
;CDEFe3e||}$d 6BT|  DESCRIPTION BIOASSAY METHOD, BIOASSAY APPARATUS, AND
BIOASSAY SUBSTRATE Technical Field 5 The present invention relates to
bioassay methods, bioassay apparatuses, and bioassay substrates which are
particularly useful in the bioinformatics (life information science) field.
10 Background Art The main conventional techniques which are related to the
present invention will be described below. Currently, integrated substrates
for bioassays, i.e., so-called DNA chips or DNA microarrays, (hereinafter
15 referred to as "DNA chips"), in which selected DNA is microarrayed by
microarray technology, have been used for the analysis of gene mutations,
SNP (single nucleotide polymorphism) analysis, gene expression frequency
analysis, etc., and have also started to be used extensively for the 20
development of new drugs, clinical diagnosis, pharmacogenomics, forensic
medicine, and other fields. The DNA chips are characterized in that it is
possible to extensively analyze intermolecular interactions, such as
hybridizations, because various types and a large number of 25 DNA oligomer
chains, cDNA (complementary DNA), etc., can be   



- 2  integrated on glass substrates or silicon substrates. One example of
analytical methods using DNA chips will be briefly described below. That
is, PCR amplification is performed in which mRNA extracted from cells,
tissues, etc., 5 is incorporated by reverse transcription-PCR or the like
into DNA probes solid-phased on a glass substrate or silicon substrate, and
hybridization is performed on the substrate. Fluorescent light measurement
is then carried out with a suitable detector. 10 DNA chips can be
classified into two types. In the first type of chip, oligonucleotides are
synthesized directly on a given substrate using photolithography by
applying semiconductor exposure technology. A typical example is the one
manufactured by Affymetrix, Inc., U.S.A. 15 (for example, refer to U.S.
Patent No. 5,445,934). In this type of chip, although the integration
degree is high, DNA synthesis on the substrate has limitations, and the
length is limited to about several tens of bases. In the second type of
chip, which is also referred to 20 as "the Stanford method", the chip is
fabricated by dispensing and solid-phasing prepared DNA on a substrate
using a split taper pin (for example, refer to U.S. Patent No. 5,807,522).
In this type of chip, although the integration degree is lower than that of
the former type, it 25 is possible to solid-phase about 1 kb of DNA
fragments.   - 3  Recently, biosensor technology has been advancing, in
which a selected detecting substance is solid-phased on a fine detection
surface site provided on a thin plate, which is referred to as a biosensor
chip, such as a protein chip, 5 and a microvolume of solution containing a
target substance is allowed to flow toward the detecting substance, and
then the interaction between the two substances is observed and analyzed
based on the surface plasmon resonance principle, quartz crystal oscillator
principle, or the like. This 10 technology is becoming useful for analyzing
interactions between substances, such as antibody-antigen reactions and
hormone responses. In the conventional DNA chip technology and biosensor
technology, however, interactions between substances, such 15 as
hybridization reactions and antibody-antigen reactions, are carried out by
solid-phasing (immobilizing) detecting nucleotide chains, such as DNA
probes, and proteins, etc., on two-dimensional, small detection regions of
substrates. Consequently, the interactions are carried out mainly based 20
on the Brownian movement of the reaction products under not necessarily
favorable reaction conditions in which freedom of the reaction products is
limited spatially and there is also a possibility that steric hindrance may
occur during the reactions. Therefore, the conventional DNA chip 



25 technology and biosensor technology have technical problems,   - 4
i.e., low interaction efficiency and long reaction time. Furthermore, in
the known DNA chips, etc., sample solutions are only dripped onto
predetermined spot sites (detection regions) on substrates, and no devices
are used 5 to relatively align the target substances contained in the
sample solutions and the detecting substances immobilized on the spot
sites. Accordingly, it is a principal object of the present invention to
provide a bioassay method, a bioassay apparatus, 10 and a bioassay
substrate that can be advantageously used in the bioassay method and the
bioassay apparatus, in which, by controlling the electric field formation
in the reaction region where an interaction between substances, such as a
hybridization, is carried out, the detecting substance and 15 the target
substance are relatively aligned with each other, and the structures of the
substances are adjusted, thereby increasing the efficiency of the
interaction. Disclosure of Invention 20 In order to overcome the technical
problems described above, in one aspect of the present invention, the
following "bioassay method" is provided. Additionally, in the present
invention, the term "bioassay" widely means biochemical analysis based on
interactions between substances, such as 25 hybridizations.   - 5  In the
"bioassay method" of the present invention, an interaction between
substances is detected by a detecting element, the detecting element
including at least a detection surface which is surface-treated for
immobilizing 5 a detecting substance, a reaction region which provides a
field for interaction between the detecting substance immobilized on the
detection surface and a target substance, and an electric field-forming
means which forms an electric field in the reaction region by applying a
potential 10 difference in the reaction region, and the method includes at
least a step of turning on/off the electric field formation by the electric
field-forming means at a predetermined timing. The electric field formed in
the reaction region mainly 15 carries out functions (1) to stretch the
detecting substance and the target substance, such as nucleotide chains,
(2) to move the target substance, which is separated from the detecting
substance, back and forth along the electric lines of force, and (3) to
adjust the higher-order structure of a 20 reaction product (combination of
the detecting substance and the target substance) obtained by the
interaction between the detecting substance and the target substance to a
structure in which it is possible to more accurately read fluorescence
emitted from the fluorescently labelled target 25 substance or a
fluorescent intercalator that specifically 



- 6  binds to the reaction product. That is, by forming a desired electric
field (by applying a voltage) or not forming an electric field (removing a
voltage) at a suitable, predetermined timing, 5 functions (1) to (3) can be
carried out in sequence. More specifically, by applying a high frequency,
high voltage, function (1) is carried out to prepare structures which allow
the detecting substance and the target substance to easily react with each
other, for example, linear 10 structures (stretched structures) in which
the base sequences of nucleotide chains are not folded. Next, by applying a
rectangular wave voltage (pulsed direct voltage), more specifically, by
applying a rectangular wave voltage alternately (i.e., +/-), function 15
(2) is carried out so that the target substance which is liberated in the
reaction region is brought closer to the detecting substance which is
immobilized on the detection surface. Consequently, since reaction
efficiency (reaction opportunity) is increased, reaction time can be
shortened. 20 In the detection stage, also by applying a high frequency,
high voltage to the reaction region, function (3) is carried out so that
the fluorescence or the like from the reaction product in the reaction
region can be accurately detected by a detection means, such as an optical
means. 25 In order to reliably carry out the interaction, such as    a
hybridization, between the detecting substance and the target substance, a
reaction region is preferably prepared so that the interaction takes place
mainly based on the Brownian movement of the substances. Therefore, in the
5 present invention, in a series of electric field-forming steps, a period
in which an electric field is not formed in the reaction region is
positively provided. That is, subsequent to the period in which the
rectangular wave voltage is on, by providing a period in which the 10
rectangular wave voltage is off, the interaction between the substances can
be accelerated. Herein, in the "bioassay method" of the present invention,
the types of detecting substance and target substance are not particularly
limited. Examples of the 15 "target substances" include substances labelled
with fluorescent or other tags and substances not labelled. The "detecting
substance" is not narrowly defined, and examples of detecting substances
broadly include low-molecular substances, high-molecular substances, and
biological 



