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(57) ABSTRACT 

Providing an assay method capable of simultaneously deter 
mining the presence or absence of one or more species of 
biological substances or assaying the amounts thereof With 
a single assay device; a kit therefor and an assay device 
thereof. The amount thereof or the presence thereof is 

detected; by putting a liquid sample containing one or more 
species of analytes in contact to a reagent including one or 
more species of marker-labeled ligands and one or more 

species of nucleic acid-labeled ligands; to generate one or 
more species of complexes; developing the generated one or 
more species of complexes through capillary phenomenon in 
developing element 11 in a sheet form; capturing the com 
pleXes through complementary nucleic acid binding onto 
anti-bond elements consisting of nucleic acids on detection 
Zones 15, 16 and 17 formed depending on each of one or 
more species of nucleic acids immobilized on the detection 

Zone 14, thereby capturing a complex depending on the 
analyte species; through the complementary binding 
betWeen the anti-bond element and the bond element; to 
form an independent band and to assay the amount or the 
presence on the detction part. 
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Figd 

Assay reagent of one or more species of antigens, the reagent is 
capable of simultaneously assaying antigens A, B and C 
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0N1 : oligonucleotide with a sequence different from those of 0N2 
and 0N3 

0N2: oligonucleotide with a sequence different from those of 0N1 
and 0N3 

0N3: oligonucleotide with a sequence different from those of 0N1 
and 0N2 ‘ 

M: marker 



Patent Application Publication Jul. 5, 2001 Sheet 2 of 8 US 2001/0006775 A1 

Fig.2 

l I 1 
W41 V/i/l VA 

GM ‘ : oligonucleotide with a complementary nucleotide sequence 

to 0N1 

0N2‘: oligonucleotide with a complementary nucleotide sequence 
to 0N2 

0N3‘: oligonucleotide with a complementary nucleotide sequence 
to 0N3 

a A’- M M M 
a C 

2 
a C XlNl 0mm 

0N1 ' ON2' ' 0N3 ' 
68A aB ‘ I 

W W VA 

4 

® : Antigen A 

B : Antigen B 

[i : Antigen C 



Patent Application Publication Jul. 5, 2001 Sheet 3 0f 8 US 2001/0006775 A1 

Fig.4 

’ 0N1 ’ ONZ' 0113' 

1 1 1 

15 1617; 
11W 

14 

Fig.5 

0N1 0N2 @Om 

aA, aB : the same as in Fig.1 
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ANALYTICAL METHOD, KIT, AND APPARATUS 

TECHNICAL FIELD 

[0001] The present invention relates to an assay method 
for assaying an analyte as a biological assay subject or for 
detecting the presence or absence thereof, Which is useful for 
simple clinical diagnosis, and a kit and an assay device to be 
used for the method; more speci?cally, the present invention 
relates to an assay method for assaying a great number of 
combinations of one or more species of analytes contained 
in a ?uid sample or the presence or absence thereof, and a 
kit and an assay device therefor. 

BACKGROUND ART 

[0002] For determining the disease affecting a patient at a 
laboratory test, several types of laboratory test results should 
collectively be examined. In general, patients should 
undergo several types of such tests for appropriate diagnosis 
and therapeutic treatment. HoWever, one laboratory reagent 
can assay or detect one item in most cases in the prior art, 
so the sample volume draWn from a patient is increased in 
proportion to the number of tests, Which Works as one of 
physical burdens over the patient. 

[0003] Alternatively, it is required to carry out conven 
tional immunological tests by using automatic assay 
devices, so the sample draWn from a patient is delivered to 
an institute equipped With such automatic assay devices, 
Where the tests are conducted, and then, the test results are 
reported to the doctor. In such manner, the doctor can make 
diagnosis based on the results and the clinical conditions of 
the patient. Therefore, such device Works as one cause to 
lose the timing for treatment because the doctor cannot make 
a decision instantly. 

[0004] So as to overcome such problem, a method com 
prising a combination of immune reaction and chromatog 
raphy (abbreviated as “immunochromatography” herein 
beloW) has been developed in recent years. The standard 
principle of conventional immunochromatography Will noW 
be described beloW. 

[0005] In the assay device to be used for the conventional 
immunochromatography, the folloWing Zones are arranged; 
a loading Zone for loading a ?uid sample containing an 
analyte, to be arranged at one end of a developing element 
in the form of porous sheet such as nitrocellulose ?lm, a 
Water absorption Zone for receiving the ?uid transferred 
through capillary phenomenon in the developing element, to 
be arranged at the other end, a sealing Zone containing a 
marker-labeled immune substance, to be arranged on a side 
close to the loading Zone betWeen the Water absorption Zone 
and the loading Zone, and a detection Zone Where an immune 
substance to bind a complex composed of the analyte and the 
labeled substance is immobiliZed, the Zone being arranged 
on a side apart from the loading Zone. 

[0006] By the assay method by using such assay device, a 
?uid sample containing an analyte to be assayed is ?rstly 
loaded on the loading Zone, and the ?uid sample is then 
transferred through capillary phenomenon to the sealing 
Zone containing a marker-labeled immune substance. In the 
sealing Zone, the marker-labeled immune substance and the 
analyte are bound together through immunological af?nity, 
to form a marker-labeled immunocomplex. The marker 
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labeled immunocomplex is developed and transferred, 
through capillary phenomenon and/or diffusion in the devel 
oping element, to the detection Zone, Where an immune 
substance immobiliZed in the detection Zone captures the 
complex. The marker in the marker-labeled immunocom 
plex captured in the detection Zone is assayed or detected, 
Whereby the amount or presence of the analyte contained in 
the ?uid sample can be assayed. 

[0007] Compared With enZyme immunoassay as one of 
assay methods of immunochemical active substances, the 
method is characteristic in that no rinsing procedure is 
required during an intermediate stage of assaying and the 
assay can be done under naked eyes, never essentially 
requiring any device to detect the marker, and in that the 
reagent contained in the assay device is kept at dry state so 
they can be stored at ambient temperature for a long term. 
According to the conventional immunochromatography, a 
doctor can instantly examine a sample collected by himself, 
and hence, the doctor can inclusively take account of clinical 
conditions of a patient and the immunological test results of 
the patient, to diagnose the patient in a short time. Accord 
ingly, the loss of timing in the treatment Will be less, 
advantageously. 
[0008] A number of patents have been laid open concern 
ing immunochromatography. For example, the immuno 
chromatography described in Japanese Patent Publication 
No. Hei 7-13640 is essentially the same as the prior art 
immunochromatography described above, characteriZed in 
that a ligand bound to an insoluble vesicle marker is used 
and the insoluble vesicle marker is colored liposome, col 
ored polymer bead, or metal or polymer dye particle. HoW 
ever, the publication does not include any description about 
the simultaneous assay or detection of one or more species 
of biological substances such as antigen or antibody. 

[0009] The Japanese Patent No. 2504923 describes an 
immunochromatography essentially the same as the prior art 
immunochromatography, suggesting an analysis by a sand 
Wich method Wherein a complex captured in a detection 
Zone is a marker-labeled receptor-analyte-receptor as Well as 
simultaneous detection of a ?rst analyte and a second 
analyte, having different biological af?nities from each 
other. HoWever, the publication does not suggest that the 
marker-labeled immunocomplex is captured through the 
complementary binding betWeen the bases of nucleic acids 
in a detection Zone or the applicability of the method to tWo 
or more analytes or the assay sensitivity thereof. 

[0010] Alternatively, immunoassay methods can yield 
higher sensitivity When a large amount of immunochemi 
cally active substances can be immobiliZed, and in that case, 
the methods can detect the same levels of immunochemi 
cally active substances for a shorter time. Hence, a more 
highly sensitive assay technique in the ?eld of immunochro 
matography has been desired. 

