with the exposed surface. 
Accordingly, the temperature of the substrate 714 can be 
adjusted from the lower surface side. 
0374 FIG. 45 is a sectional view of the channel of the 
cassette 703. The nozzle 707 and nozzle 708 are inserted into 
the nozzle insertion holes 722 and 723 and pressed against the 
introduction port 752 and delivery port 753 of the packing 
713. With this structure, the nozzle 707 and nozzle 708 com 
municate with the introduction port 752 and delivery port 
753. In this state, a biochemical solution or air is supplied 
from the nozzle 707. The biochemical solution or air is deliv 
ered from the nozzle 708 through the channel formed by the 
groove 758 formed in the packing 713 and the substrate 714. 
0375 FIGS. 46 to 51 are views showing the detailed struc 
tures of the port tip shape of the packing 713. 
0376 FIG. 46 shows the first example of the port tip shape. 
An inner diameter r of the opening portions 754 and 755 at 
the distal end portions of the introduction port 752 and deliv 
ery port 753 is formed to be larger than an inner diameter r of 
the channels 756 and 757 stepwise, i.e., discontinuously. The 
material of the packing 713 is silicone rubber. The hardness 
is, e.g., about 60. The packing 713 is formed by injection 
molding using a mold to be integrated with the packing main 
body 751, introduction port 752, delivery port 753, and the 
channels. A depth g (corresponding to the height of the 
channel) of 658 is about 0.7 mm. A width w is about 1 mm. 
A heighth of each of the introduction port 752 and delivery 
port 753 is about 4 mm. An outer diameter R is about 3 mm. 
The inner diameters r and rare respectively, e.g., r about 2 
mm and r about 1 mm. A heighth of the portion with the 
inner diameter r is, e.g., about 0.5 mm. A thickness his of the 
packing main body 751 is about 3 mm. The surfaces at which 
the packing 713 and substrate 714 are bonded are preferably 
mirror-polished. 
0377 From the second example, the material, hardness, 
forming method, and dimension are the same as in the first 
example unless otherwise specified. 
0378 FIG. 47 shows the second example of the port tip 
shape. The inner diameter r of the opening portion 754 at the 
distal end portion of each of the introduction port 752 and 
delivery port 753 is constantly about 1 mm. The outer diam 
eter continuously decreases from the outer diameter R 
toward the distal end. At the tip, the outer diameter is an outer 
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diameter R almost equal to the inner diameter r. The angle 
of an outer surface 771 at the portion with the small outer 
diameter with respect to the major surface of the packing 
main body 751 is about 45°. The outer diameter becomes 
small in the range of about 1 mm from the distal end of each 
of the introduction port 752 and delivery port 753. The outer 
diameter is almost constant on an outer surface 772 closer to 
the packing main body 751 than the outer surface 771. The 
outer surface 772 may also be tilted by about 1° with respect 
to, e.g., an inner surface 773 such that the outer surface 772 is 
also slightly tapered toward the tip. This also applies to the 
examples shown in FIG. 46 and FIGS. 48 to 51. 
0379 FIG. 48 shows the third example of the port tip 
shape. The inner diameter of the distal end portion of each of 
the introduction port 752 and delivery port 753 gradually 
increases while the outer diameter gradually decreases. More 
specifically, each of the introduction port 752 and delivery 
port 753 has a semi-circular sectional shape having, e.g., a 
radius al-about 0.5 mm. 
0380 FIG. 49 shows the fourth example of the port tip 
shape. The outer diameter of each of the introduction port 752 
and delivery port 753 is constant. The inner diameter is 
defined to be gradually increase toward the distal end and 
have a bowl shape. More specifically, from the distal end of 
each of the introduction port 752 and delivery port 753 to a 
depth of about 0.75 mm, the inner diameter gradually con 
tinuously decreases from an inner diameterrs (e.g., about 1.4 
mm) to the inner diameterr. At a deeper position, each of the 
introduction port 752 and delivery port 753 has the predeter 
mined inner diameter r. An inner surface 774 at the position 
where the inner diameter is large is tilted by about 15° with 
respect to the inner surface 773. When the inner wall is 
formed into the bowl shape, the tip of a pipette that injects a 
sample can be Smoothly inserted into the introduction port 
752 and delivery port 753. In addition, the sealing properties 
between the packing 713 and the pipette can be increased. 
Hence, a sample can easily be introduced onto the Substrate 
714. 

0381 FIG. 50 shows the fifth example of the port tip 
shape. Both the outer diameter and the inner diameter of each 
of the introduction port 752 and delivery port 753 are almost 
constant toward the distal end. An outer surface 775 at the 
distal end is almost perpendicular to the channels 756 and 
757. 

0382 FIG. 51 shows the sixth example of the port tip 
shape. Each of the introduction port 752 and delivery port 753 
has almost the same basic structure as that of the example 
shown in FIG.50 except an O-ring 776 is formed at the distal 
end 

0383. The dimensions of the port tip shapes shown in 
FIGS. 46 to 51 are merely examples. They can be appropri 
ately changed in accordance with the convenience in mold 
ing, the size of the substrate 714, and the like. The material of 
the packing 713 is not limited to silicone rubber. Elastomer, 
Teflon, Daiflon, and any other resin can also be used. 
0384 The port tip need not be formed to be perpendicular 