20 substances which are solid-phased on the detection surface directly or
indirectly through linkers and which specifically interact with the target
substances labelled with fluorescent or other tags. The "detection surface"
means a surface site which is 25 favorably surface-treated so that the ends
of nucleotide   _ g _ chains or the like can be immobilized. For example,
when surface treatment is performed with streptavidin, a detection surface
suitable for immobilization of biotinylated nucleotide chains is obtained.
5 The method of the present invention is applicable to a11 of the
interactions between high-molecular substances, such as protein-protein,
nucleotide chain-nucleotide chain (including both DNA-DNA and DNA-RNA),
protein-nucleotide chain (including double-stranded), and other
interactions, 10 interactions between a high-molecular substance and a
lowmolecular substance, and interactions between low-molecular substances.
For example, when the detecting substance and the target substance are
nucleotide chains and the interaction 15 is a hybridization, even in a
small reaction region (spot region), the hybridization efficiency can be
increased without fail. Consequently, it is possible to provide a novel DNA
chip or microarray technique with a short reaction time and high accuracy
in reading. 20 When the interaction between substances is a hybridization,
the bioassay method preferably includes the steps of (a) forming an
electric field so as to stretch the detecting nucleotide chain which is
immobilized on the detection surface at the end, (b) adding the target 25
nucleotide chain into the reaction region after step (a),   - 9  (c)
applying a potential difference in the reaction region to relatively move
the detecting nucleotide chain and the target nucleotide chain in the
reaction region after step (b), and (d) performing hybridization in a state
in which a 5 voltage is removed after step (c). Steps (a) to (d) will be
specifically described below. In the present invention, the term
"nucleotide chain" means a polymer of a phosphoric ester of a nucleoside in
which a purine or pyrimidine base is glycosidically linked 10 . to a sugar.
Examples of nucleotide chains broadly include oligonucleotides, including
DNA probes, polynucleotides, DNA (full length or its fragments) in which
purine nucleotides and pyrimidine nucleotides are polymerized, cDNA (cDNA
probe) obtained by reverse transcription, and RNA. 15 Since the detecting
nucleotide chain (single-stranded) which is to be immobilized on the
detection surface does not always have a linear conformation, the detecting
nucleotide chain is linearly stretched along the electric lines of force by
step (a). Thereby, the base sequence of the 



20 detecting nucleotide chain is exposed to the reaction region, and a
state in which hydrogen bonding with a complementary base sequence easily
occurs can be obtained. More specifically, the nucleotide chain which
comprises many polarization vectors composed of negative charges of 25 the
nucleotide chain having phosphate ions and positive   - 10  charges of
ionized hydrogen atoms is stretched by the application of an electric
field, and thereby the bases are not superposed on each other any more. As
a result, the steric hindrance disappears, and a hybridization reaction 5
with the adjacent target nucleotide can be carried out smoothly. The
principle of stretch or movement of the nucleotide chain will be described
in detail below. An ion cloud is thought to be produced by phosphate ions
(negative charges) 10 constituting the backbone of the nucleotide chain and
hydrogen atoms (positive charges) formed by ionization of water in the
vicinity thereof. The polarization vectors (dipoles) generated by the
negative charges and positive charges are oriented in one direction overall
by the 15 application of a high frequency, high voltage, and as a result,
the nucleotide chain is stretched. In addition, when a nonuniform electric
field in which electric lines of force are concentrated in one region is
applied, the nucleotide chain moves toward the region in which the 20
electric lines of force are concentrated (refer to Seiichi Suzuki, Takeshi
Yamanashi, Shin-ichi Tazawa, Osamu Kurosawa and Masao Washizu: Quantitative
analysis on electrostatic orientation of DNA in stationary AC electric
field using fluorescence anisotropy", IEEE Transaction on Industrial 25
Applications, Vol. 34, No. 1, p75-83 (1998)).   - 11  After step (a), step
(b) is carried out in which a sample solution containing the target
nucleotide chain is added into the liquid phase of the reaction region with
the voltage being still applied or with the voltage being 5 removed. After
step (b), step (c) is carried out in which an 



electric field is formed in the reaction region to relatively move the
detecting nucleotide chain and the target nucleotide chain in the reaction
region so that a 10 reaction environment in which the hybridization easily
proceeds is created. That is, according to step (c), by forming an electric
field in the reaction region, the opportunity for reaction between the
nucleotide chains, which has been mainly based on the Brownian movement,
can be 15 remarkably increased, and the reaction efficiency is increased,
thus improving the detection accuracy. Next, in step (d), after step (c),
the voltage is removed, and a hybridization based on Brownian movement is
performed. In step (d), the voltage is removed because the 20 hybridization
is a reaction which is mainly left to hydrogen bonding between
complementary base pairs. In another aspect of the present invention, a
"bioassay apparatus" having the construction described below is provided as
a tool for advantageously carrying out the 25 bioassay method.    - 12
That is, the bioassay apparatus of the present invention includes a
detecting element which includes at least a detection surface which is
surface-treated for immobilizing a detecting substance, a reaction region
which 5 provides a field for interaction between the detecting substance
immobilized on the detection surface and a target. substance, and an
electric field-forming means which can form an electric field in the
reaction region by applying a potential difference and which can turn
on/off the electric 10 field formation at a predetermined timing. 