[0011] It is thus an object of the present invention to 
provide an assay method useful for clinical diagnosis, Which 
can simultaneously assay one or more species of biological 
substances or detect the presence or absence thereof, at a 
higher sensitivity, by means of a single assay device in a 
simple fashion, and a kit and an assay device for the assay. 

DISCLOSURE OF INVENTION 

[0012] A ?rst aspect of the assay method of the present 
invention is an assay method by means of a kit, Wherein a 
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reagent and an assay device are separately arranged. The 
assay method is an assay method for assaying the amounts 
of one or more species of analytes present in a ?uid sample 
or detecting the presence or absence thereof, comprising: 

[0013] (1) putting a ?uid sample containing one or more 
species of analytes in contact to a reagent containing one or 
more species of marker-labeled ligands each produced by 
binding a marker to a ?rst ligand, and one or more species 
of bond element-labeled ligands each produced by binding 
a bond element consisting of nucleic acids With a predeter 
mined base sequence depending on the analyte species, to a 
second ligand, to generate one or more species of speci?c 
complexes each composed of a speci?c analyte species, a 
speci?c marker-labeled ligand species speci?cally binding 
to the speci?c analyte species, and a speci?c bond element 
labeled ligand species speci?cally binding to the speci?c 
analyte species; 
[0014] (2) developing one or more species of generated 
complexes through capillary phenomenon in a developing 
element in a sheet form; 

[0015] (3) capturing a complex depending on the analyte 
species, through the complementary binding betWeen the 
bond element and an anti-bond element, in the detection 
Zone produced by immobiliZing independently anti-bond 
elements consisting of nucleic acids each having a comple 
mentary sequence to the base sequence of one bond element 
species in the complexes, thereby forming an independent 
band; and 

[0016] (4) assaying or detecting the marker formed in the 
band in the detection Zone. 

[0017] Another embodiment of the assay method of the 
present invention is a method by means of an assay device 
integrally containing a reagent. The assay method is an assay 
method for assaying the amounts of one or more species of 
analytes present in a ?uid sample or detecting the presence 
or absence thereof, comprising: 

[0018] (1) loading a ?uid sample containing one or more 
species of analytes on a developing element in a sheet form, 
thereby developing the ?uid sample through capillary phe 
nomenon in the developing element; 

[0019] (2) transferring the ?uid sample to put the sample 
in contact to a sealing Zone sealing therein reagent compo 
nents including one or more species of marker-labeled 
ligands each produced by binding a marker to a ?rst ligand 
speci?cally reactive to a speci?c analyte species, and one or 
more species of bond element-labeled ligands each produced 
by binding a bond element consisting of nucleic acids With 
a predetermined base sequence depending on the analyte 
species, to a second ligand speci?cally reactive to the 
speci?c analyte species; 

[0020] (3) developing one or more species of speci?c 
complexes each composed of a speci?c analyte species, a 
speci?c marker-labeled ligand species speci?cally binding 
to the speci?c analyte species, and a speci?c bond element 
labeled ligand species speci?cally binding to the speci?c 
analyte species, or developing a reaction product under Way 
of formation, through capillary phenomenon in the devel 
oping element; 

[0021] (4) capturing complex depending on the analyte 
species through complementary binding betWeen the bond 
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element and an anti-bond element and forming an indepen 
dent band therefor in a detection Zone Where each anti-bond 
element species having the complementary base sequence to 
the sequence of one bond element species in the complex is 
immobiliZed; and 

[0022] (5) assaying or detecting the marker contained in 
the band formed in the detection Zone. 

[0023] The assay kit of the present invention is an assay kit 
for assaying one or more species of analytes in a sample or 
detecting the presence or absence thereof in a sample, the 
assay kit comprising a reagent and an assay device of a 
separate type from the reagent, Wherein the reagent includes 
one or more species of marker-labeled ligands each pro 
duced by binding a marker to a ?rst ligand speci?cally 
reactive to a speci?c analyte species, and one or more 
species of bond element-labeled ligands each produced by 
binding a bond element consisting of nucleic acids With a 
predetermined base sequence depending on the speci?c 
analyte species, to a second ligand speci?cally reactive to 
the speci?c analyte species; and 

[0024] Wherein the assay device includes a develop 
ing element in a sheet form, the developing element 
can develop analytes, reagent and analytes bound to 
the reagent through capillary phenomenon, and one 
or more species of anti-bond elements comprising a 
nucleic acid With a base sequence complementary to 
a bond element contained in the separate reagent are 
independently each kind immobiliZed in the detec 
tion Zone of the developing element, Whereby a 
complex of each analyte species is captured through 
the complementary binding betWeen the bond ele 
ment and an anti-bond element in the detection Zone, 
thereby forming an independent band. 

[0025] The assay device of the present invention charac 
teristically is an assay device contained in the assay kit. 

[0026] Furthermore, the assay device of the present inven 
tion is an assay device for assaying one or more species of 
analytes present in a sample or detecting the presence or 
absence thereof in the sample, Wherein the assay device 
includes 

[0027] (1) a developing element in a sheet form, being 
capable of developing analytes, reagent and analytes bound 
to the reagent; 

[0028] (2) a loading Zone to receive a ?uid sample from 
outside, the loading Zone being positioned at one end of the 
developing element in a sheet form and capable of receiving 
a ?uid sample from outside and having a suf?cient feeding 
potency to transfer the received ?uid sample to the other end 
to supply the ?uid sample to be analyZed to a sealing Zone 
sealing therein the reagent components; 

[0029] (3) a sealing Zone sealing therein reagent compo 
nents including one or more species of marker-labeled 
ligands each produced by binding a marker to a ?rst ligand 
speci?cally reactive to a speci?c analyte species, and one or 
more species of bond element-labeled ligands each produced 
by binding a bond element consisting of nucleic acids With 
a predetermined base sequence depending on the analyte 
species, to a second ligand speci?cally reactive to the 
speci?c analyte species, the sealing Zone being arranged at 
a position close to the loading Zone; 
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[0030] (4) a Water absorption Zone arranged at a position 
apart from the loading Zone, the Zone being capable of 
receiving the analytes, reagent and analytes bound to the 
reagent, after diffusion in the developing element; and 

[0031] (5) a detection Zone positioned betWeen the sealing 
Zone and the Water absorption Zone, Where one or more 
species of anti-bond elements each With a base sequence 
complementary to one bond element are immobilized, 
Whereby a complex formed from a marker-labeled ligand, an 
analyte species and a bond element-labeled ligand, depend 
ing on the analyte species, can be captured and detected. 

[0032] In accordance With the present invention, one or 
more species of analytes can be assayed With a single kit or 
assay device at a high sensitivity. 

[0033] In accordance With the present invention, the term 
“ligand” means a molecule having a biological af?nity With 
an analyte and being capable of speci?cally reacting With a 
speci?c analyte species, to form a pair. In accordance With 
the present invention, the term “?rst ligand” and “second 
ligand” may have the same properties or may not have the 
same properties. If an analyte is an antigen, the ?rst ligand 
and the second ligand may be antibodies; if an analyte is an 
antibody, the ?rst ligand and the second ligand may be 
antigens. Another eXample of the combination of the analyte 
and ligands includes a combination of a receptor and ligands 
capable of binding to the receptor, a combination of a 
nucleic acid and complementary nucleic acids capable of 
binding to nucleic acids, a combination of lectin and speci?c 
sugars capable of binding to lectin. 