to the major surface of the packing main body 751. For 
example, the port tip may be tilted with respect to the major 
Surface by a predetermined angle. Alternatively, the port tip 
may beformed to be perpendicular to the major surface of the 
packing main body 751, bent halfway at the formation posi 
tion, and then extend in a direction that is not perpendicular to 
the major surface of the packing main body 751. 
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0385 FIG. 52 is a view showing the overall arrangement 
of the valve unit 705. The arrangement of the probe unit 710 
is not illustrated in FIG.52. In the valve unit 705, valve bodies 
781 and 782 are connected and fixed. The valve body 781 has 
a two-way solenoid valve 403 and three-way solenoid valves 
413, 423, and 433. The valve body 782 has three-way sole 
noid valves 441 and 445. The valve bodies 781 and 782 are 
made of, e.g., PEEK resin. If the valve bodies 781 and 782 are 
to be separately formed and connected, PTFE is used as a 
packing at the joint portion. Hence, portions of the valve 
bodies 781 and 782, which come into contact with a bio 
chemical solution, are made of PEEK and PTFE. Each of the 
valve bodies 781 and 782 has a cavity having an almost 
constant sectional shape. The cavity functions as a pipe that 
connects each solenoid valve (to be described later) and the 
packing 713. The cavity formed in the valve body 782 com 
municates with the nozzles 707 and 708. The nozzles 707 and 
708 are made of PEEK resin. 
0386 FIG. 61 is a view showing an example of the struc 
ture of a valve unit 831 as a modification of the valve unit 705. 
The valve unit 705 shown in FIG. 52 uses the face-mounted 
solenoid valves 403, 413, 423,433,441, and 445. Instead, the 
valve unit shown in FIG. 61 uses embedded solenoid valves 
832, 833, 834, 835,836, and 837. The functions of the sole 
noid valves 832, 833, 834, 835,836, and 837 are the same as 
those of the solenoid valves 403, 413, 423,433,441, and 445. 
The remaining components are the same as those of the valve 
unit 705. 

(0387 FIG. 62 is a view showing the structure of a valve 
unit 841 according to another modification. As shown in FIG. 
52, the valve body 781 which has the solenoid valves 403, 
413, 423, and 433 and the valve body 782 which has the 
solenoid valves 441 and 445 are separate bodies. Instead, an 
integral valve body 842 may have the solenoid valves 403, 
413, 423, 433,441, and 445. 
0388 FIG. 63 is a view showing the structure of a valve 
unit 846 according to still another modification. The valve 
unit 846 has the two valve bodies 781 and 782, as in FIG. 52. 
The valve bodies 781 and 782 are connected by a tube 847. 
The tube 847 communicates the three-way solenoid valve 433 
with the three-way solenoid valve 441, like the pipe 435 in 
FIG. 17. When the valve unit is formed by a plurality of valve 
bodies, the valve bodies may be connected by a tube or the 
like. In this case, each valve body may have a driving mecha 
1S. 

0389 FIG. 64 is a view showing the structure of a valve 
unit 851 according to still another modification. In the valve 
unit 851 according to this modification, a plurality of valve 
bodies 852 to 857 have the solenoid valves 403, 413, 423, 
433,441, and 445, respectively. The valve bodies 852 to 857 
are connected and fixed by, e.g., PTFE Seals. Accordingly, the 
valve bodies 852 to 857 function like the valve unit 705 shown 
in FIG.52. The valve bodies 852 to 857 may be connected by 
tubes, as in FIG. 63. 
0390 FIG. 53 is a view showing the functional arrange 
ment of the valve unit 705 shown in FIG. 52. The two-way 
solenoid valve 403 is not illustrated in FIG. 52. The same 
reference numerals as in the arrangement of the Solution 
supply system 13 shown in FIG. 17 denote the same compo 
nents in FIG. 53, and a detailed arrangement will be omitted. 
0391 The valve bodies 781 and 782 have internal pipes. 
With these pipes, the channel of a biochemical solution or air 
between the three-way solenoid valves 413, 423, and 433 is 
defined. 
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0392 The three-way solenoid valve 413 selectively sup 
plies air or milli-Q water to the three-way solenoid valve 423 
on the downstream side. The three-way solenoid valve 423 
selectively supplies a buffer or the air or milli-Q water from 
the three-way solenoid valve 413 to the three-way solenoid 
valve 433 on the downstream side. The three-way solenoid 
valve 433 selectively supplies a intercalating agent or the air, 
milli-Q water, or buffer from the three-way solenoid valve 
423 to the valve body 782 on the downstream side. The 
three-way solenoid valve 441 Switches between supply of the 
air or biochemical solution from the valve body 781 to the 
nozzle 707 and supply to the three-way solenoid valve 445 
through a bypass pipe 446. The three-way solenoid valve 445 
switches supply of the air or biochemical solution from the 
three-way solenoid valve 441 and delivery of the biochemical 
solution or air from the cassette 703 through the nozzle 708. 
0393 A solution supply pump 454 is arranged down 
stream of the cassette 703. If a pump is provided for each of 
milli-Q water, a buffer, and an intercalating agent, three 
pumps are necessary, resulting in a bulky apparatus. Assume 
that a pump is arranged upstream of the cassette 703 to Supply 
a liquid by a positive pressure. If a pipe has leakage, the 
solution may leak from that portion. However, as in the above 
arrangement, when the Solution Supply pump 454 is arranged 
downstream of the cassette 703 to supply a liquid by a nega 
tive pressure. In this case, only one common solution Supply 
pump 454 suffices for all biochemical solutions. If a pipe has 
leakage, the biochemical Solution is not naturally supplied. In 
addition, the liquid does not leak from the leakage portion of 
the pipe. 
0394. In the valve unit 705, to supply a buffer into the 
cassette 703, the three-way solenoid valves 423,441, and 445 
and the solution Supply pump 454 are turned on. Accordingly, 
the buffer is sucked up. The biochemical solution is switched 
to the side of the nozzle 707. The biochemical solution is 
sucked up from the nozzle 707 to the cassette 703 and then 
from the cassette 703 to the nozzle 708. The biochemical 
solution can be wasted through the three-way solenoid valve 
454. 