The "detecting element" includes the detection surface, the reaction
region, and the electric field-forming means as three essential components,
and the other components and structures are not particularly limited. For
example, a 15 fine cell structure, channel structure, or the like,
delimited from the periphery, may be formed on a substrate, and the
essential components may be provided on the structure to form a detecting
element. The number of detecting elements on the substrate may be
determined 20 depending on the purposes and applications, and any planar
substrate, such as a rectangular or disc-shaped substrate, may be properly
selected. In another aspect of the present invention, a "bioassay
substrate" having the construction described below is 25 provided as a tool
for advantageously carrying out the   - 13  bioassay method. The "bioassay
substrate" of the present invention includes a "detecting element" provided
on a disc-shaped substrate from which recorded information can be optically
5 read, the detecting element including at least (1) a detection surface
which is surface-treated for immobilizing the end of a detecting nucleotide
chain, (2) positive and negative electrodes for forming an electric field
to stretch the detecting nucleotide chain immobilized on the detection 10
surface, and (3) a reaction region which provides a field for hybridization
between the detecting nucleotide chain and a target nucleotide chain. In
the bioassay substrate having the "detecting element", an electric field is
applied to the detecting 15 nucleotide chain immobilized on the detection
surface so that the nucleotide chain is linearly stretched, and then a
sample solution containing the target nucleotide chain is accurately
dripped onto the reaction region of the detecting element, and thereby the
hybridization reaction between the 20 detecting nucleotide chain and the
target nucleotide chain is carried out. As a result, the hybridization
reaction can be performed efficiently over a short period of time, which is
advantageous. Such an advantage is brought about by the following 25
process. As described above, the nucleotide chain which   - 14  comprises
many polarization vectors composed of negative charges of the nucleotide
chain having phosphate ions and positive charges of ionized hydrogen atoms
is stretched by the application of an electric field, and thereby the bases
5 are not superposed on each other any more. As a result, the steric
hindrance disappears, and a hybridization reaction between the detecting
nucleotide and the adjacent target nucleotide can be carried out smoothly.
The principle of stretch or movement of the nucleotide 10 chain will again
be described below. An ion cloud is 



thought to be produced by phosphate ions (negative charges) constituting
the backbone of the nucleotide chain and hydrogen atoms (positive charges)
formed by ionization of water in the vicinity thereof. The polarization
vectors 15 (dipoles) generated by the negative charges and positive charges
are oriented in one direction overall by the application of a high
frequency, high voltage, and as a result, the nucleotide chain is
stretched. In addition, when a nonuniform electric field in which electric
lines of 20 force are concentrated in one region is applied, the nucleotide
chain moves toward the region in which the electric lines of force are
concentrated. Herein, when an electric field is applied so that electric
lines of force are concentrated on the detection 25 surface, the nucleotide
chain stretched by the electric   - 15  field (described above) moves
toward the detection surface, and the end portion impacts against the
detection surface. Consequently, the detecting nucleotide chain can be
reliably immobilized on the detection surface. 5 The "reaction region" is a
delimited region or space which can provide a field for a hybridization
reaction in the liquid phase, and which is a region where an electric field
is formed in the liquid phase because of a potential difference generated
between the positive and negative 10 electrodes. Furthermore, in the
reaction region, in addition to the interaction between single-stranded
nucleotides, i.e., hybridization, a desired double-stranded nucleotide may
be formed from a detecting nucleotide chain, and then an 15 interaction
between the double-stranded nucleotide and a peptide (or protein) may be
performed, or an oxygen response or other intermolecular interactions may
be performed. For example, when the double-stranded nucleotide is used, it
is possible to analyze the linkage between the receptor 20 molecule, such
as a hormone receptor, which is a transcription factor, and the responsive
element DNA portion, etc. In the bioassay substrate of the present
invention, the "detecting element" may be a cell-type detecting element 25
having a cell structure in which a detection surface is   - 16  placed on
one surface thereof, and a plurality of cell-type elements may be arrayed
on a disc-shaped substrate. The "cell-type detecting element" is defined as
a site having a cell-like reaction region which is delimited from the 5
peripheral substrate region. The "cell-type detecting elements" may be
arrayed at appropriate positions on the substrate. By arraying the
cell-type detecting elements radially when viewed from above, the space on
the substrate can be effectively used, and 



10 thereby the integration density of information can be increased. That
is, it is possible to provide a (discshaped) DNA chip with a large
accumulation of recorded information. Since the cell-type detecting
elements are delimited 15 from each other so as to prevent contamination,
different detecting nucleotide chains may be immobilized for each cell-type
detecting element or for each group of cell-type detecting elements so that
hybridization reactions are carried out by setting different, independent
conditions for 20 the individual detecting nucleotide chains. For example,
marker genes used to identify the expression of a disease may be grouped
and immobilized on a substrate. Thereby, it is possible to simultaneously
identify the expression status of a plurality of diseases. 25 It is also
possible to group the detecting nucleotide   - 17  chains to be immobilized
based on the difference in Tm or GC content. Consequently, the buffer
composition, reaction conditions, such as the concentration, cleaning
conditions, the concentration of a sample solution to be dripped, etc. 5 to
obtain an active hybridization reaction can be sensitively selected
depending on the characteristics of the detecting nucleotide chain.
Therefore, it is possible to significantly lower the risk that false
positive or false negative results are shown in the analysis. 10 In the
bioassay substrate of the present invention, a construction may be employed
in which the reaction regions of the detecting elements are formed or
arrayed in the grooves radially extending on the disc-shaped substrate and
the detection surfaces are placed on the inner surfaces of 15 the grooves.
The "groove" to be formed in the substrate means a long microchannel
structure. One of the fields to which the bioassay substrate provided with
the grooves belongs is a disc-shaped microchannel array. Hereinafter, the
detecting 20 element in which a reaction region is provided in the groove
is referred to as a "groove-type detecting element", as in 



the "cell-type detecting element". When the "groove-type detecting element"
is employed, it is possible to feed a liquid using capillary action, or 25
to use a liquid-feeding process in which the centrifugal   - 18  5 force
generated by rotating the disc-shaped substrate in a predetermined manner
is utilized. For example, a sample solution, a cleaning liquid used for
removing an excess target substance which is not actively linked after
reaction, etc., can be fed smoothly and reliably from the central region of
the substrate into the grooves (i.e., reaction regions). In the groove-type
detecting element, it is also 10 possible to immobilize different detecting
nucleotide chains for each groove or for each group of grooves. In the
bioassay substrate described above, when a means 15 for providing the
positional information of the detection surface site and rotational
synchronization information is provided, it is possible to drip the
detecting nucleotidecontaining solution and the target
nucleotide-containing solution into a predetermined reaction region by
accurate tracking. The means may be a wobbled groove or address pits 20 25
provided on the substrate. "Wobbling" means to slightly meander the groove
(pregroove) in which data is recorded by the user from side to side
relative to the center of the track in order to preliminarily record
information on physical addresses on the disc. Usually, FM modulation with
a slight deviation of frequency is performed on a frequency higher than the
tracking servo band, and the pregroove is   - 19  



