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Description

TECHNICAL FIELD

[0001] The present invention relates to a biosensor
and a measurement method and, more particularly, to a
biosensor utilizing chromatography and a measurement
method using the biosensor.

BACKGROUND ART

[0002] Conventionally, there is an immunochromatog-
raphy sensor as a typical example of a biosensor which
is provided with a developing layer for developing a sam-
ple solution, includes a reagent part immobilized to a por-
tion of the developing layer and a marked reagent part
that is held by a portion of the developing layer in a dry
state and is dissolvable by developing the sample solu-
tion, and measures the amount of the marker reagent
bound to the reagent immobilization part, thereby to qual-
itatively or quantitatively analyze an analyte in the sample
solution.
[0003] A general example of an immunochromatogra-
phy sensor is provided with a sample applying part to
which a sample solution is applied, and plural developing
layers, and an antibody is immobilized to portions of the
developing layers. Further, a marker antibody is held at
the upper stream than the antibody immobilization part
in a dry state so that it is dissolvable by the sample so-
lution. When a required amount of sample solution is ap-
plied to the sample applying part, the sample solution
penetrates through the developing layers, whereby
measurement is started. A result of measurement is de-
tected by the marker antibody that is bound to the anti-
body immobilization part. Particles of gold colloid are
commonly used as a marker, and the binding to the an-
tibody immobilization part is visually observable due to
the particles of gold colloid. Thus, the result of measure-
ment is obtained by visual observation. While sandwich
reaction of antigen-antibody reaction is employed as a
measurement principle, even when competition reaction
is employed as a measurement principle, a result of
measurement can be obtained by observing the state of
binding of the marker reagent to the antibody immobili-
zation part. In this specification, "immune chromatogra-
phy" and "immunochromatography" denote the same
chromatography, and it is an immunomeasurement
method in which complexes of an immobilized reagent
and a marker reagent are produced in a reaction layer
comprising a wettable porous material, thereby to meas-
ure an analyte. That is, it is a measurement system uti-
lizing antigen-antibody reaction. While the conventional
immunomeasurement method needs a cleaning opera-
tion such as B/F separation, in the immunochromatog-
raphy method, B/F separation is executed during the
process in which the sample solution penetrates through
a chromatography carrier as a reaction layer. Usually all
reagents are in their dry states, and they are wetted by

the sample solution during measurement. While gold col-
loid and latex are common as markers, magnetic parti-
cles, enzymes, and metal colloids other than gold colloid
may be used. When the marker is an enzyme or the like,
a user operation of adding an enzyme substrate or a re-
action stopping agent is included as a measurement op-
eration. Further, amongst the above-mentioned immun-
ochromatography methods, one-step immunochroma-
tography is a measurement method in which measure-
ment is carried out by only a user operation of adding a
sample solution. Since the fundamental measurement
operation by the user is only application of a sample so-
lution, it is called one-step immunochromatography. Fur-
ther, although the above-described method requires
qualitative judgement by visual observation, when a de-
sired result of measurement is semi-quantitative or when
judgement with accuracy higher than that is required,
there is employed a method of reading a result of meas-
urement by a transparent mode using an optical reading
device, which is disclosed in Japanese Published Patent
Application No. Hei. 10-274624, or a method of capturing
a result of measurement as an image with a camera or
the like, and arithmetically processing the image, which
is disclosed in Japanese Published Patent Application
No. Hei.10-274653.
[0004] On the other hand, examples of a sensor device
having the function of performing quantitative analyze by
itself without requiring a measurement device for directly
detecting a signal from the sensor by visual observation,
have been disclosed in Japanese Patent No.3005303,
Japanese Published Patent Application No. Hei.
7-159398, Japanese Published Patent Application No.
Hei.8-278305. These inventions provide a sensor having
the function of quantitative analysis by detecting the
number of parts to which a marker reagent is bound
among plural reagent immobilization parts, a sensor hav-
ing the function of semi-quantitative analysis by varying
the concentration in a reagent immobilization part, and
a sensor which can simultaneously measure different tar-
get items in plural reagent immobilization areas.
[0005] In recent years, POCT (Point-of-Care Tests) is
gradually becoming widespread in medical diagnosis
scenes. In POCT, especially, a device that can measure
an analyte speedily, easily, and precisely is desired. A
fundamental principle employed for POCT has conven-
ience that can deal with a wide range of analytes, and it
is progressing in various fields not only clinical fields but
also food hygiene fields, environmental measurement
fields, and the like. On the other hand, although some
POCT have quantitativeness for limited target items,
most of POCT have only qualitative or semi-quantitative
accuracy, and therefore, a technique that can measure
an analyte more speedily, easily, and accurately and is
applicable to wider fields has been demanded. However,
while in the above-described method the analyte is meas-
ured by detecting the amount of the marker reagent
bound to the reagent immobilization part in the sensor,
the binding of the marker reagent to the reagent immo-
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bilization part has limitations. First of all, in the case of
using sandwich reaction, a measurable antigen concen-
tration area is eventually limited. Especially when it is
antigen-antibody reaction, the antigen concentration in
the area where the amount of binding linearly increases
is about single or double digits. Even when more target
antigen exists, it is saturated at a predetermined amount
of binding, and the antigen exceeding the saturation level
cannot be bound to the reagent immobilization part.
When the target antigen further increases, a prozone
phenomenon occurs. Therefore, when the concentration
of the target antigen is high, previous dilution is needed.
In order to perform dilution as well as execute highly pre-
cise quantitative analysis, dilution precision is also need-
ed as a matter of course, and a device for dilution is re-
quired and, further, a dilution operation is required. Such
dilution operation is extremely complicated for unskilled
persons having little experience of chemical experi-
ments, and therefore, the user must be selected. Fur-
thermore, when such operational precision is not re-
quired, dilution can be carried out with relative ease by
using a common pipette or the like. In this case, however,
precision cannot be expected. Moreover, since the dilu-
tion operation is needed in addition to the measurement
operation, extra time is required. Therefore, when speedy
measurement in POCT is required, the measurement
method using sandwich reaction can be used for only
lower-accuracy qualitative analysis or semi-quantitative
analysis. Further, a serious problem of the prozone phe-
nomenon resides in that, even when the concentration
of the actual analyte in the sample solution is high, a
result apparently equivalent to a low concentration is un-
desirably obtained. For example, in the case of meas-
urement in a clinical test, since a prescription for a patient
is selected according to the test result, such prozone phe-
nomenon might cause, in extreme cases, a problem re-
lating to continuation of life. Accordingly, false-negative
(FN) due to prozone phenomenon can be a fatal problem
for the measurement.
[0006] Next, in the case of using competitive reaction,
the amount of the marker reagent bound to the reagent
immobilization part decreases with an increase in the
concentration of the target antigen, and the marker rea-
gent is not bound to the reagent immobilization part when
the concentration of the target antigen is higher than a
predetermined level. Also in this competitive reaction,
when an antibody and an antigen are used as the immo-
bilized reagent components, the target antigen concen-
tration area is eventually limited due to the nature of bind-
ing, and a dilution operation is needed when the concen-
tration of the target antigen is high, as in the above-men-
tioned sandwich reaction. In order to perform dilution as
well as highly-precise quantitative analysis, dilution pre-
cision is also required as a matter of course, and a device
for dilution is required and, furthermore, a dilution oper-
ation is required. Such dilution operation is extremely
complicated for unskilled persons having little experience
of chemical experiments, and therefore, the user must

be selected. Furthermore, when such operational preci-
sion is not desired, dilution can be carried out with relative
ease by using a common pipette or the like. In this case,
however, precision cannot be expected. Moreover, since
the dilution operation is needed in addition to the meas-
urement operation, extra time is required. Therefore,
when speedy measurement in POCT is required, the
measurement method using competitive reaction can be
used for only lower-accuracy qualitative analysis or semi-
quantitative analysis. Further, only analytes having less
change in target antigen concentration can be selected.
Moreover, in order to measure an analyte having a wide
concentration range without performing dilution, plural
sensor devices must be used. When plural sensor de-
vices are used, since the concentration of the analyte in
the employed sample solution is not known by the oper-
ator, the operator must perform measurement twice, re-
sulting in complicated workability and increased costs.

DISCLOSURE OF THE INVENTON

[0007] In order to solve the above-described problems,
there is provided a biosensor which has a developing
layer for developing a sample solution, includes a reagent
part immobilized to a portion of the developing layer and
a marked reagent part that is held by a portion of the
developing layer under a dry state and is dissolvable by
developing the sample solution, and measures the
amount of the marker reagent bound to the reagent im-
mobilization portion, thereby to qualitatively or quantita-
tively analyze an analyte in the sample solution; wherein
plural reagent immobilization parts exist, and the plural
reagent immobilization parts have different affinities for
the analyte in the sample solution or the marker reagent.
Since the plural reagent immobilization parts are provid-
ed and the respective parts have different affinities for
the analyte in the sample solution or the marker reagent,
a prozone phenomenon can be detected, and further-
more, the dynamic range of the concentration of the an-
alyte in the sample solution can be increased. The "pro-
zone phenomenon" described in this specification indi-
cates, for example, an antigen excess area and a post-
zone area in measuring an antigen in an antigen-antibody
reaction. When a sandwich reaction system in the above-
described immunochromatography sensor is taken as an
example, complexes of immobilized reagent, analyte,
and marker reagent are generated in the reagent immo-
bilization parts in accordance with the concentration of
the analyte in the sample solution, and the amount of the
complexes to be formed increases as the concentration
of the analyte in the sample solution increases. However,
when the concentration of the analyte reaches a prede-
termined level, the complex formation amount is saturat-
ed. When the concentration of the analyte exceeds the
level, the complex formation amount decreases. At last,
the concentration of the analyte reaches an area where
no complex is formed. The phenomenon that occurs in
the area where the complex formation amount decreases
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and the area where no complex is formed at all although
the analyte exists at a high concentration, is called "pro-
zone phenomenon". While the prozone phenomenon is
described with respect to the sandwich reaction in the
immunochromatography sensor having an antigen as an
analyte, it is needless to say that this phenomenon also
occurs when the analyte is an antibody in a sandwich
reaction system which forms complexes in similar man-
ner, or in a reaction system utilizing a binding reaction.
Further, the above-described analyte dynamic range
means the measurable range of the concentration of the
analyte in the test solution. For example, depending on
the measurement method, there are cases where the
concentration of the original sample solution is measured
as it is, or where the measurable range is made wider by
dilution or the like. However, the dynamic range de-
scribed here is a pure measurable range in the case
where the sample solution is used as it is, without adding
a diluent or the like. The dynamic range will be described
taking a perfect dry system immunochromatography sen-
sor as an example. At present, there is an immunology
test for pregnancy using urine as a specimen, which is
commonly used in clinical scenes or homes. In this case,
the user drops urine onto a sensor device to complete
an operation relating to measurement, and checking a
test result is only left for the user to do. That is, in this
case, the range of concentration that is actually measur-
able when urine is dropped as it is, is called an analyte
dynamic range. This is merely an example, and the same
can be said of other analytes, samples, and reaction
modes.
[0008] The present invention is made to solve the
above-described problems and has for its object to detect
a prozone phenomenon by making the plural reagent im-
mobilization parts have different affinities for the analyte
or the marker reagent even when the concentration of
the analyte in the sample solution is high. Furthermore,
it is another object of the present invention to provide a
biosensor which can measure a wider range of concen-
tration of the analyte by making the plural reagent immo-
bilization parts have different affinities, and therefore, can
select analytes over a wide range.
[0009] According to Claim 1 of the present invention,
there is provided a biosensor having a developing layer
for developing a sample solution, including a reagent part
immobilized to a portion of the developing layer and a
marked reagent part which is held in a dry state by a
portion of the developing layer, and is dissolvable by de-
veloping the sample solution, and qualitatively or quan-
titatively analyzing an analyte in the sample solution by
measuring the amount of the marker reagent bound to
the reagent immobilization part; wherein plural reagent
immobilization parts exist, and the respective reagent im-
mobilization parts have different affinities for the analyte
in the sample solution or the marker reagent. The bio-
sensor is characterized by that plural reagent immobili-
zation parts are provided, and the respective reagents
have different affinities for the analyte in the sample so-

lution or the marker reagent.
[0010] According to Claim 2 of the present invention,
there is provided a biosensor which is a device having a
developing layer for developing a sample solution, in-
cluding a reagent part immobilized to a portion of the
developing layer and a marked reagent part which is held
in a dry state by a portion of the developing layer, and is
dissolvable by developing the sample solution, and hav-
ing a sample applying part on which the sample solution
is applied, the marker reagent part, and the marker im-
mobilization part which are arranged in this order, said
biosensor qualitatively or quantitatively analyzing an an-
alyte in the sample solution by measuring the amount of
the marker reagent bound to the reagent immobilization
part; wherein plural reagent immobilization parts exist,
and the respective reagent immobilization parts have dif-
ferent affinities for the analyte in the sample solution or
the marker reagent. The biosensor is a device having the
sample applying part, the marker reagent part, and the
reagent immobilization parts in this order, and further, it
is characterized by that plural reagent immobilization
parts exist, and the respective reagent immobilization
parts have different affinities for the analyte in the sample
solution or the marker reagent.
[0011] According to Claim 3 of the present invention,
in the biosensor as defined in Claim 1 or 2, the reagents
immobilized to the plural reagent immobilization parts are
antibodies, the analyte in the sample solution is an anti-
gen, and an antibody having a higher affinity for the an-
alyte in the sample solution or the marker reagent is im-
mobilized to the reagent immobilization part that is posi-
tioned on the upper stream side with respect to the sam-
ple solution applying part. In the biosensor as defined in
Claim 1 or 2, the reagent immobilization parts are anti-
bodies, and the analyte in the sample solution is an an-
tigen, and further, an antibody having a higher affinity for
the antigen is provided on a part at the upper stream side
in the sample penetrating and developing direction with
respect to the sample solution applying part, that is, the
antibody is provided on a part which earlier comes in
contact with a developing mixture solution which devel-
ops while dissolving the marker material after the sample
solution is applied to start development.
[0012] According to Claim 4 of the present invention,
in the biosensor as defined in any of Claims 1 to 3, the
reagents in the plural reagent immobilization parts are
monoclonal antibodies. In the biosensor as defined in
any of Claims 1 to 3, each of the reagents on the plural
reagent immobilization parts is a monoclonal antibody.
[0013] According to Claim 5 of the present invention,
in the biosensor as defined in any of Claims 1 to 4, the
analyte in the sample solution is quantitatively analyzed
by measuring the amount of the marker reagent bound
to the plural reagent immobilization parts. In the biosen-
sor as defined in any of Claims 1 to 4, the analyte in the
sample solution is measured by measuring the amount
of the marker reagent bound to the reagent immobiliza-
tion parts.
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[0014] According to Claim 6 of the present invention,
in the biosensor as defined in any of Claims 1 to 5, a
prozone phenomenon is detected by measuring the
amount of the marker reagent bound to the plural reagent
immobilization parts. In the biosensor as defined in any
of Claims 1 to 5, by measuring the marker reagent binding
states in the plural reagent immobilization parts, it is de-
tected whether or not the respective parts are prozone
areas in the measurement. Although the prozone area
has already been described, the prozone area described
in this specification indicates, for example, an antigen
excess area and a post zone area in measuring an anti-
gen in an antigen-antibody reaction. When a sandwich
reaction system in the immunochromatography sensor
is taken as an example, complexes of immobilized rea-
gent, analyte, and marker reagent are generated in the
reagent immobilization parts in accordance with the con-
centration of the analyte in the sample solution, and the
amount of the complexes to be formed increases as the
concentration of the analyte in the sample solution in-
creases. However, when the concentration of the analyte
reaches a predetermined level, the complex formation
amount is saturated. When the concentration of the an-
alyte is higher than the level, the complex formation
amount decreases. When the concentration of the ana-
lyte further increases, it reaches an area where no com-
plex is formed. A part which is generally called a zone
area or a zone phenomenon, including the area where
the complex formation amount decreases and the area
where no complex is formed at all although the analyte
exists at a high concentration, is called a prozone area.
While the sandwich reaction in the immunochromatog-
raphy sensor is taken as an example, it is needless to
say that a prozone area is a phenomenon that also occurs
when the analyte is an antibody in a sandwich reaction
system which forms complexes in similar manner, or in
a reaction system utilizing binding reaction.
[0015] According to Claim 7 of the present invention,
in the biosensor as defined in any of Claims 1 to 6, among
the plural reagent immobilization parts, the amount of the
marker reagent bound to the reagent immobilization part
which is positioned on the uppermost stream side with
respect to the sample solution applying part is measured,
thereby to measure the analyte in the sample solution;
and the amounts of the marker reagent bound to the other
reagent immobilization parts are also measured and, on
the basis of the results of the respective measurements,
the measured value of the amount of the marker reagent
bound to the uppermost-steam side reagent immobiliza-
tion part is subjected to prozone judgement. In the bio-
sensor as defined in any of Claims 1 to 6, the analyte in
the sample solution is measured by measuring the
amounts of the marker reagent bound to the plural rea-
gent immobilization parts. At this time, in measuring the
sample solution, the measurement is carried out using
the reagent immobilization part positioned at the upper-
most stream side viewed from the sample solution ap-
plying part, and the bindings of the marker reagent in the

