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(54) REACTION DETECTING METHOD, IMMUNOREACTION DETECTING METHOD AND DEVICE

(57) Reaction of a substance can be detected more
simply and quickly without requiring expensive, large-
scale equipment and measuring instruments. A reaction
detecting method detects a reaction of a substance in
an electrolytic solution by measuring an electric conduc-
tivity of the electrolytic solution. An immunorcaction de-
tecting method detects an immunorcaction of an antigen
and an antibody in an electrolytic solution by measuring
an electric conductivity of the electrolytic solution. An-
other immunoreaction detecting method detects an im-
munoreaction of an antigen and an antibody in a liquid
to be examined by measuring the temperature of the liq-
uid to be examined.
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Description

Technical Field

[0001] The present invention relates to a reaction de-
tecting method and an apparatus therefor which permit
simple detection of a reaction of substances, or more
specifically, reaction products and the status of reaction,
and are useful for detection and quantitative determina-
tion of specific substances in a sample.

Background Art

[0002] A reaction of substances have conventionally
been detected by various methods depending upon the
type of reaction, the kinds of reactants, and the like, and
specific apparatuses and reagents corresponding to the
individual objects have been provided. For example, for
the purpose of detecting an immunological reaction be-
tween an antigen and an antibody, immunological
measuring methods have made a progress.
[0003] Hereinafter, in the present specification, impor-
tance of description is placed on reactions to which bi-
ological molecules are related as reactions in an elec-
trolytic solution, including immunological reactions (im-
mune reactions) between an antigen and an antibody,
and enzymatic reactions (enzyme reactions) between
an enzyme and a biological substrate, but the present
invention is not limited thereto.
[0004] From the clinical point of view such as inspec-
tion and diagnosis of a disease, detection of a reaction
based on an immunological or enzymatic specificity is
very important. For example, cancer-related substanc-
es having a high specificity to various kinds of cancer
are known to be present in the body fluid of a cancer
patient. More specifically, a so-called tumor marker (tu-
mor-related antigen) typically represented by carci-
noembryonic protein is known to excessively express
along with canceration of cells, and the amount of the
tumor marker is considered to increase with progress of
cancer. Cancer-related substances include also genes
(cancer-related gene, oncogenes) products considered
to be deeply associated with carcinogenesis or progress
of cancer, various hormones excessively expressing in
a hormone-dependent cancer tissue and receptors
thereof.
[0005] Detection of trace cancer-related substances
having a high specificity to cancer or detection of anti-
bodies against these substances is important at various
clinical stages such as cancer diagnosis, determination
of a therapeutic indicator and prognostic inspection. A
simpler and more rapid detection thereof is very impor-
tant from the point of view of early detection of cancer.
[0006] More particularly, for the purpose of detecting
and quantitatively determining cancer-related substanc-
es such as a tumor marker or antibodies against these
substances, the radio immunoassay method (RIA meth-
od) and the enzyme immunoassay method (EIA meth-

od) are conventionally used in general. The RIA and EIA
methods are immunologically measuring methods
which detect an antigen, an antibody or an immune com-
plex by use of the reaction based on the immunological
specificity.
[0007] As is well known by those skilled in the art,
when an antigen substance such as a tumor marker is
detected and quantitatively determined by the RIA
method or the EIA method, the so-called sandwich
method or the competitive method are commonly ap-
plied. The sandwich method comprises the steps of, for
example, solidifying an antibody (first antibody) specifi-
cally reactive with the antigen substance to be detected
into a carrier, bringing this solidified antibody (first anti-
body) into contact with a sample, separating the fraction
not having reacted (conjugated) with the solidified anti-
body (first antibody), then causing a antibody (second
antibody) labelled with radioactive substance (RIA
method) or enzyme (EIA method) recognizing the same
antigen as the solidified antibody (first antibody) to re-
act, and detecting and determining the resultant im-
mune complex by measuring the labelled substance.
The competition method comprises the steps of, for ex-
ample, solidifying an antibody specifically reacting with
the antigen substance to be detected into a carrier, and
causing a competitive reaction between a labelled anti-
gen or an antibody reactive specifically with this solidi-
fied antibody and a sample relative to the solidified an-
tibody. Subsequently, the target antigen in the sample
is detected and quantitatively determined by measuring
the labelled substance of the resultant immune com-
plex. At all events, the final amount of immune reaction
is determined, in the RIA method, from the radioactivity
of the labelled radioactive substance, and in the EIA
method, by measuring the enzymatic activity of the la-
belled enzyme. The enzymatic activity is measured, for
example, from light emitting intensity caused by the re-
action between the enzyme substrate serving as a color-
ing agent and the enzyme.
[0008] In the conventional immunological measuring
methods, as described above, it is necessary to provide
a solidified carrier such as beads or a plate, a labelled
substance such as a radioactive substance or an en-
zyme, and in the EIA method, an enzyme substance
such as a coloring agent.
[0009] The above-mentioned conventional immuno-
logical measuring methods are popularly applied be-
cause of the possibility to detect and quantitatively de-
termine specifically and at a high sensitivity the target
substance by detecting specific immunological reac-
tions, respectively.
[0010] However, the aforementioned RIA and EIA
methods require such procedures as solidification of an
antigen or an antibody into a carrier, and preparation of
a labelled substance, leading to necessity of complicat-
ed operations and much time. In these methods, a spe-
cial reagent such as a labelled substance or a coloring
agent (enzyme substrate) is necessary for each sub-
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stance to be measured. A special measuring instrument
for each labelled substance, for example, a radiation de-
tector for the RIA method, and a fluorescence detector
or a light emission detector for in the EIA method in ac-
cordance with labelled substances must be provided.
These instruments are generally complicated in struc-
ture and relatively expensive.
[0011] In order to detect individual reactions, it is thus
necessary to provide a special reagent and a special
measuring instrument for each of various measure-
ments, resulting in a higher cost. These circumstances
lead to an increase in the quantity of waste of various
reagents or various appliances such as solidification
carriers, posing environmental problems.
[0012] Measurement of radioactivity in the RIA meth-
od, for example, requires a special facility and a special
operator, and cannot be carried out easily.
[0013] Furthermore, the aforementioned RIA and EIA
methods have an object to detect final reaction products
which are immune complex, and therefore, it is not easy
to observe with time the status of reaction. If it is possible
to time-dependently detect the status of reaction by a
simple method, there would be available various advan-
tages including the possibility to easily select an anti-
body more reactive with an antigen or to easily deter-
mine presence of sensitivity between antigen and anti-
body. However, such a method has not as yet been
available.
[0014] The conventional reaction detecting method
and the problems involved therein, particularly with re-
spect to immunological reactions, have been described
above. However, requirements for needlessness of
large-scaled measuring instruments or special facilities
or operator, a smaller amount of waste of reagents, and
the possibility to rapidly and simply detect reactions are
common to all reactions. Possibility to time-dependently
observe the status of reaction of substances by means
of instruments of a simple configuration would be useful
in various fields of art.
[0015] A object of the present invention, in general, is
therefore to provide a reaction detecting method and ap-
paratus therefor which permit detection of reactions of
substances more easily.
[0016] Another object of the invention is to provide a
reaction detecting method and an apparatus therefor
which do not require expensive and large-scaled facili-
ties or measuring instruments, easy and rapid detection
in a real-time manner of the time-dependent reaction
status and/or reaction products of reactions of substanc-
es, and are applicable, for example, for detection and
quantitative determination of a specific substance in a
sample.
[0017] A still another object of the invention is to pro-
vide a reaction detecting method and an apparatus
therefor which permit easier detection of an immunolog-
ical or enzymatic reaction, and make it possible, for ex-
ample, to detect and quantitatively determine specific
substances associated with a specific state of a disease

more simply.
[0018] A further another object of the invention is to
provide a reaction detecting method which give a new
approach to detect the time-dependent reaction status
and/or reaction products of reactions of various sub-
stances taking place in an electrolytic solution simply
and rapidly.
[0019] An additional object of the invention is to pro-
vide an immune reaction measuring method and an ap-
paratus therefor which permit very easy detection of an
immunological reaction, and very easy and rapid detec-
tion and quantitative determination in a real-time man-
ner of specific substances in a sample such as a specific
substance associated with a specific state of a disease.

Disclosure of the Invention

[0020] The aforementioned objects of the present in-
vention are achieved by the reaction detecting method,
the immune reaction detecting method and the appara-
tus therefor of the invention. In summary, a first aspect
of the invention provides a reaction detecting method
comprising detecting a reaction of a substance in an
electrolytic solution on the basis of measurement of an
electric conductivity of the electrolytic solution. Accord-
ing to an embodiment of the invention, it is possible to
detect a status and/or a reaction product of the reaction
by time-dependently measuring the electric conductivity
of the electrolytic solution. Detectable reactions include:
(a) an immune reaction, (b) an enzyme reaction, and (c)
other chemical reactions including a binding reaction, a
polymerization reaction, a decomposition reaction, and
a catalytic reaction. Substances associated with the de-
tectable reactions include: (i) proteins including a puri-
fied protein and a synthetic protein, (ii) enzymes, (iii) an-
tigens including (i) and (ii) above, (iv) antibodies includ-
ing polyclonal antibodies and monoclonal antibodies,
and (v) other chemical substances. A specific substance
in a sample can be detected and/or quantitatively deter-
mined by detecting a reaction between the specific sub-
stance and a substance reactive with the specific sub-
stance as the reaction. The specific substance may be
a substance associated with a specific symptom of a dis-
ease, a product of a gene associated with a specific
symptom of a disease, or an antibody against the same.
According to an embodiment, the specific substance
may be a cancer-related substance including a carci-
noembryonic protein, a hormone, a hormone receptor,
a membrane antigen, and a cancer-related gene prod-
uct; or an antibody against these substances. The sam-
ple may be a body fluid including blood, serum, plasma,
urine or ascites; a tissue or a tissue extract; or a cell or
a cell extract.
[0021] In the first aspect of the invention, according
to an embodiment, the method of the invention further
comprises measuring a temperature of the electrolytic
solution and conducting a temperature correction of a
measured value of electric conductivity. According to
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another embodiment, the method of the invention fur-
ther comprising adopting any one or a combination of:
(1) maintaining an atmosphere outside the reaction sys-
tem in which the reaction of the substance takes place
in the electrolytic solution at a constant temperature; (2)
thermally shielding the reaction system from the exter-
nal atmosphere; and (3) maintaining the reaction sys-
tem and the external atmosphere at the same temper-
ature, without conducting a temperature correction of a
measured value of electric conductivity. Furthermore,
according to another embodiment, the method of the in-
vention further comprising adopting any one or a com-
bination of (1), (2) and (3) above, without conducting a
temperature correction of a measured value of electric
conductivity, and detecting the reaction status and/or
the reaction product of the reaction of the substance in
the electrolytic solution by time-dependently measuring
a temperature of the electrolytic solution and measuring
an amount of change or a rate of change in electric con-
ductivity per unit temperature.
[0022] According to a second aspect of the invention,
there is provided an immune reaction detecting method
comprising detecting an immune reaction between an
antigen and an antibody in an electrolytic solution on the
basis of measurement of an electric conductivity of the
electrolytic solution.
[0023] According to a third aspect of the invention,
there is provided an immune reaction detecting method
comprising detecting an immune reaction between an
antigen and an antibody in a subject solution on the ba-
sis of measurement of a temperature of the subject so-
lution.
[0024] According to a fourth aspect of the invention,
there is provided a reaction detecting apparatus com-
prising: a reactor for containing a reactant and an elec-
trolytic solution; electric conductivity detecting means is-
suing a signal corresponding to an electric conductivity
of the electrolytic solution in the reactor; and control
means detecting a signal issued by the electric conduc-
tivity detecting means in response to a reaction of a sub-
stance in the electrolytic solution. According to an em-
bodiment of the invention, the reaction detecting appa-
ratus further comprises temperature detecting means
issuing a signal corresponding to a temperature of the
electrolytic solution in the reactor to correct a measured
value of electric conductivity based on an output of the
electric conductivity detecting means on the basis of an
output of the temperature detecting means. According
to another embodiment of the invention, the reaction de-
tecting apparatus further comprises any one or a com-
bination of: (1) means for maintaining an atmosphere
outside the reactor at a constant temperature; (2) means
for thermally shielding the interior of the reactor from the
atmosphere outside the reactor; and (3) means for
maintaining the interior of the reactor and atmosphere
outside the reactor at the same temperature. According
to still another embodiment, the reaction detecting ap-
paratus further comprises temperature detecting means

issuing a signal corresponding to a temperature of the
electrolytic solution in the reactor, wherein the control
means generates a signal corresponding to an amount
of change or a rate of change in electric conductivity per
unit temperature on the basis of a signal issued by the
electric conductivity detecting means in response to the
reaction of the substance in the electrolytic solution, and
a signal issued by the temperature detecting means in
response to the reaction of the substance in the electro-
lytic solution.
[0025] According to a fifth aspect of the invention,
there is provided an immune reaction detecting appara-
tus comprising: a reactor for containing a subject solu-
tion containing an antigen and an antibody; temperature
detecting means issuing a signal corresponding to a
temperature of the subject solution in the reactor; and
control means detecting a signal issued by the temper-
ature detecting means in response to an immune reac-
tion between the antigen and the antibody in the subject
solution.
[0026] According to a sixth aspect of the invention,
there is provided an immune reaction detecting appara-
tus comprising: a reactor for containing a subject solu-
tion containing an antigen and an antibody; temperature
detecting means issuing a signal corresponding to a
temperature of the subject solution in the reactor; and
control means detecting a signal issued by the temper-
ature detecting means in response to an immune reac-
tion between the antigen and the antibody in the subject
solution.

