Office de la Proprieté Canadian CA 2188848 C 2004/10/19

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 1 88 848
gr gfganisg‘e ] 'f*rc‘j age”‘éy of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1996/10/25 (51) CL.Int.%/Int.CI.° GO1N 27/26, GO1N 21/76, GO1N 21/64,
(41) Mise a la disp. pub./Open to Public Insp.: 1997/09/30 GUIN 27/a2, GUIN 277321
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2004/10/19 MATSUE. TOMOKAZU. JP:
(30) Priorité/Priority: 1996/03/30 (Hel-8-103948) JP SHIKU, HITOSHI. JP;

UCHIDA, ISAMU, JP

(73) Proprietaire/Owner:
DAIICHI PURE CHEMICALS CO., LTD., JP

(74) Agent: G. RONALD BELL & ASSOCIATES

(54) Titre : METHODE ET DISPOSITIF D'’ANALYSE PRECIS UTILISANT UN CAPTEUR SIMPLE
(54) Title: ANALYTICAL METHOD AND DEVICE FOR PRECISE ANALYSIS WITH A SIMPLE SENSOR

(L LLLL L L L LA

h\\\\\\\\\.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\\\\\\\.\\‘ i 4 x

(57) Abrégée/Abstract:

An analyte and a reactant 3 that reacts with said analyte either directly or indirectly are allowed to react each other on the analytical
areas A of a substrate 1 and signals originating from the reaction are detected. In at least a signal detection step, either a signal
generation-related portion 4x or a detector is provided Iin a portion that is opposed to the substrate 1 and high and low areas are
formed In elther the substrate 1 or the opposed portion or both in such a manner that the distance from each analytical area A of
the substrate to the opposed portion Is shorter than the distance from each of the non-analytical areas B of the substrate to the
opposed portion, whereby signals originating from the reaction in the analytical areas A will be detected at higher intensities than
signhals originating from the reaction in the non-analytical areas B. The analyte can be quantitatively or qualitatively analyzed on the
analytical areas of the substrate in high precision with reduced effects from the non-analytical areas of the substrate. Simultaneous

analysis of multiple samples or simultaneous analysis for multiple items can also be accomplished with a simple sensor
configuration.

<o
SoTEEN S /7

e

' A

3 '_{,-.Tl'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




10

15

20

0218884g

ABSTRACT OF THE DISCLOSURE
.An analyte and a reactant 3 that reacts with said

signals.originating from the reaction are detected. 1In at
least a signal detection step, either a signal generation-
related portion 4x or a detector is provided in a portion
that is opposed to the substrate 1 and high and low areas are
formed in either the substrate 1 or the opposed portion or

both in such a manner that the distance from each analytical

the substrate to the opposed portion, whereby signals
originating from the reaction in the analytical areas A will
be detected at higher intensities than signals originating
from the'reaction in the non-analytical areas B. The analyte

can be quantitatively or qualitatively analyzed on the

substrate. Simultaneous analysis of multiple samples or
simultaneous analysis for multiple items can also be

accomplished with a simple sensor configuration.
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ANALYTICAL METHOD AND DEVICE FOR
PRECISE ANALYSIS WITH A SIMPLE SENSOR

BACKGROUND OF THE INVENTION
This invention relates to an analytical method in

which an analyte and a reactant that reacts with said analyte
either directly or indirectly are allowed to react on the
analytical areas of a substrate, with the resulting signals
being detected for qualitative or quantitative analysis of
the analyte, and in which the signals derived from the
reaction on the analytical areas of the substrate are
detected more intensely than those derived from the non-
analytical areas, thereby allowing for higher precision in
the analysis of the analyte. More specifically, the
invention relates to an analytical method that employs
chemical sensors, biosensors such as enzyme sensors, specific
binding sensors and which enables precise analysis with a
simple sensor configuration by such means as supporting the

analyte on projecting analytical areas of the substrate. The

microsensors.