other reagent immobilization parts are subjected to pro-
zone judgement, thereby to judge as to whether the bind-
ing of the marker reagent in the uppermost-stream side
reagent immobilization part is a prozone area or not.
[0016] According to Claim 8 of the present invention,
in the biosensor as defined in any of Claims 1 to 7, the
plural reagent immobilization parts have different affini-
ties for the analyte in the sample solution or the maker
reagent, whereby the respective reagent immobilization
parts have different dynamic ranges for measuring the
concentration of the analyte in the sample solution. In
the biosensor as defined in any of Claims 1 to 7, the plural
reagent immobilization parts have different affinities for
the analyte in the sample solution or the maker reagent,
whereby the respective reagent immobilization parts
have different dynamic ranges for measuring the con-
centration of the analyte in the sample solution. The dy-
namic range means, as already described above, a pure
measurable concentration range of the analyte in the
case where the sample solution is used as it is, without
adding a diluent or the like. The dynamic range will be
described taking a perfect dry system immunochroma-
tography sensor as an example. At present, there is an
immunology test for pregnancy using urine as a speci-
men, which is commonly used in clinical scenes or
homes. In this case, the user drops urine onto a sensor
device to complete an operation relating to measure-
ment, and checking a test result is only left for the user
to do. That is, in this case, the actually measurable range
when urine is dropped as it is, is called an analyte dy-
namic range. This is merely an example, and the same
can be said of other analytes, samples, and reaction
modes. Further, even when an operation such as dilution
is required in the measurement system, a detection sen-
sitivity area for the same sample solution and the same
analyte is defined as a dynamic range.
[0017] According to Claim 9 of the present invention,
in the biosensor as defined in Claim 8, the plural reagent
immobilization parts have different affinities for the ana-
lyte in the sample solution or the marker reagent, thereby
to increase the dynamic range for measuring the con-
centration of the analyte in the sample solution. In the
biosensor as defined in Claim 8, when the analyte in the
sample solution is measured by measuring the amounts
of the marker reagent bound to the plural reagent immo-
bilization parts, since the plural reagent immobilization
parts have different affinities for the analyte in the same
solution or the marker reagent, the respective parts show
different responses to the concentration of the analyte in
the sample solution, whereby the analyte dynamic range
of the sensor device is increased.
[0018] According to Claim 10 of the present invention,
in the biosensor as defined in any of Claims 1 to 9, the
plural reagent immobilization parts recognize the same
epitope. In the biosensor as defined in any of Claims 1
to 9, the reagents in the plural reagent immobilization
parts recognize the same epitope although they have
different affinities for the analyte in the sample solution
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or the marker reagent. Recognizing the same epitope
means that the plural reagent immobilization parts are
bound to the same binding site although they have dif-
ferent affinities for the binding site.
[0019] According to Claim 11 of the present invention,
in the biosensor as defined in any of Claims 1 to 10, the
reagent immobilization parts are provided in two posi-
tions. In the biosensor as defined in any of Claims 1 to
10, the plural reagent immobilization parts are provided
in two positions.
[0020] According to Claim 12 of the present invention,
in the biosensor as defined in any of Claims 1 to 11, the
plural reagent immobilization parts are in contact with
each other. In the biosensor as defined in any of Claims
1 to 11, the respective reagent immobilization parts are
in contact with each other.
[0021] According to Claim 13 of the present invention,
in the biosensor as defined in any of Claims 1 to 12, the
developing layer employs a lateral flow system, the plural
reagent immobilization parts are immobilized in lines
along a direction perpendicular to the sample solution
developing direction the line width is 0.5mm~2.0mm, and
the intervals between the lines of the plural reagent im-
mobilization parts are 1.0mm or longer. In the biosensor
as defined in any of Claims 1 to 12, the developing layer
employs a lateral flow system, the plural reagent immo-
bilization parts are immobilized in lines along a direction
perpendicular to the sample solution developing direc-
tion, the line width is 0.5mm~2.0mm, and the intervals
between the lines of the respective reagent immobiliza-
tion parts are 1.0mm or longer.
[0022] According to Claim 14 of the present invention,
in the biosensor as defined in any of Claims 1 to 13, all
of the reagents including the marker reagent and the im-
mobilized reagents are in their dry states. In the biosensor
as defined in any of Claims 1 to 13, all of the reagents
including the marker reagent and the immobilized rea-
gents are in dry states. The dry state means the state
before measurement is carried out, that is, the state be-
fore the reagents are wetted by the sample solution.
[0023] According to Claim 15 of the present invention,
in the biosensor as defined in any of Claims 1 to 14, the
sample solution is urine, saliva, or blood. In the biosensor
as defined in any of Claims 1 to 14, the sample solution
is urine, saliva, or blood. The blood includes whole blood
containing a material component such as blood corpus-
cle, blood serum excluding a material component, and
blood plasma.
[0024] According to Claim 16 of the present invention,
in the biosensor as defined in any of Claims 1 to 15, the
biosensor is used immunochromatography. The biosen-
sor as defined in any of Claims 1 to 15 is used immuno-
chromatography.
[0025] According to Claim 17 of the present invention,
there is provided a measurement method employing a
biosensor as defined in any of Claims 1 to 16, wherein
the amounts of the marker reagent bound to the plural
reagent immobilization parts are measured, thereby to

qualitatively or quantitatively analyze the analyte in the
sample solution. In the measurement method using a
biosensor as defined in any of Claims 1 to 16, the meas-
urement is carried out on the basis of the bindings of the
marker reagent to the plural reagent immobilization parts.
[0026] According to Claim 18 of the present invention,
there is provided a measurement method employing a
biosensor having a developing layer for developing a
sample solution, and including plural reagent parts which
are immobilized to portions of the developing layer, and
have different affinities for an analyte in the sample so-
lution or a marker reagent, and a reagent part which is
marked and held by a portion of the developing layer,
and is dissolvable by developing the sample solution;
wherein the amounts of the marker reagent bound to the
plural reagent immobilization parts are measured, there-
by to qualitatively or quantitatively analyze the analyte in
the sample solution. In the measurement method, the
amounts of the marker reagent bound to the plural rea-
gent immobilization parts are measured to qualitatively
or quantitatively analyze the analyte in the sample solu-
tion, by employing a biosensor having a developing layer
for developing a sample solution, and including plural
reagent parts which are immobilized to portions of the
developing layer, and have different affinities for an an-
alyte in the sample solution or a marker reagent, and a
reagent part which is marked and held by a portion of the
developing layer, and is dissolvable by developing the
sample solution. The qualitative analysis means two-step
judgement represented by positive/negative judgement,
and the quantitative analysis includes conversion into nu-
merals, and semi-quantitative analysis having three or
more steps.
[0027] According to Claim 19 of the present invention,
in the measurement method as defined in Claim 17 or
18, the method for measuring the amounts of the marker
reagent bound to the plural reagent immobilization parts
employs an electromagnetic wave. In the measurement
method as defined in Claim 17 or 18, an electromagnetic
wave is employed in the method for measuring the
amounts of the marker reagent bound to the plural rea-
gent immobilization parts.
[0028] According to Claim 20 of the present invention,
in the measurement method as defined in Claim 17 or
19, the method for measuring the amounts of the marker
reagent bound to the plural reagent immobilization parts
is to measure a diffused electromagnetic wave which is
obtained when an electromagnetic wave is reflected. In
the measurement method as defined in Claim 17 or 19,
the method for measuring the amounts of the marker
reagent bound to the plural reagent immobilization parts
is to measure a diffused electromagnetic wave which is
obtained when an applied electromagnetic wave is re-
flected.
[0029] According to Claim 21 of the present invention,
in the measurement method as defined in any of Claims
17 to 20, an electromagnetic wave source used for the
measurement is scanned with respect to the biosensor,

9 10 



EP 1 416 276 B1

7

5

10

15

20

25

30

35

40

45

50

55

or the biosensor is scanned with respect to the electro-
magnetic wave source, thereby to measure the amounts
of the marker reagent bound to the reagent immobiliza-
tion parts. In the measurement method as defined in any
of Claims 17 to 20, when detecting the amounts of the
marker reagent bound to the plural reagent immobiliza-
tion parts, the electromagnetic wave source is scanned,
or the biosensor is scanned.
[0030] According to Claim 22 of the present invention,
the measurement method using a biosensor as defined
in any of Claims 17 to 21 is reflection absorbance meas-
urement, wherein a light source is shaped in a line ac-
cording to the plural reagent immobilization parts being
shaped in lines, and the line width of the light source is
1.0mm or shorter. In the measurement method defined
in any of Claims 17 to 20, the method for detecting the
amounts of the marker reagent bound to the plural rea-
gent immobilization parts is to measure reflection absorb-
ance. In this case, the electromagnetic wave is light, pref-
erably, visible light, and the method for detecting the
amounts of the marker reagent bound to the plural rea-
gent immobilization parts is to measure diffused light
which is obtained when applied visible light is reflected.
[0031] According to Claim 23 of the present invention,
in the measurement method as defined in any of Claims
17 to 22, the amounts of the marker reagent bound to
the plural reagent immobilization parts are respectively
measured, thereby to perform prozone judgement. In the
measurement method as defined in any of Claims 17 to
22, after the amounts of the marker reagent bound to the
plural reagent immobilization parts are respectively
measured, a prozone area is judged from one or plural
results of measurements.
[0032] According to Claim 24 of the present invention,
in the measurement method as defined in any of Claims
17 to 23, among the plural reagent immobilization parts,
the amount of the marker reagent bound to the reagent
immobilization part which is positioned on the uppermost
stream side with respect to the sample solution applying
part is measured; the amounts of the marker reagent
bound to the other reagent immobilization parts are also
measured; and, on the basis of the results of the respec-
tive measurements, the measured value of the amount
of the marker reagent bound to the uppermost-stream
side reagent immobilization part is subjected to prozone
judgement. In the measurement method as defined in
any of Claims 17 to 23, among the plural reagent immo-
bilization parts, the amount of the marker reagent bound
to the reagent immobilization part which is positioned on
the uppermost stream side viewed from the sample so-
lution applying part is measured as the analyte in the
sample solution, and it is judged whether the result of
measurement in the uppermost-stream side part is a pro-
zone area or not, on the basis of the amounts of the mark-
er reagent bound to the other reagent immobilization
parts.
[0033] According to Claim 25 of the present invention,
in the measurement method as defined in any of Claims

17 to 24, among the plural reagent immobilization parts,
the amount of the marker reagent bound to the reagent
immobilization part that is positioned on the uppermost
stream side with respect to the sample solution applying
part is measured; the amounts of the marker reagent
bound to the other reagent immobilization parts are also
measured; it is judged by performing arithmetic process-
ing as to whether each of the measurement results is
within a marker reagent binding amount measurement
range in the uppermost-stream side reagent immobiliza-
tion part or within a marker reagent binding amount meas-
urement range in another reagent immobilization part;
and one of the marker reagent binding amounts is used
as a measurement result. In the measurement method
as defined in any of Claims 17 to 24, the analyte in the
sample solution is measured by detecting the amounts
of the marker reagent bound to the plural reagent immo-
bilization parts are detected. Furthermore, when the an-
alyte in the sample solution is measured on the basis of
the amount of the marker reagent bound to the reagent
immobilization part that is positioned on the uppermost-
stream side viewed from the sample solution applying
part, the amounts of the marker reagent bound to the
other reagent immobilization parts are also measured,
and it is judged by performing arithmetic processing as
to which one of the marker reagent binding amounts ob-
tained in the plural reagent immobilization parts, includ-
ing the uppermost-stream side part, should be used for
measurement of the concentration of the analyte in the
sample solution, on the basis of the marker reagent bind-
ing amounts obtained in the respective reagent immobi-
lization parts including the uppermost-stream side part,
and then the analyte in the sample solution is measured
on the basis of the reagent binding amount obtained in
one of the reagent immobilization parts.
[0034] According to Claim 26 of the present invention,
in the measurement method as defined in any of Claims
17 to 25, the measurement is one-step immunochroma-
tography which is started by the sample solution applying
operation. The measurement method defined in any of
Claims 17 to 25 is carried out using a biosensor which is
a one-step immunochromatography that starts measure-
ment by the sample solution applying operation.
[0035] According to Claim 27 of the present invention,
in the biosensor as defined in any of Claims 1 to 10 and
12 to 16, the reagent immobilization parts are provided
in three positions. In the biosensor as defined in any of
Claims 1 to 10 and 12 to 16, the reagent immobilization
parts are provided in three positions.
[0036] According to Claim 28 of the present invention,
in the biosensor as defined in Claim 27, the reagent im-
mobilization part which is positioned at the uppermost
stream side with respect to the sample solution applying
part has the highest affinity for the analyte in the sample
solution or the marker reagent, and the second and third
reagent immobilization parts have the same affinity. In
the biosensor as defined in Claim 27, the reagent immo-
bilization part which is positioned at the uppermost
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stream side with respect to the sample solution applying
part has the highest affinity for the analyte in the sample
solution or the marker reagent, and the second and third
reagent immobilization parts have the same affinity.
[0037] According to Claim 29 of the present invention,
in the measurement method as defined in any of Claims
17 to 26, the reagent immobilization parts are provided
in three positions. In the measurement method as defined
in any of Claims 17 to 26, the reagent immobilization
parts are provided in three positions.
[0038] According to Claim 30 of the present invention,
in the measurement method employing a biosensor as
defined in Claim 28, the amounts of the marker reagent
bound to the plural reagent immobilization parts are
measured, thereby to qualitatively or quantitatively ana-
lyze the analyte in the sample solution. In the measure-
ment method employing a biosensor as defined in Claim
28, the amounts of the marker reagent bound to the re-
agent immobilization parts are measured, thereby to
qualitatively or quantitatively analyze the analyte in the
sample solution.
[0039] According to Claim 31 of the present invention,
in the measurement method as defined in Claim 30, a
prozone area is detected on the basis of the amounts of
the marker reagent bound to the two reagent immobili-
zation parts which are positioned at lower stream side
with respect to the sample solution applying part, among
the three reagent immobilization parts. In the measure-
ment method as defined in Claim 30, a prozone area is
detected on the basis of the amounts of the marker rea-
gent bound to the two reagent immobilization parts which
are positioned at the lower stream side with respect to
the sample solution applying part, among the three rea-
gent immobilization parts.
[0040] According to Claim 1, there is provided a bio-
sensor having a developing layer for developing a sample
solution, including a reagent part immobilized to a portion
of the developing layer and a marked reagent part which
is held in a dry state by a portion of the developing layer,
and is dissolvable by developing the sample solution,
and qualitatively or quantitatively analyzing an analyte in
the sample solution by measuring the amount of the
marker reagent bound to the reagent immobilization part;
wherein plural reagent immobilization parts exist, and the
respective reagent immobilization parts have different af-
finities for the analyte in the sample solution or the marker
reagent. Therefore, in measuring the sample solution,
even when the concentration of the analyte in the solution
is high, a dilution operation or the like is not needed,
whereby a simple and speedy biosensor can be provided.
Further, since detection of prozone area is possible, a
simple, speedy, and highly precise biosensor can be ob-
tained.
[0041] According to Claim 2, there is provided a bio-
sensor which is a device having a developing layer for
developing a sample solution, including a reagent part
immobilized to a portion of the developing layer and a
marked reagent part which is held in a dry state by a