Brief Description of the Drawings

[0027]

Fig. 1 is a schematic view for explaining the princi-
ple of the reaction detecting method of the present
invention: (A) illustrates ions moving in an electro-
lytic solution, and (B) illustrates ions moving when
adding a substance reactive in the electrolytic solu-
tion;
Fig. 2 is a graph illustrating a time-dependent
change in electric conductivity in a reaction be-
tween K1 antibody and a standard BFP (basic fetal
protein) antigen in a physiological saline;
Fig. 3 is a graph illustrating a time-dependent
change in electric conductivity in a reaction be-
tween K1 antibody and a carcinoembryonic antigen
(CEA) in a physiological saline;
Fig. 4 is a graph illustrating time-dependent chang-
es in electric conductivity of physiological salt solu-
tions singly containing K1 antibody or three kinds of
standard BFP antigens having different concentra-
tions, respectively;
Fig. 5 is a graph illustrating a time-dependent
change in electric conductivity in a reaction be-
tween K1 antibody and a standard BFP antigen in
a physiological saline containing fetal calf serum
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(FCS) added thereto;
Fig. 6 is a graph illustrating the relationship between
the amount of a standard BFP antigen and the
amount of change in electric conductivity for each
section of lapse of reaction time in a reaction be-
tween K1 antibody and a standard BFP antigen in
a physiological saline containing fetal calf serum
(FCS) added thereto;
Fig. 7 is a graph illustrating a time-dependent
change in electric conductivity in a reaction be-
tween K1 antibody and a subject serum in a physi-
ological saline;
Fig. 8 is a graph illustrating a time-dependent
change in electric conductivity in a reaction be-
tween an MDM2 antigen and an MDM2 antibody in
a physiological saline containing fetal calf serum
(FCS) added thereto;
Fig. 9 is a graph illustrating the relationship between
the amount of an MDM2 antibody and an amount of
change in electric conductivity for each section of
lapse of reaction time in a reaction between an
MDM2 antigen and an MDM2 antibody in a physio-
logical saline containing fetal calf serum (FCS) add-
ed thereto;
Fig. 10 is a graph illustrating a time-dependent
change in electric conductivity in a reaction be-
tween an MDM2 antigen and a subject serum in a
physiological saline;
Fig. 11 is a graph illustrating a time-dependent
change in electric conductivity in a reaction be-
tween K1 antibody and pepsin in a physiological sa-
line;
Fig. 12 is a graph illustrating the relationship be-
tween a change in temperature and a change in
electric conductivity of a physiological saline;
Fig. 13 is a graph illustrating the amount of change
in electric conductivity per 1°C of the solution tem-
perature and a temperature coefficient of a physio-
logical saline;
Fig. 14 is a graph illustrating time-dependent
changes in electric conductivity and solution tem-
perature, without conducting temperature correc-
tion, in a reaction between K1 antibody and a stand-
ard BFP antigen in a physiological saline;
Fig. 15 is a graph illustrating: (A) a time-dependent
change in the amount of change in electric conduc-
tivity per 1°C; and (B) a time-dependent change in
temperature coefficient, in a reaction between K1
antibody and a standard BFP antigen in a physio-
logical saline;
Fig. 16 is a graph illustrating a time-dependent
change in electric conductivity and in solution tem-
perature, without temperature correction, of a phys-
iological saline singly containing K1 antibody;
Fig. 17 is a graph illustrating a time-dependent
change in electric conductivity and in solution tem-
perature, without temperature correction, in a reac-
tion between K1 antibody and a standard BFP an-

tigen in a physiological saline containing fetal calf
serum (FCS) added thereto;
Fig. 18 is a graph illustrating: (A) a time-dependent
change in the amount of change in electric conduc-
tivity per 1°C; and (B) a time-dependent change in
temperature coefficient, in a reaction between K1
antibody and a standard BFP antigen in a physio-
logical saline containing fetal calf serum (FCS) add-
ed thereto;
Fig. 19 is a graph illustrating time-dependent
changes in electric conductivity and solution tem-
perature in a reaction between K1 antibody and
subject serum ((A) serum of a healthy person (nor-
mal healthy subject); (B) serum of a cancer patient),
without temperature correction, in a physiological
saline containing fetal calf serum (FCS) added
thereto;
Fig. 20 is a graph illustrating time-dependent
changes in the amount of change in electric con-
ductivity per 1°C and time-dependent changes in
temperature coefficient, in a reaction between K1
antibody and subject serum ((A) serum of a healthy
person; (B) serum of a cancer patient) in a physio-
logical saline containing fetal calf serum (FCS) add-
ed thereto;
Fig. 21 is a graph illustrating a time-dependent
change in electric conductivity in a reaction be-
tween K1 antibodies having different concentra-
tions and subject serum ((A) serum of a healthy per-
son; (B) serum of a cancer patient), without temper-
ature correction, in a physiological saline containing
fetal calf serum (FCS) added thereto;
Fig. 22 is a graph illustrating: (A) the relationship
between the amount of standard BFP antigen and
the amount of change in electric conductivity for
each division of lapse of reaction time, without tem-
perature correction, in a reaction between K1 anti-
body and standard BFP antigen in a physiological
saline; and (B) the relationship between the amount
of standard BFP antigen and the amount of change
in electric conductivity for each division of lapse of
reaction time, without temperature correction, in a
reaction between K1 antibody and standard BFP
antigen in a physiological saline containing fetal calf
serum (FCS) added thereto;
Fig. 23 is a schematic view illustrating an outline of
configuration of an embodiment of the reaction de-
tecting apparatus of the invention;
Fig. 24 is a schematic view illustrating an outline of
configuration of another embodiment of the reaction
detecting apparatus of the invention; and
Fig. 25 is a schematic view illustrating an outline of
configuration of an embodiment of the immune re-
action detecting apparatus of the invention.

Best Mode for Carrying Out the Invention

[0028] The principle of the present invention will first
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be described with reference to Fig. 1. As shown in Fig.
1A, in an electrolytic solution S contained in a container
3, electrolyte is dissociated into cations 4a and anions
4b. When detecting electric conductivity of this electro-
lytic solution S, a pair of electric conductivity measuring
electrodes of an electric conductivity meter 1 (electric
conductivity measuring cell, hereinafter simply referred
to as "cell") 2 (2a and 2b) are immersed in the electrolytic
solution S, and an electric conductivity measuring power
source (AC power source) 6 electrically connected to
these electrode pair 2a and 2b is turned on. This charg-
es a + (positive) pole and a - (negative) pole on the sur-
face of the electrode pair 2a and 2b. Anions 4b of elec-
trolyte move to the + (positive) pole, and cations 4a of
electrolyte move to the - (negative) pole on the electrode
pair 2a and 2b, and electric current flows as a result.
This current is measured with an ammeter 5 connected
to the electrode pair 2a and 2b to calculate electric con-
ductivity of the electrolytic solution S. In this state, elec-
tric conductivity of the electrolytic solution S depends
upon electrolyte concentration in the solution.
[0029] On the other hand, addition of a substance re-
active in the electrolytic solution (reactant) to the elec-
trolytic solution S is considered. As shown in Fig. 1B,
when a reaction product (complex) 9 is generated by
adding, for example, two kinds of substance 7 and 8,
and through binding of these two substances, electric
conductivity of the electrolytic solution S varies with gen-
eration of the reaction product 9, and electric conductiv-
ity becomes lower in this case. Not intending to be
bound by a particular theory alone, studies carried out
by the present inventors suggest that generation of the
reaction product (complex) 9 through binding of the two
substances 7 and 8 inhibits movement of ions (cations
and anions) 4a and 4b. As a result, flow of current be-
comes difficult (resistance becomes larger), leading to
a lower electric conductivity.
[0030] When, through reaction of substances in the
electrolytic solution, for example, reaction of two or more
substances causes decomposition of any of the sub-
stances, or a substance becomes smaller substances
through decomposition, movement of ions becomes
easier (resistance becomes lower), and electric conduc-
tivity becomes higher, contrary to the above.
[0031] The International Publication No.
WO96/30749 discloses a method for determining the
concentration of a nonelectrolyte present in an electro-
lytic solution on the basis of measurement of electric
conductivity. For example, it is demonstrated that se-
quential addition of glucose which is a nonelectrolyte to
an electrolytic solution mainly containing sodium chlo-
ride as an electrolyte causes a change (decrease) in
electric conductivity of the electrolytic solution, and as
a result, the amount of nonelectrolyte to be added to the
electrolytic solution, i.e., concentration is determined,
by use of the correlation between the concentration of
nonelectrolyte and electric conductivity of the electrolyt-
ic solution previously determined within the same sys-

tem.
[0032] In this known technique, however, the none-
lectrolyte of which concentration is to be measured is
existent singly in the electrolytic solution, and is not ac-
companied by a reaction or an interaction in the electro-
lyte. That is, the known technique is not the one to detect
a reaction of substances in the electrolytic solution.
[0033] As described above, the present inventors
found the possibility to detect a reaction of substances
in the electrolytic solution by measuring electric conduc-
tivity of the electrolytic solution, on the basis of the novel
findings that the manner of ion movement in the elec-
trolytic solution varied in response to the status of reac-
tion and generated reaction products of the reaction of
substances in the electrolytic solution.
[0034] By detecting a change in electric conductivity
of the electrolytic solution caused along with a reaction
of substances in the electrolytic solution, it is possible
to detect reaction products generated by the reaction of
substances, such as a complex produced by binding of
two substances, and decomposition products generat-
ed by the reaction of substances.
[0035] By time-dependently measuring a change in
electric conductivity of the electrolytic solution, it is pos-
sible to time-dependently detect the status of reaction
of substances in the electrolytic solution, and hence to
easily and electrically grasp the status of progress of a
binding reaction or a decomposition reaction. This is
useful for analyzing the time-dependent status of reac-
tion in a reaction of substances, and in addition, the pos-
sibility to observe a reaction in a real-time manner per-
mits, for example, easy selection of an antibody easily
reactive with an antigen in an immune reaction, or easily
and electrically determine presence of sensitivity be-
tween an antigen and an antibody.
[0036] According to the present invention, it is possi-
ble to detect a specific substance in a sample, i.e., to
confirm whether or not a specific substance is present
in a sample. In order to detect a specific substance ex-
isting in the sample, it suffices to use a substance spe-
cifically reactive with the specific substance, and detect
the reaction between these substances (status of reac-
tion and reaction products).
[0037] According to the invention, a specific sub-
stance in a sample can be quantitatively determined.
Dependency of a measured result of electric conductiv-
ity of the electrolytic solution on the quantity (concentra-
tion) of the specific substance is previously determined
in the same system, regarding reaction of the specific
substance of which concentration is to be measured and
a substance specifically reactive with this specific sub-
stance. For example, concentration of the substance
specifically reactive with the specific substance of which
concentration is to be measured is kept constant. De-
pendency of the measured result of electric conductivity
on concentration of the specific substance in reaction
between the specific substance and the substance spe-
cifically reactive therewith is then previously determined
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as a calibration curve, relative to various values of con-
centration of the specific substance of which concentra-
tion is to be measured.
[0038] The calibration curve may be appropriately
prepared in response to the feature of each reaction.
For example, the relationship between the amount of
change in electric conductivity and concentration of the
specific substance upon lapse of a prescribed time pe-
riod after start of reaction, the relationship between the
reaction rate (time-dependent rate of change of electric
conductivity such as an initial rate of reaction) and con-
centration of the specific substance, and the relationship
between the value of electric conductivity and concen-
tration of the specific substance at the time when the
change in electric conductivity is saturated can be pre-
viously determined as a calibration curve. Those skilled
in the art can select a calibration curve the most suitable
for a target reaction. Or, it is possible to evaluate the
quantity (concentration) of the specific substance in the
electrolytic solution by comparing a measured value of
electric conductivity to a prescribed threshold value (cut-
off value). This threshold value suffices, like the calibra-
tion curve described above, to be appropriately set in
response to the feature of each reaction, for example,
as the above-mentioned reaction rate (time-dependent
rate of change of electric conductivity, such as the initial
reaction rate). The term "quantitative determination" as
used here includes evaluation or comparison of the
quantity of the specific substance, and a more detailed
quantitative determination.
[0039] In the invention, there is essentially no restric-
tion imposed on the reaction of substances to be detect-
ed. The reactive substance (reactant) may be any sub-
stance(s) so far as being reactive in the electrolytic so-
lution, irrespective of the kind and the number thereof.
For example, it is possible to detect a decomposition re-
action of a substance in the electrolytic solution, which
is decomposed into at least two substances, or a binding
reaction between at least two substances reacting in the
electrolytic solution. Reactive substances may naturally
be more. As is clear from the aforementioned principle,
the reaction must take place in the electrolytic solution
having a concentration at which electric conductivity can
be measured at a desired accuracy.
[0040] For example, a reaction associated with bio-
logical molecules such as an immunological reaction or
an enzymatic reaction is a typical subject of detection in
the invention. Applicable reactant include a purified pro-
tein, a synthetic protein, an enzyme, an antigen and an
antibody. Among others, an immune reaction between
an antigen and an antibody is the most typical object of
detection of the invention.
[0041] Any reaction which can take place in the elec-
trolytic solution such as a polymerization reaction, a
binding reaction, a decomposition reaction, a catalytic
reaction (catalysis) or any other chemical reaction can
be detected. In other words, it is possible to detect a
reaction in which reaction between substances can gen-