Column chromatography, enzjme~chemical analyses,
immunoassays and other conventional analytical methods that
determine the quantities of target compounds in liquid or
gaseous phase have disadvantages such as the need to use

large sample volumes for analysis, the need for large



10

15

20

25

02188848

analytical equipment and the prolonged time of analysis.
These pfoblems present a serious.obstacle when there is a
need to analyze a large number of samples simultaneously for
a single analyte (i.e., simultaneous analysis of multiple
samples) or when it is necessary to analyze single samples
for a number of different analytical items (i.e.,
simultaneous analysis for multiple items).

Sensor technology has recently seen marked advances

in such applications as chemical sensors, biosensors and

specific binding sensors and active efforts are being made
toward simplified analytical techniques and miniaturized
sensing devices. However, the.results are not completely
satisfactory and technology is yet to be developed that uses
a miniature sensor and which not only enables simultaneous
analysis of multiple samples or simultaneous analysis for

multiple items but also achieves high precision in these

analyses.

To take one example, S.P. Fodor et al. described in
Science, Vol. 251, p. 767-773 (1991) a method in which a
photolithographic technique was combined with photo-sensitive
protective groups to synthesize for analytical use different
sequences of peptides or oligonucléotides in minute multiple
regions (forming a matrix on a two-dimensional plane).

P. Connolly wrote a review article in Trends Biotechnol.,
Vol. 12, p. 123-127 (1994) to describe a photofabrication

process 1n which a lift-off technique was used to form
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patterns of hydrophilic and hydrophobic regions in the
surface:of a substrate. Similar surface processing
technologies and analytical methods have been reported by
C.R. Lowe et al. (U.S. Patent 4,562,157), S. Nakamoto et al.
(Sensors and Actuators, Vol. 13, 165 to 172 (1988), C.S.
Dulcey et al. (Science, Vol. 252, 551 to 554, 1991) and S.K.
Bhatia et al. [Anal. Biochem., Vol. 208, 197 to 205 (1993)].

W.T. Muller et al. described in Science, Vol. 268, p.
272-273 (1995) a process in which surface functional groups
in a mono-molecular layer self-associated onto a substrate
were subjected to micro-processing with a scanning probe unit
such that a substance could be. covalently bonded to minute
regions of the substrate.

Surface processing technologies using a scanning
tunnel microscope (STM) were also reported by Y. Utsugi
[NATURE,‘Vbl. 347, 747 to 749 (1990)] and P. Connolly
[Nanotechnology, Vol. 2, 160 to 163 (1991)].

D.J. Pritchard et al. reported in Anal. Chim. Acta.,
Vol. 310, p. 251-256 (1995) a process for the fabrication of
a specific binding sensor for simultaneous analysis for
multiple items, which comprised reacting photo-sensitive
photobiotin with each of two antibddies, with a photomask
being applied to a plurality of avidin-immobilized gold
electrodes on a silicon wafer substrate.

The above-mentioned micro-processing technologies are

all capable of immobilizing different substances onto
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specified regions of a substrate. However, the fabrication
processtemployed in these technoiogies includes at least
several steps and hence is complicated. 1In addition, despite
the need to process minute regions, expensive reagents such
as specific binding substances (antibodies) or precious
molecular recognition elements, both of which will determine
the characteristics of individual sensing portions presuppose
a@a reaction over the entire surface of the substrate, which
makes the conventional technologies not always economical.
What is more, the detecting regions such as electrodes must
be in correct registry with the immobilized regions and,
hence, a highly precise positioning technology is
indispensable to the fabrication of miniature sensors. As a
further problem, electrodes and other detecting portions will
detect not only signals originating from the desired specific
binding but also those which derive from undesired events
such as the surrounding non-specific binding on the same
plane and this makes the conventional technologies unsuitable
for precise analyses.