[0034] In accordance With the present invention, the term 
“bond element” means a nucleic acid Which does not bind to 
an analyte but has a reactivity different from those ligands. 
In accordance With the present invention, the term “anti 
bond element” means a nucleic acid With a base sequence at 
least partially complementary to the base sequence of the 
“bond element”, and the anti-bond element binds to the bond 
element in a complementary fashion. The combination of the 
“bond element” and the “anti-bond element” includes nearly 
in?nite numbers of combinations, depending on the base 
sequences of nucleic acid molecules composing the bond 
element and the anti-bond element. From the respect of the 
complementary binding betWeen the bond element and the 
anti-bond element, individual base sequences may satisfac 
torily be partially complementary or completely comple 
mentary to each other. As the nucleic acids functioning as 
the bond element and anti-bond element, use may be made 
of DNA, RNA, oligonucleotide, and polynucleotide, pref 
erably including an oligonucleotide of a length of 10 mer or 
more to 100 mer or less. 

[0035] Directly or indirectly through a substance, the 
anti-bond elements are bound and immobiliZed on the 
developing element in a detection Zone. For eXample, the 
anti-bond elements are directly immobiliZed on the devel 
oping element, by covalently bonding a nucleic acid as the 
anti-bond element, through a functional group introduced 
into 5‘ or 3‘ terminus of a nucleic acid or introduced into a 
base of a nucleic acid, to a functional group contained in an 
insoluble support as the developing element. Depending on 
the one or more species of analytes to be assayed, individu 
ally different base sequences are predetermined for the 
anti-bond elements and are immobiliZed separately from 
each other, in the form of Zones in the detection Zone. 
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[0036] Through biotin introduced into 5‘ or 3‘ terminus of 
a nucleic acid or through biotin introduced into a nucleotide 
composing a nucleic acid, nucleic acids as anti-bond ele 
ments are bound to avidins or streptoavidins preliminarily 
bound to an insoluble support as the developing element, 
Whereby nucleic acids can be immobiliZed on the develop 
ing element indirectly. By binding a nucleic acid, through a 
functional group introduced into 5‘ or 3‘ terminus of nucleic 
acid or introduced into a base of the nucleic acid, to a protein 
and then binding the nucleic acid-bound protein to an 
insoluble support as the developing element, nucleic acids as 
an anti-bond element can indirectly be immobiliZed on the 
developing element. 

[0037] As a reagent component to be used in accordance 
With the present invention, use may be made of “marker 
labeled ligand” produced by binding a marker to a ?rst 
ligand, and “bond element-labeled ligand” produced by 
binding a bond element consisting of nucleic acids With a 
predetermined base sequence, depending on the analyte 
species, to a second ligand. Separately from the developing 
element, the reagent component can compose a kit to be 
used in combination With the developing element. Addition 
ally, the reagent component may satisfactorily be retained at 
a dry state in the sealing Zone of the developing element. 

[0038] As a marker contained in the marker-labeled 
ligand, speci?cally, use may be made of enZymatically 
active molecules, digoXigenin, metal colloid, colored lateX, 
colored liposome, nucleic acid, biotin, avidin, ?uorescent 
substance, luminescent substance, radioisotope and the like. 
Herein, the meaning of the term “coloring” is not limited to 
the deposition of a color Which can be discriminated visu 
ally, but includes the deposition of ?uorescent substances 
and luminescent substances. 

[0039] In accordance With the present invention, the 
“developing element” is in the form of sheet, and can 
develop analytes, reagent and analytes bound to the reagent 
in a chromatographic fashion. Preferably as the developing 
element, use may be made of porous insoluble supports, 
more speci?cally including plastic porous supports, cellu 
lose porous supports and inorganic porous supports; still 
more speci?cally, use may be made of cellulose, nitrocel 
lulose, cellulose acetate, nylon, silica or derivatives thereof, 
all being porous. In the individual multiple Zones formed on 
the developing element, different materials may be used or 
used in combination. In some case, one face of each of plural 
Zones may be reinforced With the same material as the 
material on the other face or With a different material from 
the material on the other face. Additionally, these Zones may 
generally be dry if not used for assay. 

BRIEF DESCRIPTION OF DRAWINGS 

[0040] FIG. 1 schematically depicts one eXample of the 
reagent as one component of the assay kit for one or more 
species of subjective analytes in accordance With the present 
invention; 
[0041] FIG. 2 schematically depicts one eXample of the 
assay device as one component of the assay kit in accor 
dance With the present invention; 

[0042] FIG. 3 schematically depicts the state of the 
marker-labeled immunocompleXes captured, depending on 
the analyte species, by a simple clinical diagnostic method 
using the assay kit shoWn in FIGS. 1 and 2; 
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[0043] FIG. 4 depicts another embodiment of the assay 
device of the present invention, Which is an assay device 
integrally including reagent at their dry state; 

[0044] FIG. 5 depicts one example as to hoW to use the 
assay device of FIG. 4, Wherein the composition of the 
reagent contained at dry state in sealing Zone 18 of the assay 
device is shoWn provided that the subjective analytes are 
antigens A, B and C; 

[0045] FIG. 6 schematically depicts the state of the 
marker-labeled immunocomplexes captured, depending on 
the analyte species, by a simple clinical diagnostic method 
using the assay device shoWn in FIG. 4; 

[0046] FIG. 7 depicts the principle as to hoW to capture a 
nucleic acid as the analyte in the detection Zone according to 
the present invention, Wherein the analyte is the nucleic acid 
containing the oligonucleotides ON3 and ON2 in the 
sequence thereof; 

[0047] FIG. 8 depicts nucleic acids-labeled IgG antibody 
containing an anti-bond element consisting of nucleic acids 
introduced into the IgG antibody on an insoluble support in 
the detection Zone as an assay device for detecting an analyte 
antigen; 
[0048] FIG. 9 depicts the state of sandWich immunocom 
plexes captured on the detection Zone shoWn in FIG. 8; 

[0049] FIG. 10 depicts nucleic acids 27 immobiliZed 
through biotin-avidin reaction, by binding biotinylated 
nucleic acids produced by introducing a biotin into a nucleic 
acid onto immobiliZed avidins produced by immobiliZing 
avidins through physical adsorption onto a detection Zone; 

[0050] FIG. 11 depicts immobiliZed nucleic acids as an 
embodiment different from the nucleic acids immobiliZed 
through the biotin-avidin reaction as shoWn in FIG. 10, 
Wherein nucleic acids-biotin-avidin complex is bound, 
through complementary binding of nucleic acids, to the 
nucleic acids-biotins-avidins complex shoWn in FIG. 10; 

[0051] FIG. 12 depicts a means for placing a test strip as 
the assay device of the present invention into a case; 

[0052] FIG. 13 depicts an assay device in a strip, as used 
in Example 5; 

[0053] FIG. 14 depicts an assay device used in Example 
8, Wherein the cross section of the assay device is shoWn 
along the longitudinal direction; 

[0054] FIG. 15 is a side vieW of the assay device used in 
Example 8; and 

[0055] FIG. 16 depicts an assay device used in Example 
8, Wherein the upper face vieW of the assay device is shoWn. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

[0056] FIG. 1 schematically depicts one example of the 
reagent as one component of the assay kit for one or more 
species of subjective analytes in accordance With the present 
invention, Wherein the objective analytes are three species of 
antigens, namely antigens A, B and C. In FIG. 1, all 
components in the frame are contained in one reagent, and 
the reagent may be present at dry state or present in a liquid. 
In FIG. 1, QA, (XB and otC represent antibodies individually 
against antigens A, B and C, respectively. The antibodies 
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(XA, (XB and otC are bound With individual markers, so these 
antibodies serve as marker-labeled antibodies. The markers 
introduced into the individual antibodies may be the same or 
different. Three species of antibodies, namely (XA, (XB and 
otC, bound With oligonucleotides ON1, ON2 and ON3, 
having different sequences from each other, are contained in 
the reagent, and these three are de?ned as antibodies 
oligonucleotides-bound products. The reagent composing 
the assay kit may be at a state of liquid or at dry state. 