formed on the substrate with a sinusoidal wave modulating signal amplitude
as a radial deviation of the groove. In the bioassay substrate described
above, the reaction 5 region may be filled with a material which can
undergo a reversible phase change between gel and sol at between room
temperature and the optimal temperature for the reaction (referred to as a
"phase change material"). For example, an agarose gel may be used as the
phase change material. In such a case, it is possible to carry out a
procedure 10 15 20 in which the phase change material is solated under high
temperatures a voltage is applied in this state to array nucleotide chains,
such as DNA the phase change material is Belated by decreasing the
temperature: and furthermore, the phase change material is solated under
optimal temperature conditions for the reaction during hybridization. If
the phase change material maintains the Belated state during hybridization,
hybridization can be performed while the nucleotide chains, such as DNA,
are stretched, which is preferable. Additionally, when the phase change
material is Belated, there is a possibility that hybridization does not
proceed successfully. Therefore, as in electrophoresis, a longitudinal
recess may be preliminarily formed at the dripping point so that the sample
solution is dripped into the recess. 25 In the present invention, the
target nucleotide may be   - 20  labelled with a fluorescent dye, or an
intercalator may be used. The "intercalator" is incorporated into the
hybridized double-stranded nucleotide chain in such a manner that the
intercalator is inserted into the hydrogen bond 5 between the bases of the
detecting nucleotide chain and the target nucleotide chain. Thereby, the
fluorescence wavelength is shifted toward the long-wavelength side, and
also, since the fluorescence intensity and the amount of intercalator
incorporated into the double-stranded 10 nucleotide are correlated with
each other, quantitative detection is enabled based on the correlation. As
described above, the present invention has the technical advantage of
providing a novel technique concerning DNA chips and biosensor chips. 15
The present invention also has the technical advantage of providing a novel
bioassay substrate which can be used for analysis of gene mutations, SNP
(single nucleotide polymorphism) analysis, gene expression frequency
analysis, etc., to industries related to the development of new drugs, 20
clinical diagnosis, pharmacogenomics, forensic medicine, and others. Brief
Description of the Drawings Fig. 1 is a flowchart which illustrates
preferred steps 25 of a bioassay method of the present invention and a 



- 21  preferred embodiment of a bioassay apparatus of the present
invention. Fig. 2 is a waveform chart which illustrates an example of a
step of applying/removing a voltage in the bioassay 5 method or apparatus.
Fig. 3 is a perspective view showing the appearance of a bioassay substrate
viewed from above in a preferred embodiment of the present invention. Fig.
4 is an enlarged perspective view showing a cell 10 type detecting element
provided on a substrate. Fig. 5 is an enlarged view showing the detection
surface and its vicinity of the reaction region of the cell type detecting
element. Figs. 6(A) and 6(B) are diagrams showing a bioassay 15 substrate
in another preferred embodiment of the present invention; Fig. 6(A) is a
top plan view of the substrate; and Fig. 6(B) is an enlarged plan view of
the section X in Fig. 6(A). 20 Best Mode for Carrying Out the Invention The
preferred embodiments of the present invention will be described below
based on the attached drawings. 



Figs. 1(A) to 1(F) are flowcharts which illustrate preferred steps of a
bioassay method of the present 25 invention and a preferred embodiment of a
bioassay apparatus   - 22  of the present invention. Fig. 2 is a waveform
chart which illustrates an example of a step of applying/removing a voltage
in the bioassay method or apparatus. An example in which both the detecting
substance and 5 the target substance are single-stranded nucleotide chains
and the interaction is a hybridization in the present invention will be
described below. However, it is to be understood that the detecting
substance and the target substance are not limited to nucleotide chains and
that the 10 interaction is not limited to a hybridization in the present
invention. First, the bioassay method or bioassay apparatus of the present
invention uses a detecting element 1 which includes at least a detection
surface S which is surface-treated for 15 immobilizing a detecting
substance represented by symbol D in Fig. 1, a reaction region R which
provides a field for interaction between the detecting substance D
immobilized on the detection surface S and a target substance T, and a
positive electrode E1 and a negative electrode E2 20 functioning as an
electric field-forming means E which generates a potential difference in
the reaction region R by applying a potential difference in the reaction
region R. Reference numeral 2 represents a portion of a substrate provided
with the detecting element 1, and symbol V 25 represents a power supply for
applying power to the positive   - 23  electrode E1 and the negative
electrode E2. Fig. 1(A) briefly shows the state in which the end of a
single-stranded detecting nucleotide chain (e. g., DNA probe) D1 is
immobilized on the detection surface S. In this state, 5 the higher-order
structure of the detecting nucleotide chain D1 is not always linear, and is
often, for example, as shown in Fig.l(A), in a folded form as if the chain
were tangled. Since a11 the base sequence is not always exposed to the
reaction region R, it is considered to be difficult to 10 efficiently
perform a hybridization with the target nucleotide chain T which is later
added into the reaction region R. 



Therefore, in the present invention, a high frequency, high voltage is
applied to the liquid phase (a salt solution 15 or the like) in the
reaction region R between the positive electrode E1 and the negative
electrode E2 to generate a potential difference in the reaction region R,
and thereby an electric field is formed. The electric field has a function
to stretch the detecting nucleotide chain Dl 20 linearly (straight) along
the electric field. As a result, the detecting nucleotide chain D1 becomes
stretched (represented by symbol D2), and the base sequence of the
detecting nucleotide chain D1 is exposed to the liquid phase (refer to Fig.
1(B)). 25 Next, with the high frequency, high voltage being   - 24  removed
or being still applied, a sample solution containing the target substance T
(target nucleotide chain T1) is added from a nozzle 3 with a predetermined
structure accurately into the reaction region R. Although the target
nucleotide 5 chain T1 is not always linear at the time of addition, as
shown in Fig. 1(C), in the liquid phase to which a high frequency, high
voltage is applied, as shown in Fig. 1(D), the target nucleotide chain T1
becomes stretched linearly (represented by symbol T2). Thus, a state is
created in 10 which the stretched target nucleotide chain T2 and the
similarly stretched detecting nucleotide chain D2 easily form a
complementary strand. Next, by repeating the step of applying/removing a
rectangular wave voltage several times, the nucleotide 15 chains D2 and T2
are brought close to each other stepwise, the target nucleotide chain is
moved back and forth, or the reaction timing is adjusted. The rectangular
wave voltage is removed so that the complementary strand formation
reaction, i.e., hybridization, 20 between the linear target nucleotide
chain T2 and the linear detecting nucleotide chain D2 is carried out mainly
based on the Brownian movement. Furthermore, Fig. 1(E) briefly shows a
double-stranded reaction product (D2 + T2) formed by hydrogen bonding
between the complementary base sequence 25 portions of the chains D2 and
T2.   - 25  In the present invention, in addition to the detection of the
target nucleotide T1 (T2) having a base sequence that is complementary to
that of the detecting nucleotide chain D1 (D2), further developments may be
made, for example, a 5 method in which, by using the steps described above,
a desired double-stranded nucleotide chain (DNA) is prepared, and an
interaction between a specific protein, such as a transcription factor, and
the specific response sequence portion in the double-stranded nucleotide
chain (DNA) is 10 detected, and furthermore, search, assay, etc., of
endocrine disrupters using the method. 