In performing analyses with sensors represented by
chemical sensors, biosensors such as enzyme sensors and
specific binding sensors such as immunological sensors, two
functional parts are necessary, i.e., an analyzing part for
supporting analytical reagent components such as chemical
sensitive substances, bio-catalytic substances, molecular

recognition elements and specific binding substances, and a
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detectiﬁg part for detecting signals that are generated as
the resﬁlt of participation of the supported substance. For
achieving better precision in analysis, the precision in the
amount of the substance to be supported in the analyzing part
and the precision of signal detection by the detecting part
must both be improved. The precision in the amount of the
substance to be supported in the analyzing part depends on
various factors such as the method of supporting (e.g. in a
free state without being bound chemically, via covalent
bonding, via non-covalent bonding, or via a specific binding
substance), the precision in the quantity of reaction
solution used for supporting, the precision in the quantity
of the fluid to be spotted and the precision in the
supporting area of the analyzing part. It should
particularly be noted here that if the size of the analyzer
is reduced to enable analysis of trace amount of samples, it
becomes difficult to guarantee the precision in the volume of
reaction solution or in the supporting area of the analyzing
part. Methods so far adopted to solve these problems
comprise providing minute regions of a substrate with a
substance binding ability by a photolithographic technique
and then bringing the entire surfaée of the substrate into
contact with the substance to be supported. However, this
approach has several disadvantages; first, the fabrication
process 1s complicated; second, excess amounts of reagents

have to be supported, which makes the approach uneconomical:
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third, there are unavoidable influences of non-specific
adsorption onto regions where the substance of interest
should not be supported or those regions to which the

substance should not bind.

oUMMARY OF THE INVENTION

The present invention has been accomplished under
these circumstances and has as an object providing an
analytical method which comprises allowing an analyte and a
reactant that reacts with said analyte either directly or
indirectly to react each other on the analytical areas of a
substrate, with the resulting signals being detected for
qualitative or quantitative analysis of the analyte, wherein
the signals derived from the reaction on the analytical areas
of the substrate are detected more intensely than those
derived from the non-analytical areas, thereby enabling
higher precision in the analysis of the analyte.

Another object of the invention is to enable precise
analysis with a simple sensor configuration and thereby
making it easy to produce a miniature and highly precise
microsensor.

Yet another object of the invention is to ensure that
simultaneous analysis of multiple éamples or simultaneous
analysis for multiple items can be performed with a trace
sample volume.

The present inventors conducted intensive studies to

develop a technique by which the reagent components to be
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analyzed were immobilized on minute regions such that they
could bé analyzed in a precise manner. As a result, the
inventors -found the following: when a reactant that would
react with the analyte either directly or indirectly was
immobilized on the analytical areas of a substrate and
allowed to react with the analyte in an externally introduced
sample or when the analyte was immobilized on the analytical
areas of the substrate and allowed to react with an
externally introduced reactant that would react with the
analyte, with the resulting signals being detected to analyze
the analyte, and in the case where a portion provided in a
position opposed to the substrate was closely related to the
supply of the reactant or reaction energy, signals
originating from the reaction on the analytical areas could
be detected intensely in a specific manner by ensuring that
the distaﬁée form each analytical area of the substrate to
the opposed portion is shorter than the distance from each of
the non-analytical areas of the substrate to the opposed
portion. The inventors also found that to ensure that the
reaction occurring in the analytical areas would be detected
at specifically high signal intensities, it was effective to
form high and low area, in either ﬁhe substrate or the
opposed portion or both. The present invention has been
accomplished on the basis of these findings.

Thus, the present invention provides an analytical

method which comprises allowing an analyte and a reactant
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and detecting signals originating from the reaction, wherein,
at least in a signal detection step, either a signal
generation-related portion that participates in the
generation of said signals or a signal detection portion of
said signals or both are provided in a portion that is
opposed to the substrate and wherein high and low area are
formed in either the substrate or the opposed portion or both
in such a manner that the distance from each analytical area
of the substrate to the opposed portion is shorter than the
distance from each of the non-analytical areas of the
substrate to the opposed portion, whereby signals originating
from said reaction in the analytical areas of the substrate
will be detected at higher intensities than signals

]

originating from the reaction in the non-analytical areas of
the substrate.

In another aspect, the invention provides a substrate
that has a plurality of projecting analytical areas formed
thereon and which is useful in conducting the analytical
method described above.