erate a larger substance (a polymerization reaction or a
binding reaction), a reaction in which substances can
be decomposed by light, ultraviolet rays or temperature
to generate smaller substances (a decomposition reac-
tion), or a reaction in which any of the substances in
reaction between at least two substances can be de-
composed to generate smaller substances (a decompo-
sition reaction), and furthermore, a reaction in which ad-
dition of a substance bringing about a more remarkable
effect of the above-mentioned reactions causes an in-
crease in reaction rate (a catalytic reaction). By detect-
ing these reactions, it is also possible to detect and
quantitatively determine a specific substance in a sam-
ple.
[0042] According to the invention, in particular, it is
possible to detect a reaction between a specific sub-
stance associated with a specific state of a disease and
a substance reactive therewith, and detect and quanti-
tatively determine the specific substance existent in a
sample. More specifically, the specific substance asso-
ciated with the specific state of a disease is a substance
which specifically expresses or excessively express rel-
ative to a specific state of a disease in vivo, a specific
gene product such as a partial peptide of a specific gene
to a specific disease, or an antibody produced against
these substances.
[0043] A specific state of a disease is, for example,
cancer, and the specific substances to cancer, i.e., the
cancer-related substances include: tumor markers (tu-
mor-related antigens) represented by carcinoembryonic
proteins such as α-fetoprotein (AFP), basic fetal protein
(BFP), and carcinoembryonic antigen (CEA); various
hormones known to excessively express in hormone-
dependent cancer tissue and receptors thereof; and oth-
er gene products considered to be deeply associated
with cancer.
[0044] According to the invention, it is possible to sim-
ply detect and quantitatively determine these cancer-re-
lated substances or antibodies produced in vivo against
these substances.
[0045] For example, these substances include a
blood autoantibody to cancer gene (oncogene) product
MDM2 (Murine Double Minute 2) playing an important
role in carcinogenesis and progress of cancer as a de-
composition enzyme of cancer suppressor gene p53
protein, and autoantibodies in blood against hormones
of which excessive expression in a hormone-dependent
cancer tissue is observed at a high frequency and re-
ceptors thereof (estrogen receptor (ER), androgen re-
ceptor (AR)).
[0046] These cancer-related substances and cancer-
related gene products do not easily move outside the
cell nucleus since they are factors within cell nucleus.
In the initial stage of carcinogenesis, however, cancer
cells are attacked and broken by host immune reaction.
As a result, factors in nucleus move to outside cells, and
humoral antibodies (for example, MDM2 protein autoan-
tibody, ER protein autoantibody, AR protein autoanti-
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body) are predicted to occur in the cancer host blood.
Detection of these autoantibodies in blood is therefore
expected to be useful for early diagnosis of cancer, since
the autoantibodies are consider to occur in an early
stage of carcinogenesis.
[0047] There is no particular restriction imposed on
the sample to which detection and quantitative determi-
nation of a specific substance is applicable. As de-
scribed above, when detecting and quantitatively deter-
mining a specific substance associated with a specific
state of a disease, the sample is typically a body fluid
sampled from a mammalian for analysis including blood,
serum, plasma, urine and ascites; a tissue or an extract
thereof; or a cell or an extract thereof. More preferably,
the sample is a human body fluid sampled for analysis
including human blood, serum, plasma, urine and as-
cites; an extract of human tissue; or extract of human
cell. This permits detection and quantitative determina-
tion of a specific substance in body fluid of a human pa-
tient, particularly, a substance associated with a specific
state of a disease. This is useful for diagnosing as to
whether or not the human patientsuffers from the spe-
cific disease, or the state of the disease. By using a spe-
cific tissue or an extract thereof, or a cell or an extract
thereof as a sample, it is possible to easily measure an
organ specific reactivity of a specific reaction to be de-
tected, thus providing a remarkable advantage.
[0048] When detecting an antigen suspected to be
present in a sample, it suffices to cause reaction be-
tween the sample and an antibody specifically reactive
with this antigen in an electrolytic solution, and detecting
the status of reaction of these substances and reaction
products (immune complex) on the basis of measure-
ment of electric conductivity. In order to detect an anti-
body in the sample, on the other hand, it suffices to use
an antigen specifically reactive with this antibody, and
conduct detection of the status of reaction of these sub-
stances and reaction products (immune complex) on the
basis of measurement of electric conductivity. The anti-
gen used for reaction may be a substance which can be
an antigen, such as a purified antigen, a chemically syn-
thesized antigen or a genetic recombination antigen.
The antibody used for the reaction may be a commer-
cially available antibody, or a purified antibody specifi-
cally prepared to an antigen. This antibody may further
be a polyclonal antibody or a monoclonal antibody.
[0049] In the invention, no particular restriction is im-
posed on the electrolytic solution, i.e., on the kind of
electrolytes and the number thereof. The electrolytic so-
lution is however selected in view of the reaction taking
place therein. That is, from the point of view of measur-
ing electric conductivity of the electrolytic solution, a
change in ion transfer can be recognized more easily
when ion dissociation constant of electrolyte is higher.
It is also necessary to maintain stability of reactants in
the electrolytic solution. It is important to select an elec-
trolyte and concentration thereof, taking account of
these requirements.

[0050] An aqueous solution containing sodium ions,
potassium ions and calcium ions is suitably applicable
as an electrolytic solution.
[0051] For example, when detecting an immunologi-
cal reaction, a physiological saline (an aqueous NaCl
solution of 0.15 M), or a potassium chloride solution (for
example, an aqueous KCl solution of 0.15 M) is suitably
applicable. In this case, the electrolytic solution should
preferably have a pH within a range of from 6.0 to 8.0,
or more preferably, about 7.0.
[0052] When the most suitable pH is in the acidic re-
gion or in the alkaline region in an enzymatic reaction
or any of the other chemical reactions (polymerization
reaction, binding reaction, decomposition reaction, and
catalytic reaction) as described above, hydrochloric acid
(aqueous HCI solution) or sodium hydroxide (aqueous
NaOH solution), not limitative, can be used as an elec-
trolytic solution or a pH adjusting reagent.
[0053] In the invention, the electric conductivity meter
used for measuring electric conductivity may be a com-
mercially available meter without a particular limitation.
For cell as well, a commercially available one may be
used without any particular restriction. An electric con-
ductivity meter having a desired performance should
naturally be used in order to obtain a desired detection
accuracy.
[0054] Examples of the present invention will now be
described further in detail with reference to concrete re-
sults of measurement.

Example 1

[0055] In this example, the time-dependent status of
reaction and an immune complex will be detected on the
basis of measurement of electric conductivity for an im-
mune reaction between a purified antigen and an anti-
body specifically reactive with the purified antigen.
[0056] A purified specimen of BFP (basic fetal pro-
tein), which was known as a tumor marker and generally
used in the art, having a molecular weight of about
55,000 (hereinafter referred to as "BFP antigen") was
used as the antigen. The purified specimen of BFP an-
tigen (hereinafter referred to as "standard BFP antigen")
was autopurified from nude mouse-transplanted human
hepatoma cells. The standard BFP antigen was purified
as follows in accordance with a common practice gen-
erally known to those skilled in the art. Homogenate of
nude mouse-transplanted human hepatoma cells were
subjected to affinity chromatography using a polyclonal
BFP rabbit antibody, then to gel filtration column chro-
matography. The protein concentration was quantita-
tively determined by the Lowry-Folin method. The BFP
antigen activity per protein concentration was confirmed
by the EIA method and the Ouchterlony method. The
result showed a purification purity of the standard BFP
antigen of 99.99%. In all the following examples, iden-
tical standard BFP antigens were used.
[0057] A mouse monoclonal antibody homemade by

13 14



EP 1 319 949 A1

9

5

10

15

20

25

30

35

40

45

50

55

the cell fusion method with a standard BFP antigen pu-
rified from human hepatoma cells as an immunogen
(hereinafter referred to as "K1 antibody") (molecular
weight: about 150,000) was used as the antibody. The
K1 antibody was prepared as follows in accordance with
the common procedure well-known to those skilled in
the art. Hybrid cells were cloned by the limiting dilution
method. The cloned hybrid cells were inoculated into the
abdominal cavity in a number of 106 cells per BALB/c
mouse, and after the lapse of ten days, the BFP antibody
was sampled as ascites. After ammonium sulfate frac-
tionation of the ascites, the antibody was obtained
through purification by ion exchange chromatography
with DEAE cellulose. In all the following examples, the
same K1 antibody was used.
[0058] A physiological saline (aqueous NaCl solution
of 0.15 M) was used as the electrolytic solution. Unless
otherwise specified, the electrolytic solution had a pH of
7, and the solution had room temperature (about 26°C)
at the start of reaction. Because an excessively low elec-
trolyte concentration in the solution makes it impossible
to measure electric conductivity itself, the electrolyte
concentration must be high to such extent as to permit
measurement of electric conductivity. The physiological
saline (0.15 M) used in this example posed no problem
in implementing the method of the invention. In all the
following examples, the same electrolytic solution was
used.
[0059] A CM30V digital electric conductivity meter
made by TOA Electronics Ltd. (DKK TOA Corporation
at present) (hereinafter simply referred to as "electric
conductivity meter") was used as the electric conductiv-
ity meter. The electric conductivity meter has a cell (elec-
trode pair for measuring electric conductivity) and cal-
culates electric conductivity, by impressing an AC volt-
age (peak to peak voltage) Vp-p = about 100 mV to the
cell and measuring the amount of current flowing be-
tween electrodes.
[0060] Electric conductivity varies with the solution
temperature. The electric conductivity meter used in this
example had an automatic temperature compensation
(ATC) function which detects solution temperature by
use of thermistor, sets a solution temperature coeffi-
cient, and automatically correct changes in electric con-
ductivity caused by a change in solution temperature. A
thermistor is built in the cell, which had an accuracy of
1/10°C. In all the following examples, the same electric
conductivity meter was used.
[0061] In the following examples, furthermore, the
same reactor and other measuring instruments as in this
example are used in common.

Measuring procedure

[0062] An amount of 10 ml of physiological saline was
provided in a small-capacity vial (capacity: 12 ml), and
the cell of an electric conductivity meter was immersed
in this vial. Then, an amount of 2 µI (absolute amount:

0.5 ng) of K1 antibody adjusted with a physiological sa-
line to a concentration of 0.25 µg/ml was added with a
microsyringe into this vial and stirred. Subsequently, an
amount of 2 µl (absolute amount: 1.2 ng) of standard
BFP antigen adjusted with a physiological salt solution
to a concentration of 0.6 µg/ml was added into this vial
by use of a microsyringe. After stirring this reaction so-
lution, electric conductivity was time-dependently meas-
ured while keeping the cell as immersed in the reaction
solution.
[0063] Similarly, two batches of standard BFP antigen
adjusted to concentrations of 0.3 µ g/ml and 0.15 µg/ml
with physiological saline (absolute amounts: 0.6 ng and
0.3 ng) were added by means of a microsyringe to a
physiological saline containing K1 antibody (absolute
amount: 0.5 ng) and stirred as described above, and
then, electric conductivity was time-dependently meas-
ured.
[0064] A carcinoembryonic antigen (CEA) (available
from International Enzymes Company) (absolute
amount: 0.5 ng) was added, in place of the standard
BFP antigen, to a physiological saline containing K1 an-
tibody (absolute amount: 0.5 ng), and then, electric con-
ductivity was time-dependently measured.
[0065] Furthermore, K1 antibody (absolute amount:
0.5 ng) and standard BFP antigen (absolute amounts:
0.3 ng, 0.6 ng and 1.2 ng) were independently added to
a physiological saline (0.15 M), respectively, and electric
conductivity was time-dependently measured.

Result

[0066] In reactions of K1 antibody (0.5 ng) with stand-
ard BFP antigens having respective concentrations (1.2
ng, 0.6 ng and 0.3 ng), measured values of electric con-
ductivity at points in time lapse are shown in Fig. 2. Val-
ues of electric conductivity at points in time lapse of a
physiological saline containing K1 antibody (0.5 ng) and
carcinoembryonic antigen (CEA) (0.5 ng) are shown in
Fig. 3. Furthermore, values of electric conductivity at
points in time lapse of physiological saline singly con-
taining K1 antibody (0.5 ng) and BFP antigens (0.3 ng,
0.6 ng and .12 ng) are shown in Fig. 4.
[0067] In Figs. 2 to 4, measured values of electric con-
ductivity are represented by amounts of change in elec-
tric conductivity obtained by using the electric conduc-
tivity a minute after the start of reaction as a blank value,
and subtracting the blank value from values of electric
conductivity at points in time lapse.
[0068] As seen in Fig. 2, in the reaction between K1
antibody and standard BFP antigen, electric conductiv-
ity changes to smaller values along with the lapse of re-
action time.
[0069] It is understood that a formation of immune
complex through immune reaction between antigen and
antibody prevents movement of ions, i.e., Na+ and Cl-

of the physiological saline in this example, in the elec-
trolytic solution, and this causes a decrease in electric
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conductivity. According to the invention, as described
above, it is possible to know a change in the manner of
ion movement in the electrolytic solution caused by re-
action products and detect reaction products specific to
such a reaction.
[0070] Under the reaction conditions in this example,
electric conductivity changed to a lower value at a lower
concentration (0.3 ng) than at a higher concentration
(1.2 ng) of the standard BFP antigen. Not intending to
be bound by a particular theory, these results suggest
quantitative adaptability of each substance in the im-
mune reaction between antigen and antibody, reflecting
the fact that an amount of standard BFP antigen of 0.3
ng tends to more easily cause a reaction than an amount
of 1.2 ng when the amount of K1 antibody is kept con-
stant (0.5 ng).
[0071] By measuring electric conductivity of the reac-
tion solution, as described above, it is possible to time-
dependently detect the status of reaction of the immune
reaction specific to standard BFP antigen and K1 anti-
body in the electrolytic solution, as electric conductivity.
It is also possible to easily measure reaction properties
in the electrolytic solution such as the dependency of
the reaction between K1 antibody and standard BFP an-
tigen on concentration of standard BFP antigen.
[0072] Further, as is evident from reference to the re-
sults shown in Figs. 3 and 4, the result of measurement
in this example reveals that:

(1) The status of reaction (reaction properties) in
which the immune reaction between standard BFP
antigen and K1 antibody depends upon concentra-
tion of the standard BFP antigen with a constant
concentration of K1 antibody can be grasped as
changes of electric conductivity;
(2) Electric conductivity tends to show a lower value
with the lapse of time;
(3) Addition of an antigen other than a BFP antigen
which is known to be non-reactive with K1 antibody,
i.e., a carcinoembryonic antigen (CEA) in this ex-
ample in place of the standard BFP antigen does
not lead to time-dependent decrease in electric con-
ductivity, and dependency of a change in electric
conductivity upon antigen concentration is not ob-
served (Fig. 3); and
(4) In addition, even in the individual presence of
K1 antibody and the standard BFP antigen in a sim-
ilar electrolytic solution, electric conductivity does
not show a time-dependently decreasing tendency
(Fig. 4).

Example 2

[0073] Another example in which an immune reaction
in an electrolytic solution was detected will now be de-
scribed.

Measuring procedure

[0074] In this example, an amount of 2 µI (about 140
µg protein in absolute amount) of fetal calf serum (FCS)
containing about 70 mg protein/ml FCS was previously
added by use of a microsyringe to 10 ml physiological
saline, and changes in electric conductivity in each re-
action between K1 antibody (0.5 ng) and standard BFP
antigens of different concentrations (0.6 ng, 1.2 ng and
2.4 ng) were time-dependently measured in the same
measuring procedure as in Example 1.
[0075] Fetal calf serum was used for achieving an
amount of protein corresponding to the amount of addi-
tion to the reaction system when evaluating and quan-
titatively determining the amount of BFP antigen con-
tained in a subject serum in the examples described lat-
er. It is known that the fetal calf serum is not reactive
with the K1 antibody.