[0057] FIG. 2 schematically depicts one example of the 
assay device as one component of the assay kit in accor 
dance With the present invention, Which may be used in 
combination With the reagent of FIG. 1. In FIG. 2, 1 
represents a developing element comprising a strip piece of 
porous sheet; 2 represents a loading Zone arranged at one 
end of the developing element 1 to absorb a loaded liquid 
sample and a reagent mixture to supply them to the devel 
oping element 1; 3 represents an absorption Zone capable of 
receiving analytes, reagent and analytes bound to the 
reagent, after transferred and diffused in the developing 
element. BetWeen the loading Zone 2 and the absorption 
Zone 3 is arranged detection Zone 4, Wherein ?rst detection 
Zone 5 With immobiliZed oligonucleotide ON1‘ With a 
complementary base sequence to oligonucleotide ON1, sec 
ond detection Zone 6 With immobiliZed oligonucleotide 
ON2‘ With a complementary sequence to oligonucleotide 
ON2 and third detection Zone 7 With immobiliZed oligo 
nucleotide ON3‘ With a complementary sequence to oligo 
nucleotide ON3 are individually formed separately in a 
stripe pattern. 

[0058] A simple clinical diagnostic method by using the 
assay kit comprising a combination of the reagent of FIG. 
1 and the developing element of FIG. 2 is shoWn beloW. By 
using a liquid sample containing antigens A, B and C as 
analytes, the sample is mixed With the reagent in a container, 
for effecting an immunological af?nity reaction. The result 
ing reaction solution is loaded on the loading Zone 2 of the 
developing element 1. The reaction solution may satisfac 
torily be loaded in such a manner that the loading Zone 2 is 
immersed With the reaction solution or the reaction solution 
is dropWise added into the loading Zone 2 or the reaction 
solution is coated on the Zone 2. The reaction solution 
contains analytes, reagent and marker-labeled immunocom 
plexes of the analytes complexed With the reagent. The 
reaction solution is transferred or diffused through capillary 
phenomenon in the developing element 1 to the detection 
Zone 4, Where the marker-labeled immunocomplexes are 
captured through the complementary binding betWeen an 
immobiliZed oligonucleotide With a base sequence prelimi 
narily determined on the basis of each analyte species, and 
an oligonucleotide contained the marker-labeled immuno 
complexes. 

[0059] FIG. 3 schematically depicts the state of the 
marker-labeled immunocomplexes captured, depending on 
the analyte species, by a simple clinical diagnostic method 
using the assay kit shoWn in FIGS. 1 and 2. 

[0060] As the reagent components of the present inven 
tion, the ?rst ligand contained in the marker-labeled ligand 
and the second ligand contained in a nucleic acid-labeled 
ligand may have the same reactivity or a different reactivity 
from each other. Additionally, the combination of the ?rst 
ligand With the second ligand may be a combination of a 
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monoclonal antibody and a polyclonal antibody, both 
against the same antigen, a combination of polyclonal anti 
bodies, and a combination of monoclonal antibodies With 
different binding sites. 

[0061] In accordance With the present invention, a mixture 
of analytes contained in a liquid sample as assay subj ects can 
be assayed, the analyses being independent compounds 
never belonging to the same category. For example, antigen, 
antibody and nucleic acid may simultaneously be assayed. 
In accordance With the present invention, additionally, 
antagonistic or nonantagonistic assay methods of a variety 
of patterns may be applicable, With no speci?c limitation to 
the sandWich mode as described above. 

[0062] Because a nearly in?nite number of base sequences 
may be available as the base sequence composing nucleic 
acid, an in?nite number of analytes are detectable in the 
detection Zone. 

[0063] FIG. 4 depicts another embodiment of the assay 
device of the present invention, Which is an assay device 
integrally including a reagent at dry state. In the assay device 
of FIG. 4, 11 represents a developing element principally 
comprising a band piece sheet of a band-like porous sheet 
and being bonded With a reinforcing sheet if needed; 12 
represents a loading Zone arranged at one end of the devel 
oping element 11, to absorb a loaded liquid sample, to feed 
the liquid sample to the sealing Zone 18 and the developing 
element 11 containing the reagent; 13 represents an absorp 
tion Zone capable of receiving analytes, the reagent and 
analytes bound With the reagent, after transferred and dif 
fused in the developing element 11. The difference from the 
assay device shoWn in FIG. 2 is that the sealing Zone 18 
sealing therein reagent components is arranged in close 
contact betWeen the developing element 11 and the loading 
Zone 12, so that the liquid sample fed from the loading Zone 
12 to the sealing Zone 18 might be transferred to the 
developing element 11. 

[0064] Detection Zone 14 is arranged in the developing 
element 11 betWeen the sealing Zone 18 and the absorption 
Zone 13, Wherein ?rst detection Zone 15 With immobiliZed 
oligonucleotide ON1‘ With a complementary base sequence 
to oligonucleotide ON1, second detection Zone 16 With 
immobiliZed oligonucleotide ON2‘ With a complementary 
sequence to oligonucleotide ON2 and third detection Zone 
17 With immobiliZed oligonucleotide ON3‘ With a comple 
mentary sequence to oligonucleotide ON3 are individually 
formed separately in a stripe pattern. 

[0065] As an example as to hoW to use the assay device of 
FIG. 4, a case is described Wherein a liquid sample to be 
assayed actually contains only antigen A and antibody C, 
provided that the subjective analytes are antigens A and B 
and antibody C. FIG. 5 depicts the composition of the 
reagent contained at dry state in the sealing Zone 18 in that 
case. Compared With the reagent composition of FIG. 1, the 
reagent composition of the present embodiment is simply 
modi?ed as folloWs; the marker-labeled antibody otC is 
marker-labeled antigen C; and oligonucleotide ON3-labeled 
antibody (XC is oligonucleotide ON3-labeled antigen C. 

[0066] When a liquid sample containing the analytes anti 
gens A and C is loaded on the loading Zone 12, the antigen 
A forms a sandWich immunocomplex With the marker 
labeled antibody 0A and oligonucleotide ON1-labeled anti 
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body (XA, While the analytes are transferred together With the 
reagent component through capillary phenomenon, to reach 
the ?rst detection Zone 15 for antigen A assay, Where the 
antigen A is captured through the complementary base 
sequences of oligonucleotides to each other. The antibody C 
forms a sandWich immunocomplex With the marker-labeled 
antigen C and oligonucleotide ON3-labeled antigen C, to 
reach the third detection Zone 17, Where the antibody C is 
captured through the complementary base sequences of 
oligonucleotides to each other. Because antigen B is not 
present in the liquid sample, no sandWich immunocomplex 
is formed, and therefore, oligonucleotide ON2-labeled anti 
body (XB is captured, in the second detection Zone 16 for 
antigen B assay. The antigens A and C are assayed or the 
presence thereof is detected in the markers contained in the 
sandWich immunocomplexes thus captured on the individual 
detection Zones 15, 16 and 17, so that the absence of antigen 
B is indicated. FIG. 6 schematically depicts the appearance 
of the marker-labeled immunocomplexes each captured 
depending on each species of analytes. 

[0067] FIG. 7 depicts the principle as to hoW to capture 
nucleic acids in the detection Zones in accordance With the 
present invention. In FIG. 7, the analyte 43 is a nucleic acid 
containing oligonucleotides ON3 and ON2 in the sequence. 
The principle may satisfactorily be applicable to the analyte 
Which is a single-stranded nucleic acid or a double-stranded 
nucleic acid. The anti-bond element 41 immobiliZed in the 
detection Zone 40 is a nucleic acid containing oligonucle 
otide ON1. The reagent components comprise the marker 
labeled ligand 44 and nucleic acid-labeled ligand 42; the 
marker-labeled ligand 44 is a marker-bound nucleic acid 
With oligonucleotide ON3‘ having a complementary base 
sequence to the base sequence of oligonucleotide ON3 in the 
analyte 43; Anucleic acid-labeled ligand 42 is a nucleic acid, 
containing oligonucleotide ON2‘ having a complementary 
base sequence to the base sequence of oligonucleotide ON2 
in the analyte 43 and a bond element oligonucleotide ON1‘ 
having a complementary base sequence to the base sequence 
of the oligonucleotide ON1 in the anti-bond element 41 
immobiliZed on the detection Zone 40. 