portion of the developing layer, and is dissolvable by de-
veloping the sample solution, and having a sample ap-
plying part on which the sample solution is applied, the
marker reagent part, and the marker immobilization part
which are arranged in this order, said biosensor qualita-
tively or quantitatively analyzing an analyte in the sample
solution by measuring the amount of the marker reagent
bound to the reagent immobilization part; wherein plural
reagent immobilization parts exist, and the respective re-
agent immobilization parts have different affinities for the
analyte in the sample solution or the marker reagent.
Therefore, a biosensor having a wide dynamic range for
the concentration of the analyte in the sample solution
can be provided. Furthermore, since detection of prozone
area is possible, a simple, speedy, highly precise, and
highly versatile biosensor can be obtained.
[0042] According to Claim 3, in the biosensor as de-
fined in Claim 1 or 2, the reagents immobilized to the
plural reagent immobilization parts are antibodies, the
analyte in the sample solution is an antigen, and an an-
tibody having a higher affinity for the analyte in the sample
solution or the marker reagent is immobilized to the re-
agent immobilization part that is positioned on the upper
stream side with respect to the sample solution applying
part. In the case of measuring the antigen, since the an-
tibodies having different affinities for the analyte or the
marker reagent are immobilized to the plural reagent im-
mobilization parts, the antigen concentration dynamic
range can be kept sufficiently wide. Further, assuming
that the sample solution applying part is at the uppermost
stream, the reagent immobilization part at the upper
stream side has the higher affinity for the analyte or the
maker reagent, whereby a biosensor with higher accu-
racy can be provided in the uppermost-stream reagent
immobilization part, while a biosensor with higher accu-
racy and precision which is capable of prozone detection
can be provided in the other reagent immobilization part.
[0043] According to Claim 4, in the biosensor as de-
fined in any of Claims 1 to 3, the reagents in the plural
reagent immobilization parts are monoclonal antibodies.
Therefore, when biosensors are mass-produced or when
plural biosensors having uniform performance are need-
ed, plural or a large quantity of speedy and precise bio-
sensors showing uniform performances can be produced
by the uniform properties of the monoclonal antibodies,
in combination with high productivity and productive sta-
bility.
[0044] According to Claim 5, in the biosensor as de-
fined in any of Claims 1 to 4, the analyte in the sample
solution is quantitatively analyzed by measuring the
amount of the marker reagent bound to the plural reagent
immobilization parts. The reagents on the plural reagent
immobilization parts have different affinities for the ana-
lyte or the marker reagent, and the amounts of the marker
reagent bound to the respective parts are not checked
by fuzzy visual check but the results of measurement are
converted into numerals, whereby a simple, speedy, pre-
cise, and accurate biosensor can be obtained.
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[0045] According to Claim 6, in the biosensor as de-
fined in any of Claims 1 to 5, a prozone phenomenon is
detected by measuring the amount of the marker reagent
bound to the plural reagent immobilization parts. There-
fore, a biosensor with higher precision, which can judge
whether the amount of the marker reagent bound to each
reagent immobilization part is within the prozone area or
not, is obtained.
[0046] According to Claim 7, in the biosensor as de-
fined in any of Claims 1 to 6, among the plural reagent
immobilization parts, the amount of the marker reagent
bound to the reagent immobilization part which is posi-
tioned on the uppermost stream side with respect to the
sample solution applying part is measured, thereby to
measure the analyte in the sample solution; and the
amounts of the marker reagent bound to the other rea-
gent immobilization parts are also measured and, on the
basis of the results of the respective measurements, the
measured value of the amount of the marker reagent
bound to the uppermost-steam side reagent immobiliza-
tion part is subjected to prozone judgement. Therefore,
assuming that the sample solution applying part is the
uppermost stream, the amount of the marker reagent
bound to the reagent immobilization part on the upper-
most stream side among the plural reagent immobiliza-
tion parts is measured, whereby highly accurate quanti-
tative measurement is realized. Further, prozone judge-
ment is carried out in measuring the amounts of the mark-
er reagent bound to the other reagent immobilization
parts, whereby a simple, speedy, and accurate biosensor
with higher precision can be obtained.
[0047] According to Claim 8, in the biosensor as de-
fined in any of Claims 1 to 7, the plural reagent immobi-
lization parts have different affinities for the analyte in the
sample solution or the maker reagent, whereby the re-
spective reagent immobilization parts have different dy-
namic ranges for measuring the concentration of the an-
alyte in the sample solution. Therefore, the plural reagent
immobilization parts have different sample solution con-
centration dynamic ranges, whereby a biosensor which
can measure plural analyte dynamic ranges can be ob-
tained.
[0048] According to Claim 9, in the biosensor as de-
fined in Claim 8, the plural reagent immobilization parts
have different affinities for the analyte in the sample so-
lution or the marker reagent, thereby to increase the dy-
namic range for measuring the concentration of the an-
alyte in the sample solution. Therefore, when measuring
the amounts of the marker reagent bound to the plural
reagent immobilization parts, measurement over a wider
range is realized by combining the analyte concentration
dynamic ranges of the respective reagent immobilization
parts. Thereby, a biosensor, which can measure the an-
alyte concentration over a wide range by onetime meas-
urement without requiring a complicated operation such
as dilution, can be obtained.
[0049] According to Claim 10, in the biosensor as de-
fined in any of Claims 1 to 9, the plural reagent immobi-

lization parts recognize the same epitope. Therefore,
even when the reaction mode in each of the plural reagent
immobilization parts is any of "marker reagent-immobi-
lized reagent", "marker reagent", and "analyte-immobi-
lized reagent", a stable, simple, precise, and speedy bi-
osensor, in which stereoscopic damage relating to the
reaction in molecular level is small, can be obtained.
[0050] According to Claim 11, in the biosensor as de-
fined in any of Claims 1 to 10, the reagent immobilization
parts are provided in two positions. Therefore, the dy-
namic range for analyte concentration is increased, and
a minimum reagent composition that enables prozone
detection is realized, whereby a cheaper, speedy, simple,
and precise biosensor can be obtained.
[0051] According to Claim 12, in the biosensor as de-
fined in any of Claims 1 to 11, the plural reagent immo-
bilization parts are in contact with each other. Although
the development of the sample solution on the reagent
immobilization parts generally becomes non-uniform, the
plural reagent immobilization parts are apparently united
into one, resulting in a highly accurate biosensor having
a wide analyte dynamic range and being able to perform
prozone detection, in which penetration of the sample
solution that develops the developing layer is kept more
uniform.
[0052] According to Claim 13, in the biosensor as de-
fined in any of Claims 1 to 12, the developing layer em-
ploys a lateral flow system, the plural reagent immobili-
zation parts are immobilized in lines along a direction
perpendicular to the sample solution developing direc-
tion, the line width is 0.5mm~2.0mm, and the intervals
between the lines of the plural reagent immobilization
parts are 1.0mm or longer. When the sample solution
develops the plural reagent immobilization parts on the
developing layer, the development is apt to be non-uni-
form. However, since the line width is 0.5mm~2.0mm,
the development can be visually checked while sup-
pressing the adverse effect of non-uniform development.
Further, since the intervals between the reagent immo-
bilization parts are 1.0mm or more, the respective parts
can be visually distinguished from each other. Therefore,
a simpler, speedier, highly accurate and precise biosen-
sor having excellent viewability can be obtained. This is
applicable to the above-mentioned biosensor employing
an optical measurement device.
[0053] According to Claim 14, in the biosensor as de-
fined in any of Claims 1 to 13, all of the reagents including
the marker reagent and the immobilized reagents are in
their dry states. Since the plural reagent immobilization
parts have different affinities for the analyte or the marker
reagent, a biosensor having a sufficiently wide dynamic
range for the analyte concentration, and a function of
detecting a prozone area can be obtained. Moreover,
since all of the reagents are in their perfect dry states, a
biosensor which has excellent shelf life and stability and
is easily portable can be obtained.
[0054] According to Claim 15, in the biosensor as de-
fined in any of Claims 1 to 14, the sample solution is
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urine, saliva, or blood. Therefore a highly precise, simple,
and speedy biosensor can be provided in the field of clin-
ical examination where speedy reaction is desired.
[0055] According to Claim 16, the biosensor as defined
in any of Claims 1 to 15 is used immunochromatography.
Therefore, in the immunochromatography which is be-
coming widespread on the market as a simple immu-
nomeasurement method, a highly-precise biosensor
which prevents the user from performing false judge-
ment, and realizes an operation as simple as that of the
conventional immunochromatography, can be obtained.
[0056] According to Claim 17, in the measurement
method employing a biosensor as defined in any of
Claims 1 to 16, the amounts of the marker reagent bound
to the plural reagent immobilization parts are measured,
thereby to qualitatively or quantitatively analyze the an-
alyte in the sample solution. Therefore, even when the
concentration of the analyte in the sample solution is high,
a dilution operation or the like is not needed in measuring
the sample solution, whereby a simple and speedy meas-
urement method can be obtained. Furthermore, since
detection of prozone areas is possible, a simple, speedy,
yet highly precise measurement can be realized.
[0057] According to Claim 18, there is provided a
measurement method employing a biosensor having a
developing layer for developing a sample solution, and
including plural reagent parts which are immobilized to
portions of the developing layer, and have different affin-
ities for an analyte in the sample solution or a marker
reagent, and a reagent part which is marked and held by
a portion of the developing layer, and is dissolvable by
developing the sample solution; wherein the amounts of
the marker reagent bound to the plural reagent immobi-
lization parts are measured, thereby to qualitatively or
quantitatively analyze the analyte in the sample solution.
Therefore, even when the concentration of the analyte
in the sample solution is high, a dilution operation or the
like is not needed in measuring the sample solution,
whereby simple and speedy measurement can be real-
ized. Furthermore, since detection of prozone areas is
possible, simple, speedy, yet highly precise measure-
ment can be realized.
[0058] According to Claim 19, in the measurement
method as defined in Claim 17 or 18, the method for
measuring the amounts of the marker reagent bound to
the plural reagent immobilization parts employs an elec-
tromagnetic wave. Therefore, it is possible to realize a
measurement method in which the dynamic range for
analyte concentration is wide, prozone detection is pos-
sible, and more precise judgement not by visual obser-
vation but by numerical expression can be carried out.
[0059] According to Claim 20, in the measurement
method as defined in Claim 17 or 19, the method for
measuring the amounts of the marker reagent bound to
the plural reagent immobilization parts is to measure a
diffused electromagnetic wave obtained when an elec-
tromagnetic wave is reflected. Therefore, it is possible to
realize a measurement method in which the dynamic

range for analyte concentration is wide, prozone detec-
tion is possible, and more precise judgement not by visual
observation but by numerical expression can be carried
out, by using a more miniaturizable technique with a light
source and a photodetector being provided in the same
direction.
[0060] According to Claim 21, in the measurement
method as defined in any of Claims 17 to 20, an electro-
magnetic wave source used for the measurement is
scanned with respect to the biosensor, or the biosensor
is scanned with respect to the electromagnetic wave
source, thereby to measure the amounts of the marker
reagent bound to the reagent immobilization parts.
Therefore, it is possible to provide a more precise and
accurate measurement method in which the marker re-
agent on the plural reagent immobilization parts is de-
tected as signals for the developing layer other than the
plural reagent immobilization parts to eliminate influenc-
es of factors which are not caused by the analyte con-
centration, and further, the amounts of the marker rea-
gent bound to the plural reagent immobilization parts can
be detected precisely.
[0061] According to Claim 22, the measurement meth-
od employing a biosensor as defined in any of Claims 17
to 21 is reflection absorbance measurement, wherein a
light source is shaped in a line according to the plural
reagent immobilization parts being shaped in lines, and
the line width of the light source is 1.0mm or shorter.
Therefore, it is possible to realize a precise and accurate
measurement method in which the dynamic range for
analyte concentration is wide, prozone detection is pos-
sible, energy consumption is reduced by the light source
of 1.0mm or shorter, and influence of noise to the
amounts of the marker reagent bound to the plural rea-
gent immobilization parts is reduced. Preferably, in the
above-described biosensor, the width of the light source
is equal to the width of each reagent immobilization part,
and shorter than the spacing between the plural reagent
immobilization parts.
[0062] According to Claim 23, in the measurement
method as defined in any of Claims 17 to 22, the amounts
of the marker reagent bound to the plural reagent immo-
bilization parts are respectively measured, thereby to
perform prozone judgement. Therefore, in measuring the
amounts of the marker reagent bound to the plural rea-
gent immobilization parts, since the amount of the marker
reagent bound to each reagent immobilization part is
measured, judgement as to whether the measurement
is within a prozone area or not can be carried out.
[0063] According to Claim 24, in the measurement
method as defined in any of Claims 17 to 23, among the
plural reagent immobilization parts, the amount of the
marker reagent bound to the reagent immobilization part
which is positioned on the uppermost stream side with
respect to the sample solution applying part is measured;
the amounts of the marker reagent bound to the other
reagent immobilization parts are also measured; and, on
the basis of the results of the respective measurements,
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the measured value of the amount of the marker reagent
bound to the uppermost-stream side reagent immobili-
zation part is subjected to prozone judgement. Therefore,
assuming that the sample solution applying part is the
uppermost stream, the amount of the marker reagent
bound to the reagent immobilization part positioned at
the uppermost stream side among the plural reagent im-
mobilization parts is measured, whereby highly accurate
quantitative measurement is realized. Further, prozone
judgement is carried out in measuring the amounts of the
marker reagent bound to the other reagent immobiliza-
tion parts, whereby simple, speedy, and accurate meas-
urement with higher precision can be realized.
[0064] According to Claim 25, in the measurement
method as defined in any of Claims 17 to 24, among the
plural reagent immobilization parts, the amount of the
marker reagent bound to the reagent immobilization part
that is positioned on the uppermost stream side with re-
spect to the sample solution applying part is measured;
the amounts of the marker reagent bound to the other
reagent immobilization parts are also measured; it is
judged by performing arithmetic processing as to whether
each of the measurement results is within a marker rea-
gent binding amount measurement range in the upper-
most-stream side reagent immobilization part or within a
marker reagent binding amount measurement range in
another reagent immobilization part; and one of the mark-
er reagent binding amounts is used as a measurement
result. Therefore, the respective reagent immobilization
parts have different sample solution concentration dy-
namic ranges, whereby plural analyte dynamic ranges
can be measured.
[0065] According to Claim 26, in the measurement
method as defined in any of Claims 17 to 25, the meas-
urement is one-step immunochromatography which is
started by the sample solution applying operation. There-
fore, the advantage of the simple and speedy one-step
immunochromatography, which requires no cleaning op-
eration although it is an immunomeasurement method,
is maintained, and prozone detection is possible, where-
by a measurement method with higher precision can be
provided. Further, a measurement method which can
measure a wider range of analyte concentration using
only similar measurement operation can be provided.
[0066] According to Claim 27, in the biosensor as de-
fined in any of Claims 1 to 10 and 12 to 16, the reagent
immobilization parts are provided in three positions.
Therefore, a reagent composition which has a precise
and reliable dynamic range for analyte concentration and
enables prozone detection is realized, whereby a speed-
ier and simpler biosensor having higher precision and
reliability can be obtained.
[0067] According to Claim 28, in the biosensor as de-
fined in Claim 27, the reagent immobilization part which
is positioned at the uppermost stream side with respect
to the sample solution applying part has the highest af-
finity for the analyte in the sample solution or the marker
reagent, and the second and third reagent immobilization

parts have the same affinity. Therefore, a reagent com-
position which has a precise and reliable dynamic range
for analyte concentration and enables prozone detection
is realized. Further, the reagent immobilization parts are
provided in three positions while they are composed of
two kinds of reagents, whereby a biosensor which is
cheaper due to the less reagent composition and is highly
precise and reliable due to the three reagent immobiliza-
tion parts, can be obtained.
[0068] According to Claim 29, in the measurement
method as defined in any of Claims 17 to 26, signals from
the three reagent immobilization parts can be obtained.
Therefore, a precise, reliable, speedy, and simple meas-
urement method can be realized.
[0069] According to Claim 30, in the measurement
method employing a biosensor as defined in Claim 28,
the reagent immobilization parts are provided in three
positions while they are composed of two kinds of rea-
gents. Therefore, a measurement method which is
cheaper due to the less reagent composition and is highly
precise and reliable due to the three reagent immobiliza-
tion parts, can be realized.
[0070] According to Claim 31, in the measurement
method as defined in Claim 30, a prozone area is detect-
ed on the basis of the amounts of the marker reagent
bound to the two reagent immobilization parts which are
positioned at lower stream side with respect to the sample
solution applying part, among the three reagent immobi-
lization parts. Therefore, a precise, reliable, speedy, and
simple measurement method can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0071]

Figure 1(a) is an exploded view illustrating a biosen-
sor according to a first embodiment of the invention,
and figure 1(b) is a perspective view illustrating the
biosensor according to the first embodiment.
Figure 2 is a diagram illustrating measurement ac-
cording to the first embodiment of the invention.
Figure 3 is a diagram illustrating a measured wave-
form according to the first embodiment of the inven-
tion.
Figure 4 is a diagram illustrating multi-concentration
measurement results according to the first embodi-
ment of the invention.
Figure 5(a) is a schematic diagram illustrating a
measurement dynamic range according to the first
embodiment of the invention, and figure 5(b) is a
schematic diagram illustrating prozone judgement
according to the first embodiment of the invention.
Figure 6(a) is an exploded view illustrating a biosen-
sor according to a second embodiment of the inven-
tion wherein three reagent immobilization parts are
provided, and figure 6(b) is a perspective view illus-
trating the biosensor according to the second em-
bodiment.
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Figure 7 is a diagram illustrating a measured wave-
form according to the second embodiment of the in-
vention.
Figure 8 is a diagram illustrating multi-concentration
measurement results according to the second em-
bodiment of the invention.
Figure 9 is a schematic diagram illustrating a meas-
urement result according to the second embodiment
of the invention.