Result

[0076] The result is shown in Fig. 5. In Fig. 5, meas-
ured values of electric conductivity are represented by
amounts of change in electric conductivity obtained by
using the electric conductivity a minute after the start of
reaction as a blank value, and subtracting the blank val-
ue from values of electric conductivity at points in time
lapse. Amounts of change in electric conductivity for in-
dividual amounts of standard BFP antigen during divi-
sions of reaction time are shown in Fig. 6.
[0077] Figs. 5 and 6 reveal that, for each reaction,
electric conductivity decreases with the lapse of reaction
time.
[0078] As is clear from Fig. 5, when adding fetal calf
serum to the reaction system, the amount of change (de-
crease) in electric conductivity becomes larger accord-
ing as the amount (concentration) of the standard BFP
antigen is larger. This is considered attributable to the
reflection of the status of reaction between BFP antigen
and K1 antibody in resistance of serum protein as a re-
sult of addition of the fetal calf serum to the reaction sys-
tem. This suggests that, in this state, a larger amount of
BFP antigen leads to a better reactivity thereof relative
to K1 antibody.
[0079] As is evident from the description in Examples
1 and 2, according to the invention, it is possible to very
easily detect a reaction of substances in an electrolytic
solution, without the need of an expensive and large-
scaled equipment. Also, according to the invention, it is
possible to detect not only a finally formed immune com-
plex (as in the conventional immunological measuring
methods (RIA and EIA methods)), but also the time-de-
pendent status of reaction of substances and reaction
products in the electrolytic solution.
[0080] As is clear from the above, an immune reaction
between an antigen and an antibody can be time-de-
pendently measured. It is therefore possible to very eas-
ily, rapidly and in a real-time manner accomplish, for ex-
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ample, selection of an antibody more easily reactive with
an antigen or an antigen more easily reactive with an
antibody, and measurement for determining presence
of sensitivity between an antigen and an antibody.
[0081] According to the invention, furthermore, an im-
mune reaction can be detected rapidly and simply by
adding a reactant directly to the electrolytic solution
without the need for such operations as solidification of
an antigen or an antibody into a carrier and preparation
of a labelled substance as in the conventional immuno-
logical measuring methods (RIA and EIA methods). This
permits detection of an immune reaction by use of a very
simple apparatus without generating waste of reagents
such as labelled substances and coloring agents (en-
zyme substrates) or solidification carriers.

Example 3

[0082] In this example, the presence of a BFP antigen
in serum is detected as a specific substance in a sample
by use of an anti-BFP mouse monoclonal antibody (K1
antibody) which forms an immune complex through spe-
cific reaction with the BFP antigen.
[0083] In this example, furthermore, the amount of
BFP antigen in serum is evaluated and quantitatively de-
termined by use of a K1 antibody. The BFP antigen con-
tained in serum reacts with K1 antibody in accordance
with the amount thereof. It is therefore possible to eval-
uate and quantitatively determine BFP antigen con-
tained in serum through time-dependent measurement
of electric conductivity of the reaction solution, by pre-
viously determining the status of reaction (reaction prop-
erties) between BFP antigen and K1 antibody depend-
ent upon the amount (concentration) of BFP antigen in
the same system.
[0084] In this example, human sera of a healthy per-
son (normal healthy subject) and a cancer patient
(hepatoma patient) freeze-stored at -20°C for test use.
The human sera of the healthy person and the cancer
patient used in this example contained BFP antigen in
amounts of 24.8 ng/ml and 540 ng/ml, respectively, as
measured by a standard EIA method using "Lanazyme
(trade mark) BFP Plate" made by Nippon Kayaku Co.,
Ltd.
[0085] "Lanazyme (trade mark) BFP Plate" is based
on the EIA method using two different kinds of mouse
monoclonal BFP antibody (K1 antibody and 5C2 anti-
body) and sandwiching BFP antigen between K1 anti-
body solidified on a plate and horseradish-peroxidase
labelled 5C2 antibody. This method comprises the steps
of coloring the BFP antigen sandwiched between the
two antibodies by use of 3,3',5,5'-tetramethylbenzidine
(TMB) with urea hydrogen peroxide as a substrate,
measuring absorbance of a wavelength of 405 nm, and
quantitatively measure BFP antigen in the subject se-
rum from the calibration curve prepared with standard
BFP antigen. An antigen purified from nude mouse-
transplanted hepatoma was used as the BFP antigen.

Measuring procedure

[0086] Measurement was performed in the same
manner as in Examples 1 and 2. That is, an amount of
2 µl (absolute amount: 0.5 ng) of K1 antibody was added
by means of a microsyringe to 10 ml physiological saline
and stirred. An amount of 2 µl (about 140 µg protein in
absolute amount) of subject serum (about 70 mg pro-
tein/ml) brought back to room temperature was added
by use of a microsyringe to this solution and stirred.
Electric conductivity was time-dependently measured
while immersing the cell in this reaction solution.

Result

[0087] Measured values of electric conductivity at
points in time lapse when adding subject sera (a healthy
person and a cancer patient) to a physiological saline
containing K1 antibody are illustrated in Fig. 7. In Fig.
7, measured values of electric conductivity are repre-
sented by amounts of change in electric conductivity ob-
tained by using the electric conductivity a minute after
the start of reaction as a blank value, and subtracting
the blank value from values of electric conductivity at
points in time lapse. The resultant values are shown as
amounts of change in electric conductivity.
[0088] As shown in Fig. 7, by adding subject sera of
the healthy person and the cancer patient, electric con-
ductivity of the physiological saline containing K1 anti-
body decreased along with the lapse of time.
[0089] By time-dependently measuring electric con-
ductivity of the electrolytic solution (physiological saline)
which varies with formation of an immune complex by
use of K1 antibody reactive specifically with the BFP an-
tigen, as described above, it is possible to very easily
detect the BFP antigen in samples (subject sera of the
healthy person and the cancer patient), i.e., to confirm
existence thereof.
[0090] As is clear from the result shown in Fig.7, there
is a apparent difference between the subject serum of
the healthy person and the subject serum of the cancer
patient. More specifically, reactivity per time lapse in the
reaction between the subject serum of the cancer pa-
tient and the K1 antibody is higher than that in the reac-
tion between the subject serum of the healthy person
and the K1 antibody.
[0091] In general, BFP antigen is present also in body
fluid of a healthy person, and is known to show a higher
value in body fluid of a cancer patient than in that of a
healthy person. Positivity rates for a healthy person and
a cancer patient at a prescribed cutoff value of BFP an-
tigen are known: the positivity rate corresponding to a
cutoff value of 75 ng/ml (EIA method) is 5% for healthy
persons and 60 to 80% for cancer patients.
[0092] Time-dependent changes in electric conduc-
tivity of the reaction solution caused along with the re-
action (reference reaction) between standard BFP anti-
gen and K1 antibody of prescribed concentrations in se-
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rum, i.e., in amounts corresponding, for example, to the
above-mentioned cutoff value of 75 ng/ml are previously
determined in the same system. Thus, by measuring
time-dependent changes in electric conductivity of the
reaction solution caused along with the reaction with K1
antibody for a subject serum, and comparing reactivity
per time lapse to reactivity of the previously determined
reference reaction, it is possible to evaluate easily and
in a real-time manner whether or not the BFP antigen is
present in the sample in an amount of over the pre-
scribed value.
[0093] In this example, as described above, BFP an-
tigen is contained in the sera of the healthy person and
the cancer patient in amounts of 24.8 ng/ml and 540 ng/
ml, respectively, as determined by the EIA method. In
other words, BFP antigen is present in an amount of
about 50 pg in the healthy person serum and about 1
ng in the cancer patient serum in 2 µl of subject serum
added to the reaction system, respectively.
[0094] Therefore, since an evident difference is ob-
served in reactivity relative to K1 antibody between the
healthy person serum and the cancer patient serum as
described above, the possibility is understood to very
easily detect the trace BFP antigen in an amount of
about 50 pg to 1 ng through time-dependently measur-
ing electric conductivity of the reaction solution. Further,
if there is present a BFP antigen of at least 50 pg to I
ng, it is very easy to time-dependently detect the behav-
ior of immune reaction between BFP antigen and K1 an-
tibody, and the amount of BFP antigen in the sample
can be evaluated by very simply, rapidly and in a real-
time manner measuring the difference in reactivity be-
tween the sample containing the BFP antigen and the
K1 antibody.
[0095] Furthermore, the BFP antigen in the subject
serum was quantitatively determined more in detail. In
this example, a calibration curve (standard curve) used
for quantitative determination of the BFP antigen in the
subject serum was derived from the result of Example
2, in which fetal calf serum (FCS) as protein correspond-
ing to the subject serum added to the reaction system
was previously added (about 140 µg protein in absolute
amount) to a physiological saline, and K1 antibody and
the BFP antigen were caused to react.
[0096] For the preparation of the calibration curve, it
suffices to select the most suitable calibration curve by
use of the reaction between an antigen and an antibody
having known concentrations in accordance with selec-
tion of reactivity between antigen and antibody, reaction
conditions and a measuring range.
[0097] By plotting the result shown in Fig. 5 with the
standard BFP antigen concentration on the abscissa,
and changes in electric conductivity (negative values)
on the ordinate, the relationship between the amount of
standard BFP antigen and the amount of change in elec-
tric conductivity is obtained as shown in Fig. 6. In this
example, this relationship tends to show linearity with
the lapse of reaction time: for a lapse of reaction time of

over 30 minutes, reactivity of high-concentration antigen
tended to lead to a higher reactivity.
[0098] For example, in the relationship shown in Fig.
6, by using the relationship between the standard BFP
antigen concentration and electric conductivity at the
lapse of 40 minutes of reaction having linearity as a cal-
ibration curve, the amount of BFP antigen in the cancer
patient serum measured by present method was calcu-
lated to be about 700 ng/ml (which is a value close to
540 ng/ml obtained by application of the EIA method).
On the other hand, for the healthy person serum, since
the BFP antigen is present in an amount of only 1/20
that in the cancer patient serum, the result was consid-
ered to reflect the state in which the amount of K1 anti-
body was excessive relative to the amount of BFP anti-
gen in the serum of healthy person. The degree of
agreement with the value obtained by the EIA method
was lower than in the case of the cancer patient serum.
For measurement of BFP in serum at a lower concen-
tration, it suffices to adopt a smaller ratio of antigen to
antibody, and select a more suitable calibration curve.
[0099] There is an evident difference in reactivity with
K1 antibody between the healthy person serum and the
cancer patient serum, showing an obvious difference in
reactivity per lapse of time. It is therefore considered
possible to quantitatively determine the amount of BFP
antigen in a sample by comparing values of reactivity
per lapse of time between the reaction of standard an-
tigen of known concentrations with K1 antibody to the
reaction between the subject serum and K1 antibody,
this being commonly known as the rate-assay.

Example 4

[0100] As another example of detection of a specific
substance in a sample, an blood autoantibody against
MDM2 protein known as a cancer-related gene product
was detected.
[0101] First, changes in electric conductivity accom-
panying reactions between MDM2 antigen and purified
MDM2 antibodies in different amounts (concentrations)
in a physiological saline were measured. As the MDM2
antigen, a synthetic MDM2 peptide antigen of 20-mer
on the N-terminal side (available from Asahi Techno-
Glass Co.) (molecular weight: about 1,991) was used.
As the purified MDM2 antibody, a polyclonal rabbit an-
tibody (available from Santa Cruz Biotechnology, Inc.,
hereinafter referred to as "standard MDM2 antibody")
(molecular weight: about 150,000) against above-men-
tioned synthetic peptide antigen was used.
[0102] Then, MDM2 autoantibody in sera of a healthy
person, a stomach cancer patient and a colon cancer
patient freeze-stored at -20°C was detected. The same
MDM2 antigen as above was used.

Measuring procedure

[0103] The measuring procedure was similar to that
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as in Examples 1 to 3. That is, MDM2 antigen (absolute
amount: 200 ng) is first added to 10 ml physiological sa-
line and stirred. Then, after adding standard MDM2 an-
tibody (absolute amounts: 6.25 ng, 12.5 ng and 25.0 ng)
to this solution and stirring the same, electric conductiv-
ity was time-dependently measured while keeping the
cell immersed in the reaction solution.
[0104] For the purpose of ensuring adaptability to the
reaction conditions upon detecting MDM2 autoantibody
in the subject serum, i.e., to the amount of protein in the
reaction system as in Example 2, an amount of 2 µl (ab-
solute amount: about 140 µg) of fetal calf serum (FCS)
(about 70 mg protein/ml) was added to the reaction sys-
tem between the MDM2 antigen and the standard
MDM2 antibody.
[0105] On the other hand, an amount of 2 µl (absolute
amount: about 140 µg protein) of subject sera (about 70
mg protein/ml) of a healthy person, a stomach cancer
patient and a colon cancer patient brought back to room
temperature were added by means of a microsyringe
into 10 ml physiological saline containing MDM2 antigen
(absolute amount: 200 ng), respectively and stirred.
Then, electric conductivity was time-dependently meas-
ured while keeping the cell immersed in the reaction so-
lution.