Fig. 1(F) shows a step of detecting and reading the labelled (e. g.,
fluorescently labelled) target nucleotide chain T2 by an optical means 4.
In the present invention, 15 the labelling method is not narrowly limited.
For example, a fluorescent intercalator may be used. The fluorescent
intercalator is incorporated into the hybridized, doublestranded nucleotide
chain so as to be inserted into the hydrogen bond between the bases of the
detecting nucleotide 20 chain D and the target nucleotide chain T. Thereby,
the fluorescence wavelength is shifted toward the longwavelength side, and
also, based on the correlation between the fluorescence intensity and the
amount of fluorescent intercalator incorporated into the double-stranded
DNA, 25 quantitative detection is enabled. As the fluorescent dye   - 26
used for the fluorescent intercalator, POPO-1, TOTO-3, or the like may be
selected. In the detection stage, by applying a high frequency, high
voltage, the higher-order structure of the reaction 5 product
(double-stranded nucleotide chain) formed in the reaction region R is
adjusted to a structure that is not folded, and thereby, accurate detection
can be performed by the optical means 4. An example of a step of
applying/removing a voltage 10 will now be described with reference to Fig.
2. This example corresponds to the steps shown in Fig. 1(C) onward. <Step
a> By placing a nucleotide chain in the electric field formed by the
application of a high frequency, high voltage, 15 induced polarization of
the nucleotide chain is performed, 



and thereby the nucleotide chain is stretched. Consequently, in step a, by
applying a high frequency, high voltage, the target nucleotide chain T1 is
stretched, and similarly the detecting nucleotide chain D1 is stretched
(refer to the 20 states shown in Figs. 1(C) and 1(D)). Additionally, the
optimum conditions for the high frequency, high voltage, are considered to
be 1 x 106 V/m, and about 1 MHz (refer to Masao Washizu and Osamu Kurosawa:
"Electrostatic Manipulation of DNA in Microfabricated 25 Structures", IEEE
Transaction on Industrial Application Vol.   - 27  26, No. 26,
p.1165-1172(l990)). <Step b> At the timing in which the nucleotide chains
D2 and T2 are believed to be relatively moved and brought close to 5 each
other, the voltage is removed, and hybridization is carried out mainly
based on the Brownian movement (refer to the state shown in Fig. 1(E)).
<Step c> By applying a rectangular wave voltage in the positive 10
direction, the target nucleotide chain T2 which is still not close to the
detecting nucleotide chain D2 is moved by the Coulomb force so that the
target nucleotide chain T2 is located at the proper position for
hybridization with the detecting nucleotide chain D2 (refer to the process
from the 15 state shown in Fig. 1(D) to the state shown in Fig. 1(E)).
<Step d> The voltage is removed again, and the hybridization is carried out
mainly based on the Brownian movement (refer to 



the state shown in Fig. 1(E)). 20 <Step e> Next, by applying a rectangular
wave voltage in the negative direction, the target nucleotide T2 which is
still not close to the detecting nucleotide D2 is moved (refer to the
process from the state shown in Fig. 1(D) to the state 25 shown in Fig.
1(E)).   - 28  <Step f> The voltage is removed again, and the hybridization
is carried out mainly based on the Brownian movement (refer to the state
shown in Fig. 1(E)). 5 <Step g> By applying a rectangular wave voltage in
the positive direction again, the target nucleotide chain T2 which is still
not close to the detecting nucleotide chain D2 is moved (refer to the
process from the state shown in Fig. 10 1(D) to the state shown in Fig.
1(E)). < Step h> The voltage is removed again, and the hybridization is
carried out mainly based on the Brownian movement (refer to the state shown
in Fig. 1(E)). 



15 <Step i> By applying a rectangular wave voltage in the negative
direction again, the target nucleotide T2 which is still not close to the
detecting nucleotide D2 is moved (refer to the process from the state shown
in Fig. 1(D) to the state shown 20 in Fig. 1 (E) ) . <Step j> The voltage
is removed again, and the hybridization is carried out mainly based on the
Brownian movement (refer to the state shown in Fig. 1(E)). 25 <Step k>   -
29  The double-stranded nucleotide chain (D2 + T2), which is the reaction
product formed by the hybridization, is stretched under a high frequency,
high voltage, and fluorescence reading is performed (refer to Fig. 1(F)). 5
With respect to the step of applying/removing the rectangular wave voltage,
etc., an appropriate step or timing may be selected or determined depending
on the type of the reaction product to be handled. The step or timing is
not limited to the one described above. The frequency 10 and the voltage
may be appropriately determined depending on the purpose. A bioassay
substrate usable in the present invention and a bioassay apparatus
associated with the substrate will now be described. 15 Fig. 3 is a
perspective view showing the appearance of a bioassay substrate provided
with many detecting elements with a predetermined structure. Fig. 4 is an
enlarged perspective view showing a "detecting element" provided on the
substrate in a preferred embodiment. It is to be 20 understood that the
substrate usable in the present invention is not limited to the one shown
in the drawing. A bioassay substrate 2 shown in Fig. 3 includes a base
plate for a disc-shaped substrate (disc) which is used for an optical
information recording medium, such as CD, DVD, or 25 MD. That is, in the
substrate 2, recorded information can  



- 30  be read optically. The base plate, which is composed of quartz glass,
silicon, polycarbonate, polystyrene, or other synthetic resin which can be
formed into a disc, and preferably 5 injection-moldable synthetic resin, is
formed into a disc. By using an inexpensive synthetic resin substrate, a
low running cost can be achieved compared to the conventionally used glass
chip. A hole (not shown in the drawing) for fixing a spindle which is used
for rotating the substrate 10 may be formed. An evaporated aluminum layer
is formed on one surface of the substrate 2 at a thickness of about 40 nm,
and the layer functions as a reflecting film. In the reflecting film, the
surface reflection is 4~ or more from the base 15 plate with a refractive
index of 1.5 or more. A lighttransmitting layer composed of a transparent
glass, transparent resin, or the like is deposited on the reflecting layer.
Additionally, when the base plate is composed of a 20 material with a high
reflectance, it is not always necessary to form the reflecting film because
the surface of the base plate itself functions as a reflecting surface. If
a highreflectance film, such as a metal film, is formed, the fluorescence
intensity of a fluorescently labelled target 25 substance can be detected
with high sensitivity. The   - 31  materials and the layer structure of the
substrate 2 described above also apply to a substrate 20 which will be
described below (refer to Fig. 6). Many detecting elements 1 are arrayed on
the lights transmitting layer so as to extend radially from the peripheral
region of the center of the substrate 2 when viewed from above. Fig. 4 is
an enlarged perspective view showing one of the cell-type detecting
elements 1. With respect to the detecting elements 1, a case in which both
10 the detecting substance and the target substance are single stranded
nucleotide chains will be described as a typical example. However, it is to
be understood that the reaction substances detected by the detecting
elements 1 are not limited thereto. 15 The reaction element 1 includes a
detection surface S which is surface-treated for immobilizing the ends of
detecting nucleotide chains represented by symbol D, a positive electrode
E1 and a negative electrode E2 for forming an electric field to stretch the
detecting 20 nucleotide chains D preliminarily immobilized on the detection
surface S, and a reaction region R which provides a field for hybridization
between the detecting nucleotide chains D and target nucleotide chains T.
In this example, the reaction region R is formed as a cell which opens
toward 