[0068] By using the assay kit or assay device containing 
such reagent in accordance With the present invention, an 
objective nucleic acid analyte is captured, and its binding 
model is shoWn in FIG. 7. While the reagent and a liquid 
sample are developed in the developing element of the assay 
device of the present invention, the folloWing reactions 
occur through the interactive reactions of the analyte, the 
reagent and the immobiliZed anti-bond element; the comple 
mentary binding betWeen oligonucleotide ON1 in the anti 
bond element 41 and oligonucleotide ON2‘ in the nucleic 
acid-labeled ligand 42, the complementary binding betWeen 
oligonucleotide ON2‘ in the nucleic acid-labeled ligand 42 
and oligonucleotide ON2 in the analyte 43, and the comple 
mentary binding betWeen oligonucleotide ON3 in the ana 
lyte 43 and oligonucleotide ON3‘ in the marker-labeled 
ligand 44. Then, a complex containing the maker and analyte 
43 is captured on the anti-bond element to 41. 

[0069] According to the assay method of the present 
invention, complexes of substances With biological affinity, 
such as immunocomplexes, are generated, prior to loading 
on the assay device or at an early stage after loading. By the 
assay device of the present invention, the complementary 
binding betWeen nucleic acids as bond elements and anti 
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bond elements to be used for capturing the complexes of 
substances With biological affinity has a higher degree of 
agreement at a high stability, Which is promoted more 
strongly than immune reaction. Hence, such complexes of 
substances With biological af?nity can be bound ef?ciently 
to the solid phase. Thus, the assay by means of the assay 
device is more highly sensitive than by conventional immu 
nochromatography. 

[0070] When a combination betWeen a nucleic acid and a 
nucleic acid With a loW agreement of complementary bind 
ing is selected, on contrast, the detection sensitivity can be 
controlled by means of the sequence of nucleic acid, Without 
any need of the reduction of the amount of an antibody With 
too loW sensitivity Which eventually occurs When using an 
antibody at a high titer, because the reaction of a nucleic acid 
at a loW stability is Weaker than immune reaction. Such 
control can never be realiZed by conventional immunochro 
matography. The present invention characteristically can 
?rstly realiZe the control. When a plurality of items should 
be determined simultaneously, in particular, individual items 
have different normal and abnormal ranges, Which some 
times demands the modi?cation of the concentration and 
amount of an antibody. In accordance With the present 
invention, hoWever, the adjustment can be simpli?ed promi 
nently. 

[0071] Various methods may be applicable as the immo 
biliZing means of nucleic acids serving as anti-bond ele 
ments immobiliZed on the detection Zone of the developing 
element in accordance With the present invention. At 5‘ or 3‘ 
terminus of a nucleic acid as an anti-bond element, or at the 
position of an appropriate functional group in nucleic acids 
except the termini, nucleic acids may satisfactorily be 
covalently bonded, directly or through an introduced func 
tional group, to a Water-insoluble support in the detection 
Zone. Nucleic acids may satisfactorily be bonded covalently, 
through a nucleic acid actively introduced With a function 
group or directly or through an introduced functional group, 
to the Water-insoluble support in the detection Zone. 

[0072] As another immobiliZing means of nucleic acids in 
the detection Zone, binding may satisfactorily be done, by 
interposing a different substance betWeen them. By prelimi 
narily binding a nucleic acid, for example through bonding 
due to biological af?nity or covalent bonding to a substance 
immobiliZable through physical adsorption on the detection 
Zone, for example, the resulting bound product may then be 
immobiliZed through physical adsorption on the detection 
Zone. At 5‘ or 3‘ terminus of nucleotide or at the position of 
an appropriate functional group introduced into an appro 
priate position of nucleotide, for example, a different sub 
stance physically adsorbable onto the detection Zone is 
bonded through the functional group, Which is then adsorbed 
onto the detection Zone. For example, protein is a substance 
physically adsorbable on an insoluble support; for example, 
SH group is introduced into amino group of the protein, and 
through the reaction of SH group With maleimide group 
introduced into 5‘ terminus of oligonucleotide, the protein is 
covalently bonded together, Which can be immobiliZed on 
the detection Zone through such physical adsorption. 

[0073] The binding of a different substance to a nucleic 
acid may be derived from biological af?nity other than the 
covalent bonding described above. Such different substance 
includes for example protein. Examples of the protein 
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include avidin, bovine serum albumin, immunoglobulin and 
the like. When immunoglobulin may have immunological 
af?nity to an analyte, the assay sensitivity can further be 
enhanced by utiliZing the immunological binding With the 
analyte. 

[0074] FIG. 8 depicts nucleic acid-labeled IgG antibody 
19 With an anti-bond element consisting of nucleic acids 20 
introduced into the IgG antibody, at an immobiliZed state on 
an insoluble support in the detection Zone, as an assay device 
for detecting an antigen Which is the analyte. TWo nucleic 
acids 20, 20 are preliminarily introduced into the nucleic 
acid-labeled IgG antibody 19 With immunochemical activ 
ity, and such nucleic acid-labeled IgG antibody 19 is 
adsorbed onto the detection Zone 14, Where the nucleic acid 
20 is at a state immobiliZed through the IgG antibody. 

[0075] FIG. 9 depicts the state of a sandWich immuno 
complex captured on the detection Zone 14 shoWn in FIG. 
8. In FIG. 9, tWo species of immunocomplexes are captured 
on the nucleic acid-labeled IgG antibody 19. One of the 
complexes is a sandWich immunocomplex formed from 
antigen 22 as the analyte, nucleic acid-labeled antibody 21 
and marker-labeled antibody 23. The other complex is an 
immunocomplex formed from the marker-labeled antibody 
23 and antigen 22. 

[0076] More speci?cally, by immobiliZing the nucleic 
acid-labeled IgG antibody 19 introduced With nucleic acid 
20 into the detection Zone 14 in FIG. 9, the antigen 22 is 
detected due to the complementary binding betWeen the 
nucleic acid 24 in the nucleic acid-labeled antibody 21 as a 
reagent component and the nucleic acid 20 in the nucleic 
acid-labeled IgG antibody 19, but additionally, antigen 22 
bound through the immunochemically active action of the 
IgG antibody of itself is also detected. 

[0077] According to the conventional method, only tWo 
molecules of an assay subject can be bound to one molecule 
of an immobiliZed immunochemically active substance; in 
various embodiments of the present invention, hoWever, 
more molecules of an antigen as an assay subject can be 
bound than by the assay by the conventional method, so that 
more labeling markers can be bound. Than the detection 
sensitivity by the conventional assay method, therefore, the 
assay method of the present invention has a higher detection 
sensitivity. 

[0078] FIG. 10 depicts nucleic acid 27 immobiliZed 
through biotin-avidin reaction, by binding a biotinylated 
nucleic acid produced by introducing biotin 26 into the 
nucleic acid 27, onto an immobiliZed avidin produced by 
immobiliZing avidin through physical adsorption onto detec 
tion Zone 14. 