Result

[0106] Measured values of electric conductivity at
points in time lapse of a physiological saline in a reaction
between an MDM2 antigen and a standard MDM2 anti-
body are illustrated in Fig. 8. In Fig. 8, the measured
values of electric conductivity are represented by
amounts of changes in electric conductivity from the
electric conductivity of the physiological saline.
Amounts of changes in electric conductivity for each
MDM2 antibody concentration are shown in Fig. 9.
[0107] As is known from Figs. 8 and 9, an immune
complex was generated from the antigen-antibody re-
action between the MDM2 antigen and the standard
MDM2 antibody reactive specifically with the MDM2 an-
tigen, and a decrease in electric conductivity was ob-
served with the lapse of time. The amount of change in
electric conductivity with the lapse of time is larger ac-
cording as the amount of MDM2 antibody is larger. For
a certain amount of MDM2 antigen, concentration-de-
pendency of MDM2 antibody was detected.
[0108] Fig. 10 illustrates measured values of electric
conductivity at points in time lapse when a subject se-
rum of a healthy person, and sera of cancer patients (a
stomach cancer patient and a colon cancer patient) are
added to a physiological saline containing MDM2 anti-
gen. In Fig. 10, measured values of electric conductivity
are represented by amounts of changes from the elec-
tric conductivity of the physiological saline.
[0109] As is clear from Fig. 10, there is observed an
evident difference in time-dependent change of electric
conductivity in the reaction with the MDM2 antigen be-

tween the healthy person subject serum and the subject
sera of the cancer patients (a stomach cancer patient
and a colon cancer patient).
[0110] By thus time-dependently measuring electric
conductivity of the reaction solution, it is possible to con-
firm the presence of an MDM2 autoantibody existing in
human blood. By comparing values of reactivity per
lapse of time in the reaction between the subject sera
and the MDM2 antigen, it is also possible to easily detect
a clear difference the healthy person and the cancer pa-
tients. As a result, by comparing with a prescribed
threshold value (cutoff value), it is possible to easily
evaluate in a real-time manner the amount of MDM2 au-
toantibody in the sample. As a matter of course, as in
Example 3, the MDM2 autoantibody in the subject sera
can be quantitatively determined further in detail by us-
ing a prescribed calibration curve.
[0111] For example, the relationship between the
amount of MDM2 antibody and the amount of change in
electric conductivity is obtained from Fig. 9 representing
the MDM2 antibody concentration on the abscissa and
change (negative value) in electric conductivity on the
ordinate regarding the result shown in Fig. 8. As in Ex-
ample 3, this relationship can be used, for example, as
a calibration curve for quantitative determination of the
MDM2 autoantibody, as representing dependency of the
reaction between the MDM2 antigen and the standard
MDM2 upon concentration of the standard MDM2 anti-
body. It is known from the calibration curve at 60 minutes
of reaction that the amount of the MDM antibody in the
serum of the stomach cancer patient is about 6.25 µg/
ml, and the amount of MDM antibody in the serum of the
colon cancer patient is about 12.5 µg/ml. On the other
hand, the amount of MDM antibody for the healthy per-
son is smaller than that for the cancer patients: about 3
µg/ml or smaller.
[0112] According to the invention, as is clear from the
description of Examples 3 and 4, it is possible to very
easily detect and quantitatively determine a specific
substance in a sample by measuring electric conductiv-
ity of an electrolytic solution. It is therefore possible to
very easily and rapidly detect and quantitatively deter-
mine substances relating to a specific state of a disease
present in the sample such as cancer-related substanc-
es, cancer-related gene products and an antibody pro-
duced against them.
[0113] Therefore, by easily and rapidly detecting and
quantitatively determining substances relating to a spe-
cific status of a disease, such as the cancer-related sub-
stances, cancer-related gene products, or antibodies
thereagainst existent in a sample such as human serum,
the present invention is very useful in various clinical
stages including diagnosis, inspection and establish-
ment of a therapeutic indicator against cancer.
[0114] A specific substance can be detected and
quantitatively determined by adding a reactant directly
to the electrolytic solution in the invention. It is therefore
possible to reduce waste, and detect and quantitatively
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determine a specific substance in the sample by means
of a very simple apparatus.

Example 5

[0115] As another example of reaction of substances
in an electrolytic solution, detection of a reaction of two
substances, in which one of such substances is decom-
posed into smaller reaction products will now be de-
scribed.
[0116] In this example, an enzymatic digestive reac-
tion of a K1 antibody to which a K1 antibody and an en-
zyme pepsin is pertain are detected. In this example,
the reaction to be detected was an enzymatic reaction.
[0117] A pepsin originating from hog stomach muco-
sa (3,520 Units/mg protein; available from SIGMA Com-
pany) (molecular weight: about 34,700) was used.

Measuring procedure

[0118] An amaunt of 10 ml of physiological saline was
provided in a small-capacity vial (capacity: 12 ml), and
a cell was immersed in this vial. An amount of 20 µl (ab-
solute amount: 50 ng) of K1 antibody adjusted with
physiological saline to a concentration of 2.5 µ g/ml was
added into this vial by means of a microsyringe and
stirred. Subsequently, pepsin adjusted with physiologi-
cal saline to a concentration of 1 mg/ml (3,520 Units/mg
protein) was added to this solution by means of a mi-
crosyringe in an amount of 5 µl (i.e., 17.6 Units/5 µ g
protein). After stirring this reaction solution, electric con-
ductivity was time-dependently measured while keeping
the cell immersed in the reaction solution.

Result

[0119] Measured values of electric conductivity at
points of lapse of reaction time in an enzymatic digestion
reaction between K1 antibody and pepsin are shown in
Fig. 11. In Fig. 11, measured values of electric conduc-
tivity are represented by amounts of change in electric
conductivity obtained by using the electric conductivity
immediately after addition of pepsin as a blank value,
and subtracting the blank value from values of electric
conductivity at points of time lapse.
[0120] As shown in Fig. 11, electric conductivity
showed a larger value with the lapse of reaction time.
[0121] This pepsin is known to cut the 234-th and
333-th amino residues of the H-chain of immunoglobulin
IgG, and generate F(ab')2 and pFc' (molecular weight:
about 100,000 and about 50,000, respectively) frag-
ments. It is also known that on further causing pepsin to
act, a peptide having lower molecular weight may be
generated.
[0122] In this example, therefore, increasing in elec-
tric conductivity along with the lapse of reaction time
demonstrates that the original K1 antibody was decom-
posed into smaller pieces of peptide through the enzy-

matic digestion of K1 antibody, and this made it easier
for ions to move in the electrolytic solution with the lapse
of reaction time.
[0123] According to the invention, as described
above, it is possible to detect the time-dependent status
of reaction and reaction products by measuring electric
conductivity of the electrolytic solution, even when the
decomposition reaction generates smaller reaction
products.
[0124] By using a substance generating decomposi-
tion products on specifically decomposing a specific
substance, almost as in the above-mentioned Example
2, it is possible to detect a specific substance, i.e., con-
firm the presence thereof, or evaluate and quantitatively
determine the amount thereof. Vice versa, by using a
specific substance which generates decomposition
products on being decomposed specifically by a specific
substance, it is possible to detect the specific substance
causing a decomposition reaction, or evaluate and
quantitatively determine the amount thereof.
[0125] As is known from this example, as described
above, it is possible to detect the time-dependent reac-
tion status of an enzyme reaction and reaction products
by measuring electric conductivity of the electrolytic so-
lution. According to the invention, therefore, it is possi-
ble to very easily and rapidly detect the reaction of sub-
stances (time-dependent reaction status and/or reac-
tion products) in an electrolytic solution, irrespective of
the kind of reaction or reactants, and to detect and quan-
titatively determine specific substances in a sample.
[0126] In the aforementioned Examples I to 5, electric
conductivity was measured by means of an electric con-
ductivity meter (CM30V digital electric conductivity me-
ter made by TOA Electronics Ltd. (DKK · TOA Corpora-
tion at present)) with simultaneous use of an automatic
temperature compensation (ATC) function automatical-
ly correcting a change in electric conductivity caused by
a change in solution temperature, by measuring temper-
ature of the subject solution.
[0127] More specifically, electric conductivity of the
solution varies with temperature: a higher temperature
leads to a higher electric conductivity, and a lower tem-
perature leads to a lower electric conductivity. In order
to compare values of electric conductivity irrespective
of the actual temperature of the subject solution, there-
fore, it is the usual practice to convert a measured value
into a value of electric conductivity at a certain temper-
ature (reference temperature). The conversion formula
is as follows:

where,
κREF: Electric conductivity converted for reference

temperature (S/m);
κt: Electric conductivity at t°C (S/m);
α: Temperature coefficient (%/°C);

κ REF = κt/[1+(α/100)(t -tREF)]

25 26



EP 1 319 949 A1

15

5

10

15

20

25

30

35

40

45

50

55

tREF: Reference temperature (°C).
[0128] At a reference temperature of 25°C, the tem-
perature coefficient is about 2% for most aqueous solu-
tions. A measured value of electric conductivity is there-
fore usually converted automatically into a value of elec-
tric conductivity at the reference temperature (25°C), by
setting the default temperature coefficient at 2%/°C and
measuring temperature of the subject solution by means
of a temperature sensor (thermistor) built, for example,
in the cell (automatic temperature compensation
(ATC)). A temperature coefficient may be manually set
in response to the subject solution. It is of course also
possible to measure temperature of subject solution
separately, and conduct the temperature correction
manually with reference to a prescribed temperature co-
efficient at a prescribed reference temperature. In the
aforementioned Examples, the temperature correction
was performed under conditions including a reference
temperature of 25°C and a temperature coefficient of
2%, through the above-mentioned automatic tempera-
ture compensation (ATC).
[0129] Electric conductivity is not primarily measured
in a state without temperature compensation.
[0130] However, as described later in detail, possibil-
ity was found to more accurately detect a reaction be-
tween substances, particularly an immune reaction be-
tween an antigen and an antibody, by measuring electric
conductivity of a reaction solution without conducting
temperature correction on turning OFF the automatic
temperature compensation (ATC) of the electric con-
ductivity meter, in a state in which temperature of the
reaction solution is free from the effect of temperature
of external atmosphere outside the reaction system (the
temperature of external atmosphere is made constant,
or exchange of heat between the reaction system and
the external atmosphere outside the reaction system is
cut off, or the reaction system and the external atmos-
phere outside the reaction system are kept at the same
temperature). This point will now be described in detail
with reference to some examples.

Example 6

[0131] The temperature coefficient of the electrolytic
solution (physiological saline: an aqueous NaCl solution
of 0.15 M) used commonly in the examples was deter-
mined.
[0132] A cell is immersed in 10 ml physiological saline
in a small-capacity vial (capacity: 12 ml). This vial, to-
gether with the contents, was immersed in a water bath,
and temperature was slowly reduced from 27°C. With-
out using an automatic temperature compensation
(ATC) of the electric conductivity meter, or more specif-
ically, in a state in which temperature correction was not
substantially performed by setting the temperature co-
efficient at 0.00%/°C, measured value of temperature
detected by a thermistor built in the cell and measured
value of electric conductivity were time-dependently re-

corded to measure changes in electric conductivity rel-
ative to a change in solution temperature.
[0133] The result is shown in Fig. 12. In Fig. 12, meas-
ured values of electric conductivity and solution temper-
ature are represented by amounts of change in electric
conductivity and in solution temperature obtained by us-
ing the electric conductivity and the solution tempera-
ture at the start of measurement (time lapse: 0 minute)
as blank values, and subtracting the blank values from
the electric conductivity values and the solution temper-
ature values at points in time lapse. From the result of
measurement shown in Fig. 12, a change in electric con-
ductivity per 1°C of solution temperature (mS/cm/1°C,
x 10-1S/m/1°C) and a rate of change of electric conduc-
tivity per 1°C of solution temperature (hereinafter re-
ferred to as "temperature coefficient") (%/1°C), at points
in time lapse were determined, and the results are
shown in Fig. 13.
[0134] As is understood from the result shown in Fig.
12, electric conductivity varies in parallel along with a
change in temperature of the electrolytic solution. The
result shown in Fig. 13 reveals that the average of tem-
perature coefficient values (%/1°C) at points in time
lapse is 1.56%, and the temperature coefficient showed
almost a constant value irrespective of the time lapse.
[0135] Then, for a reaction similar to that in Example
1, i.e., for an antigen-antibody reaction between stand-
ard BFP antigen and K1 antibody, the time-dependent
reaction status and a reaction product (immune com-
plex) were detected without using the automatic temper-
ature compensation (ATC) of the electric conductivity
meter.

Measuring procedure

[0136] The measuring procedure as in Example 1 was
applied except for nonuse of automatic temperature
compensation (ATC). More specifically, an amount of 2
µl (absolute amount: 0.5 ng) of K1 antibody was added
by use of a microsyringe to a physiological saline. An
amount of 2 µl (absolute amounts: 0.6 ng, 1.2 ng and
2.4 ng) of standard BFP antigen was added to this so-
lution. After stirring the resultant reaction solution, elec-
tric conductivity and solution temperature were time-de-
pendently measured while keeping a cell immersed in
the reaction solution.
[0137] Also for physiological salt solutions each con-
taining singly the standard BFP antigen (absolute
amount: 4.8 ng) and the K1 antibody (absolute amount:
1 ng), electric conductivity and solution temperature
were time-dependently measured.
[0138] In order to avoid the influence of temperature
of external atmosphere on the temperature of the reac-
tion solution, the reaction was caused in an isothermal
room (26°C) capable of keeping a constant room tem-
perature.
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Result

[0139] Measured values of electric conductivity and
solution temperature at points in time lapse of the reac-
tion between the standard BFP antigen and the K1 an-
tibody are shown in Fig. 14. In Fig. 14, measured values
of electric conductivity and solution temperature are rep-
resented by amounts of change in electric conductivity
and solution temperature obtained by using values of
electric conductivity and solution temperature at the
start of reaction as blank values, and subtracting the
blank values from values of electric conductivity and so-
lution temperature at points in time lapse.
[0140] From the result shown in Fig. 14, a change in
electric conductivity per 1°C of solution temperature
(mS/cm/1°C) and a rate of change of electric conductiv-
ity per 1°C of solution temperature (temperature coeffi-
cient (%/1°C)) in each run of reaction were determined,
and are shown in Figs. 15A and 15B, respectively.
[0141] As is understood from Fig. 14, in the reactions
between the standard BFP antigen of the individual con-
centration and the K1 antibody, there is a good correla-
tion between the change in electric conductivity and the
change in solution temperature. For the K1 antibody (0.5
ng), a larger amount of standard BFP antigen led to fur-
ther larger change (decrease) in electric conductivity
and solution temperature.
[0142] As is known from Fig. 15A, with an amount of
standard BFP antigen of 0.6 ng, the change in electric
conductivity per 1°C of solution temperature (mS/cm/1
°C) was approximately equal to that of the physiological
saline. With an amount of standard BFP antigen of 1.2
ng, in contrast, a large change (increase) exceeding that
of the physiological saline was observed after the lapse
of 40 minutes. With an amount of standard BFP antigen
of 2.4 ng, furthermore, a large change (increase) in elec-
tric conductivity was observed after the lapse of 15 min-
utes.
[0143] As described above, the amount of change in
electric conductivity per 1°C of solution temperature
(mS/cm/1°C) was found to largely vary between reac-
tions to which difference amounts of BFP antigen are
pertain, not uniform as in the case with electrolytic so-
lution atone. The temperature coefficient (%/1°C) is a
calculated value of the ratio of the amount of change in
electric conductivity (mS/cm/1°C) per 1°C of solution
temperature at points in time lapse relative to electric
conductivity of the reaction solution before reaction, and
the result exhibits the same tendency as the amount of
change in electric conductivity (mS/cm/1°C). That is, the
temperature coefficient (%/1°C) was found to time-de-
pendently vary with the amounts of antigen and antibody
in an immune reaction.
[0144] On the other hand, measured values of electric
conductivity and solution temperature at points in time
lapse of physiological salt solutions singly containing K1
antibody or standard BFP antigen are shown in Figs.
16A and 16B, respectively. In Fig. 16, measured values

of electric conductivity and solution temperature are rep-
resented by amounts of change in electric conductivity
obtained by using the electric conductivity at the start of
reaction as a blank value, and subtracting the blank val-
ue from values of electric conductivity at points in time
lapse.
[0145] As is clear from Figs. 16A and 16B, no signifi-
cant change in electric conductivity and solution temper-
ature was observed for both the standard BFP antigen
and the K1 antibody. From this result, it is evident that
changes in electric conductivity and solution tempera-
ture are caused by the reaction between BFP antigen
and K1 antibody.