0395. To supply milli-Q water into the cassette 703, the 
three-way solenoid valve 413 is turned on in place of the 
three-way Solenoid valve 423. To Supply an intercalating 
agent into the cassette 703, the three-way solenoid valve 433 
is turned on in place of the three-way solenoid valve 423. To 
supply air into the cassette 703, the three-way solenoid valve 
403 is turned on, and all the three-way solenoid valves 413. 
423, and 433 are turned off. 
0396 The internal capacity of the pipes of the cavity por 
tions formed in the valve bodies 781 and 782 of the valve unit 
705 is about 200 uL. As an example different from this 
embodiment, the three-way solenoid valves are connected by 
tubes to form the same flow as in this embodiment. In this 
case, an internal capacity of about 500 uL is necessary. As 
compared to this example, the amount of a reagent can greatly 
be decreased. In the example different from this embodiment, 
the internal capacity between the valve unit 705 and the 
cassette 703 is also as large as 100LL or more. In this embodi 
ment, however, the internal capacity can greatly be decreased 
to 10 uL. With this structure, the amount of a solution or air 
that undesirably flows in the cassette 703 after switching the 
reagent can largely be reduced. As a result, any variation in 
reaction or measurement can be reduced. The reproducibility 
of the result also largely increases. 
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0397 FIG. 65 is a view showing a modification of the 
functional arrangement of the valve unit 841. The same ref 
erence numerals as in FIG. 53 denote the same components, 
and a detailed description thereof will be omitted. In the 
functional arrangement of the valve unit 841 shown in FIG. 
65, to improve the reaction efficiency and reaction uniformity 
in the cassette 703, a mechanism that oscillates a biochemical 
solution in the cassette 703 is introduced. 
0398. The two-way solenoid valve 403 serving as an air 
stop valve is arranged upstream of the valve unit 841. In 
addition, a liquid oscillation mechanism 861 which oscillates 
a biochemical solution is arranged on the tube 863 between 
the two-way solenoid valve 403 and the three-way solenoid 
valve 411. A leakage valve 862 is arranged downstream of the 
valve unit 841 between the three-way solenoid valve 445 and 
the Solution Supply pump 454. As the liquid oscillation 
mechanism 861, for example, a pinch valve is used. The 
two-way solenoid valve 403, liquid oscillation mechanism 
861, and leakage valve 862 are driven on the basis of an 
instruction from the control mechanism 15, like the remain 
ing Solenoid valves. 
0399. An example of reaction principle using the valve 
unit 841 will be described below. 
0400. The valve unit 841 is set to form a channel by air 
inside. More specifically, the solenoid valves 413, 423, and 
433 are turned off. That is, the biochemical solution supply 
side is blocked, and the air Supply side channel is opened. In 
addition, the solenoid valves 441 and 445 are turned on. That 
is, the channel is switched from the bypass side to the side of 
the cassette 703. Furthermore, the solenoid valve 403 is 
turned off to close the air supply channel. The leakage valve 
862 is turned on to open one end of the channel. Accordingly, 
the channel on the air side is closed while the leakage side is 
opened. 
04.01. In this state, the liquid oscillation mechanism 861 is 
turned on/off. The tube in the liquid oscillation mechanism 
861 is repeatedly pressed and opened. Accordingly, the Vol 
ume changes, and the biochemical Solution onto the Substrate 
in the cassette is oscillated. The liquid oscillation amount can 
be adjusted by changing the inner diameter of the tube used in 
the pinch valve, the tube press width, and the press area. When 
a tube having an inner diameter of 1 mm is pressed by a width 
of 5 mm, a biochemical solution of about 4 LL can be oscil 
lated. The volume of the channel on the substrate 714, which 
is formed by the packing 713 and substrate 714, is about 30 
uL. A biochemical solution corresponding to about 10% of 
the channel volume can be oscillated. 

0402. Such biochemical solution oscillation can be effec 
tively executed in (1) hybridization process, (2) cleaning pro 
cess, and (3) intercalating agent Supply process. When sample 
DNA is oscillated in the hybridization process (1), the hybrid 
ization efficiency can be increased, and the hybridization time 
can be shortened. When a buffer solution is oscillated in the 
cleaning process (2), the efficiency of peeling nonspecific 
absorption DNA can be increased so that the cleaning time 
can be shortened. When an intercalating agent is oscillated in 
the intercalating agent Supply process (3), the uniformity of 
the concentration of the intercalating agent can be increased. 
In addition, the intercalating agent adsorption uniformity can 
also be increased. As a result, any variation in signal can be 
reduced, and the S/N ratio can be improved. The effect of 
biochemical solution oscillation can be obtained either by 
applying the biochemical solution oscillation process to all 
the processes (1) to (3) or by applying the biochemical solu 
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tion oscillation process to Some of the processes (1) to (3). 
More specifically, biochemical solution oscillation can be 
effectively executed in, e.g., (s.21), (s28), and (s.33) in the flow 
chart shown in FIG. 18. 

0403. In the example shown in FIG. 65, a pinch valve is 
used. However, the present invention is not limited to this. 
FIGS. 66A and 66B are views showing modifications of the 
liquid oscillation mechanism. 
0404 FIG. 66A shows an example in which an eccentric 
cam 866 is used as the liquid oscillation mechanism. The 
eccentric cam 866 has an almost elliptical sectional shape. 
The eccentric cam 866 can be rotated by a cam rotating 
mechanism 892 about an eccentricity 867 separated from the 
center of the cam by a predetermined distance. The cam 
rotating mechanism 892 is controlled by the control mecha 
nism 15. The tube863 is sandwiched and held between a fixed 
member 868 and a movable member 869. When the eccen 
tricity 867 is located between the cam center and the movable 
member 869, as shown in FIG. 66A, by rotation by the cam 
rotating mechanism 892, the eccentric cam 866 is located 
relatively far from the movable member 869. Hence, the tube 
863 is opened without being pressed. On the other hand, when 
the cam center is located on the opposite side of the movable 
member 869, unlike FIG. 66A, the movable member 869 is 
pressed against the fixed member 868 by the eccentric cam 
866. The tube 863 is pressed between the fixed member 868 
and the movable member 869. When the eccentric cam 863 
repeatedly rotates, the press state and open state of the tube 
863 are repeated. As a result, the biochemical solution in the 
tube 863 oscillates. 