BEST MODE TO EXECUTE THE INVENTION

(Embodiment 1)

[0072] Hereinafter, a first embodiment of the present
invention will be described with reference to figure 1. Fig-
ure 1(a) is an exploded view of a biosensor according to
the first embodiment of the present invention, and figure
1(b) is a perspective view of the biosensor according to
the first embodiment. In figure 1, reference numeral 2
denotes a developing layer comprising nitrocellulose.
The developing layer may comprise an arbitrary porous
material that can be wetted by a sample solution, such
as a filter paper, nonwoven fabric, membrane, fabric, or
fiberglass. Reference numeral 4 denotes a marker rea-
gent in which a gold colloid marker antibody against an
analyte in the sample solution is held in a dry state so as
to be dissolvable by the sample solution. Reference nu-
merals 5 and 9 denote a reagent immobilization part I
and a reagent immobilization part II, respectively, which
are antibodies against the analyte in the sample solution.
Both of these antibodies are bound to the analyte with
epitopes different from that of the marker reagent, and
they are immobilized in their dry states so as to form
complexes with the analyte in the sample solution and
the marker reagent. Further, the antibody used for the
reagent immobilization part I and the antibody used for
the reagent immobilization part II have different affinities
for the analyte in the sample solution. Since a reagent
immobilization part, which is positioned at the upper-
stream side viewed from a part onto which the sample
solution is applied, comes in contact with the sample so-
lution and the analyte earlier than the other reagent im-
mobilization part, it is desired to be made of an antibody
having higher affinity for the analyte. Any antibodies may
be used for the reagent immobilization parts I and II so
long as ternary complexes comprising the antibody, the
marker reagent, and the analyte can be formed, and
therefore, the epitopes of the antibodies for the analyte
may be the same or different from each other. Further-
more, while in figure 1 two reagent immobilization parts
are provided, the number of the reagent immobilization
parts is not necessarily two. The number of the reagent
immobilization parts may be arbitrarily selected accord-
ing to the purpose so long as it is two or more. Further,
the shapes of the reagent immobilization parts on the
developing layer are not necessarily lines. Any shape,
such as spots, characters, or keys, may be arbitrarily

selected. Furthermore, while in figure 1 the reagent im-
mobilization parts 5 and 9 are spatially apart from each
other, these parts are not necessarily apart from each
other, but may be in contact with each other so that they
appear to be a single line. Moreover, the marking method
described here is selected as means for detecting bind-
ings in the reagent immobilization parts, and gold colloid
is merely an example. Any marker may be arbitrarily se-
lected according to the needs of the user, for example,
enzymes, proteins, dyes, fluorochromes, and colored
particles such as latex may be employed. Reference nu-
meral 6 denotes a liquid impermeable sheet comprising
a transparent PET tape. The liquid impermeable sheet 6
hermetically covers the developing layer 2 except a por-
tion contacting a fine space 1 and an end portion to which
the sample solution reaches. Since the developing layer
2 is covered with the liquid impermeable sheet 6, drop-
ping of the sample solution onto part other than the so-
lution applying part is avoided, and contamination from
the outside is also avoided. The contamination from the
outside indicates accidental contact of the sample solu-
tion, direct touch of patient’s hand to the developing layer,
and the like. Preferably, the developing layer is covered
with a transparent material. It is desired that at least a
portion covering the reagent immobilization part 5 is
transparent because the result of measurement is
checked through this portion. Further, when measure-
ment with higher accuracy is required, an upper portion
of the developing layer including the marker reagent part
and the reagent immobilization parts may be hermetically
sealed and, further, side surfaces parallel to the direction
in which the sample solution penetrates may be hermet-
ically sealed as well. Reference numeral 3 denotes an
opening part of the developing layer, and numeral 7 de-
notes a substrate for holding the developing layer, which
comprises a white PET film. The substrate 7 has the func-
tion of reinforcing the developing layer as well as the
function of blocking the sample solution when a sample
having the risk of infection, such as blood, saliva, or urine,
is used as the sample solution. Further, when there is a
possibility that the developing layer becomes transparent
to light when it is wetted, the.substrate 7 may have the
effect of shutting light. Reference numeral 8 denotes a
fine space formation member, which has the function of
forming a space into which the sample solution flows due
to capillary phenomenon, and comprises laminated
transparent PET films. The fine space formation member
8 also has the function of preventing the sample solution
from contaminating the outside when handling the bio-
sensor after application of the sample solution. The con-
tamination indicates accidental adhesion or scattering of
the sample solution. The fine space formation member
8 may be made of a synthetic resin material such as ABS,
polystyrene, or polyvinyl chloride, or a solution imperme-
able material such as metal or glass. Although the fine
space formation member 8 is preferably transparent or
semi-transparent, it may be made of an arbitrary colored
or opaque material. Reference numeral 1 denotes a fine
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space formed by the fine space formation member 8, into
which the sample solution flows due to capillary phenom-
enon. The fine space 1 is connected to the developing
layer 2, and penetration of the sample solution into the
developing layer 2 is started when the solution flows into
the fine space 1.
[0073] Next, measurement of the sample solution will
be described with reference to figure 1(b). When the sam-
ple solution is brought into contact with the fine space 1,
the sample solution naturally flows into the fine space by
capillary phenomenon without the necessity of mechan-
ical operation. Whether the amount of flow of the sample
solution is sufficient or not can be checked through the
fine space formation member. In the case where the
amount of sample solution to be applied is restricted,
when a predetermined volume of sample solution is re-
quired, the volume of the fine space is set to the prede-
termined volume, thereby to accurately restrict the
amount of sample solution to be applied. Further, when
a predetermined volume of or more sample solution is
required, the volume of the fine space is set according
to the required volume, whereby the amount of sample
solution to be applied can be controlled as desired. A cell
contraction agent 10 is held in the fine space, and potas-
sium chloride is employed in this example. The cell con-
traction agent 10 is a reagent to be provided when cell
components are included in the sample solution. It is not
especially needed when using a sample solution includ-
ing no cell components. Further, the cell contraction
agent (cell component contraction agent) 10 may be any
reagent so long as it has the effect of contracting cells,
for example, inorganic compound including inorganic salt
other than potassium chloride, sodium chloride, sodium
phosphate salt, and the like, amino acid such as glycine
or glutamic acid, imino acid such as proline, saccharide
such as glucose, sucrose, or trehalose, or sugar alcohol
such as glucitole. A system including such cell contrac-
tion agent (cell component contraction agent) 10 is es-
pecially effective when whole blood is used as a sample
solution. The sample solution drawn into the fine space
penetrates in the developing layer from the portion where
the fine space is in contact with the developing layer.
When the sample solution reaches the marker reagent
4, dissolution of the marker reagent 4 is started. When
the analyte exists in the sample solution, penetration is
promoted while the gold colloid marker antibody reacts
with the analyte, and the sample solution reaches the
reagent immobilization part I(5). When the analyte exists
in the sample solution, complexes of the immobilized an-
tibody I, the analyte, and the marker antibody are formed
in accordance with the amount of the analyte. Next, the
sample solution reaches the reagent immobilization part
II(9). When the analyte exists in the sample solution, com-
plexes of the immobilized antibody II, the analyte, and
the marker antibody are formed in accordance with the
amount of the analyte, with respect to the marker reagent
4 which has not been bound onto the reagent immobili-
zation part 5. As for binding of the marker antibody onto

the reagent immobilization parts, the greater part of the
marker antibody passes through the reagent immobiliza-
tion parts without being bound thereto when no analyte
exists or when the amount of the analyte is lower than
the detection sensitivity. The marker antibody reaches
the opening part 3 of the developing layer. Since the
opening part 3 is not covered with the opaque sheet but
is open, the sample solution is volatilized or evaporated
after it has reached the opening part 3 or while reaching
the opening part 3. Further, the sample solution exudes
onto the opening part, and the sample solution on the
developing layer in the opening part reaches up to the
same or corresponding height as/to the sample solution
on the developing layer in the fine space. Due to these
effects, penetration of the sample solution in the devel-
oping layer is controlled in a predetermined direction dur-
ing measurement without requiring a material for absorp-
tion. Generally, an absorption part is often provided in-
stead of the opening part. The reason is as follows. When
a porous material having higher water-holding effect and
absorption effect is used as a material for the reaction
part of the developing layer, the sample solution is effi-
ciently absorbed and sucked, and further, the sample
solution on the developing layer can be passed through
and the measurement time can be reduced. The opening
part 3 has the effects similar to those mentioned above,
and the technique of using the fine space or the opening
part is particularly suitable for the case where the sample
solution is very small in quantity. That is, it is particularly
suitable for the case where the sample solution is very
small in quantity, such as blood obtained by piercing a
finger or the like. Next, the result of measurement is ob-
tained by checking the binding state of the marker rea-
gent on the reagent immobilization part I(5), and the re-
agent immobilization part II(9). When qualitative deter-
mination is required, visual observation is also possible.
When measurement with higher precision is required,
the side surfaces of the developing layer parallel to the
sample solution penetrating direction and the upper sur-
face of the developing layer are hermetically sealed with
a liquid impermeable material to rectify the penetration
of the sample solution, whereby a uniform amount of
complexes are formed according to the amount of the
analyte in the sample solution, and a quantitative result
can be obtained by measuring the amount of binding of
the marker by using, for example, reflected light or trans-
mitted light of a diffused electromagnetic wave including
reflection absorbance. The electromagnetic wave is pref-
erably a visible region or a near-visible region, and it is
selectable according to the needs of the user, for exam-
ple, LED (Light Emitting Diode) or LD (Laser Diode) can
be selected. Further, the reagent immobilization part I
may be used for detection of the concentration of the
analyte in the sample solution, and the amount of the
marker reagent bound to the reagent immobilization part
II(9) may be used for prozone detection by using an an-
tibody of lower affinity. Furthermore, while the sandwich
reaction in the antigen-antibody reaction has been de-
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scribed, a competitive reaction is also possible when a
reagent that competitively reacts with the analyte in the
sample solution is selected. Further, when a specific
binding reaction other than the antigen-antibody reaction
is desired, the biosensor can be constituted by reagent
components of systems forming arbitrary binding reac-
tions.

(Embodiment 2)

[0074] Hereinafter, a second embodiment of the
present invention will be described with reference to fig-
ure 6. Figure 6(a) is an exploded view of a biosensor
according to the second embodiment of the present in-
vention, and figure 6(b) is a perspective view of the bio-
sensor according to the second embodiment. In figure 6,
reference numeral 2 denotes a developing layer com-
prising nitrocellulose. The developing layer may com-
prise an arbitrary porous material that can be wetted by
a sample solution, such as a filter paper, nonwoven fab-
ric, membrane, fabric, or fiberglass. Reference numeral
4 denotes a marker reagent in which a gold colloid marker
antibody against an analyte in the sample solution is held
in a dry state so as to be dissolvable by the sample so-
lution. Reference numerals 5, 9, 14 denote a reagent
immobilization part I, a reagent immobilization part II, and
a reagent immobilization part III, respectively, which are
antibodies against the analyte in the sample solution.
These antibodies are immobilized in their dry states so
as to form complexes with the analyte in the sample so-
lution and the marker reagent. Further, the antibody used
for the reagent immobilization part I and the antibody
used for the reagent immobilization parts II and III have
different affinities for the analyte in the sample solution.
Since a reagent immobilization part, which is positioned
at the upper-stream side viewed from a part onto which
the sample solution is applied, comes in contact with the
sample solution and the analyte earlier than the other
reagent immobilization part, it is desired to be made of
an antibody having higher affinity for the analyte. Any
antibodies may be used for the reagent immobilization
parts I, II, and III so long as ternary complexes comprising
the antibody, the marker reagent, and the analyte can be
formed, and therefore, the epitopes of the antibodies for
the analyte may be the same or different from each other.
Furthermore, while figure 6 shows the case where three
reagent immobilization parts are provided, this is partic-
ularly effective when the measurement dynamic range
in the first embodiment where two reagent immobilization
parts are provided is enlarged, and prozone detection
after enlargement is realized, and furthermore, the meas-
urement dynamic range can be further enlarged. As al-
ready described for the case of providing two reagent
immobilization parts, when a wider measurement dy-
namic range is desired or when a relatively narrow meas-
urement dynamic range is required in each reagent im-
mobilization part and further the measurement dynamic
range should be maintained by varying the affinity of the

reagent immobilization part, the number of the reagent
immobilization parts is not necessarily three. The number
of the reagent immobilization parts may be arbitrarily se-
lected according to the purpose so long as it is three or
more. Further, when three or more reagent immobiliza-
tion parts are used, all of the three or more reagent im-
mobilization parts may have different affinities, or two
kinds of reagents having different affinities may be com-
bined. In this case, it is needless to say that the combi-
nation of the reagent immobilization parts may be arbi-
trarily selected according to the purpose of the user. The
shapes of the reagent immobilization parts on the devel-
oping layer are not necessarily lines. Any shape, such
as spots, characters, or keys, may be arbitrarily selected.
Furthermore, although in figure 6 the reagent immobili-
zation parts are spatially apart from each other, these
parts are not necessarily apart from each other, but may
be in contact with each other so that they appear to be
a single line. Moreover, the marking method described
here is selected as means for detecting bindings in the
reagent immobilization parts, and gold colloid is merely
an example. Any marker may be arbitrarily selected ac-
cording to the needs of the user, for example, enzymes,
proteins, dyes, fluorochromes, and colored particles
such as latex may be employed. Reference numeral 6
denotes a liquid impermeable sheet comprising a trans-
parent PET tape. The liquid impermeable sheet 6 her-
metically covers the developing layer 2 except a portion
contacting a fine space 1 and an end portion to which
the sample solution reaches. Since the developing layer
2 is covered with the liquid impermeable sheet 6, drop-
ping of the sample solution onto part other than the so-
lution applying part is avoided, and contamination from
the outside is also avoided. The contamination from the
outside indicates accidental contact of the sample solu-
tion, direct touch of patient’s hand to the developing layer,
and the like. Preferably, the developing layer is covered
with a transparent material, and it is desired that at least
portions covering the reagent immobilization part I(5),
the reagent immobilization part II(9), and the reagent im-
mobilization part III(14) are transparent because the re-
sult of measurement is checked through these portions.
Further, when measurement with higher accuracy is re-
quired, an upper portion of the developing layer including
the marker reagent part and the reagent immobilization
parts may be hermetically sealed and, further, side sur-
faces parallel to the direction in which the sample solution
penetrates may be hermetically sealed as well. Refer-
ence numeral 3 denotes an opening part of the develop-
ing layer, and numeral 7 denotes a substrate for holding
the developing layer, which comprises a white PET film.
The substrate 7 has the function of reinforcing the devel-
oping layer as well as the function of blocking the sample
solution when a sample having the risk of infection, such
as blood, saliva, or urine, is used as the sample solution.
Further, when there is a possibility that the developing
layer becomes transparent to light when it is wetted, the
substrate 7 may have the effect of shutting light. Refer-
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ence numeral 8 denotes a fine space formation member,
which has the function of forming a space into which the
sample solution flows due to capillary phenomenon, and
comprises laminated transparent PET films. The fine
space formation member 8 also has the function of pre-
venting the sample solution from contaminating the out-
side when handling the biosensor after application of the
sample solution. The contamination indicates accidental
adhesion or scattering of the sample solution. The fine
space formation member 8 may be made of a synthetic
resin material such as ABS, polystyrene, or polyvinyl
chloride, or a solution impermeable material such as met-
al or glass. Although the fine space formation member 8
is preferably transparent or semi-transparent, it may be
made of an arbitrary colored or opaque material. Refer-
ence numeral 1 denotes a fine space formed by the fine
space formation member 8, into which the sample solu-
tion flows due to capillary phenomenon. The fine space
1 is connected to the developing layer 2, and penetration
of the sample solution into the developing layer 2 is start-
ed when the solution flows into the fine space 1.
[0075] Next, measurement of the sample solution will
be described with reference to figure 6(b). When the sam-
ple solution is brought into contact with the fine space 1,
the sample solution naturally flows into the fine space by
capillary phenomenon without the necessity of mechan-
ical operation. Whether the amount of flow of the sample
solution is sufficient or not can be checked through the
fine space formation member. In the case where the
amount of sample solution to be applied is restricted,
when a predetermined volume of sample solution is re-
quired, the volume of the fine space is set to the prede-
termined volume, thereby to accurately restrict the
amount of sample solution to be applied. Further, when
a predetermined volume of or more sample solution is
required, the volume of the fine space is set according
to the required volume, whereby the amount of sample
solution to be applied can be controlled as desired. A cell
contraction agent 10 is held in the fine space, and potas-
sium chloride is employed in this example. The cell con-
traction agent 10 is a reagent to be provided when cell
components are included in the sample solution. It is not
especially needed when using a sample solution includ-
ing no cell components. Further, the cell contraction
agent (cell component contraction agent) 10 may be any
reagent so long as it has the effect of contracting cells,
for example, inorganic compound including inorganic salt
other than potassium chloride, sodium chloride, sodium
phosphate salt, and the like, amino acid such as glycine
or glutamic acid, imino acid such as proline, saccharide
such as glucose, sucrose, or trehalose, or sugar alcohol
such as glucitole. A system including such cell contrac-
tion agent (cell component contraction agent) 10 is es-
pecially effective when whole blood is used as a sample
solution. The sample solution drawn into the fine space
penetrates in the developing layer from the portion where
the fine space is in contact with the developing layer.
When the sample solution reaches the marker reagent