[0079] FIG. 11 depicts an immobiliZed nucleic acid as an 
embodiment different from the nucleic acid immobiliZed 
through the biotin-avidin reaction as shoWn in FIG. 10, 
Wherein a nucleic acid-biotin-avidin complex is bound, 
through complementary nucleic acid binding to the nucleic 
acid-biotin-avidin complex shoWn in FIG. 10, to immobi 
liZe the nucleic acid. More speci?cally, the nucleic acid 
biotin-avidin complex prepared by the means shoWn in FIG. 
10 is preliminarily bound to the detection Zone, and then, a 
biotinylated nucleic acid produced by introducing biotin 26 
into nucleic acid 28 With a complementary base sequence to 
the sequence of preliminarily immobiliZed nucleic acid 27 
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forms a complex together With avidin 25, to Which is then 
bound a complex containing the nucleic acid 28, through the 
complementary binding With the nucleic acid 27 in the 
aforementioned nucleic acid-biotin-avidin complex, to 
immobilize the nucleic acid 28. 

[0080] The nucleic acid-immobiliZed detection Zone 
recovered by the means shoWn in FIG. 11 is groWn three 
dimensionally in the detection Zone and can therefore con 
tain more nucleic acids as bond elements than the nucleic 
acid-immobiliZing means shoWn in the embodiment of FIG. 
10, so the Zone can capture more immunocomplexes, at the 
resultant high detection sensitivity. 

[0081] By using streptoavidin in place of avidin used in 
the tWo types of embodiments, a nucleic acid-bound 
insoluble support can be prepared similarly. By the above 
manner, the assay device of the present invention can be 
recovered. 

[0082] The assay device of the present invention may be 
used singly at a test strip. Also, the test strip can be placed 
in a case for use. Because blood, serum and plasma collected 
from patients are highly possibly contaminated With infec 
tious microorganisms, the possibility of infection should be 
taken into account, When the assay device of the present 
invention is used singly as a test strip. So as to reduce the 
problematic infection and handle directly the test strip With 
hands, the placing and handling of the test strip in a plastic 
case and the like is a preferable embodiment. 

[0083] As a means for placing the test strip in a case, for 
example, a means shoWn in FIG. 12 may satisfactorily be 
used. More speci?cally, the test strip is preliminarily sealed 
in a plastic case 29 With tWo holes, Wherein one hole is 
sample loading hole 30 matched With the loading Zone of the 
test strip While the other hole is detection WindoW 31 in the 
detection Zone Where a capturing nucleic acid is bound on 
the test strip, through Which the appearance of the analyte 
captured can be observed in the detection Zone. By means of 
the test strip placed in the plastic case 29, the possibility of 
infection through samples over individuals performing 
microbial laboratory tests can prominently be loWered. 
Examples of preferable plastics as the material of the plastic 
case 29 include polyethylene, polystyrene, polypropylene, 
acrylic resin, ethylene vinyl chloride, polyvinylidene ?uo 
ride and the like. 

[0084] The present invention Will noW be described in 
detail in the folloWing examples. 

EXAMPLE 1 

[0085] Process 1: Preparation of biotinylated oligonucle 
otide 

[0086] As shoWn beloW, oligonucleotides each having 
amino acid at 5‘ terminus Were individually generated syn 
thetically by using a DNA synthesiZer, 391 A, manufactured 
by Perkin Elmer, Co. 

[0087] Amino group—GAA TTC CCG GGG AT C CGT 
CG 

[0088] (referred to as pair 1+ hereinafter) 

[0089] Amino group—CGA CGG ATC CCC GGG AAT 
TTC 

[0090] (referred to as pair 1- hereinafter) 
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[0091] Amino group—AAC GGA ATC TAA TCA GGA 
GG 

[0092] (referred to as pair 8+ hereinafter) 

[0093] Amino group—CCT CCT GAT TAG ATT CCG TT 

[0094] (referred to as pair 8- hereinafter). 

[0095] These oligonucleotides each of 300 nmol Were 
dissolved in 0.1 M MOPS buffer, pH 7.0 containing 1 mM 
EDTA, to Which Was added N-hydroxysuccinimide-biotin 
(30 pmol; NHS-Biotin manufactured by Pierce, Co.) dis 
solved in N‘,N‘-dimethylformamide (referred to as DMF 
hereinbeloW), for reaction at 37°C. for one hour. After the 
reaction, biotinylated oligonucleotides Were separated by 
ethanol precipitation. Through the procedure, oligonucle 
otides each With a sequence biotinylated at almost 80 to 90% 
Were recovered. 

[0096] Process 2: Preparation of anti-HBs antibody and 
anti-CRP antibody 

[0097] Antibody against Type B hepatitis surface antigen 
(referred to as HBs hereinbeloW) Was prepared, by immu 
niZing a rabbit or mouse With HBs purchased from Meiji 
Milk Products Industry KK. in a routine manner and 
preparing a polyclonal antibody from the rabbit or a mono 
clonal antibody through cloning from the mouse. Antibody 
against C reactive protein (referred to as CRP hereinbeloW) 
Was prepared, by immuniZing a rabbit or mouse With CRP 
purchased from Sapporo Laboratory Test Center in a routine 
manner and preparing a polyclonal antibody from the rabbit 
or a monoclonal antibody through cloning from the mouse. 
The individual antibodies Were puri?ed into the state of IgG, 
Which Was then subjected to the folloWing experiments. 

[0098] Process 3: Preparation of colloidal gold-labeled 
anti-HBs antibody and colloidal gold-labeled anti-CRP anti 
body 
[0099] Rabbit polyclonal anti-HBs antibody prepared at 
the process 2 Was labeled With colloidal gold. More speci? 
cally, a colloidal gold-labeled rabbit polyclonal anti-HBs 
antibody Was prepared by using colloidal gold of a particle 
diameter of 10 nm, manufactured by Zaimed, Co. according 
to the Immunogold method, edited by Yokota et al., Soft 
Science, 1992. Similarly, the mouse monoclonal anti-CRP 
antibody Was also labeled With colloidal gold. 

[0100] Process 4: Preparation of oligonucleotide-labeled 
antibody (anti-CRP-IgG labeled With pair 8+, BSA labeled 
With pair 1—, anti-HBs-IgG labeled With pair 1+) 

[0101] The rabbit polyclonal anti-HBs-IgG (10 mg) recov 
ered at the process 2 Was dissolved in 0.2M sodium borate 
buffer, pH 8.5 (2.3 ml), folloWed by addition of DMF (0.25 
ml) With S-acetylmercaptosuccinic anhydride (1.33 mg) 
dissolved therein, and the resulting mixture Was subjected to 
reaction at 37°C. for one hour. After the reaction, 1M 
Tris-HCl buffer, pH 7.0 and 1M hydroxylamine, pH 7.0 Were 
individually added at an amount of 0.5 ml each to the 
resulting reaction mixture, for further reaction at 37°C. for 
30 minutes. 

[0102] Subsequently, the resulting solution Was loaded to 
a column of a 1-cm diameter and a 45-cm length, prelimi 
narily ?lled With Sephadex G-25 manufactured by Pharma 
cia, Co. and equilibrated With 0.1M sodium phosphate 
buffer, pH 6.0 containing 5 mM EDTA, to recover sulfhydryl 
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group introduced anti-HBs-IgG. Yield of sulfhydryl group 
introduced anti-HBs-IgG Was 9.74 mg. According to the 
method by Y. Oku et al. (Microbiol. Immunol., 32, 807-816, 
1988), the sulfhydryl group Was determined. It Was con 
?rmed that 2.84 molecules of sulfhydryl group Were intro 
duced per one molecule of IgG. 