04.05 FIG. 66B shows a further modification of the struc 
ture shown in FIG. 66A. Instead of the eccentric cam 866 in 
FIG. 66A, a cam 870 with projections is used. The cam 870 
with projections has an almost cylindrical shape and a plural 
ity of projections 871 formed on the outer side surface. When 
the cam 870 with projections is used, the tube 863 is pressed 
or not pressed in accordance with the position of the projec 
tion 871 during rotation. When one projection 871 is located 
on the side of the movable member 869, the movable member 
869 is pressed to the side of the fixed member 868 so the tube 
863 is pressed. When a projection 871 is shifted from the 
position on the side of the movable member 869, the tube 863 
is not pressed. 
0406 Alternatively, the internal rotating mechanism in a 
Perista pump may be applied. As a more Sophisticated 
method, the Volume in the pipe may be changed by using a 
piezoelectric element, or a syringe pump may be used. In this 
way, any other arrangement that can oscillate a biochemical 
Solution can be applied. 
04.07 FIGS. 54A to 54D are views showing the detailed 
structures of the tip shape of the nozzle 707. 
0408 FIGS. 54A to 54D show various modifications of 
the tip shape. It is effective to appropriately change the nozzle 
tip shape in accordance with the shape of the distal end of the 
packing 713. 
04.09 For example, as shown in FIG. 51, when the packing 
713 having the O-ring 776 formed at the distal end portion is 
used, the structure shown in FIG. 54A is preferably used. As 
shown in FIG. 54A, an outer surface 801 is formed to be flat 
and perpendicular to a channel 802. With this structure, the 
sealing properties between the nozzles and the packing 713 
can be kept satisfactory, so an alignment margin against mis 
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alignment can be generated. An outer diameter R, of the 
nozzle 707 is about 3 mm. An inner diameter r of the nozzle 
707 is about 1 mm. 
0410. For example, when the nozzle 707 is to be inserted 
into the packing 713, as shown in FIG. 46 or 49, the structure 
shown in FIG. 54B can effectively be used. As shown in FIG. 
54B, the inner diameter is constant, although the outer diam 
eter gradually decreases from a predetermined height to the 
distal end portion. Hence, an outer surface 803 is tilted with 
respect to the channel 802 by, e.g., 15°. Accordingly, the 
nozzle can properly be inserted and sealed to the large-diam 
eter opening at the distal end of each of the introduction port 
752 and delivery port 753 shown in FIG. 46 or 49. In these 
combinations, however, the axes of the packing and the 
nozzle must be strictly aligned. Even when the packing shown 
in FIG. 49 is combined with the nozzle shown in FIG. 54A, 
the airtightness can Sufficiently be maintained. In addition, an 
alignment margin can be obtained. 
0411 For example, when the distal end of the packing 713 

is flat, as shown in FIG. 50, or has a recess, the structure 
shown in FIG. 54C is effective. As shown in FIG. 54C, the 
distal end portion has an O-ring 804. 
0412 For example, when the packing 713 has a distal end 
with an acute angle, as shown in FIG. 47, and the sealing 
properties are to be held inside the nozzle 707 the structure 
shown in FIG. 54D is effective. As shown in FIG. 54D, the 
inner diameter of the channel 802 is constant up to a prede 
termined height and then continuously increases toward the 
distal end. 
0413. The present invention is not limited to the above 
combinations. The tip shape of the nozzle 707 can be appro 
priately changed from the viewpoint of sealing properties and 
alignment margin in accordance with the shape of the intro 
duction port 752 and delivery port 753 of the packing 713. 
0414 FIGS. 54A to 54D show the examples of the shape 
of the nozzle 707. This also applies to the nozzle 708. 
0415 FIG. 55A is a view showing a sample injection 
operation to the delivery port 753 by using a pipette 791. 
Referring to FIG. 55A, the packing 713 is indicated by the 
delivery port 753 shown in FIG. 49. As shown in FIG. 55A, 
the distal end of the pipette 791 reaches the channel 757 along 
the inner surface 774 of the delivery port 753. The outer 
surface of the pipette 791 is almost in tight contact with the 
inner surface of the delivery port 753. If a sample is injected 
before the nozzle inner surface and pipette outer surface 
completely come into tight contact with each other, the 
sample may not be supplied onto the substrate 714. In addi 
tion, if the degree of contact is low, the sample does not flow 
downward and instead leaks upward from the delivery port 
753. When the structure shown in FIG. 55A is obtained, the 
sample can be injected in an almost sealed State. Hence, any 
liquid leakage can be reduced. 
0416 FIG. 55B shows a state wherein the nozzle 708 is 
pressed against the delivery port 753 and sealed. In the 
examples shown in FIGS. 55A and 55B, the tip shape of the 
delivery port 753 shown in FIG. 49 and the tip shape of the 
nozzle 708 shown in FIG. 54A are combined. As shown in 
FIG. 55B, the distal end of the nozzle 708 is pressed against 
the distal end of the delivery port 753. The delivery port 753 
and nozzle 708 are sealed. In this state, a biochemical solution 
or air is transferred to the side of the nozzle 708 in the 
direction indicated by the arrow. 
0417. The combination of the nozzle 708 and delivery port 
753 shown in FIG.55B is supposed to be optimum, in which 
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the upper Surface of the packing and the lower Surface of the 
noZZle are in contact and sealed. The reason why the combi 
nation shown in FIG. 55B is optimum will be described in 
comparison with combinations with sealing in FIGS. 74A to 
74C. 

0418 FIG. 74A is a sectional view of the seal state of a 
nozzle 901 and a delivery port 902. The inner diameter of the 
opening portion at the distal end portion of the nozzle 901 is 
formed to be stepwise larger than that of the proximal portion 
closer to the valve unit 705 than the distal end portion. The 
distal end of the delivery port 902 is inserted and sealed to an 
insertion hole 901a of the distal end portion having the large 
inner diameter. The outer diameter of the nozzle 705 is con 
Stant. 