BRIEF DESCRIPTION OF'THE DRAWINGS

Figs. 1A and 1B illustrate embodiments of the

analytical method of the invention, respectively;

Fig. 2 illustrates another embodiment of the

analytical method of the invention:
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1Fig. 3 illustrates yet another embodiment of the
analytiéal method of-the inventidn;

Fig. 4A is a top view of the substrate used in
Example 1:

Fig. 4B is a cross section of the same substrate as
in Fig. 4A;

Fig. 5 illustrates the analytical method employed in
Example 1;

Fig. 6 is a diagrammatic representation of the SECM
image of the substrate employed in Example 1;

Fig. 7 is a cross section of the specific binding
substrate used in Example 1:

Fig. BA is diagrammatic representation of the SECM
image taken when a hPL-containing sample solution was
analyzed using the specific binding substrate:

Fig;'BB is a graph showing the electric current

profile obtained in the same analysis as in Fig. 8A:
Fig. 9A is a diagrammatic representation of the SECM
image taken when a hCG-containing sample solution was

analyzed using the specific binding substrate:

Fig. 9B is a graph showing the electric current
profile obtained in the same analyéis as in Fig. 9A;

Fig. 10 is a graph showing the reduction current vs
the concentration of hPL in the hPL-containing sample
solution when it was analyzed using the specific binding

substrate;
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Fig. 11 is a graph showing the reduction current vs
the conéentration of'hCG in the hCG-containing sample
solution when it was analyzed using the specific binding
substrate;

Fig. 12 is a diagrammatic representation of the SECM
image taken when an AFP-containing sample solution was
analyzed in Example 2 using a specific binding substrate;

Fig. 13 is a graph showing the relationship between
the CEA concentration and the SECM reduction current;

Fig. 14 is a diagrammatic representation of the SECM
images taken in Comparative Example 1 using a flat substrate;
and

Fig. 15 is a graph shdwing the relationship between
the CEA concentration and the SECM reduction current for
Comparative Example 1 in which the flat substrate was used.

EMBODIMENTS OF THE INVENTION

The present invention will now be described in
detail.

The analytical method of the invention is such that
an analyte and a reactant that reacts with said analyte
either directly or indirectly are allowed to react each other
on the analytical areas of a substfate and that signals
originating from the reaction are detected: the method
presupposes that, in at least a signal detection step, either
a portion that participates in the generation of said signals

or a signal detection portion of said signals or both are

- 10 -
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provided in a portion that is opposed to the substrate. 1In
the anaiytical method under consideration, the analyte, as
well as the reactant that reacts with it include various
substances as will be described below in detail. Other
factors such as the mechanism by which signals are generated
from the reaction between the analyte and the reactant, the
type of signals, the manner in which the signal generation-
related portion participates in the generation of signals,
the type of signal detector and the site at which it is
provided are also not subjected to any particular limitations
and can be embodied in various ways as long as the signals
originating from the above-described reaction can be
specifically intensified in accordance with the relatively
short distance between the opposed portion and each
analytical area of the substrate.

while various substances can be reacted with the
analyte in the invention, those which react directly with the
analyte include (i) substances that bind directly to the
analyte but which themselves will not undergo any chemical
changes, and (ii) substances that bind directly to the
analyte to cause chemical changes in the analyte, in
themselves or in other substances.

More specifically, substances of group (i) may be
exemplified by an antibody againét the analyte if it is an
antigen. 1In this case, the anti-analyte antibody is capable

Of direct binding to the analyte which is an antigen.

- 11 -
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If the analyte is a nucleic acid having a specified
sequencé, a poly- or oligonucleotide that hybridizes
complementarily with the DNA or RNA of said nucleic acid, a
specific binding substance to the analyte (to be described
hereinafter), and an enzyme molecule for which the analyte is
an inhibitor may be given as typical examples of the reactant
of group (i). Other examples include ionically bonding
substances having dissociative groups such as a carboxyl
group and an amino group and hydrophobically bonding
substances such as silicone.