Example 7

[0146] A reaction between BFP antigen and K1 anti-
body in which a protein (fetal calf serum (FCS)) was add-
ed to a reaction system, as in Example 2, was detected
without using automatic temperature compensation
(ATC) of an electric conductivity meter.

Measuring procedure

[0147] The measuring procedure was the same as in
Example 2 except that automatic temperature compen-
sation (ATC) was not used. More specifically, an amount
of 2 µI (about 140 µg protein in absolute amount) of fetal
calf serum (FCS) (about 70 mg protein/ml) was previ-
ously added to a physiological saline. For each reaction
between K1 antibody (0.5 ng) and standard BFP antigen
of different concentrations (0.075 ng and 0.15 ng), elec-
tric conductivity and solution temperature were time-de-
pendently measured without using automatic tempera-
ture compensation (ATC) of an electric conductivity me-
ter. As in Example 2, the fetal calf serum was added for
the purpose of achieving an amount of protein corre-
sponding to the amount added to the reaction system
upon evaluating and quantitatively determining the
amount of BFP antigen in the subject serum in an ex-
ample described later. As in Example 6, the reaction was
conducted in an isothermal room (26°C).

Result

[0148] Measured values of electric conductivity and
solution temperature at points in time lapse of reaction
between BFP antigen and K1 antibody are shown in Fig.
17. In Fig. 17, measured values of electric conductivity
and solution temperature are represented by amounts
of change in electric conductivity and solution tempera-
ture obtained by using values of electric conductivity and
solution temperature at the start of reaction as blank val-
ues, and subtracting the blank values from values of
electric conductivity and solution temperature at points
in time lapse.
[0149] From the result shown in Fig. 17, a change in
electric conductivity per 1°C of solution temperature
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(mS/cm/1°C) and a rate of change of electric conductiv-
ity per 1°C of solution temperature (temperature coeffi-
cient (%/1°C) in the individual reactions were deter-
mined from the result shown in Fig. 17, are shown in
Figs. 18A and 18B, respectively.
[0150] As is understood from the result shown in Fig.
17, there is a good correlation between the change in
electric conductivity and the change in solution temper-
ature in reactions between standard BFP antigens of the
inivisual concentration and K1 antibody. With a larger
amount of standard BFP antigen relative to the K1 an-
tibody (0.5 ng), larger changes were observed in electric
conductivity and solution temperature.
[0151] As is known from Fig. 18A, both the amount of
change in electric conductivity per 1°C of solution tem-
perature (mS/cm/1°C) and the temperature coefficient
(%/1°C) showed no marked difference in time-depend-
ent change between the two levels of amount of antigen.
These values, however, largely varies after the lapse of
ten minutes of reaction: the temperature coefficient (%/
1°C) was, for example, about 3% which is considerably
larger than that of the physiological saline of 1.56%.
[0152] In this example, it was possible to grasp the
reactions between very slight amounts of the standard
BFP antigen as 0.075 ng or 0.15 ng and the K1 antibody
(0.5 ng). Not intending to be bound by only a particular
theory, this is attributable to the fact that addition of fetal
calf serum (FCS) to the reaction system permitted main-
tenance of stability of the antigen in a slight amount in
the electrolytic solution, and the detecting sensitivity of
antigen-antibody reaction was improved.
[0153] As is known from the result shown in Figs. 18A
and 18B, the reaction of the standard BFP antigen with
the K1 antibody (0.5 ng) is on almost the same level for
two cases of the amount of standard BFP antigen of
0.075 and 0.15 ng. A difference in reactivity was ob-
served between the reaction of such a small amount of
standard BFP antigen with the K1 antibody, and the re-
action in which the amount of standard BFP antigen of
0.6 to 2.4 ng, as shown in Figs. 14, 15A and 15B.

Example 8

[0154] As in Example 3, a BFP antigen in a serum was
detected as a specific substance in a sample, without
using automatic temperature compensation (ATC) of
the electric conductivity meter.
[0155] Human sera of a healthy person and a cancer
patient (hepatoma) freeze-stored at -20°C were used as
subject sera. The amount of BFP antigen in sera of the
healthy person and the cancer patient used in this ex-
ample was 35 ng/ml and 100 ng/ml, respectively, as
measured by use of "Lanazyme (trade mark) BFP Plate"
of Nippon Kayaku Co., Ltd.

Measuring procedure

[0156] The measuring procedure was the same as

that in Example 3 except that automatic temperature
compensation (ATC) was not used. More specifically, an
amount of 2 µl (absolute amount: 0.5 ng) of K1 antibody
was added by means of a microsyringe to 10 ml physi-
ological saline, and the solution was stirred. An amount
of 2 µl (about 140 µg protein in absolute amount) of sub-
ject serum (about 70 mg protein/ml) brought back to
room temperature was added by means of a microsy-
ringe to the resultant solution, and stirred. Electric con-
ductivity and solution temperature were time-depend-
ently measured, without using automatic temperature
compensation (ATC) while keeping a cell immersed in
this reaction solution. As in Examples 6 and 7, the re-
action took place in an isothermal room (26°C).
[0157] Reactions were caused for the serum of the
cancer patient under the same conditions on varying the
concentration of K1 antibody (absolute amounts: 0.0625
ng, 0.25 ng and 0.5 ng), and electric conductivity and
solution temperature were time-dependently measured,
similarly without using automatic temperature compen-
sation (ATC) of the electric conductivity meter.

Result

[0158] For each of the reactions of the healthy person
serum and the cancer patient serum with the K1 anti-
body, measured values of electric conductivity and so-
lution temperature at points in time lapse are shown in
Figs. 19A and 19B. Changes in electric conductivity per
1°C of solution temperature (mS/cm/1°C) and rates of
change of electric conductivity per 1°C of solution tem-
perature (temperature coefficient (%/1°C)) were deter-
mined from the result shown in Figs. 19A and 19B for
each reaction. The result is shown in Figs. 20A and 20B,
respectively.
[0159] Measured values of electric conductivity and
solution temperature at points in time lapse for each of
the reactions of K1 antibodies of three kinds of concen-
trations with the cancer patient serum are shown in Fig.
21.
[0160] In Figs. 19 and 21, measured values of electric
conductivity and solution temperature are represented
by amounts of change in electric conductivity and solu-
tion temperature obtained by using values of electric
conductivity and solution temperature at the start of re-
action as blank values, and subtracting the blank values
from values of electric conductivity and solution temper-
ature at points in time lapse.
[0161] A decrease in electric conductivity accompa-
nied by the decrease in solution temperature was ob-
served in both the healthy person serum and the cancer
patient serum in the result shown in Figs. 19A and 19B,
as in the reaction between the BFP antigen and the K1
antibody in Example 7. As compared with the healthy
person serum, a larger change in electric conductivity
was observed in the cancer patient serum.
[0162] The amount of change in electric conductivity
per 1°C of solution temperature (mS/cm/1°C) and the
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temperature coefficient (%/1°C) are different between
the healthy person and the cancer patient. Those of the
healthy person was known to be smaller that those of
the cancer patient. For the cancer patient serum, the
amount of change in electric conductivity (mS/cm/1°C)
and the temperature coefficient (%/1°C) varied largely
upon the lapse of ten minutes after the start of reaction,
and were almost constant until the lapse of 60 minutes.
The value thereof showed a progress of 2.3 to 4 (%/1°C)
which is higher than the temperature coefficient of the
electrolytic solution of 1.56 (%/1°C).
[0163] It is thus possible to detect an immune reaction
of the sera of a healthy person and a cancer patient with
K1 antibody by measuring electric conductivity, and
time-dependently compare reactivity. The behavior rel-
ative to the K1 antibody is evidently different between
the healthy person serum and the cancer patient serum.
[0164] In the reaction between the standard BFP an-
tigen (0.075 ng or 0.15 ng) and the K1 antibody (0.5 ng)
when adding fetal calf serum (FCS) to the reaction sys-
tem shown in Example 7, the amount of BFP antigen in
the reaction solution of 0.075 ng, if converted, corre-
sponds to an amount of BFP antigen in serum of 37.5
ng/ml, and the amount of BFP antigen in the reaction
solution of 0.15 ng, if converted, corresponds to an
amount of BFP antigen in serum of 75 ng/ml.
[0165] Therefore, collation of the reactivity of the
healthy person serum or the cancer patient serum rela-
tive to the K1 antibody in this example with each reaction
in the Example 7 suggests the presence of the BFP an-
tigen corresponding to 37.5 ng/ml or less in the healthy
person serum. In the cancer patient serum, on the other
hand, the BFP antigen corresponding to approximately
75 ng/ml is considered to be present.
[0166] As described above, it is known, by the appli-
cation of the EIA method, that BFP antigen is present in
amounts of 35 ng/ml and 100 ng/ml, respectively, in the
healthy person serum and the cancer patient serum
used in this example. Regarding the amount of BFP an-
tigen contained in the sera, the estimated value in this
example is almost of the same order as the measured
value by the EIA method. As in Example 3, it is of course
possible to quantitatively determine BFP in a subject se-
rum further in detail by using a prescribed calibration
curve. For example, it is possible to obtain a relationship
between the amount of standard BFP antigen and the
amount of change in electric conductivity as shown in
Figs. 22A and 22B, by plotting, from the results shown
in Figs. 14 and 17, values of standard BFP antigen con-
centration on the abscissa, and values of changes in
electric conductivity (negative values) on the ordinate.
This relationship can be used as a calibration curve.
[0167] As shown in Fig. 21, a change in electric con-
ductivity depending upon the K1 antibody concentration
was observed in the cancer patient serum. It is consid-
ered from this result that a reaction property in which
serum BFP antigen in an amount meeting the amount
of the K1 antibody is reacted with the K1 antibody was

observed through measurement of electric conductivity.
[0168] As is clear from the result of experiment shown
in Examples 6 to 8, on measuring electric conductivity
and solution temperature in a state in which temperature
correction is not applied without using automatic tem-
perature compensation (ATC) of an electric conductivity
meter, there is apparently observed a decreasing ten-
dency of solution temperature according as an antigen-
antibody reaction in an immune reaction proceeds.
Electric conductivity was found to become lower along
with this decrease in temperature.
[0169] As described above, electric conductivity of the
solution varies with temperature: a higher temperature
leads to a higher electric conductivity, and a lower tem-
perature results in a lower electric conductivity. Howev-
er, as is evident from Figs. 15A and 15B, the amount of
change in electric conductivity per 1°C of solution tem-
perature (mS/cm/1°C) and the temperature coefficient
(%/1°C) time-dependently vary with each reaction of dif-
ferent amounts of standard BFP antigen. Therefore, a
change in electric conductivity in an immune reaction is
not dependent only on a decrease in solution tempera-
ture, but is considered to reflect the result brought about
by the synergetic effect with the increase in electric re-
sistance along with the progress of the immune reaction,
i.e., formation of the immune complex.
[0170] The above-mentioned point will be described
further in detail. Not intending to be bound by a particular
theory, in a reaction between substances, particularly in
an immune reaction, a binding energy is required upon
reaction of an antigen and an antibody, and this is con-
sidered to cause a decrease in temperature of the reac-
tion solution. Along with this decrease in solution tem-
perature, electric conductivity of the electrolytic solution
varies. However, this change in electric conductivity
caused by a change in solution temperature in response
to the status of reaction exceeds the range of change in
electric conductivity caused only by a change in solution
temperature of the electrolytic solution. That is, as de-
scribed above, binding of the antigen and the antibody
generates larger molecules (immune complex), and this
makes it difficult for electricity to flow, and this is consid-
ered to cause a decrease in electric conductivity. As a
result, this is considered to more accurately reflect the
reaction between substances.
[0171] According to a study carried out by the present
inventor, when the antigen or the antibody has a lower
concentration, the change in electric conductivity de-
pends upon the decrease in temperature of the reaction
solution caused by an immune reaction, and when the
concentration is higher, the degree of contribution of the
increased electric resistance resulting from formation of
larger molecules is considered to be increased.
[0172] In other words, as is known from the results
shown in Figs. 15A, 15B, 18A, 18B, 20A and 20B, when
the amount of the standard BFP antigen is small relative
to the K1 antibody of a constant amount in an immune
reaction between standard BFP antigen and K1 anti-
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body, the amount of change in electric conductivity per
1°C of solution temperature (mS/cm/1°C) and the tem-
perature coefficient (%/°C) is generally equal to those
of the physiological saline, and these values become
larger than those of the physiological saline according
as the amount of BFP antigen increases and reactivity
becomes higher.
[0173] According to the method explained in Exam-
ples 1 to 5, there is available a very remarkable effect
as described above. However, in measurement using
automatic temperature compensation (ATC) of an elec-
tric conductivity meter, a constant temperature compen-
sation is conducted for a change in temperature of the
reaction solution. It is therefore probable that a result
sufficiently reflecting the original reaction is not availa-
ble. In order to accurately grasp the original reaction,
therefore, it would be desirable that a change in solution
temperature and a change in electric conductivity
caused by the reacting substances can be accurately
grasped. For this purpose, it is essential that the reaction
solution temperature is not affected by the temperature,
for example, of surroundings.
[0174] In order to accurately detect a reaction of sub-
stances by measuring electric conductivity of the reac-
tion solution, therefore, it would be preferable to achieve
a state in which it is possible to accurately measure a
change in solution temperature caused by the original
reaction while ensuring that the temperature of the re-
action solution is free from the effect of, for example, the
outside open air temperature, and to exclude automatic
temperature compensation of electric conductivity in
this state, that is, to measure electric conductivity as well
as solution temperature without performing temperature
correction.
[0175] A state in which temperature of the reaction so-
lution is free from the effect of temperature outside the
reaction system such as open air temperature can be
achieved by adopting any one or a combination of
means for maintaining the atmosphere outside the re-
action system in which the reaction of substances takes
place in the electrolytic solution at a constant tempera-
ture, means for thermally shielding the reaction system
from the external atmosphere, and means for maintain-
ing the reaction system and the external atmosphere at
the same temperature, i.e., means for causing the ex-
ternal atmosphere temperature of the reaction solution
to vary in response to a change in reaction solution tem-
perature and eliminating heat input and output substan-
tially between the reaction solution and outside the so-
lution.
[0176] In the above-mentioned Examples 6 to 8, the
reaction is conducted by placing a reactor (vial) and an
electric conductivity meter in an isothermal room keep-
ing a constant temperature so that the influence of tem-
perature of external atmosphere is not exerted on tem-
perature of the reaction solution, and electric conductiv-
ity and solution temperature were measured.
[0177] Comparison of the results shown in Fig. 5 (Ex-