0419. The inner diameter of the distal end of the delivery 
port 902 is constant while the outer diameter gradually 
decreases toward the distal end. That is the distal end of the 
delivery port 902 has a taper 902a. In the combination of the 
nozzle 901 and delivery port 902, even the gap between the 
insertion hole 901a and the outer side surface of the delivery 
port 902 is filled with a biochemical solution. Hence, for 
example, as shown in FIG. 74B, when the nozzle 901 is 
moved upward and separated from the delivery port 902, the 
biochemical solution may flow from the taper 902a on the 
outer side surface of the delivery port 902 and contaminate the 
periphery. In base sequence inspection of DNA or the like, 
even slight contamination may cause a determination error. 
Hence, such biochemical solution overflow poses a problem. 
0420 Especially, the gap between the outer wall of the 
delivery port 902 and the inner wall of the nozzle 901 is 
"hidden from the flow of the biochemical solution. When a 
DNA solution in the delivery port 902 is sucked for the first 
time, the “hidden’ portion is filled with the solution first, and 
then, the solution is Sucked. Then, a reagent Such as a cleaning 
solution is supplied. However, the portion where the DNA 
solution has entered first is "hidden from the flow. For this 
reason, the Solution at that portion cannot be sufficiently 
diluted. That is, the biochemical solution hardly circulates at 
the “hidden portion. 
0421 Even after the end of inspection, the DNA solution 
having a relatively high concentration remains at a high prob 
ability. For this reason, the problem of contamination 
becomes serious. In addition, a buffered solution is often used 
as a reagent. When water evaporates after inspection, a crystal 
may be formed. In this structure, the delivery port 902 and 
nozzle 901 are sealed “linearly'. If a crystal is generated on 
the sealing line, Sufficient sealing is impossible. It may lead to 
a solution Supply error Such as leakage. In case of leakage, the 
periphery is contaminated by the liquid. In addition, the elec 
trical system may be short-circuit. 
0422 FIG.74C shows another seal combination. A nozzle 
911 has a constant inner diameter, like the delivery port 902 
shown in FIG. 74A, and a taper 911a where the outer wall of 
the distal end portion is gradually tapered toward the distal 
end. On the other hand, a delivery port 912 has a constant 
outer diameter and a taper 912a where the inner diameter 
gradually increases toward the distal end. When the nozzle 
911 is moved downward toward the delivery port 912, the 
distal end of the nozzle 911 is inserted into the taper 912a of 
the delivery port 912. The taper 911a of the outer side surface 
of the nozzle 911 and the taper 912a come into contact with 
each other and are sealed. In this case, the leakage of a 
contamination Substance to the outside, which is presumed 
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for the structure shown in FIG. 74A, does not occur. Hence, 
the problem of contamination is not posed. 
0423. However, alignment between the delivery port 912 
and the nozzle 911 must be very strictly done. When even a 
slight axial shift is present between the delivery port 912 and 
the nozzle 911, no sufficient sealing can be ensured between 
the inner wall of the delivery port 912 and the nozzle 911. 
Hence, leakage occurs, and as a consequence, Solution Supply 
cannot be done as specified, 
0424. When the combination of the nozzle 708 and deliv 
ery port 753 shown in FIG. 55B is employed for the combi 
nations shown in FIGS. 74A to 74C, the problem is not posed. 
0425 The nozzle 708 has a central axis 708d and an inner 
wall 708e which has a predetermined inner diameter and is 
separated from the central axis 708a by a predetermined 
distance. The nozzle 708 also has a nozzle lower surface 708c 
which is almost flat and almost perpendicular to the central 
axis 708a. The outer diameter of the outer wall of the nozzle 
708 is almost constant. 
0426. The delivery port 753 has a central axis 753d and an 
inner wall 753c which has a predetermined inner diameter 
and is separated from the central axis 753d by a predeter 
mined distance. The inner wall 753c has a taper 753a whose 
inner diameter gradually increases from a halfway portion to 
the distal end. The delivery port 753 also has a port upper 
surface 753b which is almost flat and almost perpendicular to 
the central axis 753d. The outer diameter of the outer wall of 
the delivery port 753 is almost constant. As shown in FIG. 
55B, the inner diameter of the inner wall 708e of the nozzle 
708 is almost equal to that of the inner wall 753c of the 
delivery port 753. The outer wall of the nozzle 708 and each 
of the outer walls of the delivery port 753 are also almost 
equal. 
0427 According to this structure, any liquid does not 
come into contact with the outer wall of the delivery port 753. 
In addition, since the inner wall also has the taper 753a, the 
biochemical solution does not leak to the outside and cause 
contamination. Even axial alignment between the delivery 
port 753 and the nozzle 708 requires not so strict accuracy. No 
problem of sealing is posed in the range where the port upper 
surface 753b and nozzle lower surface 708c sufficiently come 
into contact. Hence, Solution Supply is performed as speci 
fied. Furthermore, the inner wall 753c of the delivery port 753 
has a tapered shape at the distal end portion. Even when a 
sample is injected using the pipette 791, the pipette 791 can be 
Smoothly inserted without making its tip hit or come into 
contact with any other portion. For this reason, the problem of 
unnecessary contamination or the like is not posed. 
0428 FIG. 55B shows the combination of the nozzle 708 
and delivery port 753. This also applies to the combination of 
the nozzle 707 and introduction port 752. In the combination 
of the nozzle 707 and introduction port 752, the nozzle 707 is 
not used for the sample injection operation. Hence, the intro 
duction port 752 shown in FIG.50 may be combined with the 
structure shown in FIG. 54B. Alternatively, the introduction 
port 752 shown in FIG.50 may be combined with the nozzle 
707 shown in FIG. 54D. 
0429. The outline of an automatic analyzing operation 
using the base sequence automatic analyzing apparatus 700 
according to this embodiment will be described with refer 
ence to the flow chart shown in FIG. 72. 
0430 First, data and conditions are input on the operation 
window of the computer 16 (s11). Next, a sample is injected 
into the delivery port 753 of the cassette 703 by using the 
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and the introduction and delivery ports 752 and 753 obtain 
mechanical contact, i.e., are hermetically in tight contact with 
each other. 
0442. As described above, according to this embodiment, 
the series of measurement operations from hybridization to 
cleaning using buffers and electrochemical signal detection 
after an intercalating agent is added can be automatically and 
stably executed. 
0443) In this embodiment, the packing 713 integrated with 
Solution injection and discharge ports is used. More specifi 
cally, on the side of the substrate 714, a groove to formalinear 
channel is formed in correspondence with the array of elec 
trodes on the surface of the substrate 714. At two ends of the 
channel, the cylindrical introduction port 752 and delivery 
port 753, which extend perpendicularly to the surface of the 
substrate 714, are formed on the opposite side of the substrate 
714. A solution is injected/discharged into/from the introduc 
tion port 752 and delivery port 753. The nozzles 707 and 708 
of the valve unit 705 are attached to the introduction port 752 
and delivery port 753 with good sealing properties. A bio 
chemical Solution or air is injected from the introduction port 
752. After the biochemical solution or air flows through the 
channel defined by the groove 758 between the packing 713 
and the substrate 714, the biochemical solution or air is dis 
charged from the delivery port 753. The delivery port 753 also 
serves as a sample injection port used to inject a sample onto 
the surface of the substrate 714. As shown in FIG.55A, when 
a sample is to be injected using the pipette 791, the tip of the 
pipette 791 is inserted into the delivery port 753. When the 
pipette 791 is inserted, the distalend portion of the pipette 791 
is sealed to the channel 756, i.e., the inner wall or the delivery 
port 753. After sealing, the sample in the pipette 791 is pushed 
out slowly. Accordingly, the sample in the pipette 791 is 
efficiently moved onto the substrate 714. 
0444. In an arrangement different from this embodiment, 