4, dissolution of the marker reagent 4 is started. When
the analyte exists in the sample solution, penetration is
promoted while the gold colloid marker antibody reacts
with the analyte, and the sample solution reaches the
reagent immobilization part I(5). When the analyte exists
in the sample solution, complexes of the immobilized an-
tibody I, the analyte, and the marker antibody are formed
in accordance with the amount of the analyte. Next, the
sample solution reaches the reagent immobilization part
II(9). When the analyte exists in the sample solution, com-
plexes of the immobilized antibody II, the analyte, and
the marker antibody are formed in accordance with the
amount of the analyte, with respect to the marker reagent
4 which has not been bound onto the reagent immobili-
zation part 5. Further, the sample solution reaches the
reagent immobilization part III(14). When the analyte ex-
ists in the sample solution, complexes of the immobilized
antibody III, the analyte, and the marker antibody are
formed in accordance with the amount of the analyte,
with respect to the marker reagent 4 which has not been
bound onto the reagent immobilization part I(5) and the
reagent immobilization part II(9). As for binding of the
marker antibody onto the reagent immobilization parts,
the greater part of the marker antibody passes through
the reagent immobilization parts without being bound
thereto when no analyte exists or when the amount of
the analyte is lower than the detection sensitivity. The
marker antibody reaches the opening part 3 of the de-
veloping layer. Since the opening part 3 is not covered
with the opaque sheet but is open, the sample solution
is volatilized or evaporated after it has reached the open-
ing part 3 or while reaching the opening part 3. Further,
the sample solution exudes onto the opening part, and
the sample solution on the developing layer in the open-
ing part reaches up to the same or corresponding height
as/to the sample solution on the developing layer in the
fine space. Due to these effects, penetration of the sam-
ple solution in the developing layer is controlled in a pre-
determined direction during measurement without requir-
ing a material for absorption. Generally, an absorption
part is often provided instead of the opening part. The
reason is as follows. When a porous material having high-
er water-holding effect and absorption effect is used as
a material for the reaction part of the developing layer,
the sample solution is efficiently absorbed and sucked,
and further, the sample solution on the developing layer
can be passed through and the measurement time can
be reduced. The opening part 3 has the effects similar
to those mentioned above, and the technique of using
the fine space or the opening part is particularly suitable
for the case where the sample solution is very small in
quantity. That is, it is particularly suitable for the case
where the sample solution is very small in quantity, such
as blood obtained by piercing a finger or the like. Next,
the result of measurement is obtained by checking the
binding state of the marker reagent on the reagent im-
mobilization part I(5), and the reagent immobilization part
II(9) and the reagent immobilization part III(14). When
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qualitative determination is required, visual observation
is also possible. When measurement with higher preci-
sion is required, the side surfaces of the developing layer
parallel to the sample solution penetrating direction and
the upper surface of the developing layer are hermetically
sealed with a liquid impermeable material to rectify the
penetration of the sample solution, whereby a uniform
amount of complexes are formed according to the
amount of the analyte in the sample solution, and a quan-
titative result can be obtained by measuring the amount
of binding of the marker by using, for example, reflected
light or transmitted light of a diffused electromagnetic
wave including reflection absorbance. The electromag-
netic wave is preferably a visible region or a near-visible
region, and it is selectable according to the needs of the
user, for example, LED (Light Emitting Diode) or LD (La-
ser Diode) can be selected. Further, the reagent immo-
bilization part. I(5) may be used for detection of the con-
centration of the analyte in the sample solution, and the
amounts of the marker reagent bound to the reagent im-
mobilization part II(9) and the reagent immobilization part
III(14) may be used for prozone detection by using an
antibody of lower affinity. Furthermore, while the sand-
wich reaction in the antigen-antibody reaction has been
described, a competitive reaction is also possible when
a reagent that competitively reacts with the analyte in the
sample solution is selected. Further, when a specific
binding reaction other than the antigen-antibody reaction
is desired, the biosensor can be constituted by reagent
components of systems forming arbitrary binding reac-
tions.

Example

[0076] Hereinafter, a method for executing the present
invention will be described in more detail using an exam-
ple that follows. However, the present invention is not
restricted to the following example.

(Quantitative analysis 1 of whole blood CRP)

[0077] An immunochromatography test specimen in-
cluding a reagent immobilization part I obtained by im-
mobilizing an anti-CRP antibody A on a nitrocellulose
film, a reagent immobilization part II obtained by immo-
bilizing an anti-CRP antibody B on the nitrocellulose film,
and a marker reagent which holds complexes of anti-
CRP antibody C and gold colloid, is manufactured. This
immunochromatography test specimen is shown in figure
1. In figure 1, the immunochromatography test specimen
includes reagent immobilization parts I(5) and II(9) on
which antibodies are immobilized, a marker reagent 4 as
an area containing complexes of anti-CRP antibody C
and gold colloid, which is closer to a developing start
point onto which a sample solution is dropped than the
reagent immobilization parts, and a sample solution in-
troduction part 1. This immunochromatography test
specimen is manufactured as follows.

a) Preparation for immunochromatography test speci-
men

[0078] An anti-CRP antibody A solution which was di-
luted with a phosphate buffer solution to control the con-
centration was prepared. This antibody solution was ap-
plied on a nitrocellulose film by using a solution discharge
device. Thereby, an antibody immobilization line I as a
reagent immobilization part is obtained on the nitrocellu-
lose film. Next, an anti-CRP antibody B having an affinity
lower than that of the antibody used for the antibody im-
mobilization line I was applied on a part 2mm apart down-
stream from the sample solution introduction part. After
being dried, the nitrocellulose film was immersed in a
Tris-HCl buffer solution containing 1% skim milk, and
shaken gently for 30 minutes. 30 minutes later, the film
was moved into a Tris-HCl buffer solution tank and shak-
en gently for 10 minutes, and thereafter, the film was
shaken gently for another 10 minutes in another Tris-HCl
buffer solution tank, thereby to wash the film. After being
washed twice, the film was taken out of the solution tank,
and dried at room temperature.
[0079] The gold colloid was prepared by adding a 1%
citric acid solution to a 0.01 gold chloride acid solution
that is refluxing at 100°C. After the reflux was continued
for 30 minutes, the solution was cooled at room temper-
ature. Then, the anti-CRP antibody C was added to the
gold colloid solution that was adjusted to pH9 by a 0.2M
potassium carbonate solution, and the solution was shak-
en for several minutes. Thereafter, a 10% BSA (bovine
serum albumin) solution of pH9 was added to the solution
by such an amount that the concentration finally became
1%, and the solution was stirred, thereby to prepare an
antibody-gold colloid complex (marker antibody) as a ma-
terial to be detected. The marker antibody solution was
subjected to centrifugation at 4°C and 20000G for 50
minutes to isolate the marker antibody. Then, the isolated
marker antibody was suspended in a wash and buffer
solution (1% BSA · phosphate buffer solution) and then
subjected to centrifugation under the above-mentioned
condition, thereby to wash and isolate the marker anti-
body. The marker antibody was suspended in a wash
and buffer solution, and filtered through a 0.8 Pm filter.
Thereafter, the obtained marker antibody solution was
prepared to an amount one-tenth as much as the original
gold colloid solution, and stored at 4°C. The gold colloid
marker antibody solution was set in a solution discharge
device, and applied to portions apart from the immobili-
zation line I and the immobilization line II on the anti-CRP
antibody A and anti-CRP antibody B immobilized dry film,
so as to have a positional relationship of the marker an-
tibody, the immobilization line I, and the immobilization
line II in this order from the sample solution application
start position, and thereafter, the film was dried by vac-
uum freeze-dry. Thereby, a reaction layer carrier having
the marker reagent on the immobilization film is obtained.
[0080] Next, the reaction layer carrier having the pre-
pared.marker reagent is affixed to a substrate comprising
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0.5mm thick white PET, and the substrate was cut into
5.0mm parts (specimens). After the cutting, a 100Pm
thick transparent tape is wound around each specimen
from the marker antibody holding part to the end part.
Then, a space formation member formed by laminating
100Pm thick transparent PET was affixed onto a center
portion of the beginning part around which no transparent
tape is wound, thereby forming a space part (5.0mm
wide�12.0mm long�0.5mm high). A potassium chloride
solution prepared to 1.5M was dropped onto the space
formation member, and thereafter, the space formation
member was immediately frozen by liquid nitrogen to be
freeze-dried, thereby forming the space formation mem-
ber having the contraction agent holding part where po-
tassium chloride is held in the dry state. Thus, the immu-
nochromatography test specimen was manufactured.

b) Preparation of sample

[0081] Human blood to which EDTA·2K was added as
an anticoagulant was prepared so as to have a hematocrit
value of 45%. CRP solutions of known concentrations
were added to this blood to prepare CRP containing
bloods having various known concentrations.

c) Measurement of degree of coloration on test specimen

[0082] In the biosensor, about 50Pl of whole blood con-
taining CRP is applied to the sample introduction part,
and developed toward the absorption part to make an
antigen-antibody reaction, thereby making a color reac-
tion on the antibody immobilization part. The coloration
status 5 minutes after the sample application to the bio-
sensor was measured with a reflection absorbance
measuring device. A result of measurement is shown in
figure 2. Figure 2 is a diagram for explaining measure-
ment according to the second embodiment of the inven-
tion. In figure 2, reference numeral 11 denotes a light
source, which is a 635nm semiconductor laser. Further,
a detection-side photoreceptor 12 is implemented by a
photodiode. Furthermore, the biosensor 10 was
scanned, and the amounts of the marker reagent bound
onto the reagent immobilization parts I(5) and II(9) were
obtained as absorbances by arithmetically processing
the reflected and scattered light from the developing lay-
er. The result of measurement is shown in figure 3. Figure
3 is a diagram illustrating a measured waveform accord-
ing to the second embodiment of the present invention.
The waveform as shown in figure 3 is obtained when two
reagent immobilization parts are provided, an antibody
having a higher affinity is used for the upper-stream side
with respect to the developing part onto which the sample
solution is dropped, and the antigen concentration is con-
stant. In this case, the light source and the photoreceptor
were fixed, and the sensor was scanned. From the wave-
form thus obtained, a peak value (reflection absorbance)
was read. In order to obtain such waveform, the light
source side may be operated.

[0083] Next, whole bloods containing CRP having se-
rum concentrations of O.lmg/dl, 0.3mg/dl, 1.0mg/dl,
3.0mg/dl, 7.0mg/dl, 17.0mg/dl, 37.0mg/dl, and 80mg/dl
are dropped to the biosensor and developed. The color-
ation states of the reagent immobilization part on the bi-
osensor with respect to the bloods of the respective CRP
concentrations were measured with a reflection absorb-
ance measuring device. The absorbances at 635 nm
were measured and plotted according to the respective
CRP concentrations. The result is shown in figure 4. Fig-
ure 4 is a diagram illustrating the result of multi-concen-
tration measurement according to the second embodi-
ment of the present invention. In figure 4, the abscissa
shows the CRP concentration measured by a commer-
cially available measurement device, with the sample so-
lution used for the measurement being pipetted previ-
ously. Here, a reagent and a device based on a latex
immunocoagulation method were employed. The ordi-
nate shows the obtained absorbances. The white plots
show the absorbances obtained from the reagent immo-
bilization part I(5), and the black plots show the absorb-
ances obtained from the reagent immobilization part II
(9). It can be seen from figure 4 that the both have dif-
ferent responses to the CRP. Next, the measurement
result will be described with reference to figures 5(a) and
5(b). Figure 5(a) is a schematic diagram illustrating a
measurement dynamic range according to the first em-
bodiment of the present invention, and figure 5(b) is a
schematic diagram illustrating prozone judgement ac-
cording to the first embodiment of the present invention.
Figure 5(a) is a schematic diagram of the result shown
in figure 4. With reference to figure 5(a), since the reagent
immobilization part I and the reagent immobilization part
II have different CRP responses, these parts have differ-
ent measurement ranges for CRP in the sample solution.
That is, the area dynamic range 1 where the absorbance
increases according to the CRP is the measurement area
in the reagent immobilization part I, and the dynamic
range 2 is the CRP measurement area in the reagent
immobilization part 2. By using the results obtained from
the reagent immobilization part 1 and the reagent immo-
bilization part 2, the measurement dynamic range of the
dynamic range 3 can be realized. For example, when the
absorbance A1 or A4 is obtained in the reagent immobi-
lization part I, if the absorbance in the reagent immobili-
zation part II indicates B1, it is the CRP concentration at
A1; on the other hand, if the absorbance in the reagent
immobilization part II indicates B4, it is the CRP concen-
tration at A4. In this way, measurement over a wide dy-
namic range can be realized in one test specimen by
one-time measurement. Next, detection of prozone phe-
nomenon will be described with reference to figure 5(b).
Figure 5(b) schematically shows the measurement result
shown in figure 4, like figure 5(a). With reference to figure
5(b), since the reagent immobilization part I and the re-
agent immobilization part II show different CRP respons-
es, these parts have different measurement ranges for
CRP in the sample solution. A prozone phenomenon is
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detected utilizing this nature. In figure 5(b), B-point shown
by a black triangle plot indicates a prozone judgement
threshold value in the immunochromatography test spec-
imen. The prozone judgement threshold value will be de-
scribed as follows. For example, when the absorbance
in the reagent immobilization part I is A1 or A4, the ab-
sorbance in the reagent immobilization part II is B1 for
A1, and this is lower than the prozone judgement thresh-
old value. In this case, by substituting this value into the
calibration curve in the reagent immobilization part I, it is
known that the CRP concentration of the sample solution
is A1. However, when the absorbance in the reagent im-
mobilization part II is B4, the CRP concentration is higher
than the B-point. Therefore, this value judged as being
outside the calibration curve of the reagent immobiliza-
tion part I. In this way, judgement as to whether the rea-
gent immobilization part is in the prozone area or not is
realized on the basis of whether the CRP concentration
is higher than a predetermined threshold value or not.
The calibration curve described above is an area where
the absorbance increases with an increase in the CRP
concentration, and it is a mathematical expression that
is previously derived from a sample solution whose con-
centration is known, and thereafter, used for calculating
the CRP concentration of an unknown sample solution
from the obtained absorbance.