[0103] Alternatively, DMF (300 pl) With N-(e-maleimide 
caproyloXy)succinimide (referred to EMCS hereinbeloW; 10 
mg) dissolved therein Was added to 0.1M 3-morpholinopro 
pane sulfonic acid (referred to as MOPS hereinbeloW) buffer 
containing 303 nmol pair 1—, pH 7.0 (0.8 ml), for reaction 
at 37°C. for 30 minutes. After the reaction, a maleimide 
group-introduced oligonucleotide Was puri?ed by ethanol 
precipitation. The oligonucleotide Was recovered at a yield 
of 225 nmol. It Was con?rmed by the determination of the 
maleimide group that 1.2 molecules of maleimide group Was 
introduced into one molecule of the oligonucleotide. 

[0104] By subsequently mixing the recovered sulfhydryl 
group-introduced anti-HBs-IgG With the maleimide group— 
introduced oligonucleotide and reacting them together at 
37°C. for one hour, the resulting miXture Was loaded to a 
column of a 1.5-cm diameter and a 45-cm length, prelimi 
narily equilibrated With 0.1M sodium phosphate buffer, pH 
6.0 containing 5 mM EDTA. The absorbance of the resulting 
fractions Was measured at 280 nm and 260 nm, to collect a 
fraction corresponding to the oligonucleotide-labeled anti 
HBs-IgG, Which Was then concentrated through an ultra?l 
tration membrane YM-30, manufactured by Millipore, Co. 

[0105] The protein concentration of the collected fractions 
Was assayed by using a protein assay kit (BCAprotein assay 
kit manufactured by Pierce, Co.). It Was indicated that the 
concentration Was 2.12 mg/ml. The complex is noW abbre 
viated as “anti-HBs-IgG labeled With pair 1—” hereinbeloW. 

[0106] By the same method as described above, the fol 
loWing labeled products Were prepared; anti-CRP-IgG 
labeled With pair 8+, produced by introducing the pair 8+ 
into the mouse monoclonal anti-CRP-IgG recovered at the 
process 2; BSA labeled With pair 1—, produced by introduc 
ing the pair 1— into bovine serum albumin (referred to as 
BSA hereinbeloW); and anti-HBs-IgG labeled With pair 1+, 
produced by introducing the pair 1+ into anti-HBs-IgG. 

[0107] Process 5: Preparation of oligonucleotide-labeled 
anti-HBs-Fab‘ 

[0108] The rabbit polyclonal anti-HBs-IgG (12.72 mg) 
recovered at the process 2 Was dissolved in 0.1M sodium 
acetate buffer, pH 4.5, into Which Was added pepsin (0.25 
mg; Boehringer-Mannheim, Co.) for reaction at 37°C. for 15 
hours. After the reaction, the reaction miXture Was then 
loaded to a column of a 1.5-cm diameter and a 45-cm length, 
preliminarily ?lled With Ultrogel AcA44 resin manufactured 
by IBF biotechniqes Co. and equilibrated With 0.1M sodium 
phosphate buffer, pH 6.0. Afraction corresponding to F(ab‘)2 
Was collected and concentrated. Into 4.94 mg of the resulting 
F(ab‘)2 Was added mercaptoethylamine to a ?nal concentra 
tion of 10 mM, for reaction at 37° C. for 90 minutes. After 
the reaction, the miXture Was loaded to a column of a 1.0-cm 
diameter and a 45-cm length, preliminarily ?lled With 
SephadeX G-25 and equilibrated With 0.1M sodium phos 
phate buffer, pH 6.0. A fraction corresponding to the Fab‘ 
With eXposed sulfhydryl group at the hinge part Was col 
lected and then concentrated With YM-30, to recover sulf 
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hydryl group-introduced Fab‘. Fab‘ (3.3 mg) Was recovered. 
Furthermore, the sulfhydryl group Was determined. It Was 
indicated that 1.12 molecules of the sulfhydryl group Was 
introduced per one molecule of Fab‘. 

[0109] Alternatively, the pair 1+ oligonucleotide (250 
nmol) Was dissolved in 0.1M MOPS buffer, pH 7.0 contain 
ing 1 mM EDTA, into Which Was added DMF containing 
EMCS (7.7 mg), for reaction at 37°C. for one hour. The 
maleimide group-introduced oligonucleotide Was puri?ed 
through ethanol precipitation and Was then dissolved in 
0.1M sodium phosphate buffer, pH 6.0 containing 5 mM 
EDTA. The recovered maleimide group-introduced oligo 
nucleotide Was 231 nmol, and it Was indicated that 0.73 
molecule of maleimide group Was introduced per one mol 
ecule of the oligonucleotide. 

[0110] The resulting sulfhydryl group-introduced Fab‘ and 
maleimide group-introduced oligonucleotide Were miXed 
together, for reaction at 37°C. for one hour, and after the 
reaction, the miXture Was loaded to a column of a 1.5-cm 
diameter and a 45-cm length, preliminarily ?lled With Ultro 
gel ACA44 and equilibrated With 0.1M sodium phosphate 
buffer, pH 6.0 containing 5 mM EDTA. The absorbance of 
the resulting fractions Was measured at 280 nm and 260 nm, 
to collect a fraction corresponding to the oligonucleotide 
labeled anti-HBs-Fab‘, Which Was then concentrated through 
an ultra?ltration membrane YM-30, manufactured by Mil 
lipore, Co. The protein concentration of the collected frac 
tion Was assayed by using a protein assay kit (BCA protein 
assay kit manufactured by Pierce, Co It Was indicated that 
the concentration Was 5.72 mg/ml. 

[0111] Process 6: Preparation of (pair 1—)-bound mem 
brane 

[0112] 10 mg of Avidin Was dissolved in phosphate buff 
ered physiological saline (20 ml; PBS(—) manufactured by 
Nissui Pharmaceuticals, Co. Ltd.), and then, a membrane cut 
into a piece of 5 x10 cm (SPHF membrane, manufactured by 
Millipore, Co.) Was immersed in the solution at ambient 
temperature for one hour and Was then rinced With distilled 
Water. After rinsing, the membrane piece Was dried in air. By 
using a soft pen (manufactured by Platinum Fountain Pen 
Co.) impregnated With 258 nmol/ml biotin-labeled pair 1— 
prepared at the process 1, a line Was draWn vertically to the 
5-cm side to divide the side in halves, to bind the biotin 
labeled pair 1— to the avidin-bound SPHF membrane. After 
drying in air, blocking by means of a blocking agent (Block 
Ace manufactured by SnoW Brand Milk Products, Co.) Was 
effected at ambient temperature for 30 minutes, and subse 
quently, the resulting membrane Was rinced With distilled 
Water and dried in air, to prepare the (pair 1—)-bound 
membrane. Subsequently, the membrane Was cut into a piece 
of a 0.5-cm Width and a 5-cm length, and at one end of the 
piece Was ?Xed a glass ?lter (manufactured by Whatman, 
Co.; referred to as GF hereinbeloW) With a staple, and 
storage under dry conditions. 

[0113] Process 7: Capture of sandWich immunocompleX 
on membrane 

[0114] By using a solution of phosphate buffered physi 
ological saline (manufactured by Nissui Pharmaceuticals 
Co.; PBS(—)) With addition of 0.1% BSA and 0.35 M sodium 
chloride (referred to as MPBS hereinbeloW), (pair 1+) 
labeled anti-HBs-IgG as prepared at the process 4 Was 
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adjusted to a ?nal concentration of 1.54 pig/ml; and colloidal 
gold prepared at the process 3 (colloidal gold-labeled anti 
HBs antibody) Was adjusted to an absorbance at 520 nm of 
0.5. HBs antigen Was then added to the resulting individual 
labeled products to a ?nal concentration of 100 ng/ml, 50 
ng/ml or 0 ng/ml, and 100 pl of each of the solutions Was 
divided to a test tube. The (pair —1)-bound membrane 
prepared at the process 6 Was rapidly placed into the test 
tube While keeping the GF upWard, to examine the reactivity. 
The reactivity Was veri?ed at the HBs ?nal concentrations of 
100 ng/ml and 50 ng/ml. No reactivity Was con?rmed 
concerning the control solution With no HBs contained 
therein (0 ng/ml). The results indicate that a sandWich 
immunocomplex Was formed from (pair 1+)-labeled anti 
HBs-IgG, the HBs antigen and colloidal gold-labeled anti 
HBs antibody, Wherein the pair 1+ in the sandWich immu 
nocomplex and the pair-in the (pair 1—)-bound membrane 
Were bound together in a complementary manner, Whereby 
the sandWich immunocomplex Was captured on the mem 
brane. 