ample 2) and Fig. 17 (Example 7), or shown in Fig. 7
(Example 3) and Fig. 19A (Example 8) reveals that re-
action products and status of reaction can be detected
more sensitively by measuring electric conductivity with-
out using automatic temperature compensation (ATC)
of the electric conductivity meter.
[0178] As is known from the result shown in Examples
6 to 8, it is possible to very easily detect reaction prod-
ucts (immune complex) from reaction of substances,
and status of reaction (reaction properties) between
substances including dependency of reactivity upon
concentration of antigen or antibody from the amount of
change in electric conductivity per 1°C of solution tem-
perature (mS/cm/1°C) or the temperature coefficient
(%/1°C), by time-dependently measuring electric con-
ductivity and solution temperature without using auto-
matic temperature compensation (ATC) of the electric
conductivity meter. Furthermore, by comparing, for ex-
ample, the amount of change in electric conductivity
(mS/cm/1°C) or the temperature coefficient (%/1°C), it
is possible to detect specific substances in a sample, or
evaluate and quantitatively determine the amount there-
of.
[0179] As a matter of course, the advantage of meas-
uring electric conductivity by use of a common temper-
ature correcting technique such as automatic tempera-
ture compensation (ATC) described above is always re-
markable in that a reaction of substances can be very
easily measured on the basis of measurement of electric
conductivity of the reaction solution, without providing
any special means so as to avoid the effect of the ex-
ternal atmosphere temperature outside the reaction
system on the reaction solution temperature.

Example 9

[0180] Still another example of the invention will now
be described. As described above, the present inventor
obtained the following novel findings. When a state is
achieved in which the reaction solution temperature is
not affected by the external atmosphere temperature
outside the reaction system, the reaction solution tem-
perature decreases along with the progress of reaction,
in a reaction considered to require binding energy in a
reaction solution such as an immune reaction between
antigen and antibody.
[0181] A study carried out by the present inventor sug-
gests that, in a low-concentration reaction, a change in
temperature is predominant over a change in electric
conductivity rather than a change in electric resistance
of the reaction solution caused by the reaction products.
More specifically, it is suggested that, when the concen-
tration of the antigen and antibody is low, electric resist-
ance of the antigen and antibody is originally low, so that
a change in temperature of the reaction solution is pre-
dominant over a change in electric conductivity resulting
from the antigen-antibody reaction, as compared with a
change in electric resistance of the reaction products.
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[0182] On the basis of such novel findings, in a state
in which the reaction solution temperature is free from
the influence of the external atmosphere temperature
outside the reaction system, and particularly in a low-
concentration reaction, it is possible to detect reaction
products and the status of reaction in a reaction consid-
ered to require binding energy in a reaction solution,
such as an immune reaction, by only measuring tem-
perature of the reaction solution.
[0183] As described above, a state in which the tem-
perature of the reaction solution is free from the effect
of temperature outside the reaction system such as
open air temperature can be achieved by adopting any
one or a combination of means for maintaining the at-
mosphere outside the reaction system in which the re-
action of substances, especially immune reaction be-
tween antigen and antibody, takes place in the electro-
lytic solution at a constant temperature, means for ther-
mally shielding the reaction system from the external at-
mosphere, and means for maintaining the reaction sys-
tem and the external atmosphere at the same temper-
ature, i.e., by means for causing the external atmos-
phere temperature of the reaction solution to vary in
response to a change in reaction solution temperature
and eliminating heat input and output substantially be-
tween the reaction solution and outside the solution.
[0184] As described above, the result shown in Figs.
14 and 17 reveals an apparent difference in a change
in solution temperature in accordance with the amount
of standard BFP antigen in a reaction between standard
BFP antigen and K1 antibody. As is understood from
Figs. 19A and 19B, there is an evident difference in a
change in solution temperature between the healthy
person serum and the cancer patient serum.
[0185] Further, in a state in which temperature of the
reaction solution is free from the influence of external
atmosphere temperature outside the reaction system,
there is a good correlation between a change in electric
conductivity and a change in solution temperature re-
sulting from an immune reaction. According to this ex-
ample, therefore, there are available various functional
effects as in detection of a reaction based on measure-
ment of electric conductivity, as described in detail with
reference to the aforementioned examples.
[0186] More specifically, according to this example,
by time-dependently measuring temperature of the re-
action solution, it is possible to very easily detect an im-
mune reaction without the need of expensive large-
scaled equipment. According to the present invention,
for example, it is possible, not only to detect a finally
formed immune complex as in the conventional immu-
nological measuring methods (RIA method and EIA
method), but also to time-dependently detect time-de-
pendent status of an immune reaction, an antigen, an
antibody and/or an immune complex.
[0187] Because an immune reaction between an an-
tigen and an antibody can be time-dependently meas-
ured, it is possible, for example, to carry out selection

of an antibody more reactive with an antigen or an an-
tigen more reactive with an antibody, or measurement
of presence or absence of sensitivity between the anti-
gen and the antibody very easily, rapidly and in a real-
time manner.
[0188] Further, it is not necessary to solidify the anti-
gen or the antibody into a carrier or to conduct opera-
tions such as preparation of a labelled substance as in
the conventional immunological measuring methods
(RIA method and EIA method), but an immune reaction
can be detected rapidly and easily by adding reactants
directly to the reaction solution. It is hence possible to
detect an immune reaction by means of a very simple
apparatus without discharging waste of a labelled sub-
stance, a reagent such as a coloring agent (enzyme
substrate), or a solidification carrier.
[0189] By measuring temperature of the reaction so-
lution, it is possible to very easily detect a specific sub-
stance (antigen or antibody) in a sample. The amount
of such a specific substance can quantitatively deter-
mined through use of a prescribed calibration curve re-
garding a change in solution temperature previously de-
termined in the same system, or comparison of the so-
lution temperature to a prescribed threshold value. It
suffices to appropriately set a calibration curve or a
threshold value, as in the case of electric conductivity,
in response to the reaction, for example, by using the
reaction rate (time-dependent rate of change of solution
temperature such as the initial reaction rate) as an indi-
cator.
[0190] It is therefore possible to very simply and rap-
idly detect and quantitatively determine substances re-
lating to a specific state of a disease present in a sample,
for example, a cancer-related substance, a cancer-re-
lated gene product, or a antibody produced against such
a substance. By simply and rapidly detecting and quan-
titatively determining, for example, the above-men-
tioned cancer-related substance, cancer-related gene
product, or an antibody against such a substance
present in a sample such as a human serum as a sub-
stance relating to the specific state of a disease, the
present invention is very useful in various clinical stages
including diagnosis, inspection and establishment of a
therapeutic indicator of cancer. Furthermore, because
of the possibility to accomplish detection and quantita-
tive determination of a specific substance by adding a
reactant directly to the reaction system, it is possible to
reduce waste and detect and quantitatively determined
a specific substance in a sample by means of a very
simple apparatus.
[0191] Temperature measuring means (such as a
thermistor) permitting measurement of solution temper-
ature at a high accuracy as 1/100°C is available.

Example 10

[0192] An example of the apparatus having a config-
uration for the application of the invention will now be
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described.
[0193] As shown in Fig. 23, the reaction detecting ap-
paratus substantially comprises an electric conductivity
meter 1 and a reactor (reactor vessel) 3.
[0194] The electric conductivity meter has a cell (elec-
tric conductivity measuring electrode pair) 2 which is
electric conductivity detecting means, immersed in a
subject solution S in the reactor 3 and issues a signal
corresponding to the electric conductivity, control
means 11 such as a microcomputer, which detects the
signal issued by the cell 2 in response to a reaction in
the subject solution S and processes data.
[0195] Memory means 12 may be connected to the
control means 11. The control means 11 comprehen-
sively controls apparatus operations in accordance with
a program stored in the memory means 12, processes
an output of the cell 2 on the basis of information stored
in the memory means 12, and can thus generate a signal
of a desired form in response to the electric conductivity
of the subject solution S. Input means 13 may be con-
nected to the control means 11. Setting of various pa-
rameters of the apparatus, start and stoppage of meas-
urement, and inputting of desired data are performed on
the input means 13. Further, display means 14 may be
connected to the control means 11. A signal correspond-
ing to the electric conductivity of the subject solution S
generated by the control means 11 on the basis of an
output of the cell 2 is transmitted to the display means
14, and can be displayed as a measuring result in a de-
sired form. It is of course that a general-purpose com-
puting/controlling device such as a personal computer
can be applied as the control means 11, and ones con-
nected to such a computer may be used as the memory
means 12, the input means 13 and the display means
14.
[0196] Temperature detecting means 10 such as a
thermistor for detecting temperature of the subject so-
lution S may be provided in the apparatus 1. The tem-
perature detecting means 10 may be built in the cell 2.
A signal issued by the temperature detecting means 10
in response to temperature of the subject solution is en-
tered into the control means 11. The control means 11
can display information about temperature of the subject
solution on the display means 14 on the basis of an out-
put of the temperature detecting means 10 correspond-
ing to temperature of the subject solution.
[0197] As described above with reference to Exam-
ples I to 6, as is commonly done in the technical field of
the present invention, the control means 11 can accom-
plish temperature correction of a measured value of
electric conductivity based on the output of the cell 2,
through automatic temperature compensation (ATC) or
the like on the basis of an output of the temperature de-
tecting means 10.
[0198] As described above with reference to Exam-
ples 6 to 8, on the other hand, in order to achieve a state
in which temperature of the reaction solution is free from
the influence of temperature outside the reaction system

such as the open air temperature, means for maintain-
ing the atmosphere outside the reactor 3 at a uniform
temperature, means for thermally shielding the interior
of the reactor 3 from the atmosphere out side the reactor
3, and means for maintaining the interior of the reactor
3 and the atmosphere outside the reactor 3 at the same
temperature can be provided singly or in combination.
[0199] That is, the reactor 3, the cell 2 and at least the
detecting section of the temperature detecting means
10 or the electric conductivity meter 1 itself may be ar-
ranged in an isothermal room. The medium for ensuring
a uniform temperature for the atmosphere outside the
reactor 3 may be any of a liquid, a solid, or a gas. Also,
heat insulating means surrounding the reactor 3, the de-
tecting section of the cell 2, and at least the detecting
section of the temperature detecting means 10 may be
provided. An appropriate heat insulating material or a
vacuum vessel may be used as the heat insulating
means. In addition, heat input/output between the sub-
ject solution in the reactor 3 and the outside may sub-
stantially be eliminated by causing a change in external
atmosphere temperature of the subject solution in re-
sponse to a change in temperature of the subject solu-
tion in the reactor 3. As an example, Fig. 24 illustrates
a state in which the reactor 3, the cell 2 and the temper-
ature detecting means 10 are surrounded by the heat
insulating means 20.
[0200] As a result, it is possible to exclude the influ-
ence of surroundings such as temperature of external
atmosphere on the reaction solution, and measure elec-
tric conductivity in a state without temperature correc-
tion such as automatic temperature compensation
(ATC).
[0201] Further, in the configuration shown in Fig. 24,
the control means 11 detects a signal issued by the tem-
perature detecting means 10 in response to the reaction
in the subject solution. Thus, it is possible to generate
a signal corresponding to the amount of change in elec-
tric conductivity per 1°C of solution temperature or the
temperature coefficient from this signal and the output
signal of the cell 2.
[0202] In this configuration, the control means 11 can
time-dependently detect and display electric conductiv-
ity and temperature of the subject solution S, and fur-
thermore, detect specific substances in the subject so-
lution (or evaluate and quantitatively determine the
amount thereof) from an output of the cell 2, or from out-
put of the cell 2 and the temperature detecting means
10, by us of prescribed threshold information and cali-
bration curve information previously set in the memory
means 12 or set via the input means. More specifically,
by using, as an indicator, the time-dependent change in
electric conductivity detected along with progress of the
status of reaction by time-dependently measuring elec-
tric conductivity of the subject solution, or the amount of
change in electric conductivity per 1°C of solution tem-
perature (mS/cm/1°C) or the temperature coefficient
(%/1°C) detected with progress of the reaction status
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(in the case where temperature of the subject solution
corresponding to the reaction is time-dependently
measured), it is possible to process data on the basis of
threshold information or calibration curve information
predetermined for specific substances contained in the
subject solution. Regarding the method for detecting the
specific substances in the subject solution, and the
method for evaluating or quantitatively determining the
amount thereof, , the description in Examples 1 to 8 is
applied.