(Quantitative analysis 2 of whole blood CRP)

[0084] An immunochromatography test specimen in-
cluding a reagent immobilization part I obtained by im-
mobilizing an anti-CRP antibody D on a nitrocellulose
film, reagent immobilization parts II and III obtained by
immobilizing an anti-CRP antibody E on the nitrocellulose
film, and a marker reagent which holds complexes of
anti-CRP antibody F and gold colloid, is manufactured.
This immunochromatography test specimen is shown in
figure 6. In figure 6, the immunochromatography test
specimen includes reagent immobilization parts I(5), II
(9), and III(14) on which antibodies are immobilized, a
marker reagent 4 as an area containing complexes of
anti-CRP antibody F and gold colloid, which is closer to
a developing start point onto which a sample solution is
dropped than the reagent immobilization parts, and a
sample solution introduction part 1. This immunochro-
matography test specimen is manufactured as follows.

a) Preparation for immunochromatography test speci-
men

[0085] An anti-CRP antibody D solution which was di-
luted with a phosphate buffer solution to control the con-
centration was prepared. This antibody solution was ap-
plied on a nitrocellulose film by using a solution discharge
device. Thereby, an antibody immobilization line I as a
reagent immobilization part is obtained on the nitrocellu-
lose film. Next, an anti-CRP antibody E having an affinity
lower than that of the antibody used for the antibody im-

mobilization line I was applied to a part 2mm apart down-
stream from the sample solution introduction part, and a
part further 2mm apart from that part, whereby a reagent
immobilization line II and a reagent immobilization line
III were obtained. After being dried, the nitrocellulose film
was immersed in a Tris-HCl buffer solution containing
1% skim milk, and shaken gently for 30 minutes. 30 min-
utes later, the film was moved into a Tris-HCl buffer so-
lution tank and shaken gently for 10 minutes, and there-
after, the film was shaken gently for another 10 minutes
in another Tris-HCl buffer solution tank, thereby to wash
the film. After being washed twice, the film was taken out
of the solution tank, and dried at room temperature.
[0086] The gold colloid was prepared by adding a 1%
citric acid solution to a 0.01 gold chloride acid solution
that is refluxing at 100°C. After the reflux was continued
for 30 minutes, the solution was cooled at room temper-
ature. Then, the anti-CRP antibody C was added to the
gold colloid solution that was adjusted to pH9 by a 0.2M
potassium carbonate solution, and the solution was shak-
en for several minutes. Thereafter, a 10% BSA (bovine
serum albumin) solution of pH9 was added to the solution
by such an amount that the concentration finally became
1%, and the solution was stirred, thereby to prepare an
antibody-gold colloid complex (marker antibody) as a ma-
terial to be detected. The marker antibody solution was
subjected to centrifugation at 4°C and 20000G for 50
minutes to isolate the marker antibody. Then, the isolated
marker antibody was suspended in a wash and buffer
solution (1% BSA·phosphate buffer solution) and then
subjected to centrifugation under the above-mentioned
condition, thereby to wash and isolate the marker anti-
body. The marker antibody was suspended in a wash
and buffer solution, and filtered through a 0.8Pm filter.
Thereafter, the obtained marker antibody solution was
prepared to an amount one-tenth as much as the original
gold colloid solution, and stored at 4°C. The gold colloid
marker antibody solution was set in a solution discharge
device, and applied to portions apart from the immobili-
zation lines I, II, and III on the anti-CRP antibody D and
anti-CRP antibody E immobilized dry film, so as to have
a positional relationship of the marker antibody, the im-
mobilization line I, the immobilization line II, and the im-
mobilization line III in this order from the sample solution
application start position, and thereafter, the film was
dried by vacuum freeze-dry. Thereby, a reaction layer
carrier having the marker reagent on the immobilization
film is obtained.
[0087] Next, the reaction layer carrier having the pre-
pared marker reagent is affixed to a substrate comprising
0.5mm thick white PET, and the substrate was cut into
5.0mm parts (specimens). After the cutting, a 100 Pm
thick transparent tape is wound around each specimen
from the marker antibody holding part to the end part.
Then, a space formation member formed by laminating
100 Pm thick transparent PET was affixed onto a center
portion of the beginning part around which no transparent
tape is wound, thereby forming a space part (5.0mm
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wide�12.0mm long�0.5mm high). A potassium chloride
solution prepared to 1.5M was dropped onto the space
formation member, and thereafter, the space formation
member was immediately frozen by liquid nitrogen to be
freeze-dried, thereby forming the space formation mem-
ber having the contraction agent holding part where po-
tassium chloride is held in the dry state. Thus, the immu-
nochromatography test specimen was manufactured.

b) Preparation of sample

[0088] Human blood to which EDTA·2K was added as
an anticoagulant was prepared so as to have a hematocrit
value of 45%. CRP solutions of known concentrations
were added to this blood to prepare CRP containing
bloods having various known concentrations.

c) Measurement of degree of coloration on test specimen

[0089] In the biosensor, about 50 Pl of whole blood
containing CRP is applied to the sample introduction part,
and developed toward the absorption part to make an
antigen-antibody reaction, thereby making a color reac-
tion on the antibody immobilization part. The coloration
status 5 minutes after the sample application to the bio-
sensor was measured in like manner as described for
the quantitative analysis 1 of whole blood CRP shown in
figure 2. A result of measurement is shown in figure 7.
[0090] Figure 7 is a diagram illustrating a measured
waveform according to the second embodiment of the
present invention. The waveform as shown in figure 7 is
obtained when three reagent immobilization parts are
provided, an antibody having a higher affinity is used for
the upper-stream side with respect to the developing part
onto which the sample solution is dropped, the same an-
tibody is used for the reagent immobilization parts II and
III, and the antigen concentration is constant. In this case,
the light source and the photoreceptor were fixed, and
the sensor was scanned. From the waveform thus ob-
tained, a peak value (reflection absorbance) was read.
In order to obtain such waveform, the light source side
may be operated.
[0091] Next, whole bloods containing CRP having se-
rum concentrations of O.lmg/dl, 0.3mg/dl, 0.6mg/dl,
1.0mg/dl, 3.0mg/dl, 6.0mg/dl, 10.0mg/dl, 15.0mg/dl,
20.0mg/dl, and 30mg/dl are dropped to the biosensor
and developed. The coloration states of the reagent im-
mobilization part on the biosensor with respect to the
bloods of the respective CRP concentrations were meas-
ured with a reflection absorbance measuring device. The
absorbances at 635 nm were measured and plotted ac-
cording to the respective CRP concentrations. The result
is shown in figure 8. Figure 8 is a diagram illustrating the
result of multi-concentration measurement according to
the second embodiment of the present invention. In figure
8, the abscissa shows the CRP concentration measured
by a commercially available measurement device, with
the sample solution used for the measurement being pi-

petted previously. Here, a reagent and a device based
on a latex immunocoagulation method were employed.
The ordinate shows the obtained absorbances. The white
circle plots show the absorbances obtained from the re-
agent immobilization part I(5), the black circle plots show
the absorbances obtained from the reagent immobiliza-
tion part II(9), and the white triangle plots show the ab-
sorbances obtained from the reagent immobilization part
III(14). It can be seen from figure 8 that the respective
reagent immobilization parts have different responses to
the CRP. Next, the measurement result will be described
with reference to figure 9.
[0092] Figure 9 is a schematic diagram illustrating the
result of measurement according to the second embod-
iment of the present invention, i.e., the result shown in
figure 8. With reference to figure 9, since the reagent
immobilization part I and the reagent immobilization part
II (the reagent immobilization part III) show different CRP
responses, these parts have different measurement
ranges for CRP in the sample solution. Further, even the
reagent immobilization parts II and III having the same
affinity show different responses to CRP. In figure 9,
when the CRP concentration is A, a signal can be ob-
tained only in the reagent immobilization part I (A1). In
this case, CRP measurement can be executed using the
reagent immobilization part I. When the CRP concentra-
tion is B, signals are obtained from the reagent immobi-
lization part I(B1) and the reagent immobilization part III
(B3). In this concentration range, however, no signal is
obtained from the reagent immobilization part II. There-
fore, it is known from these relationships that the signal
obtained from the reagent immobilization part I is not a
prozone area in the reagent immobilization part I but a
linearly regressive area. Next, when the CRP concentra-
tion is C, D, or E, signals are obtained from all of the three
reagent immobilization parts C1~ C3, D1~D3, or E1~E3,
respectively. In this case, it is known that the reagent
immobilization part I (C1,D1,E1) is already in the prozone
area, from that there are signals from the reagent immo-
bilization part II (C2,D2,E2) and the reagent immobiliza-
tion parts III (C3,D3,E3). Next, a description will be given
of the CRP concentration C, CRP concentration D, and
CRP concentration E. At the CRP concentration C, sig-
nals are obtained from all of the three parts, and there is
a sufficient difference between the signal from the rea-
gent immobilization part II(C2) and the signal from the
reagent immobilization part III(C3). In this case, the CRP
concentration can be calculated using the reagent immo-
bilization part III. The signals from the reagent immobili-
zation part II(D2,E2) and the reagent immobilization part
III(D3,E3) at the CRP concentration D and CRP concen-
tration E approach each other from the CRP concentra-
tion D to the CRP concentration E. From the relationship
of these approaching parts, when it is desired to use the
measurement dynamic range widely, the reagent immo-
bilization part III can be used for obtaining the CRP con-
centration up to the point C, and the reagent immobiliza-
tion part II can be used for obtaining the CRP concentra-
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tion exceeding the point C. Although this appears to be
possible only from the signal in the reagent immobiliza-
tion part II, when a very-high concentration anti-CRP that
is not shown in figure 9 is used, it might be lowered to a
similar signal. It is possible to precisely judge whether a
measurable area (a part that linearly changes according
to the CRP concentration in figure 9) or an antigen excess
area. Further, when the CRP concentration is E or higher,
since all signals are very close to each other, it can be
judged as a prozone area in this measurement system.
Since three reagent immobilization parts are provided
and two kinds of reagents for immobilization are used,
measurement of a sample solution in which the concen-
tration of an analyte is unknown can be incredibly carried
out in a wider measurement dynamic range by using a
single biosensor, and moreover, accurate measurement
can be realized by the prozone detection and the like.
While in this second example reagent immobilization
parts are provided in three positions, it is needless to say
that more reagent immobilization parts may be provided
by the user, or the relationships among the respective
reagent immobilization parts may be changed according
to the affinities of the antibodies to be employed. The
signals described above are signals from the marker re-
agent bound to the reagent immobilization parts, and
these signals can be visually observed as desired. How-
ever, for more accurate measurement, it is preferable to
use a detector as described in this example.
[0093] As a biodevice according to the embodiments
of the present invention, a biosensor comprising a chro-
matography material made of an arbitrary porous carrier,
such as nitrocellulose or glass fiber:filter, is employed.
The biosensor made of such material has the function of
analytically detecting a specific material by using an ar-
bitrary principle of measurement such as an antigen-an-
tibody reaction to qualitatively or quantitatively analyze
the material.
[0094] Further, while in this example a biosensor in
which a marker reagent and a reagent immobilization
part are provided on the same nitrocellulose film is em-
ployed, a marker reagent which is supported by a porous
carrier different from nitrocellulose, such as a nonwoven
fabric, may be put on a support member. While gold col-
loid is used as a marker constituting the marker reagent,
any material may be used so long as it produces some
change before and after the reaction, for example, a
coloring material, fluorescent material, phosphorescent
material, light-emitting material, oxidation-reduction ma-
terial, enzyme, nucleic acid, or endoplasmic reticulum
may be employed.
[0095] Furthermore, while in this example one marker
reagent part and plural reagent immobilization parts are
employed, the market reagent part is not necessarily pro-
vided in one position, and the biosensor may be consti-
tuted by combination of plural reagent immobilization
parts and plural reagents. For example, the biosensor
may be constituted such that a marker reagent is provid-
ed at the upper-stream side of each reagent immobiliza-

tion part of plural reagent immobilization parts. In this
case, although the construction technique in manufac-
turing is complicated, an arbitrary number of marker re-
agents can be provided in arbitrary positions.
[0096] As examples of sample solutions to be meas-
ured, there are water, aqueous solution, bodily fluid such
as urine, blood, blood plasma, blood serum, or saliva,
solution in which a solid, powder, or gas is dissolved, and
the like. As examples of applications for these sample
solutions, there are urinalysis, pregnancy test, water ex-
amination, fecal examination, soil analysis, food analy-
sis, and the like. Further, while in this second embodiment
C-reactive protein (CRP) is taken as an example of the
analyte, the analyte may be antibody, immunoglobulin,
hormone, protein and protein derivative such as enzyme
and peptide, bacterium, virus, eumycetes, mycoplasma,
parasite and an infectious material such as a product or
a component of parasite, chemical drug such as curative
medicine and abused drug, or tumor marker. To be spe-
cific, the analyte may be, for example, human chrionic
gonadotropin (hCG), luteinizing hormone (LH), thyroid-
stimulating hormone, follicular hormone, parathyroid hor-
mone, adrenocorticotropic hormone, estradiol, prostate
specific antigen, hepatitis B surface antigen, myoglobin,
CRP, cardiac troponin, HbAlc, albumin, or the like. Fur-
ther, applications for these analytes include environmen-
tal analysis such as water examination and soil analysis,
food analysis, and the like. According to the embodi-
ments described above, simple, speedy, highly sensitive
and efficient measurement with high precision that ena-
bles detection of prozone areas can be realized. Further,
simple, speedy, highly sensitive and efficient measure-
ment having a sufficiently wide dynamic range for analyte
concentration in onetime measurement can be realized.

APPLICABILITY IN INDUSTRY

[0097] A biosensor using immunochromatography
and a measurement method using the biosensor accord-
ing to the present invention can be utilized for performing
simple, precise, and speedy measurement in various
fields including not only medical diagnosis scenes such
as clinical fields but also food hygiene fields, environ-
mental measurement fields, and the like.

Claims

1. A biosensor having a developing layer for developing
a sample solution, and including a reagent part im-
mobilized to a portion of the developing layer and a
marked reagent part which is held in a dry state by
a portion of the developing layer, and is dissolvable
by developing the sample solution, said biosensor
qualitatively or quantitatively analyzing an analyte in
the sample solution by measuring the amount of the
marker reagent bound to the reagent immobilization
part;
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wherein plural reagent immobilization parts exist, the
reagents in the plural reagent immobilization parts
react to the same material, and the respective affin-
ities of the reagents themselves in the plural reagent
immobilization parts are different for the analyte in
the sample solution or the marker reagent.

2. A biosensor which is a device having a developing
layer for developing a sample solution, including a
reagent part immobilized to a portion of the devel-
oping layer and a marked reagent part which is held
in a dry state by a portion of the developing layer,
and is dissolvable by developing the sample solution,
and having a sample applying part on which the sam-
ple solution is applied, the marker reagent part, and
the reagent immobilization part which are arranged
in this order, said biosensor qualitatively or quanti-
tatively analyzing an analyte in the sample solution
by measuring the amount of the marker reagent
bound to the reagent immobilization part;
wherein plural reagent immobilization parts exist, the
reagents in the plural reagent immobilization parts
react to the same material, and the respective affin-
ities of the reagents themselves in the plural reagent
immobilization parts are different for the analyte in
the sample solution or the marker reagent.

3. A biosensor as defined in Claim 1 or 2, wherein the
reagents immobilized to the plural reagent immobi-
lization parts are antibodies, the analyte in the sam-
ple solution is an antigen, and an antibody having a
higher affinity for the analyte in the sample solution
or the marker reagent is immobilized to the reagent
immobilization part that is positioned on the upper
stream side with respect to the sample solution ap-
plying part.

4. A biosensor as defined in any of Claims 1 to 3, where-
in the reagents in the plural reagent immobilization
parts are monoclonal antibodies.

5. A biosensor as defined in any of Claims 1 to 4, where-
in the analyte in the sample solution is quantitatively
analyzed by measuring the amount of the marker
reagent bound to the plural reagent immobilization
parts.

6. A biosensor as defined in any of Claims 1 to 5, where-
in a prozone phenomenon is detected by measuring
the amount of the marker reagent bound to the plural
reagent immobilization parts.

7. A biosensor as defined in any of Claims 1 to 6, where-
in
among the plural reagent immobilization parts, the
amount of the marker reagent bound to the reagent
immobilization part which is positioned on the upper-
most stream side with respect to the sample solution

applying part is measured, thereby to measure the
analyte in the sample solution; and
the amounts of the marker reagent bound to the other
reagent immobilization parts are also measured and,
on the basis of the results of the respective meas-
urements, the measured value of the amount of the
marker reagent bound to the uppermost-steam side
reagent immobilization part is subjected to prozone
judgement.

8. A biosensor as defined in any of Claims 1 to 7, where-
in the reagents in the plural reagent immobilization
parts have different affinities for the analyte in the
sample solution or the maker reagent, whereby the
respective reagent immobilization parts have differ-
ent dynamic ranges for measuring the concentration
of the analyte in the sample solution.