25 the top and which is rectangular when viewed from above, for   - 32
example, with a depth of 1 Vim, a length of 100 Vim, and a width of 50 ~.
However, the shape and size of the cell are not limited to those shown in
the drawing. The detection surface S is placed on the inner surface 5 of
the negative electrode E2 side facing the reaction region R. The detection
surface S is suitably surface-treated so that the end of the detecting
nucleotide chain D can be immobilized thereon by chemical bonding, such as
coupling. That is, the detection surface S is not particularly 10 limited
as long as it is surface-treated so that the preliminarily processed end of
the detecting nucleotide chain D, such as a DNA probe, can be immobilized.
For example, a detection surface S which is surface-treated which
streptavidin is suitable for immobilization of the end 15 of a biotinylated
nucleotide chain. A preferred method for immobilizing the detecting
nucleotide chain on the detection surface S will be described below. By
applying a nonuniform electric field to the reaction region R, the
detecting nucleotide chain (which 20 is liberated in the reaction region R)
obtained by the action of the electric field moves toward the detection
surface S in which the electric lines of force are concentrated, and the
end portion of the detecting nucleotide chain impacts against the detection
surface S. 25 Consequently, the detecting nucleotide chain can be reliably
- 33  immobilized on the detection surface S. In order to carry out this
method favorably, the negative electrode E2 is shaped like a comb as shown
in Fig. 4. Symbol V in Fig. 4 represents a power supply for applying power
to the positive 5 electrode E1 and the negative electrode E2. In Fig. 4,
reference numeral 4 represents a tip of a nozzle for dripping a sample
solution 5. The nozzle 4 is constructed so that the sample solution 5
containing the detecting nucleotide chain D and a sample solution 5' 10
containing the target nucleotide chain T are dripped into the position of
the reaction region R by accurate tracking based on the positional
information and rotational synchronization information provided by the
substrate 2. As the dripping means, an ink-jet printing method is 15
preferably used. The reason for this is that a microdroplet can be
accurately dripped into the predetermined reaction region R site (which
also applies to a substrate 20 described below). The "ink-jet printing
method" is a method in which a 20 nozzle used in an ink-jet printer is
applied, and in which, 



using electricity, a detecting substance is ejected from a printer head and
then is fixed, as in the ink-jet printer. Examples of the method include a
piezoelectric ink-jet method, a bubble jet (registered trademark) method,
and an 25 ultrasonic jet method.   - 34  In the piezoelectric ink-jet
method, a droplet is ejected by the pressure of displacement caused by the
application of a pulse to a piezoelectric element. The bubble jet
(registered trademark) method is a thermal method 5 in which a droplet is
ejected by the pressure of a bubble generated by activating a heater in a
nozzle. A silicon substrate acting as a heater is embedded in the nozzle,
and by controlling at about 300C/s, uniform bubbles are formed, and
droplets are ejected. However, since the liquid is 10 exposed to high
temperatures, care must be taken when this method is used for samples of
biological substances. In the ultrasonic jet method, an ultrasonic beam is
applied to the free face of a liquid so that a high pressure is applied
locally, and thereby a droplet is ejected from that spot. A 15 nozzle is
not required, and a droplet with a diameter of about 1 ~m can be formed at
a high speed. In the present invention, as the "ink-jet printing method", a
"piezoelectric ink-jet method" is preferably used. Since the size of a
droplet (microdroplet) can be controlled 20 by changing the shape of the
pulse to be applied, analysis accuracy can be improved advantageously. When
the curvature radius of the surface of a droplet is small, the size of the
droplet can be decreased. When the curvature radius of a droplet is large,
the size of the droplet can be increased. 25 By rapidly changing the pulse
in the negative direction, the   - 35  surface of a droplet is pulled
inward so that the curvature radius is decreased. Since many of the
detecting nucleotide chains D dripped into the reaction region R are
immobilized on the detection 5 surface S with the bases being folded (refer
to Fig. 1(A)), during hybridization with target nucleotide chains T which
are dripped afterward, problems, such as steric hindrance, 



occur, and the reaction efficiency is low. Therefore, based on the bioassay
method of the present 10 invention, power is applied to the positive and
negative electrodes E1 and E2 to cause a potential difference in the
reaction region R, and thereby an electric field is formed in the liquid
phase (a salt solution) stored in the reaction region R so that the
detecting nucleotide chain D and the 15 target nucleotide chain are
stretched linearly (straight) along the electric field. Since steric
hindrance, etc. is relieved, complementary base sequences easily come close
to each other, and hydrogen bonding (complementary bonding) between bases
of the 20 linearly stretched detecting nucleotide chain D and the target
nucleotide chain T which is labelled with a fluorescent dye or the like
takes place efficiently. That is, the hybridization reaction between the
detecting nucleotide chain D and the target nucleotide chain 25 T is
carried out efficiently. Consequently, hybridization   - 36  reaction time
is shortened and the probability that false positive or false negative
results are shown during reading is decreased, which is preferable. Fig. 5
is an enlarged schematic diagram which shows the 5 10 