Substances of group (ii) may be exemplified by
covalent bond forming or crosslinking substances such as
glutaraldehyde, carbodiimide, N-hydroxysuccinimide (NHS),
disuccinidyl tartrate (DST) and N-succinimidyl-3-(2-
pyridyldithio)propionate (SPDP), as well as substances having
a sulfhydryl group that causes a S-S bond exchange reaction.
Other examples are enzyme molecules for which the analyte is
an enzyme substrate, coenzyme, cofactor, inhibitor and the
like. Take, for example, the case where the analyte is
glucose which is an enzyme substrate; an enzyme such as
glucose oxidase (GOD) binds directly to glucose, forming
D-glucono-6-lactone and hydrogen péroxide in the presence of
oxygen which is another enzyme substrate.

Substances that react indirectly with the analyte may
also be used in the invention and they cause reactions that

are indirectly associated with the reaction in which the

- 12 -
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analyte participates. Such substances include (a) those
which bind indirectly to the analYte via a substance that
binds directly to the analyte, and (b) those which do not
bind to the analyte either directly or indirectly bﬁt which

will bind to a substance to which the analyte binds.
Substances of group (a) include a specific binding
substance to a substance that binds directly to the analyte,
as exemplified by an antibody against an anti-analyte
antibody. A more specific example is avidin that binds
specifically to a biotin-labelled anti-analyte antibody.

Substances of group (b) may be exemplified by the

same substance as the analyte or its analogs. 1In this case,
an anti-analyte antibody is capable of binding to both the
analyte and the substance of group (b), so the latter will
enter into a reaction in which it competes with the analyte
for the anti-analyte antibody. Another example of substances
of group (b) is an enzyme that catalyzes a reaction linked
with the reaction catalyzed by an enzyme capable of direct
reaction with the analyte. More specifically, consider the
case where the analyte is glucose and the enzyme capable of
direct reaction with. the analyte is GOD: the substance of
group (b) in this case is peroxidaSe (POD) which acts on the
substrate hydrogen peroxide that is generated in the GOD-

catalyzed reaction.

In the present invention, the analyte and the

reactant that reacts with the analyte either directly or

- 13 -
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indirectly as described above are allowed to react each other
on the énalytical aréas of the substrate. For this reaction,
either the analyte or the reactant may be preliminarily
supported on the analytical areas of the substrate whereas
the reactant or the analyte is externally brought onto the
analytical areas. 1In this case, whichever of the analyte and
the reactant may be preliminarily supported on the substrate;
however, in a preferred embodiment, the reactant is
preliminarily supported on the analytical areas of the
substrate and then a sample for quantitative or qualitative
analysis of the analyte is brought onto the analytical areas
such that the reactant is reacted with the analyte; this
provides a practical and useful technique for simultaneous
analysis of multiple samples or simultaneous analysis for
multiple items.

The manner in which the reactant is supported on the
substrate is not limited to any particular embodiments as
long as it is held on the analytical areas in a fashion that
causes the intended reaction. Therefore, if, as in
simultaneous analysis of multiple samples, sample solutions
or reagent fluids are loaded onto the respective analytical
areas of the substrate by diSpensiﬂg Oor suction means such as
a micro-capillary such that the sample solution or reagent
fluid on one analytical area does not communicate with that
on an adjacent analytical area, the reactant can be supported

on the individual analytical areas in such a way that the
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reactant on one analytical area is isolated from the reactant
on an aajacent analytical area. 'On the other hand, if, as in
simultaneous analysis for multiple items, aliquots of a
single sample solution are simultaneously distributed among
the analytical areas for performing a plurality of tests, it
is generally preferred to have the reactant immobilized onto
the analytical areas. The immobilization of the reactant may
be effected in various manners including physical adsorption
on the surfaces of the analytical areas and covalent bonding
to an adsorbent on the surfaces of the analytical areas. For
such immobilization, one may advantageously employ those
techniques which are commonly used in specific binding
analyses with the aid of various solid-phase supports such as
glass test tubes, plastic test tubes, porous membranes,
microplates, polystyrene beads, latex particles and magnetic
particles;w

Signals are generated in the invention as originating
from the reaction between the analyte and the reactant which
reacts with it either directly or indirectly. Such signals
are those which occur as the result of direct or indirect
reaction between the analyte and the reactant and they are
signals variable with the quantity'or concentration of the
analyte in a sample. Examples are: signals from an indicator
by which a specific binding substance as the reactant is
labelled to form a labelled specific binding substance that

will participate in signal generation: signals either from a
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labellea specific binding substance that binds to the product
of hybridizing reaction or from an intercalated substance,
with the reactant being a specific binding substance of a
polynucleotide sequence that hybridizes with a nucleic acid
such as DNA or RNA; and signals from the product of an enzyme
catalyzed reaction in which the reactant is an enzyme.