9. A biosensor as defined in Claim 8, wherein the rea-
gents in the plural reagent immobilization parts have
different affinities for the analyte in the sample solu-
tion or the marker reagent, thereby to increase the
dynamic range for measuring the concentration of
the analyte in the sample solution.

10. A biosensor as defined in any of Claims 1 to 9, where-
in the reagents in the plural reagent immobilization
parts recognize the same epitope.

11. A biosensor as defined in any of Claims 1 to 10,
wherein the reagent immobilization parts are provid-
ed in two positions.

12. A biosensor as defined in any of Claims 1 to 11,
wherein the plural reagent immobilization parts are
in contact with each other.

13. A biosensor as defined in any of claims 1 to 12,
wherein the developing layer employs a lateral flow
system, the plural reagent immobilization parts are
immobilized in lines along a direction perpendicular
to the sample solution developing direction, the line
width is 0.5mm-2.0mm, and the intervals between
the lines of the plural reagent immobilization parts
are 1.0mm or longer.

14. A biosensor as defined in any of Claims 1 to 13,
wherein all of the reagents including the marker re-
agent and the immobilized reagents are in their dry
states.

15. A biosensor as defined in any of Claims 1 to 14,
wherein the sample solution is urine, saliva, or blood.

16. A biosensor as defined in any of Claims 1 to 15 being
used immunochromatography.

17. A measurement method employing a biosensor as
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defined in any of Claims 1 to 16, wherein the amounts
of the marker reagent bound to the plural reagent
immobilization parts are measured, thereby to qual-
itatively or quantitatively analyze the analyte in the
sample solution.

18. A measurement method employing a biosensor hav-
ing a developing layer for developing a sample so-
lution, and including plural reagent parts immobilized
to portions of the developing layer, and a reagent
part which is marked and held by a portion of the
developing layer, and is dissolvable by developing
the sample solution;
wherein the reagents in the plural reagent immobili-
zation parts react to the same material, and the re-
spective affinities of the reagents themselves in the
plural reagent immobilization parts are different for
the analyte in the sample solution or the marker re-
agent, and
the amounts of the marker reagent bound to the plu-
ral reagent immobilization parts are measured,
thereby to qualitatively or quantitatively analyze the
analyte in the sample solution.

19. A measurement method as defined in Claim 17 or
18, wherein the method for measuring the amounts
of the marker reagent bound to the plural reagent
immobilization parts employs an electromagnetic
wave.

20. A measurement method as defined in Claim 17 or
19, wherein the method for measuring the amounts
of the marker reagent bound to the plural reagent
immobilization parts is to measure a diffused elec-
tromagnetic wave obtained when an electromagnet-
ic wave is reflected.

21. A measurement method as defined in any of Claims
17 to 20, wherein an electromagnetic wave source
used for the measurement is scanned with respect
to the biosensor, or the biosensor is scanned with
respect to the electromagnetic wave source, thereby
to measure the amounts of the marker reagent
bound to the reagent immobilization parts.

22. A measurement method employing a biosensor as
defined in any of Claims 17 to 21 being reflection
absorbance measurement, wherein a light source is
shaped in a line according to the plural reagent im-
mobilization parts being shaped in lines, and the line
width of the light source is 1.0 mm or shorter.

23. A measurement method as defined in any of Claims
17 to 22, wherein the amounts of the marker reagent
bound to the plural reagent immobilization parts are
respectively measured, thereby to perform prozone
judgement.

24. A measurement method as defined in any of Claims
17 to 23, wherein
among the plural reagent immobilization parts, the
amount of the marker reagent bound to the reagent
immobilization part which is positioned on the upper-
most stream side with respect to the sample solution
applying part is measured;
the amounts of the marker reagent bound to the other
reagent immobilization parts are also measured; and
on the basis of the results of the respective meas-
urements, the measured value of the amount of the
marker reagent bound to the uppermost-stream side
reagent immobilization part is subjected to prozone
judgement.

25. A measurement method as defined in any of Claims
17 to 24, wherein
among the plural reagent immobilization parts, the
amount of the marker reagent bound to the reagent
immobilization part that is positioned on the upper-
most stream side with respect to the sample solution
applying part is measured;
the amounts of the marker reagent bound to the other
reagent immobilization parts are also measured;
it is judged by performing arithmetic processing as
to whether each of the measurement results is within
a marker reagent binding amount measurement
range in the uppermost-stream side reagent immo-
bilization part or within a marker reagent binding
amount measurement range in another reagent im-
mobilization part; and
one of the marker reagent binding amounts is used
as a measurement result.

26. A measurement method as defined in any of Claims
17 to 25, wherein the measurement is one-step im-
munochromatography which is started by the sam-
ple solution applying operation.

27. A biosensor as defined in any of Claims 1 to 10 and
12 to 16, wherein the reagent immobilization parts
are provided in three positions.

28. A biosensor as defined in Claim 27, wherein the re-
agent in the reagent immobilization part which is po-
sitioned at the uppermost stream side with respect
to the sample solution applying part has the highest
affinity for the analyte in the sample solution or the
marker reagent, and the reagents in the second and
third reagent immobilization parts have the same af-
finity.

29. A measurement method as defined in any of Claims
17 to 26, wherein the reagent immobilization parts
are provided in three positions.

30. A measurement method employing a biosensor as
defined in Claim 28, wherein the amounts of the
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marker reagent bound to the plural reagent immobi-
lization parts are measured, thereby to qualitatively
or quantitatively analyze the analyte in the sample
solution.

31. A measurement method as defined in Claim 30,
wherein a prozone area is detected on the basis of
the amounts of the marker reagent bound to the two
reagent immobilization parts which are positioned at
lower stream side with respect to the sample solution
applying part, among the three reagent immobiliza-
tion parts.

Patentansprüche

1. Biosensor mit einer Entwicklungsschicht zur Ent-
wicklung einer Probenlösung sowie mit einem auf
einem Teil der Entwicklungsschicht immobilisierten
Reagenzienabschnitt und einem markierten Rea-
genzienabschnitt, der durch einen Teil der Entwick-
lungsschicht in einem trockenen Zustand gehalten
wird, aber durch die Entwicklung der Probenlösung
aufgelöst werden kann, wobei der Biosensor einen
Analyten in der Probenlösung qualitativ und quanti-
tativ analysiert, indem die Menge des am Reagen-
zienimmobilisierungabschnitt gebundenen Marker-
reagens gemessen wird;
worin mehrere Reagenzienimmobilisierungsab-
schnitte vorhanden sind, die Reagenzien in den
mehreren Reagenzienimmobilisierungsabschnitten
auf das gleiche Material ansprechen und die Rea-
genzien selbst in den mehreren Reagenzienimmo-
bilisierungsabschnitten für den Analyten in der Pro-
benlösung bzw. das Markerreagens unterschiedli-
che Affinitäten besitzen.

2. Biosensor, der eine Vorrichtung mit einer Entwick-
lungsschicht zur Entwicklung einer Probenlösung ist
und einen auf einem Teil der Entwicklungsschicht
immobilisierten Reagenzienabschnitt sowie einen
markierten Reagenzienabschnitt umfasst, der durch
einen Teil der Entwicklungsschicht in einem trocke-
nen Zustand gehalten wird, aber durch die Entwick-
lung der Probenlösung aufgelöst werden kann, und
der einen Probenaufbringungsabschnitt, auf den die
Probenlösung aufgegeben wird, sowie den Marker-
reagenzienabschnitt und den Reagenzienimmobili-
sierungsabschnitt besitzt, die in dieser Reihenfolge
angeordnet sind, wobei der Biosensor einen Analy-
ten in der Probenlösung qualitativ und quantitativ
analysiert, indem die Menge des am Reagenzienim-
mobilisierungsabschnitt gebundenen Markerrea-
gens gemessen wird;
worin mehrere Reagenzienimmobilisierungsab-
schnitte vorhanden sind, die Reagenzien in den
mehreren Reagenzienimmobilisierungsabschnitten
auf das gleiche Material ansprechen und die Rea-

genzien selbst in den mehreren Reagenzienimmo-
bilisierungsabschnitten für den Analyten in der Pro-
benlösung bzw. das Markerreagens unterschiedli-
che Affinitäten besitzen.

3. Biosensor, wie in Anspruch 1 oder 2 definiert, worin
die in den mehreren Reagenzienimmobilisierungs-
abschnitten immobilisierten Reagenzien Antikörper
sind, der Analyt in der Probenlösung ein Antigen ist
und ein Antikörper, der eine höhere Affinität für den
Analyten in der Probenlösung oder das Markerrea-
gens besitzt, im Reagenzienimmobilisierungsab-
schnitt immobilisiert ist, der sich bezüglich des Ab-
schnitts, auf den die Probenlösung aufgegeben wird,
weiter stromauf befindet.

4. Biosensor, wie in einem der Ansprüche 1 bis 3 defi-
niert, worin die Reagenzien in den mehreren
Reagenzienimmobilisierungsabschnitten monoklo-
nale Antikörper sind.

5. Biosensor, wie in einem der Ansprüche 1 bis 4 defi-
niert, worin der Analyt in der Probenlösung quanti-
tativ analysiert wird, indem die Menge des in den
mehreren Reagenzienimmobilisierungsabschnitten
gebundenen Markerreagens gemessen wird.

6. Biosensor, wie in einem der Ansprüche 1 bis 5 defi-
niert, worin ein Prozoneneffekt erkannt wird, indem
die Menge des in den mehreren Reagenzienimmo-
bilisierungsabschnitten gebundenen Markerrea-
gens gemessen wird.

7. Biosensor, wie in einem der Ansprüche 1 bis 6 defi-
niert, worin
unter den mehreren Reagenzienimmobilisierungs-
abschnitten die Menge des Markerreagens gemes-
sen wird, das in dem Reagenzienimmobilisierungs-
abschnitt gebunden ist, der sich am weitesten strom-
auf bezüglich des Abschnitts befindet, auf den die
Probenlösung aufgegeben wird, wodurch der Analyt
in der Probenlösung gemessen wird; und
die Mengen des Markerreagens, das in den anderen
Reagenzienimmobilisierungsabschnitten gebunden
ist, ebenfalls gemessen werden und auf der Grund-
lage der Ergebnisse der jeweiligen Messungen der
gemessene Wert der Menge des Markerreagens,
das in dem Reagenzienimmobilisierungsabschnitt
gebunden ist, der sich am weitesten stromauf befin-
det, einer Prozonenbeurteilung unterworfen wird.

8. Biosensor, wie in einem der Ansprüche 1 bis 7 defi-
niert, worin die Reagenzien in den mehreren
Reagenzienimmobilisierungsabschnitten unter-
schiedliche Affinitäten für den Analyten in der Pro-
benlösung oder für das Markerreagens besitzen,
wodurch die betreffenden Reagenzienimmobilisie-
rungsabschnitte unterschiedliche dynamische Be-

43 44 



EP 1 416 276 B1

24

5

10

15

20

25

30

35

40

45

50

55

reiche für die Messung der Konzentration des Ana-
lyten in der Probenlösung besitzen.

9. Biosensor, wie in Anspruch 8 definiert, worin die
Reagenzien in den mehreren Reagenzienimmobili-
sierungsabschnitten unterschiedliche Affinitäten für
den Analyten in der Probenlösung oder für das
Markerreagens besitzen, wodurch der dynamische
Bereich für die Messung der Konzentration des Ana-
lyten in der Probenlösung vergrössert wird.

10. Biosensor, wie in einem der Ansprüche 1 bis 9 defi-
niert, worin die Reagenzien in den mehreren
Reagenzienimmobilisierungsabschnitten das glei-
che Epitop erkennen.

11. Biosensor, wie in einem der Ansprüche 1 bis 10 de-
finiert, worin die Reagenzienimmobilisierungsab-
schnitte in zwei Positionen vorliegen.

12. Biosensor, wie in einem der Ansprüche 1 bis 11 de-
finiert, worin die mehreren Reagenzienimmobilisie-
rungsabschnitte miteinander in Berührung stehen.

13. Biosensor, wie in einem der Ansprüche 1 bis 12 de-
finiert, worin in der Entwicklungsschicht ein seitli-
ches Strömungssystem verwendet wird, die mehre-
ren Reagenzienimmobilisierungsabschnitte in Lini-
en entlang einer zur Richtung der Entwicklung der
Probenlösung senkrechten Richtung immobilisiert
sind, die Linienbreite 0,5 bis 2,0 mm beträgt und die
Intervalle zwischen den Linien der mehreren
Reagenzienimmobilisierungsabschnitte 1,0 mm
oder mehr betragen.

14. Biosensor, wie in einem der Ansprüche 1 bis 13 de-
finiert, worin sich alle Reagenzien einschliesslich
des Markerreagens und der immobilisierten Rea-
genzien in ihren trockenen Zuständen befinden.

15. Biosensor, wie in einem der Ansprüche 1 bis 14 de-
finiert, worin die Probenlösung Urin, Speichel oder
Blut ist.

16. Biosensor, wie in einem der Ansprüche 1 bis 15 de-
finiert, der für Immunchromatographie verwendet
wird.

17. Messverfahren, in dem ein Biosensor verwendet
wird, wie er in einem der Ansprüche 1 bis 16 definiert
ist, worin die Mengen des in den mehreren Reagen-
zienimmobilisierungsabschnitten gebundenen
Markerreagens gemessen werden, wodurch der
Analyt in der Probenlösung qualitativ oder quantitativ
analysiert wird.

18. Messverfahren, in dem ein Biosensor verwendet
wird, der eine Entwicklungsschicht zur Entwicklung

einer Probenlösung besitzt und mehrere Reagenzi-
enabschnitte, die auf Teilen der Entwicklungsschicht
immobilisiert sind, sowie einen Reagenzienab-
schnitt umfasst, der markiert und durch einen Teil
der Entwicklungsschicht gehalten wird und durch
Entwicklung der Probenlösung aufgelöst werden
kann;
worin die Reagenzien in den mehreren Reagen-
zienimmobilisierungsabschnitten auf das gleiche
Material ansprechen und die Reagenzien selbst in
den mehreren Reagenzienimmobilisierungsab-
schnitten unterschiedliche Affinitäten für den Analy-
ten in der Probenlösung bzw. das Markerreagens
besitzen und
die Mengen des in den mehreren Reagenzienimmo-
bilisierungsabschnitten gebundenen Markerrea-
gens gemessen werden, wodurch der Analyt in der
Probenlösung qualitativ oder quantitativ analysiert
wird.

19. Messverfahren, wie in Ansprüchen 17 oder 18 defi-
niert, worin im Verfahren für die Messung der Men-
gen des in den mehreren Reagenzienimmobilisie-
rungsabschnitten gebundenen Markerreagens eine
elektromagnetische Welle benutzt wird.

20. Messverfahren, wie in Ansprüchen 17 oder 19 defi-
niert, worin im Verfahren für die Messung der Men-
gen des in den mehreren Reagenzienimmobilisie-
rungsabschnitten gebundenen Markerreagens eine
gestreute elektromagnetische Welle gemessen
wird, die erhalten wird, wenn eine elektromagneti-
sche Welle reflektiert wird.

21. Messverfahren, wie in einem der Ansprüche 17 bis
20 definiert, worin eine für die Messung verwendete
Quelle elektromagnetischer Wellen bezüglich des
Biosensors oder der Biosensor bezüglich der Quelle
elektromagnetischer Wellen gescannt wird, wo-
durch die Mengen des in den Reagenzienimmobili-
sierungsabschnitten gebundenen Markerreagens
gemessen werden.

22. Messverfahren, wie es in einem der Ansprüche 17
bis 21 definiert wird, das einen Biosensor verwendet
und bei dem Reflexionsabsorption gemessen wird,
worin eine Lichtquelle in Übereinstimmung mit den
mehreren linienförmigen Reagenzienimmobilisie-
rungsabschnitten linienförmig ist und die Linienbrei-
te der Lichtquelle 1,0 mm oder kleiner ist.

23. Messverfahren, wie in einem der Ansprüche 17 bis
22 definiert, worin die Mengen des in den mehreren
Reagenzienimmobilisierungsabschnitten gebunde-
nen Markerreagens gemessen werden und dadurch
eine Prozonenbeurteilung ausgeführt wird.