detection surface S and its vicinity of the reaction region R of the
detecting element 1. Fig. 5 schematically shows a state in which a
detecting nucleotide chain D of which end is immobilized on the detection
surface S and a target nucleotide chain T having a base sequence that is
complementary to the base sequence of the detecting nucleotide chain D are
hybridized to form a double strand. The reaction region R (or a reaction
region R' which 15 20 will be described below) may be filled with a phase
change material, such as an agarose gel, which can undergo a reversible
phase change between gel and sol (not shown in the drawing). In this
embodiment, it is possible to carry out a procedure in which the phase
change material is solated under high temperatures a voltage is applied in
this state to array nucleotide chains, such as DNA; the phase change
material is Belated by decreasing the temperatures and furthermore, the
phase change material is solated under optimal temperature conditions for
the reaction during hybridization. If the phase change material is allowed
to maintain the Belated state during 25 hybridization, hybridization can be
performed while the   - 37  nucleotide chains, such as DNA, are stretched,
which is preferable. Additionally, when the phase change material is
Belated, there is a possibility that hybridization does not proceed 5
successfully when the sample solution 5' containing the target nucleotide
chains T is dripped into the detecting element 1. Therefore, as in
electrophoresis, a longitudinal recess may be preliminarily formed at the
dripping point so that the sample solution is dripped into the recess. 10
The target nucleotide chain T may be labelled with a fluorescent dye, or an
intercalator may be used. The intercalator is incorporated into the
hybridized doublestranded nucleotide in such a manner that the intercalator
is inserted into the hydrogen bond between the bases of the 15 detecting
nucleotide chain D and the target nucleotide chain T. Thereby, the
fluorescence wavelength is shifted toward the long-wavelength side, and
also, based on the correlation between the fluorescence intensity and the
amount of intercalator incorporated into the double-stranded DNA, 20
quantitative detection is enabled. As the fluorescent dye used for the
intercalator, POPO-1, TOTO-3, or the like may be selected. For example, it
is possible to confirm the fact that a target nucleotide chain that is
complementary to the 25 detecting nucleotide chain D containing a marker
gene which   



- 38  is known to be expressed when a particular disease occurs is present
in the sample solution 5' extracted from a given cell, or the like. As a
result, the occurrence of the disease in the cell is predicted. 5 In order
to read substrate information, the substrate 2 is irradiated with a laser
beam (e.g., blue laser beam) to excite each reaction region R, the
fluorescence intensity is detected by a detector (not shown in the
drawing), and the state of bonding reaction between the detecting
nucleotide 10 chain D and the labelled target nucleotide chain is
determined. Lastly, the fluorescence intensities for the individual
reaction regions R are A/D converted and the distribution of bonding
reaction rates is displayed on the screen of a computer C for visualization
(which also applies 15 to the substrate 20 described below). A substrate in
a second embodiment of the present invention will now be described with
reference to Figs. 6(A) and 6(B). Fig. 6(A) is a top plan view of a
substrate 20 in the second embodiment, and Fig. 6(B) is an enlarged plan 20
view of the section X in Fig. 6(A). The substrate 20 shown in Fig. 6(A) and
6(B) is provided with groove-type detecting elements 10. The detecting
elements 10 are formed as grooves in which reaction regions R' radially
extend on a disc-shaped 25 substrate. In each groove, detection surfaces
S', each   - 39  having the same structure as that of the detection surface
S of the detecting element 1, are placed with a predetermined distance
therebetween on the inner surface Y of one side in the longitudinal
direction of the groove. At each site 5 where the detection surface S' is
formed, positive and negative electrodes E3 and E4 are provided so as to
sandwich the reaction region R' (refer to Fig. 5(B)). Additionally, the
groove-type detecting element 10 may be described as a structure in which
the cell-type detecting elements 1 are 10 arrayed in the groove. The
positive electrodes E3 may be formed as a common electrode, and similarly,
the negative electrodes E4 may be formed as a common electrode. That is,
the positive electrode E3 and the negative electrode E4, which are common
15 electrodes, may be placed in parallel so as to face each other with the
reaction region R' therebetween. In such a structure, current can be
applied by pressing a needle probe to the positive electrode E3 and the
negative electrode E4 from the above. 20 The reaction regions R' may be
formed in pits (not shown in the drawing) which are arrayed in each groove.
By dripping microdroplets into the reaction regions in the pits, it is
possible achieve substantially the same spot size, and the fluorescence
intensity can be detected with high 25 reproducibility. 



- 40  When the groove-type detecting element 10 is employed, it is possible
to feed a liquid using capillary action, or to use a liquid-feeding process
in which the centrifugal force generated by rotating the disc-shaped
substrate in a 5 predetermined manner is utilized. Specifically, a liquid
pool 21 is provided in the center of the substrate 20, and the sample
solution 5 (5') (refer to Fig. 4), a cleaning liquid used for removing an
excess target substance which is not actively linked after 10 reaction,
etc., is injected into the liquid pool 21. By rotating the substrate 20,
the liquid can be smoothly and reliably fed from the central region of the
substrate into the grooves (i.e., reaction regions R'). In each of the
detecting element 1 of the substrate 2 15 and the groove-type detecting
element 10 provided on the substrate 20, it is possible to immobilize
different detecting substances D for each detecting element or for each
group of detecting elements. The positional information and the rotational
20 synchronization information of the substrate 2 (20) will be briefly
described below. Many address pits are preliminarily formed by an optical
disc mastering process in the rotation direction of the substrate 2 (20).
Assuming that the substrate 2 (20) is an optical disc, the reaction 



25 regions R (R') in which the liquid is dripped and detection   - 41  is
performed correspond to user data regions. In the other region, synchronous
pits are arrayed by a sample servo method, or the like, and the other
region is also used as a tracking servo. Furthermore, by inserting address
parts 5 (geographical addresses on the disc) immediately after the
synchronous pits, positional information is provided. The address part is a
combination that begins with a sector mark which is a leading pattern,
followed by a VFO (Variable Frequency Oscillator) which controls the 10
rotational phase of the rotating disc, an address mark which shows the
starting position of address data, and an ID (Identifier) including track
and sector numbers. In order to perform a bioassay using the substrate 2
(20), preferably, an apparatus including at least the 15 following means
and mechanisms is employed. That is, the apparatus (not shown in the
drawing) includes at least a substrate rotating means which rotatably holds
the substrate 2 (20): a dripping means which drips a detecting nucleotide
chain-containing solution 5 and a target nucleotide chain 20 containing
solution 5' into the reaction region R (R') at a predetermined sequence and
timing while the substrate 2 (20) is being rotated by the substrate
rotating means; a focus servo mechanism for maintaining a certain distance
between (a nozzle of) the dripping means and the substrate 2 (20); 25 and a
tracking servomechanism which allows the solutions 5   - 42  and 5' to be
dripped accurately into the reaction region R (R') of the substrate 2 (20)
based on the positional information and rotational synchronization
information provided from the substrate 2 (20). 5 Instead of using the
address pits, addressing may be performed by a wobbled groove formed on the
track, in which positional information on the disc is obtained by adjusting
the wobble so as to have clock information according to the position.
Simultaneously, by using the wobbling frequency, 10 a tracking
servomechanism is enabled. Furthermore, by forming both the address pits
and the wobbled groove, addressing and tracking servo control can be
performed more accurately. By employing the substrate 2 or 20 and the
bioassay 15 apparatus including the substrate, the bioassay method of the
present invention can be favorably performed. In particular, in the
bioassay substrate described above, the following advantages can be
obtained. That is, in the conventional DNA chip technology, since 20 the
integration degree and the integration density are low 