The signals under consideration include those
detection signals which the skilled artisan use in various
analytical methods such as enzyme reactions, optical or
electrochemical enzyme sensor methods, various immunological
analyses typified by fluoroimmunoassay, enzyme immunoassay,
chemiluminescence or bioluminescence immunoassay, etc. and
which are known as homogeneous or heterogeneous methods, and
nucleic acid amplification analyses typified by nucleic acid
hybridization quantitation using a labelled antidouble-strand
antibody-or a fluorescent intercalator, and examples of such
signals are color, emitted light such as fluorescence and
electrical amounts such as current and potential. The
mechanisms of signal generation in these various analytical
methods may also be used as preferred cases of the invention.
As in the already-described assay methods, the intensities of
signals generated in the invention.depend on the quantity or
concentration of the analyte in samples. Therefore, the
quantity or concentration of the analyte in an unknown

specimen can be determined either qualitatively or

- 16 -
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quantitatively from the signal intensities detected with a

suitablé detector.

Specific examples of the enzyme generating signals
include oxidoreductase. Examples of the oxidoreductase
include oxidase (e.g., glucose oxidase and cholesterol
oxidase), peroxidase (e.g., horseradish peroxidase), and
dehydrogenases (e.g., diaphorase and glucose-6-phosphate
dehydrogenase).

While various detectors can be used in the invention
for detecting the above-described signals, a gold electrode
evaporated on the substrate may typically be used if the
signals to be detected are generated by an electrochemical
reaction. Other detectors that can be used include carbon
ink typically formed by screen printing, as well as silver
paste electrodes, carbon fiber electrodes and platinum
electrodes. Such electrodes may covered with resist patterns
or the like in areas that are not desirably exposed.

These electrodes may be disposed, either on the side
of the substrate where the analytical areas are formed or in
the portion opposed to these areas of the substrate, for use
as a detector of electric current or potential. If desired,
they may also be used as auxiliary.electrodes. If the
electrodes are to be provided in the opposed portion, the

distance between the substrate and the electrode may be held

constant by inserting a spacer or the like such that the

substrate is laminated to the electrode in an opposed

- 17 -
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relationship with the spacer being interposed between the

two.

As will be described later in the Examples, a probe
electrode comprising a very thin platinum filament may also
be used as a signal detector. 1In this case, signal detection
1s preferably performed with the probe electrode being
actuated by precise motor drive such that it will scan over
the substrate maintaining a constant distance from the
substrate having the analytical areas disposed thereon.
Alternatively, the substrate may be moved relative to the
probe electrode for scanning.

The electrochemical detection method using the probe
electrode is known as scanning electrochemical microscopy
(SECM) and described in such references as C. Lee, Proc.
Natl. Acad. Sci., USA, Vol. 87, p. 1740-1743 (1990), A.J.
Bard et al., Science, Vol. 254, p. 68-74 (1991) and H. Shiku
et al., Anal. Chem., Vol. 67, p. 312-317 (1995). The SECM
can advantageously be applied for implementing the analytical
method of the invention.

If the signals to be detected in the inventing are
light produced by fluorescence, chemiluminescence, biolumine-
scence and so forth, photodetectoré such as CCD and
photomultiplier may be used as signal detectors.

The foregoing description of signal detectors is

merely intended as illustrations and should by no means be

taken to imply that the method of signal detection to be

- 18 -
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employed in the invention is limited to electrochemical or
opticaltmeans. The invention may adopt various methods of
signal detection as long as the high and low areas formed in
either the analytical areas or the reaction-related portion
which is opposed to the analytical areas ensure that signals
are detected in such a way that specific signals coming form
the analytical areas have a clear difference in intensity
from non-specific signals coming from the areas surrounding
salid analytical areas.