i.e., when a flat packing is mounted on a Substrate (chip), and 
a channel is formed in a cassette (chip cartridge), the channel 
in the cassette is long, and the amount of reagent is unneces 
sarily large. When a sample is injected into the cassette, the 
sample wastefully flows into unnecessary portions except the 
Substrate because a long channel is present not only on the 
Substrate but also in the cassette. In addition, the sealing 
properties between the cassette and the packing are poor. 
Leakage often occurs between the packing and the cassette, 
resulting in Solution Supply errors. When the arrangement of 
this embodiment is employed, the unnecessary amount of 
reagent decreases. In addition, since the sealing properties 
between the packing, the Substrate, and the cassette become 
high, the stability of Solution Supply increases. 
0445. When the channel on the substrate is excessively 
large relative to the introduction and delivery ports, the pres 
sure in the channel becomes lower than that in the ports. 
Hence, the biochemical Solution easily comes to a boil, and 
bubbles are readily generated. The bubbles adversely affect 
the measurement. In this embodiment, the channel across the 
channel 756, groove 758, and channel 757 has an almost 
constant sectional area and an almost constant sectional 
shape. With this structure, the variation in pressure can be 
reduced, and boiling of the biochemical Solution can be Sup 
pressed. Hence, the base sequence detection sensitivity 
becomes high. 
0446. When the valve unit 705 of this embodiment is used, 
the amount of reagent to be used for measurement can be 
minimized. For this reason, the running cost can be reduced. 
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0447 More specifically, to introduce a reagent to an 
inspection portion Such as a cassette or test tube, a metal 
needle or nozzle is often used. This is because a biochemical 
Solution must be sucked or discharged by a needle that has 
pierced a rubber cap, and the needle is required to have a 
strength and durability to pierce the rubber. However, in 
detecting DNA or a base sequence, a metal needle cannot be 
used because metal ions cause detection errors. To the con 
trary, the valve unit 705 is made of PEEK or PTFE. The 
packing 713 is also made of silicone rubber or the like. They 
use no metal members. Hence, any detection error can be 
Suppressed. 
0448. Normally, a port such as a needle or nozzle to the 
inspection portion and the valve that Switches the reagent are 
connected by a tube. For this reason, a large amount of reagent 
exists in the tube that is not directly used for inspection. In 
addition, since the tube is manually attached, it is difficult to 
manage the length of the tube, and tube connection is 
unstable. As a result, the volume in the tube between valves 
may slightly change between apparatuses. Hence, the valve 
Switching timing must be adjusted for each apparatus. That is, 
problems of an increase in reagent amount, an increase in 
instability of solution Supply, and the necessity of valve 
Switching timing adjustment are posed. However, when the 
valve unit 705 is used as in this embodiment, no tubes need be 
used between valves. Hence, the various problems caused by 
use of tubes can be solved. More specifically, the channel 
length can be decreased, and the necessary amount of reagent 
can greatly be reduced. Furthermore, since the capacity 
between valves can be held constant, the valve switching 
timing need not be adjusted for each apparatus, and Solution 
Supply stability increases. 
0449. As described above, when nozzles are made of a 
resin such as PEEK, and a manifold type valve unit in which 
the nozzles, valves, and pipes are integrated is used, the 
problems can be simultaneously solved. 
0450. With the valve unit 705 and cassette 703 of this 
embodiment, the data reproducibility can be increased. 
0451. In this embodiment, the measurement system 12, 
Solution Supply system 13, temperature control mechanism 
14, and control mechanism 15 arearranged in the housing 701 
shown in FIG. 35. However, the present invention is not 
limited to this. For example, some of the measurement system 
12, Solution Supply system 13, temperature control mecha 
nism 14, and control mechanism 15 may be arranged outside 
the housing 701. Alternatively, the computer 16 may also be 
arranged in the housing 701. 
0452. The bar code 744 is provided on the outer surface 
741 of the cassette bottom cover 712. However, the present 
invention is not limited to this. For example, the bar code 744 
may be provided on the outer surface 721 of the cassette top 
cover 711. 