24. Messverfahren, wie in einem der Ansprüche 17 bis
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23 definiert, worin
unter den mehreren Reagenzienimmobilisierungs-
abschnitten die Menge des Markerreagens gemes-
sen wird, das in dem Reagenzienimmobilisierungs-
abschnitt gebunden ist, der sich am weitesten strom-
auf bezüglich des Abschnitts befindet, auf den die
Probenlösung aufgegeben wird;
die Mengen des Markerreagens, das in den anderen
Reagenzienimmobilisierungsabschnitten gebunden
ist, ebenfalls gemessen werden; und
auf der Grundlage der Ergebnisse der jeweiligen
Messungen der gemessene Wert der Menge des
Markerreagens, das in dem Reagenzienimmobilisie-
rungsabschnitt gebunden ist, der sich am weitesten
stromauf befindet, einer Prozonenbeurteilung unter-
worfen wird.

25. Messverfahren, wie in einem der Ansprüche 17 bis
24 definiert, worin
unter den mehreren Reagenzienimmobilisierungs-
abschnitten die Menge des Markerreagens gemes-
sen wird, das in dem Reagenzienimmobilisierungs-
abschnitt gebunden ist, der sich am weitesten strom-
auf bezüglich des Abschnitts befindet, auf den die
Probenlösung aufgegeben wird;
die Mengen des Markerreagens, das in den anderen
Reagenzienimmobilisierungsabschnitten gebunden
ist, ebenfalls gemessen werden;
durch eine arithmetische Verarbeitung geurteilt wird,
ob jedes der Messergebnisse innerhalb des
Messbereichs der Bindungsmenge des Markerrea-
gens in dem am weitesten stromauf gelegenen
Reagenzienimmobilisierungsabschnitt oder inner-
halb eines Messbereichs der Bindungsmenge des
Markerreagens in einem anderen Reagenzienim-
mobilisierungsabschnitt liegt; und
eine der Bindungsmengen des Markerreagens als
ein Messergebnis verwendet wird.

26. Messverfahren, wie in einem der Ansprüche 17 bis
25 definiert, worin die Messung eine Einschritt-Im-
munchromatographie ist, die durch die Operation
des Aufbringens der Probenlösung begonnen wird.

27. Biosensor, wie in einem der Ansprüche 1 bis 10 und
12 bis 16 definiert, worin die Reagenzienimmobili-
sierungsabschnitte in drei Positionen vorliegen.

28. Biosensor, wie in Anspruch 27 definiert, worin das
Reagens in dem Reagenzienimmobilisierungsab-
schnitt, der sich am weitesten stromauf bezüglich
des Abschnitts befindet, auf den die Probenlösung
aufgegeben wird, die grösste Affinität für den Ana-
lyten in der Probenlösung oder für das Markerrea-
gens besitzt und wo die Reagenzien im zweiten und
dritten Reagenzienimmobilisierungsabschnitt die
gleiche Affinität besitzen.

29. Messverfahren, wie in einem der Ansprüche 17 bis
26 definiert, worin die Reagenzienimmobilisierungs-
abschnitte in drei Positionen vorliegen.

30. Messverfahren, das einen Biosensor verwendet, wie
er in Anspruch 28 definiert wird, worin die Mengen
des in den mehreren Reagenzienimmobilisierungs-
abschnitten gebundenen Markerreagens gemessen
werden, wodurch der Analyt in der Probenlösung
qualitativ oder quantitativ analysiert wird.

31. Messverfahren, wie in Anspruch 30 definiert, worin
unter den drei Reagenzienimmobilisierungsab-
schnitten ein Prozonengebiet auf der Grundlage der
Mengen von Markerreagens erkannt wird, die in den
beiden Reagenzienimmobilisierungsabschnitten
gebunden sind, die sich bezüglich des Abschnitts,
auf den die Probenlösung aufgebracht wird, weiter
stromab befinden.

Revendications

1. Biocapteur comportant une couche de développe-
ment destinée à développer une solution d’échan-
tillon et comprenant une partie de réactif immobilisée
sur une partie de la couche de développement et
une partie de réactif marquée qui est maintenue
dans un état sec par une partie de la couche de dé-
veloppement, et peut être dissoute, en développant
la solution d’échantillon, ledit biocapteur analysant
qualitativement ou quantitativement un analyte dans
la solution d’échantillon en mesurant la quantité de
réactif marqueur lié à la partie d’immobilisation de
réactif,
dans lequel plusieurs parties d’immobilisation de
réactif existent, les réactifs dans les plusieurs parties
d’immobilisation de réactif réagissent au même ma-
tériau, et les affinités respectives des réactifs eux-
mêmes dans les plusieurs parties d’immobilisation
de réactif sont différentes pour l’analyte dans la so-
lution d’échantillon ou dans le réactif marqueur.

2. Biocapteur, qui est un dispositif comportant une cou-
che de développement destinée à développer une
solution d’échantillon comprenant une partie de
réactif immobilisée sur une partie de la couche de
développement et une partie de réactif marquée qui
est conservée dans un état sec par une partie de la
couche de développement, et peut être dissoute en
développant la solution d’échantillon, et comportant
une partie d’application d’échantillon sur laquelle la
solution d’échantillon est appliquée, la partie de
réactif marqueur, et la partie d’immobilisation de
réactif, qui sont disposées dans cet ordre, ledit bio-
capteur analysant qualitativement ou quantitative-
ment un analyte dans la solution d’échantillon en me-
surant la quantité de réactif marqueur lié à la partie
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d’immobilisation de réactif,
où plusieurs parties d’immobilisation de réactif exis-
tent, les réactifs dans les plusieurs parties d’immo-
bilisation de réactif réagissent au même matériau,
et les affinités respectives des réactifs eux-mêmes
dans les plusieurs parties d’immobilisation de réactif
sont différentes pour l’analyte dans la solution
d’échantillon ou dans le réactif marqueur.

3. Biocapteur selon la revendication 1 ou 2, dans lequel
les réactifs immobilisés sur les plusieurs parties d’im-
mobilisation de réactif sont des anticorps, l’analyte
dans la solution d’échantillon est un antigène, et un
anticorps présentant une affinité plus élevée pour
l’analyte dans la solution d’échantillon ou dans le
réactif marqueur est immobilisé sur la partie d’immo-
bilisation de réactif qui est positionnée sur le côté de
flux supérieur par rapport à la partie d’application de
solution d’échantillon.

4. Biocapteur selon l’une quelconque des revendica-
tions 1 à 3, dans lequel les réactifs dans les plusieurs
parties d’immobilisation de réactif sont des anticorps
monoclonaux.

5. Biocapteur selon l’une quelconque des revendica-
tions 1 à 4, dans lequel l’analyte dans la solution
d’échantillon est quantitativement analysé en mesu-
rant la quantité du réactif marqueur lié aux plusieurs
parties d’immobilisation de réactif.

6. Biocapteur selon l’une quelconque des revendica-
tions 1 à 5, dans lequel un phénomène de prozone
est détecté en mesurant la quantité du réactif mar-
queur lié aux plusieurs parties d’immobilisation de
réactif.

7. Biocapteur selon l’une quelconque des revendica-
tions 1 à 6, dans lequel
parmi les plusieurs parties d’immobilisation de réac-
tif, la quantité du réactif marqueur lié à la partie d’im-
mobilisation de réactif, qui est positionnée sur le côté
de flux le plus supérieur par rapport à la partie d’ap-
plication de solution d’échantillon est mesurée, pour
mesurer en conséquence l’analyte dans la solution
d’échantillon et
les quantités du réactif marqueur lié aux autres par-
ties d’immobilisation de réactif sont également me-
surées, et sur la base des résultats des mesures
respectives, la valeur mesurée de la quantité du
réactif marqueur lié à la partie d’immobilisation des
réactifs du côté de flux le plus supérieur est soumise
à une évaluation de prozone.

8. Biocapteur selon l’une quelconque des revendica-
tions 1 à 7, dans lequel les réactifs dans les plusieurs
parties d’immobilisation de réactif présentent des af-
finités différentes pour l’analyte dans la solution

d’échantillon ou dans le réactif de marqueur, en con-
séquence de quoi les parties d’immobilisation de
réactif respectives présentent des plages dynami-
ques différentes pour mesurer la concentration de
l’analyte dans la solution d’échantillon.

9. Biocapteur selon la revendication 8, dans lequel les
réactifs dans les plusieurs parties d’immobilisation
de réactif ont des affinités différentes pour l’analyte
dans la solution d’échantillon , ou dans le réactif mar-
queur, afin d’augmenter ainsi la plage dynamique
pour la mesure de la concentration de l’analyte dans
la solution d’échantillon.

10. Biocapteur selon l’une quelconque des revendica-
tions 1 à 9, dans lequel les réactifs dans les plusieurs
parties d’immobilisation de réactif reconnaissent le
même épitope.

11. Biocapteur selon l’une quelconque des revendica-
tions 1 à 10, dans lequel les parties d’immobilisation
de réactif sont prévues en deux positions.

12. Biocapteur selon l’une quelconque des revendica-
tions 1 à 11, dans lequel les plusieurs parties d’im-
mobilisation de réactif sont en contact l’une avec
l’autre.

13. Biocapteur selon l’une quelconque des revendica-
tions 1 à 12, dans lequel la couche de développe-
ment emploie un système à circulation latéral, les
plusieurs parties d’immobilisation de réactif sont im-
mobilisées dans des lignes selon une direction per-
pendiculaire à la direction de développement de so-
lution d’échantillon, la largeur de ligne est de 0,5 mm
à 2,0 mm, et les intervalles entre les lignes des plu-
sieurs parties d’immobilisation de réactif sont de 1,0
mm ou plus.

14. Biocapteur selon l’une quelconque des revendica-
tions 1 à 13, dans lequel tous les réactifs comprenant
le réactif marqueur et les réactifs immobilisés sont
dans leurs états secs.

15. Biocapteur selon l’une quelconque des revendica-
tions 1 à 14, dans lequel la solution d’échantillon est
de l’urine, de la salive ou du sang.

16. Biocapteur selon l’une quelconque des revendica-
tions 1 à 15, où est utilisé de l’immunochromatogra-
phie.

17. Procédé de mesure employant un biocapteur selon
l’une quelconque des revendications 1 à 16 dans
lequel les quantités du réactif marqueur lié aux plu-
sieurs parties d’immobilisation de réactif sont mesu-
rées, afin d’analyser ainsi qualitativement ou quan-
titativement l’analyte dans la solution d’échantillon.
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18. Procédé de mesure employant un biocapteur ayant
une couche de développement pour développer une
solution d’échantillon, et comprenant plusieurs par-
ties de réactif immobilisées sur des parties de la cou-
che de développement, et une partie de réactif qui
est marquée et conservée par une partie de la cou-
che de développement et peut être dissoute en dé-
veloppant la solution d’échantillon ;
où les réactifs dans les plusieurs parties d’immobi-
lisation de réactif réagissent au même matériau, et
les affinités respectives des réactifs eux-mêmes
dans les plusieurs parties d’immobilisation de réactif
sont différentes pour l’analyte dans la solution
d’échantillon ou dans le réactif marqueur, et
les quantités du réactif marqueur lié aux plusieurs
parties d’immobilisation de réactif sont mesurées,
afin d’analyser ainsi qualitativement ou quantitative-
ment l’analyte dans la solution d’échantillon.

19. Procédé de mesure selon la revendication 17 ou 18,
dans lequel le procédé de mesure des quantités du
réactif marqueur lié aux plusieurs parties d’immobi-
lisation de réactif emploie une onde électromagné-
tique.

20. Procédé de mesure selon la revendication 17 ou 19,
dans lequel le procédé de mesure des quantités du
réactif marqueur lié aux plusieurs parties d’immobi-
lisation de réactif consiste à mesurer une onde élec-
tromagnétique diffusée obtenue lorsqu’une onde
électromagnétique est réfléchie.

21. Procédé de mesure selon l’une quelconque des re-
vendications 17 à 20, dans lequel une source d’onde
électromagnétique utilisée pour la mesure fait l’objet
d’un balayage par rapport au biocapteur, ou bien le
biocapteur est balayé par rapport à la source d’onde
électromagnétique, afin de mesurer ainsi les quan-
tités du réactif marqueur lié aux parties d’immobili-
sation de réactif.

22. Procédé de mesure employant un biocapteur selon
l’une quelconque des revendications 17 à 21, qui est
une mesure de l’absorbance de réflexion, où une
source de lumière est sous la forme d’une ligne con-
formément aux plusieurs parties d’immobilisation de
réactif qui sont sous forme de lignes, et la largeur de
ligne de la source de lumière est de 1,0 mm ou moins.

23. Procédé de mesure selon l’une quelconque des re-
vendications 17 à 22, dans lequel les quantités du
réactif marqueur lié aux plusieurs parties d’immobi-
lisation de réactif sont respectivement mesurées,
afin d’exécuter ainsi une évaluation de prozone.

24. Procédé de mesure selon l’une quelconque des re-
vendications 17 à 23, dans lequel
parmi les plusieurs parties d’immobilisation de réac-

tif, la quantité du réactif marqueur lié à la partie d’im-
mobilisation de réactif qui est positionnée du côté de
flux le plus supérieur par rapport à la partie d’appli-
cation de solution d’échantillon est mesurée,
les quantités du réactif marqueur lié aux autres par-
ties d’immobilisation de réactif sont également me-
surées et,
sur la base des résultats des mesures respectives,
la valeur mesurée de la quantité du réactif marqueur
lié à la partie d’immobilisation de réactif du côté de
flux le plus supérieur est soumise à une évaluation
de prozone.

25. Procédé de mesure selon l’une quelconque des re-
vendications 17 à 24, dans lequel
parmi les plusieurs parties d’immobilisation de réac-
tif, la quantité du réactif marqueur lié à la partie d’im-
mobilisation de réactif qui est positionnée sur le côté
de flux le plus supérieur par rapport à la partie d’ap-
plication de solution d’échantillon est mesurée,
les quantités du réactif marqueur lié aux autres par-
ties d’immobilisation de réactif sont également me-
surées et,
il est évalué en exécutant un traitement arithmétique
si chacun des résultats de mesure se trouve dans
une plage de mesures de quantité de liaison de réac-
tif marqueur dans la partie d’immobilisation de réactif
du côté de flux le plus supérieur ou dans une plage
de mesure de quantité de liaison de réactif marqueur
dans une autre partie d’immobilisation de réactif et,
l’une des quantités de liaison de réactif marqueur
est utilisée en tant que résultat de mesure.

26. Procédé de mesure selon l’une quelconque des re-
vendications 17 à 25, dans lequel la mesure est une
immunochromatographie à une étape qui est débu-
tée par l’opération d’application de solution d’échan-
tillon.

27. Biocapteur selon l’une quelconque des revendica-
tions 1 à 10 et 12 à 16, dans lequel les parties d’im-
mobilisation de réactif sont fournies en trois posi-
tions.

28. Biocapteur selon la revendication 27, dans lequel le
réactif dans la partie d’immobilisation de réactif qui
est positionnée au niveau du côté de flux le plus su-
périeur par rapport à la partie d’application de solu-
tion d’échantillon présente la plus grande affinité
pour l’analyte dans la solution d’échantillon ou dans
le réactif marqueur, et les réactifs dans les deuxième
et troisième parties d’immobilisation de réactif pré-
sentent la même affinité.

29. Procédé de mesure selon l’une quelconque des re-
vendications 17 à 26, dans lequel les parties d’im-
mobilisation de réactif sont prévues en trois posi-
tions.
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30. Procédé de mesure employant un biocapteur selon
la revendication 28, dans lequel les quantités du
réactif marqueur lié aux plusieurs parties d’immobi-
lisation de réactif sont mesurées, afin d’analyser ain-
si qualitativement ou quantitativement l’analyte dans
la solution d’échantillon.

31. Procédé de mesure selon la revendication 30, dans
lequel une zone de prozone est détectée sur la base
des quantités réactif marqueur lié aux deux parties
d’immobilisation de réactif qui sont positionnées au
niveau du côté de flux plus bas par rapport à la partie
d’application de solution d’échantillon, parmi les trois
parties d’immobilisation de réactif.
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摘要(译)

在具有用于显影试样溶液的显影层的生物传感器中，所述显影层包括固
定在显影层的一部分上的试剂部分和通过显影层的一部分保持干燥状态
的标记试剂部分，通过测量结合到试剂固定部分的标记试剂的量来定性
或定量分析样品溶液中的分析物;其中存在多个试剂固定部，并且各试剂
固定部对样品溶液或标记试剂中的分析物具有不同的亲和力，由此可以
检测前带现象。此外，可以提供具有高的测量精度的生物传感器，其具
有对于样品溶液中的分析物的浓度更宽的动态范围。因此，可以提供即
使当样品溶液中的分析物的浓度范围宽时也能够检测前带现象并且具有
宽测量动态范围的高精度和精确的生物传感器。
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