The signal generation-related portion employed in the
method of invention includes such sites that, when the
reaction between the analyte and the reactant which reacts
with it either directly or indirectly is allowed to proceed
for generating signals, the supply of a substance making a
certain contribution to those phenomena or the supply of
enerqgy pafficipating in the generation of said signals is
controlled.

The control of energy supply means that the external
energy required for signal generation or the external energy
for promoting or suppressing signal generation is supplied in
a controlled manner. The energy that participates in signal
generation may be exemplified by optical and thermal energy.

When supplying energy from the signal generation-
related portion, the region of energy supply is preferably
restricted to the area near the surface of the signal

generation-related portion such that a sufficient amount of

- 19 -
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energy will reach the analytical areas of the substrate but
that thé amount of eﬁergy reaching the non-analytical areas
1s not effective for accelerating the reaction. An example
of the optical energy that can be controlled in terms of its
supply region is evanescent waves which are produced on the
surface of a waveguide such as a prism plate or an optical
fiber. Use of the evanescent wave enables detection of a
fluorophore within a thin layer. The use of optical energy
has the added advantage of allowing for surface plasmon
resonance (SPR) analysis utilizing the change in dielectric
constant that occurs on the surface of a waveguide having an

evaporated metal coating.

If the evanescent wave is to be used in the
invention, the opposed portion which provides the signal
generation-related portion is composed of a waveguide such as
a plane prism and either the analytical areas or part of the
opposed portion or both are formed as projecting regions such
that the analytical areas will lie within the region to be
supplied with optical energy whereas the non-analytical areas
will be outside said region. Given these geometfic features,
a light collector installed on the side close to the
substrate or the opposed portion is combined with a detector
such as a photomultiplier or CCD, thereby enabling precise

analysis of the signals that originate from the analytical

areas.

- 20 -
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1Another example of the energy that can be employed in
the invéntion and which can be cdntrolled in terms of the
region over which energy is supplied from the signal
generation-related portion is the thermal energy controlled
by a thermal cycler (as used in a DNA amplifier and so
forth). By employing a thermal cycler in the invention, one
can create such conditions that the temperature of the area
near the heat source can be controlled to a specified level
but no effective temperature control can be achieved to
affect remote regions. On the other hand, nucleic acid
amplifying reactions such as polymerase chain reaction (PCR)
are caused by temperature circulation with a thermal cycler.
Therefore, if a thermal cycler is to be used in the
invention, one may cause PCR with projecting regions being
formed in such a way that only the analytical areas will lie
within the fegions that are subject to the necessary
temperature control. It should be noted here that in order
to increase the temperature difference between the interior
of each of said regions and its exterior, the substrate may
be maintained at a constant temperature.

An embodiment of the invention using a thermal cycler
will now be described more specifidally below. A sequence-
specific nucleotide probe is supported on the analytical
areas and both a sample and any reagents such as primers and
polymerases that are necessary for PCR are inserted between

each analytical area and the opposed portion and, thereafter,

- 21 -
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means of a thermal cycler. 1If the sample contains a nucleic
aclid sequence as the analyte, nucleic acid amplification is
caused as a local phenomenon that is confined to the
analytical areas. If the sample also contains a fluorescence
marker that will intercalate in a double-stranded nucleic
acid or an electrochemically labelled mononucleotide, the
label can be incorporated into the nucleic acid amplification
product. This makes it possible to detect fluorescent or
electrochemical signals by a detector as a function of the
amount of the product of nucleic acid amplifying reaction.
Even 1f a component such as a nucleic acid probe is supported
in areas other than the projecting analytical areas, no
reaction for nucleic acid amplification will take place
unless the necessary temperature control is performed.

Hence, the intended assay at the analytical areas can be
accomplished with high precision.