0453 The channels 756 and 757 and groove 758 have 
almost the same sectional shape and sectional area. However, 
the present invention is not limited to this. For example, in all 
the channels 756 and 757 and groove 758, the ratio of the 
sectional area of the thickest portion to that of the thinnest 
portion is preferably about 130% or less. 
0454 FIG. 55B shows an example of the combination of 
the packing tip shape and nozzle tip shape. However, any 
combination of various modifications of the packing and 
nozzle tip shapes described above are available. Accordingly, 
the sealing properties between the packing and the nozzle can 
be increased. 
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0455 As the materials of the nozzles 707 and 708 and 
valve bodies 781 and 782, PEEK and PTFE are used. How 
ever, the present invention is not limited to this. For example, 
any one of PFA, PC, PMMA, PPS, PBT, and PCTFE may be 
used. Any other resin that can be deformed by pressurization 
can be applied. 
0456. The valve body 781 is indicated as a manifold hav 
ing three valves or four valves, and the valve body 782 is 
indicated as a manifold having two valves, but the present 
invention is not limited to the number of the valves. A mani 
fold having at least two valves or a structure having at least 
two valves communicating with the nozzles 707 and 708 can 
be used. 
0457. In the above embodiment, both the cassette 703 and 
the valve unit 705 are optimized. However, the present inven 
tion is not limited to this. For example, even when only the 
cassette 703 is optimized in the above-described way, and a 
conventional valve structure is used in place of the valve unit 
705, the effects of this embodiment can be obtained. Even 
when the valve unit 705 is optimized in the above-described 
way, and a conventional cassette (chip cartridge) is used in 
place of the cassette 703, the effects of this embodiment can 
be obtained. 
0458. On the substrate 714, the 3-electrode systems 761 
each comprising a combination of a working electrode, 
counter electrode, and reference electrode are formed. How 
ever, the present invention is not limited to this. For example, 
as shown in FIG. 7A, 7B, 10, or 11, counter electrodes and 
reference electrodes may beformed on the packing 713 while 
only working electrodes may be formed on the substrate 714. 
0459. The ports 752 and 753 of the cassette 703 and the 
nozzles 707 and 708 are positioned by making a valve unit/ 
probe unit driving mechanism 706 drive the valve unit 705. 
However, the present invention is not limited to this. A cas 
sette driving mechanism which drives and moves the cassette 
703 relative to the valve unit 705 may be used in place of the 
valve unit/probe unit driving mechanism 706 as long as the 
mechanism can move the ports 752 and 753 relative to the 
nozzles 707 and 708. 

EXAMPLES 

Example 1 

0460. An example in which SNPs detection is executed by 
using the base sequence detection apparatus according to the 
above-described first embodiment will be described below. 
The apparatus is applied to determine whether the SNPs base 
sequence of an MXA-88 gene is the G/G type, T/T type, or 
G/T hetero. 
0461 A DNA probehaving a sequence complementary to 
the MXA gene is immobilized to the working electrodes 501 
of the base sequence detection chip. Four kinds of probe DNA 
fragments whose bases at SNP positions are replaced with 
ATGC and DNA fragments (to be referred to as negative 
controls) having different sequences are immobilized to dif 
ferent electrodes (working electrodes 501). In this case, each 
probe with cysteine modified to an N terminus was spotted in 
200 nL and left to stand for 1 hr., thereby immobilizing the 
probes to the working electrodes 501 made of Au. The printed 
board 22 in which the base sequence detection chip 21 pre 
pared in the above way is attached to the chip cartridge 11. 
0462 Next, DNA as a target whose base at the SNP posi 
tion is G type is dissolved in 2xSSC-1 mmol/L EDTA solu 
tion and injected from the sample injection port 119 into the 
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cell 115 by using a pipette or the like. The sample solution 
flows from the sample injection port 119 on the side of the 
delivery port 116b to the side of the introduction port 116a 
while filling the cell 115. The outer surface of the introduction 
port 116a is formed in contact with the inner surface of the 
sealing member 24a. For this reason, the cell 115 can be 
completely filled with the sample solution without forming 
any bubbles. 
0463. The chip cartridge 11 is attached to the apparatus 
main body (measurement system 12, Solution Supply system 
13, and temperature control mechanism 14). When the appa 
ratus program by the computer 16 is activated, all the Subse 
quent processes are automatically executed. 
0464. The contents of automatic processing will be 
described. First, a reaction (hybridization) is caused at 45° C. 
for 15 min. After that, the solenoid valves and pump in the 
solution supply system 13 are controlled to supply the 0.2x 
SSC-1 mmol/L EDTA Solution into the cell 115. The State 
wherein the cell 115 is filled with the Solution is held at 55° C. 
for 30 min. Nonspecific absorption DNA that has thus 
absorbed to the electrodes 211 and 212 having different lay 
outs on the base sequence detection chip 21 is cleaned. Next, 
10 umol/L Hoechst 33258 solution is supplied into the cell 
115. In the State wherein the cell 115 is filled with the Solu 
tion, an oxidation current from the Hoechst 33258 at each 
working electrode 501 is measured by the measurement sys 
tem 12. 
0465 Subsequently, the computer 16 extracts a region 
corresponding to the oxidation current of Hoechst from the 
current/voltage characteristic curve by the analysis program 
and derives the peak current value for each electrode (work 
ing electrode 501). In addition, the computer 16 executes 
statistical processing Such as type determination filtering in 
accordance with the algorithm of the analysis program, 
thereby determining the type of the target DNA. The obtained 
determination result is displayed on the display of the com 
puter 16. As a result, it was determined that the signal inten 
sity from an electrode corresponding to a probe whose probe 
sequence was C type was highest, and the base sequence at the 
SNP position of the target DNA was G type. 
0466. The uniformity of current values for electrodes of 
the same type in the plane of the base sequence detection chip 
21 was 5% or less as a CV value. As a result, the SNPs 
detection reliability increased as compared to the conven 
tional method. 