in the DNA chip itself, the amount of analysis that can be achieved in one
assay is insufficient. Therefore, it is difficult for the user to freely
set the types and numbers of detecting substances and furthermore the
allocation 25 (grouping) of the substances.   - 43  In the conventional DNA
chip, since the nucleotide chain which is preliminarily immobilized on the
surface of the substrate and which is used for detection is not necessarily
held linearly, the accuracy in hybridization 5 with the target nucleotide
varies due to steric hindrance, etc., and a long period of time is required
for the reaction. Furthermore, in the conventional DNA chip in which DNA
probes which are different in Tm (melting Temperature) or GC content, as
detecting substances, are arrayed on the two 10 dimensional surface of the
substrate, due to exposure to the same hybridization conditions and
cleaning conditions, the risk that false positive or false negative results
are shown is high. In contrast, in accordance with the bioassay substrate
15 of the present invention, the following great advantages can be
obtained. (1) In the bioassay substrate of the present invention, since
large quantity and large number of detecting elements can be formed, a
large accumulation of recorded information 



20 is enabled. (2) An electric field is applied to a detecting nucleotide
chain which is immobilized on the detection surface of the detecting
element so that the nucleotide chain is linearly stretched, and then a
sample solution 25 containing a target nucleotide chain is accurately
dripped   - 44  into the reaction region of the detecting element. Thereby,
hybridization is carried out between the detecting nucleotide chain and the
target nucleotide chain. Consequently, hybridization can be performed
efficiently 5 over a short period of time. (3) Since an assay can be
performed by selecting optimal reaction conditions, etc., for each
detecting element or for each group of detecting elements, the incidence of
false positive or false negative results can be 10 remarkably decreased.
Consequently, in the bioassay substrate, it is possible to carry out
analyses extensively, efficiently, and highly accurately, and moreover, the
cost for recorded information is low. (4) The bioassay substrate of the
present invention is 15 particularly useful as a DNA chip or biosensor
chip. It is also possible to provide a disc-shaped microchannel array with
a novel structure. The substrates of the present invention, as DNA chips,
can be used for the analysis of gene mutations, SNP (single nucleotide
polymorphism) 20 analysis, gene expression frequency analysis, etc., and
also can be used extensively for the development of new drugs, clinical
diagnosis, pharmacogenomics, forensic medicine, and other fields. 25
Industrial Applicability   - 45  The present invention have the following
specific advantageous effects. (1) In the bioassay method or bioassay
apparatus of the present invention, by controlling the timing of the
electric 5 field formation in a reaction region provided on the detecting
element, the efficiency of the interaction between a detecting substance
and a target substance in the reaction region can be improved, and it is
possible to control the reaction timing. 10 (2) The present invention is
particularly useful for 



bioassay methods based on DNA chips and biosensor chips, and can be used
for the analysis of gene mutations, SNP (single nucleotide polymorphism)
analysis, gene expression frequency analysis, etc., and also can be used
extensively for the 15 development of new drugs, clinical diagnosis,
pharmacogenomics, forensic medicine, and other fields. Furthermore, the
present invention can be used for the testing of antibody-antigen
reactions, the assay of endocrine disrupters, etc. 20   - 46  CLAIMS 1. A
bioassay method comprising detecting an interaction between substances by a
detecting element, the detecting 5 element comprising at least: a detection
surface which is surface-treated for immobilizing a detecting substance; a
reaction region which provides a field for interaction between the
detecting substance immobilized on 10 the detection surface and a target
substance; and an electric field-forming means which forms an electric
field in the reaction region by applying a potential difference in the
reaction region, wherein the method comprises at least a step of turning 15
on/off the electric field formation by the electric field forming means at
a predetermined timing. 2. A bioassay method according to Claim 1, wherein
the detecting substance and the target substance are nucleotide 



20 chains, and the interaction is a hybridization. 3. A bioassay method
according to Claim 2, further comprising the steps of: forming an electric
field so as to stretch the 25 detecting nucleotide chain immobilized on the
detection   - 47  surface at the end; subsequently adding the target
nucleotide chain into the reaction region; subsequently forming an electric
field so as to 5 relatively move the detecting nucleotide chain and the
target nucleotide chain in the reaction region; and subsequently performing
the hybridization with the electric field being removed. 10 4. A bioassay
apparatus comprising a detecting element, the detecting element comprising
at least: a detection surface which is surface-treated for immobilizing a
detecting substance; a reaction region which provides a field for 15
interaction between the detecting substance immobilized on the detection
surface and a target substance: and an electric field-forming means which
can form an 



electric field in the reaction region by applying a potential difference
and which can turn on/off the electric 20 field formation at a
predetermined timing. 5. A bioassay substrate comprising a detecting
element provided on a disc-shaped substrate from which recorded information
can be optically read, the detecting element 25 comprising at least:   - 48
(1) a detection surface which is surface-treated for immobilizing an end of
a detecting nucleotide chain; (2) positive and negative electrodes for
forming an electric field to stretch the detecting nucleotide chain 5
immobilized on the detection surface; and (3) a reaction region which
provides a field for hybridization between the detecting nucleotide chain
and a target nucleotide chain. 10 6. A bioassay substrate according to
Claim 5, wherein the detecting element is a cell-type detecting element in
which the detection surface is placed on one surface, and a plurality of
cell-type detecting elements are arrayed on the disc-shaped substrate. 15
7. A bioassay substrate according to Claim 3, wherein the cell-type
detecting elements are arrayed radially, when viewed from above, on the
disc-shaped substrate. 



20 8. A bioassay substrate according to Claim 7, wherein different
detecting nucleotide chains are immobilized for each cell-type detecting
element or for each group of cell type detecting elements. 25 9. A bioassay
substrate according to Claim 5, wherein the   - 49  reaction region of the
detecting element is provided in each of the grooves radially extending on
the disc-shaped substrate, and the detection surface is placed on an inner
surface of the groove. 5 10. A bioassay substrate according to Claim 9,
wherein different detecting nucleotide chains are immobilized for each
groove or for each group of grooves. 10 11. A bioassay substrate according
to Claim 5, further comprising a means for providing the positional
information of the detection surface site and rotational synchronization
information. 15 12. A bioassay substrate according to Claim 11, wherein the
means comprises a wobbled groove or address pits provided on the substrate.
13. A bioassay substrate according to Claim 5, wherein 20 the reaction
region is filled with a material which can undergo a reversible phase
change between gel and sol at between room temperature and the optimal
temperature for the 



reaction. 25 14. A bioassay substrate according to Claim 5, wherein   - 50
the hybridization is detected by an intercalator.
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