As already mentioned, the analyte and the reactant
which reacts with the analyte either directly or indireéctly
are allowed to react each other on the analytical areas of
the substrate in the present invention and, for this
reaction, either the analyte or thé reactant may be
preliminarily supported on the analytical areas of the

substrate whereas the reactant or the analyte is externally

brought onto the analytical areas. Whichever of the analyte

and the reactant is preliminarily supported on the analytical
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areas of the substrate, the signal generation-related portion
may par£icipate in signal generation in any manners and one
may use various types of detectors, as well as dispose them
at various sites. Stated more specifically, the signal
generation-related portion may be provided in the portion
opposed to the substrate and the detector provided on the
other side of the substrate. Alternatively, a signal
detection portion rather than the signal generation-related
portion may be provided on the side close to the opposed
portion. If desired, both the signal generation-related
portion and the signal detecting portion may be provided on
the side close to the opposed portion. 1If the signal
generation-related portion is to be provided in the opposed
portion, it may be of a type that supplies a substance
participating in signal generation or it may be of a type
that suppiies energy. These points will now be described in
detail with reference to accompanying drawings.

Fig. 1A illustrates an embodiment of the analytical
method of the invention. As shown, an insulating substrate 1
such as a silicon wafer, a glass, or a synthetic resin is
provided with high and low areas in the surface. The high
areas or projecting regions of the.substrate 1l are provided
with signal detecting electrode portions 2 each having a
conductive layer formed of a semiconductor, metal, carbon
ink, etc. In the embodiment under consideration, the

surfaces of the signal detecting electrode portions 2 formed

- 23 -



10

15

20

25

2188848

in the projecting regions of the insulating substrate 1 serve
as anal&tical areasA and the recessed regions (low area) of
the substrate 1 serve as non-analytical areas B. Reactant 3
that reacts with the analyte is supported on each of the
signal detecting electrode portions 2 serving as analytical
areas A.

A signal generation-related portion 4x is provided in
a position opposed to the insulating substrate 1. The signal
generation-related portion 4x may take on various forms: it
may comprise a substrate 5 supporting an analytical reagent
that participates in the generation of signals originating
from the reaction between the analyte and the reactant 3: the
signal generation-related portion 4x may function as an
electrode such that an electrode reaction will take place in
that portion to generate a substance that participates in the
generatidn of signals originating from the reaction between
the analyte and the reactant 3; alternatively, the signal
generation-related portion 4x may be adapted such as to
supply energy that participates in the generation of signals
originating from the reaction between the analyte and the
reactant 3.

The signal detecting electfbde portions 2 supporting
the reactant 3 are connected to an external detector such as
a potentiostat and function as electrodes for sensing the
current produced by the oxidation or reduction of the

reactant 3. Such signal detecting electrode portions 2 may
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typicaliy be formed by evaporation of metals such as gold or
screen grinting of carbon ink and so forth.

The embodiment of analytical method shown in Fig. 1A
may typically be practiced in the following manner. First, a
specific binding substance is supported as the reactant 3 on
the projecting analytical areas A. Then, a sample solution
1s reacted with a horseradish peroxidase (HRP) labelled
specific binding substance to form a ternary complex on the
analytical areas A that consists of the binding specific
substance, the analyte and the HRP labelled specific binding
substance and the amount of the ternary complex depends on
the concentration of the analyte in the sample solution. The
HRP activity of the ternary complex is detected with each
signal detecting electrode portion 2 (which functions as a
detection electrode) via direct electron transfer to and from
the HRP or as mediated with an electron mediator. In this
case, hydrogen peroxide which is a substrate for HRP will be
generated in the signal generation-related portion 4x. The
signal generation-related portion 4x may be adapted to
generate hydrogen peroxide by one of the following two
methods: an oxidase such as glucose oxidase (GOD) is
supported as an analytical reagent.component on the portion
4x and glucose as well as dissolved oxygen which are
substrates for GOD are subsequently introduced: or the signal

generation-related portion 4x is allowed to function as an
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electro@e which causes an electrochemical reaction to
generaté hydrogen peroxide.

In this setup, signals originating from the HRP
activity in the ternary complex generated in the analytical

areas A 1n accordance with the concentration of the analyte

in the sample, namely, the reduction current sensed by the
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