Example 2 

0467. An example in which SNPs detection is executed by 
using the base sequence detection apparatus according to the 
above-described second embodiment will be described 
below. The apparatus is applied to determine whether the 
SNPs base sequence of an MXA-88 gene is the G/G type, T/T 
type, or G/T hetero. 
0468 A DNA probehaving a sequence complementary to 
the MXA gene is immobilized to the working electrodes of the 
substrate 714. Four kinds of probe DNA fragments whose 
bases at SNP positions are replaced with ATGC and DNA 
fragments (to be referred to as negative controls) having 
different sequences are immobilized to different working 
electrodes. In this case, each probe with cysteine modified to 
an N terminus was spotted in 200 mL and left to stand for 1 hr. 
thereby immobilizing the probes to the working electrodes 
made of Au. The thus prepared substrate 714 is attached to the 
cassette 703. 
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0469 Next, DNA as a target whose base at the SNP posi 
tion is G type is dissolved in 2xSSC-1 mmol/L EDTA solu 
tion and injected from the introduction port 752 into the 
channel (cell) defined by the groove 758 and substrate 714 by 
using the pipette 791. 
0470 The cassette 703 is placed on the slide stage 702 and 
accommodated in the housing 701. When the apparatus pro 
gram by the computer 16 is activated, all the Subsequent 
processes are automatically executed. 
0471. The contents of automatic processing will be 
described. First, a reaction (hybridization) is caused at 45° C. 
for 15 min. After that, the solenoid valves and pump in the 
solution supply system 13 are controlled to supply the 0.2x 
SSC-1 mmol/L EDTA solution into the cell. The state 
wherein the cell is filled with the Solution is held at 55° C. for 
30 min. Nonspecific absorption DNA that has thus absorbed 
to the electrodes having different layouts on the substrate 714 
is cleaned. Next, 10 Lumol/L Hoechst 33258 solution is Sup 
plied into the cell. In the state wherein the cell is filled with the 
solution, an oxidation current from the Hoechst33258 at each 
working electrode is measured by the measurement system 
12. 
0472. Subsequently, the computer 16 extracts a region 
corresponding to the oxidation current of Hoechst from the 
current/voltage characteristic curve by the analysis program 
and derives the peak current value for each working electrode. 
In addition, the computer 16 executes statistical processing 
Such as type determination filtering in accordance with the 
algorithm of the analysis program, thereby determining the 
type of the target DNA. The obtained determination result is 
displayed on the display of the computer 16. As a result, it was 
determined that the signal intensity from an electrode corre 
sponding to a probe whose probe sequence was C type was 
highest, and the base sequence at the SNP position of the 
target DNA was G type. 
0473. The uniformity of current values for electrodes of 
the same type in the plane of the substrate 714 was 3% or less 
as a CV value. As a result, the SNPs detection reliability 
increased as compared to the conventional method. 
0474 As described above in detail, according to the 
embodiments, the uniformity of electrochemical reaction 
characteristics increases, and the detection reliability 
increases. 
0475. In addition, since a whole process including base 
sequence detection and analysis of detected data can be auto 
matically executed, the data or measurement reproducibility 
increases. 
0476. As has been described above, the present invention 

is effective in the technical field of the base sequence detec 
tion apparatus which detects a base sequence and the techni 
cal field of the base sequence automatic analyzing apparatus 
which detects a base sequence. 

What is claimed is: 
1. An automatic base sequence analyzing apparatus for 

executing a measurement to analyze a base sequence of a 
sample by applying a Voltage to a counter electrode of a base 
sequence detecting unit when the base sequence detecting 
unit is attached to the automatic base sequence analyzing 
apparatus, 

wherein the base sequence detecting unit includes a work 
ing electrode to which a probe having a predetermined 
base sequence is fixed, a reference electrode and the 
counter electrode, comprising: 

May 13, 2010 

a Voltage pattern generator which generates a Voltage pat 
tern to be applied to the counter electrode: 

a feedback circuit which feeds a voltage of the reference 
electrode back to the counter electrode: 

a first amplifier which amplifies a Voltage generated on the 
basis of the Voltage from the Voltage pattern generator 
and the feedback circuit, and applies the amplified volt 
age to the counter electrode; 

a first resistance arranged between input and output termi 
nals of the first amplifier or between the first amplifier 
and the counter electrode: 

a switch which ON/OFF-controls a current flowing into the 
first resistance; 

a second amplifier connected to the working electrode; and 
a second resistance arranged between input and output 

terminals of the second amplifier, which generates a 
Voltage signal as a measurement signal which is output 
from the second amplifier. 

2. The automatic base sequence analyzing apparatus 
according to claim 1, wherein the base sequence detecting 
unit includes a plurality of working electrodes, the automatic 
base sequence analyzing apparatus further comprising: 

a signal Switching unit provided between the working elec 
trodes and the second amplifier to Switch the connection 
of the second amplifier to the working electrodes. 

3. The automatic base sequence analyzing apparatus 
according to claim 1, further comprising: 

a computer including a main processor and an interface; 
and 

a control unit which is connected to a local bus through the 
interface and is operated under the control of the com 
puter, the control unit including a measurement unit 
which controls the Voltage pattern generator to generate 
the Voltage pattern and which converts the measurement 
signal into measurement data, and a data memory which 
stores the measurement data. 

4. The automatic base sequence analyzing apparatus 
according to claim 3, 

wherein the base sequence detecting unit includes a plu 
rality of working electrodes, 

the measurement unit comprises a signal detecting unit 
which sequentially detects the measurement signals, and 
includes a signal Switching part which Switches the con 
nection to the working electrodes, and 

the signal detecting unit AD-converts the measurement 
signals into the measurement data and stores the mea 
Surement data in the data memory, the measurement 
signals being obtained by the signal Switching part 
Switching connections to the working electrodes, 
respectively. 

5. The automatic base sequence analyzing apparatus 
according to claim 3, 

wherein the base sequence detecting unit includes a plu 
rality of working electrodes, 

the measurement unit comprises a signal detecting unit 
which sequentially detects the measurement signals and 
includes a signal Switching part which Switches the con 
nection to the working electrodes, and a timing signal 
generator which controls the signal Switching part, and 

the signal detecting unit AD-converts the measurement 
signals into the measurement data and stores the mea 
Surement data in the data memory in a timing given by a 
write signal which is generated by the timing signal 
generator, at an address which is given for every write 
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signal, the measurement signals being obtained by the 
signal Switching part Switching connections to the work 
ing electrodes, respectively. 

6. The automatic base sequence analyzing apparatus 
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in the operating mode, 
the signal detecting unit converts the measurement signals 

each of which is supplied from the predetermined num 
ber of working electrodes via the signal Switching part according to claim 3, 

wherein the base sequence detecting unit includes a plu 
rality of working electrodes, 

the measurement unit comprises a signal detecting unit 

within the measurement time interval, into a digital sig 
nal, and stores the digital signal as the measurement data 
in the data memory in a timing given by write signals 

which sequentially detects the measurement signals, and 
includes a signal Switching part which Switches the con 
nection to the working electrodes, a timing signal gen 
erator which controls the signal Switching part, and an 
operation setting unit which sets an operating mode 
utilized to execute measurements of a predetermined 
number of the working electrodes within measurement 
time intervals, respectively, 

which is generated by the timing signal generator, at an 
address which is given for every write signal by the 
timing signal generator, 

the write signals which are generated a predetermined 
number within the measurement time interval by the 
timing signal generator. 

c c c c c 