Example 11

[0203] An example of the immune reaction detecting
apparatus for implementing the immune reaction detect-
ing method described with reference to the above de-
scription of Example 9 will now be described.
[0204] As shown in Fig. 25, the apparatus for applica-
tion of the detecting method of an immune reaction de-
scribed in Example 9 has a temperature detector 100
having a temperature detecting means 10 such as a
thermistor, which substantially detects temperature of
the subject solution S in the reactor 3.
[0205] In order to achieve a state in which tempera-
ture of the reaction solution is free from the influence of
temperature outside the reaction system such as the
open air temperature, means for maintaining the atmos-
phere outside the reactor 3 at a constant temperature,
means for thermally shielding the interior of the reactor
3 from the atmosphere outside the reactor 3, and means
for maintaining the interior of the reactor 3 and the at-
mosphere outside the reactor 3 at the same temperature
can be provided singly or in combination.
[0206] That is, as in Example 10, the reactor 3, and
at least the detecting section of the temperature detect-
ing means 10 or the temperature detector 100 itself may
be arranged in an isothermal room. The medium for en-
suring a uniform temperature for the external atmos-
phere outside the reactor 3 may be any of a liquid, a
solid, or a gas. Also, heat insulating means surrounding
the reactor 3, and at least the detecting section of the
temperature detecting means 10 may be provided. An
appropriate heat insulating material or a vacuum vessel
may be used as the heat insulating means. In addition,
heat input/output between the subject solution in the re-
actor 3 and the outside may substantially be eliminated
by causing a change in external atmosphere tempera-
ture of the subject solution in response to a change in
temperature of the subject solution in the reactor 3. As
an example, Fig. 25 illustrates a state in which the re-
actor 3, and the temperature detecting means 10 are
surrounded by the heat insulating means 20.
[0207] In Fig. 25, the configuration comprising control
means 11, memory means 12, input means 13, display
means 14 and other components may be the same as
in Example 10, except that an electric conductivity
measuring cell 2 is not connected to the control means
11, and the control means 11 detects only a signal is-

sued by the temperature detecting means 10 in re-
sponse to the reaction in the subject solution and causes
the display means 14 to display information correspond-
ing to temperature of the subject solution 5. A detailed
description is therefore omitted here.
[0208] In this configuration, the control means 11 can
time-dependently detect and display temperature of the
subject solution S, and furthermore, detect specific sub-
stances in the subject solution (or evaluate and quanti-
tatively determine the amount thereof), by use of pre-
scribed threshold information and calibration curve in-
formation previously set in the memory means 12 or set
via the input means. More specifically, it is possible to
process data on the basis of threshold information or
calibration curve information predetermined for specific
substances contained in the subject solution, by using,
as an indicator, the change in solution temperature de-
tected through progress of the reaction status by time-
dependently measuring temperature of the subject so-
lution. Regarding the method for detecting the specific
substances in the subject solution, or the method for
evaluating or quantitatively determining the amount
thereof, the description in Example 9 is applicable.

Industrial Applicability

[0209] According to the present invention, as de-
scribed above, it is possible to detect a reaction of sub-
stances more simply. Without the need for an expensive
and large-scaled equipment or measuring instruments,
it is possible to easily and rapidly detect time-dependent
reaction status and/or reaction products of reactions of
substances in a real-time manner. It is therefore very
useful for detecting and quantitatively determining, for
example, specific substances in a sample.
[0210] According to the invention, therefore, it is pos-
sible to more easily detect an immunological or enzy-
matic reaction. For example, it is permitted to more eas-
ily detect and quantitatively determine specific sub-
stances relating to a specific status of a disease. Ac-
cording to the invention, furthermore, it is possible to
provide a new approach for easily and rapidly detecting
time-dependent reaction status and/or reaction prod-
ucts of a reaction of various substances taking place in
an electrolytic solution, by use of a simple apparatus.
[0211] In addition, according to the invention, it is pos-
sible to very simply detect an immunological reaction,
and very easily and rapidly detect and quantitatively de-
termine specific substances in a sample such as a spe-
cific substance relating to a specific status of a disease
in a real-time manner.

Claims

1. A reaction detecting method comprising detecting
a reaction of a substance in an electrolytic solution
on the basis of measurement of an electric conduc-
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tivity of the electrolytic solution.

2. A reaction detecting method according to claim 1,
wherein a reaction status and/or a reaction product
of the reaction are detected by time-dependently
measuring the electric conductivity of the electrolyt-
ic solution.

3. A reaction detecting method according to claim 1 or
2, wherein said reaction is (a) an immune reaction,
(b) an enzyme reaction, or (c) any of the other
chemical reactions including a bonding reaction, a
polymerization reaction, a decomposition reaction
and a catalytic reaction.

4. A reaction detecting method according to claim 1,
2 or 3, wherein the substance is (i) a protein includ-
ing a purified protein and a synthetic protein, (ii) a
enzyme, (iii) a antigen including (i) and (ii) above,
(iv) an antibody including a polyclonal antibody and
a monoclonal antibody, or (v) any of the other chem-
ical substances.

5. A reaction detecting method according to any one
of claims 1 to 4, wherein a specific substance in a
sample is detected and/or quantitatively deter-
mined by detecting a reaction between the specific
substance and a substance reactive with the spe-
cific substance as the reaction.

6. A reaction detecting method according to claim 5,
wherein the specific substance is a substance as-
sociated with a specific symptom of a disease, a
product of a gene associated with a specific symp-
tom of a disease, or an antibody against them.

7. A reaction detecting method according to claim 6,
wherein the specific substance is a cancer-related
substance including a carcinoembryonic protein, a
hormone, a hormone receptor, a membrane antigen
and a cancer-related gene products; or an antibody
against these substances.

8. A reaction detecting method according to claim 5,
6 or 7, wherein the sample is a body fluid including
blood, serum, plasma, urine, ascites; a tissue or a
tissue extract; or a cell or a cellular extract.

9. A reaction detecting method according to any one
of claims 1 to 8, further comprising measuring a
temperature of the electrolytic solution, and con-
ducting a temperature correction of a measured val-
ue of electric conductivity.

10. A reaction detecting method according to any one
of claims 1 to 8, further comprising adopting any one
or a combination of: (1) maintaining an atmosphere
outside the reaction system in which the reaction of

the substance takes place in the electrolytic solution
at a constant temperature; (2) thermally shielding
the reaction system from the external atmosphere;
and (3) maintaining the reaction system and the ex-
ternal atmosphere at the same temperature, with-
out conducting a temperature correction of a meas-
ured value of electric conductivity.

11. A reaction detecting method according to any one
of claims 2 to 8, further comprising:

adopting any one or a combination of: (1) main-
taining an atmosphere outside the reaction sys-
tem in which the reaction of the substance
takes place in the electrolytic solution at a con-
stant temperature; (2) thermally shielding the
reaction system from the external atmosphere;
and (3) maintaining the reaction system and the
external atmosphere at the same temperature,
without conducting a temperature correction of
a measured value of electric conductivity, and
detecting the reaction status, an antigen and/
or the reaction product of the reaction of the
substance in the electrolytic solution by time-
dependently measuring a temperature of the
electrolytic solution and measuring an amount
of change or a rate of change in electric con-
ductivity per unit temperature.

12. An immune reaction detecting method comprising
detecting an immune reaction between an antigen
and an antibody in an electrolytic solution on the ba-
sis of measurement of an electric conductivity of the
electrolytic solution.

13. An immune reaction detecting method according to
claim 12, wherein a reaction status of the immune
reaction, the antigen, the antibody and/or an im-
mune complex are detected by time-dependently
measuring the electric conductivity of the electrolyt-
ic solution.

14. An immune reaction detecting method according to
claim 12 or 13, further comprising measuring a tem-
perature of the electrolytic solution, and conducting
a temperature correction of a measured value of
electric conductivity.

15. An immune reaction detecting method according to
claim 12 or 13, further comprising adopting any one
or a combination of: (1) maintaining an atmosphere
outside the reaction system in which the immune
reaction between the antigen and the antibody
takes place in the electrolytic solution at a constant
temperature; (2) thermally shielding the reaction
system from the external atmosphere; and (3) main-
taining the reaction system and the external atmos-
phere at the same temperature, without conducting

43 44



EP 1 319 949 A1

24

5

10

15

20

25

30

35

40

45

50

55

a temperature correction of a measured value of
electric conductivity.

16. An immune reaction detecting method according to
claim 13, further comprising:

adopting any one or a combination of: (1) main-
taining an atmosphere outside the reaction sys-
tem in which the reaction of the substance
takes place in the electrolytic solution at a con-
stant temperature; (2) thermally shielding the
reaction system from the external atmosphere;
and (3) maintaining the reaction system and the
external atmosphere at the same temperature,
without conducting a temperature correction of
a measured value of electric conductivity, and
detecting the reaction status and/or the reac-
tion product of the reaction of the substance in
the electrolytic solution by time-dependently
measuring a temperature of the electrolytic so-
lution and measuring an amount of change or
a rate of change in electric conductivity per unit
temperature.

17. An immune reaction detecting method comprising
detecting an immune reaction between an antigen
and an antibody in a subject solution on the basis
of measurement of a temperature of the subject so-
lution.

18. An immune reaction detecting method according to
claim 17, wherein a reaction status of the immune
reaction, the antigen, the antibody and/or an im-
mune complex by time-dependently measuring the
temperature of the subject solution.

19. An immune reaction detecting method according to
claim 17, further comprising adopting any one or a
combination of: (1) maintaining an atmosphere out-
side the reaction system in which the immune reac-
tion between the antigen and the antibody takes
place in the subject solution at a constant temper-
ature; (2) thermally shielding the reaction system
from the external atmosphere; and (3) maintaining
the reaction system and the external atmosphere at
the same temperature to measure the temperature
of the subject solution.

20. An immune reaction detecting method according to
any one of claims 12 to 19, wherein the antigen is
a substance associated with a specific symptom of
a disease or a gene product associated with a spe-
cific state of a disease, or the antibody is a sub-
stance associated with a specific symptom of a dis-
ease or an antibody against a gene product asso-
ciated with a specific state of disease; and the an-
tigen or the antibody is detected and/or quantitative-
ly determined by detecting the immune reaction.

21. An immune reaction detecting method according to
any one of claims 12 to 19, wherein the antigen is
a cancer-related substance including a carcinoem-
bryonic protein, a hormone, a hormone receptor, a
membrane antigen and a cancer-related gene prod-
uct, or the antibody is an antibody against a cancer-
related substance including a carcinoembryonic
protein, a hormone, a hormone receptor, a mem-
brane antigen, and a cancer-related gene product;
and the antigen or the antibody is detected and/or
quantitatively determined by detecting the immune
reaction.

22. A reaction detecting apparatus comprising:

a reactor for containing a reactant and an elec-
trolytic solution;
electric conductivity detecting means issuing a
signal corresponding to an electric conductivity
of the electrolytic solution in the reactor; and
control means detecting a signal issued by the
electric conductivity detecting means in re-
sponse to a reaction of a substance in the elec-
trolytic solution.

23. A reaction detecting apparatus according to claim
22, further comprising temperature detecting
means issuing a signal corresponding to a temper-
ature of the electrolytic solution in the reactor to cor-
rect a measured value of electric conductivity based
on an output of the electric conductivity detecting
means on the basis of an output of the temperature
detecting means.

24. A reaction detecting apparatus according to claim
22, further comprising any one or a combination of:
(1) means for maintaining an atmosphere outside
the reactor at a constant temperature; (2) means for
thermally shielding the interior of the reactor from
the atmosphere outside the reactor; and (3) means
for maintaining the interior of the reactor and atmos-
phere outside the reactor at the same temperature.

25. A reaction detecting apparatus according to claim
24, further comprising temperature detecting
means issuing a signal corresponding to a temper-
ature of the electrolytic solution in the reactor,
wherein the control means generates a signal cor-
responding to an amount of change or a rate of
change in electric conductivity per unit temperature
on the basis of a signal issued by the electric con-
ductivity detecting means in response to the reac-
tion of the substance in the electrolytic solution, and
a signal issued by the temperature detecting means
in response to the reaction of the substance in the
electrolytic solution.

26. An immune reaction detecting apparatus compris-
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ing:

a reactor for containing a subject solution con-
taining an antigen and an antibody;
electric conductivity detecting means issuing a
signal corresponding to an electric conductivity
of the electrolytic solution in the reactor, and
control means detecting a signal issued by the
electric conductivity detecting means in re-
sponse to an immune reaction between the an-
tigen and the antibody in the electrolytic solu-
tion.

27. An immune reaction detecting apparatus according
to claim 26, further comprising temperature detect-
ing means issuing a signal corresponding to a tem-
perature of the electrolytic solution in the reactor to
correct a measured value of electric conductivity
based on an output of the electric conductivity de-
tecting means on the basis of an output of the tem-
perature detecting means.

28. An immune reaction detecting apparatus according
to claim 26, further comprising any one or a combi-
nation of: (1) means for maintaining an atmosphere
outside the reactor at a constant temperature; (2)
means for thermally shielding the interior of the re-
actor from the atmosphere outside the reactor, and
(3) mains for maintaining the interior of the reactor
and the atmosphere outside the reactor at the same
temperature.

29. An immune reaction detecting apparatus according
to claim 28, further comprising temperature detect-
ing means issuing a signal corresponding to a tem-
perature of the electrolytic solution is the reactor,
wherein the control means generates a signal cor-
responding to an amount of change or a rate of
change in electric conductivity per unit temperature
on the basis of a signal issued by the electric con-
ductivity detecting means in response to the im-
mune reaction between the antigen and the anti-
body in the electrolytic solution, and a signal issued
by the temperature detecting means in response to
the immune reaction between the antigen and the
antibody in the electrolytic solution.

30. An immune reaction detecting apparatus compris-
ing:

a reactor for containing a subject solution con-
taining an antigen and an antibody; tempera-
ture detecting means issuing a signal corre-
sponding to a temperature of the subject solu-
tion in the reactor; and
control means detecting a signal issued by the
temperature detecting means in response to an
immune reaction between the antigen and the

antibody in the subject solution.

31. An immune reaction detecting apparatus according
to claim 30, further comprising any one or a combi-
nation of: (1) means for maintaining an atmosphere
outside the reactor at a constant temperature; (2)
means for thermally shielding the interior of the re-
actor from the atmosphere outside the reactor; and
(3) means for maintaining the interior of the reactor
and the atmosphere outside the reactor at the same
temperature.
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