EXAMPLE 2 

[0115] Process 1: Preparation of (pair 1+)-labeled avidin 
and (pair 1—)-labeled avidin 

[0116] The biotin-labeled pair 1+ (112 nmol) prepared at 
the process 1 in Example 1 Was reacted With avidin (1.52 
mg) in MPBS (0.7 ml) at 37°C. for 3 hours, and subse 
quently, the mixture Was loaded to Ultrogel AcA44 resin 
manufactured by IBF biotechniqes, preliminarily equili 
brated With PBS, to recover pair 1+ labeled avidin. By the 
same method, additionally, pair 1+ labeled avidin Was 
recovered. 

[0117] Process 2: Preparation of oligonucleotide-avidin 
matrix-bound membrane 

[0118] Avidin (10 mg) Was dissolved in phosphate buff 
ered physiological saline (manufactured by Nissui Pharma 
ceuticals, Co. PBS (—)),and then, membrane cut into a piece 
of 5x10 cm (SPHF membrane, manufactured by Millipore, 
Co.) Was immersed in the solution at ambient temperature 
for one hour and Was then rinsed With distilled Water. After 
rinsing, the membrane piece Was dried in air. By using a soft 
pen (manufactured by Platinum Fountain Pen Co.) impreg 
nated With 258 nmol/ml biotin-labeled pair 1— prepared at 
the process 1, a line Was draWn vertically to the 5-cm side 
to divide the side in halves, to bind the biotin-labeled pair 1— 
to the avidin-bound SPHF membrane. After drying in air, 
blocking by means of a blocking agent (Block Ace manu 
factured by SnoW Brand Milk Products, Co Was effected at 
ambient temperature for 30 minutes, and subsequently, the 
resulting membrane Was rinsed With distilled Water and 
dried in air, to prepare the (pair 1—)-bound SPHF membrane. 
The (pair 1—)-bound SPHF membrane reacted in MPBS 
containing pair 1+ labeled avidin (1 pig/ml) and pair 1—la 
beled avidin (2 pg/ml),at ambient temperature for one hour, 
to prepare an oligonucleotide-avidin matrix-bound mem 
brane. The membrane Was rinsed With distilled Water and 
dried in air. Subsequently, the membrane Was cut into a piece 
of a 0.5-cm Width and a 5-cm length, and at one end of the 
piece Was ?xed GF With a staple, and storage under dry 
conditions. 
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[0119] Process 3: Capture of sandWich immunocomplex 
on membrane 

[0120] By using MPBS, (pair 1+)-labeled anti-HBs-IgG as 
prepared at the process 4 in Example 1 Was adjusted to a 
?nal concentration of 1.54 pig/ml and colloidal gold-labeled 
anti-HBs antibody as prepared at the process 3 in Example 
1 Was adjusted to an absorbance at 520 nm of 0.5. HBs 
antigen Was then added to the resulting individual labeled 
products to a ?nal concentration of 100 ng/ml, 80 ng/ml, 60 
ng/ml, 40 ng/ml, 20 ng/ml, 0 ng/ml, and 100 pl of each of 
the solutions Was divided to a test tube. The oligonucleotide 
avidin matrix-bound membrane prepared at the process 2 in 
Example 2 Was rapidly placed into the test tube While 
keeping the GF upWard, to examine the reactivity. Conse 
quently, the reactivity Was veri?ed at the HBs ?nal concen 
trations of 100 ng/ml, 80 ng/ml, and 60 ng/ml. No reactivity 
Was con?rmed at concentrations beloW 40 ng/ml. 

EXAMPLE 3 

[0121] Process 1: Preparation of (pair 1—)-bound SPHF 
membrane 

[0122] By using a soft pen (manufactured by Platinum 
Fountain Pen Co.) impregnated With 2 mg/ml (pair 1—) 
labeled BSA as prepared at the process 4 in Example 1, a line 
Was draWn vertically to the 5-cm side of a membrane cut into 
a siZe of 5x10 cm (SPHF membrane; manufactured by 
Millipore, Co.), to divide the side in halves, to bind the BSA 
through physical adsorption to the membrane. After drying 
in air, blocking by means of a blocking agent (Block Ace; 
manufactured by SnoW Brand Milk Products, Co.) Was 
effected at ambient temperature for 30 minutes, and subse 
quently, the resulting membrane Was rinsed With distilled 
Water and dried in air, to prepare (pair 1—)-bound SPHF 
membrane. After drying the membrane in air, the membrane 
Was cut into a piece of a 0.5-cm Width and a 5 -cm length, and 
at one end of the piece Was ?xed GF With a staple, and 
storage under dry conditions. 

[0123] Process 2: Capture of sandWich immunocomplex 
on membrane 

[0124] By using MPBS, (pair 1+)-labeled anti-HBs-IgG as 
prepared at the process 4 in Example 1 Was adjusted to a 
?nal concentration of 1.54 pig/ml and colloidal gold-labeled 
anti-HBs antibody as prepared at the process 3 in Example 
1 Was adjusted to an absorbance at 520 nm of 0.5. HBs 
antigen Was then added to the resulting individual labeled 
products to a ?nal concentration of 100 ng/ml, 50 ng/ml, 25 
ng/ml, 10 ng/ml, 5 ng/ml or 0 ng/ml, and 100 pl of each of 
the solutions Was divided to a test tube. (Pair 1—)-bound 
SPHF membrane prepared at the process 1 in Example 3 Was 
rapidly placed into the test tube, While keeping the GF 
upWard, to examine the reactivity. Consequently, the reac 
tivity Was veri?ed at the HBs ?nal concentrations of 100 
ng/ml, 50 ng/ml, 25 ng/ml, 10 ng/ml and 5 ng/ml. No 
reactivity Was con?rmed at concentrations at 0 ng/ml. 

EXAMPLE 4 

[0125] Process 1: Preparation of [(pair 1—)+(anti-HBs 
IgG)]-bound SPHF membrane 

[0126] By using a soft pen (manufactured by Platinum 
Fountain Pen Co.) impregnated With 0.5 mg/ml (pair 1—) 
labeled anti-HBs-IgG as prepared at the process 4 in 



US 2001/0006775 A1 

Example 1, a line Was draWn vertically to the 5-cm side of 
a membrane cut into a siZe of 5x10 cm (SPHF membrane; 
manufactured by Millipore, Co.), to divide the side in 
halves, to bind (pair 1—)-labeled anti-HBs-IgG through 
physical adsorption to the membrane. After drying in air, 
blocking by means of a blocking agent (Block Ace; manu 
factured by SnoW Brand Milk Products, Co Was effected at 
ambient temperature for 30 minutes, and subsequently, the 
resulting membrane Was rinced With distilled Water and 
dried in air, to prepare the [(pair 1—)+(anti-HBs-IgG)]-bound 
SPHF membrane. After drying the membrane in air, the 
membrane Was cut into a piece of a 0.5 -cm Width and a 5 -cm 
length, and at one end of the piece Was ?xed GF With a 
staple, and storage under dry conditions. 

[0127] Process 2: Capture of sandWich immunocomplex 
on membrane 

[0128] By using MPBS, (pair 1+)-labeled anti-HBs-Fab‘ 
as prepared at the process 5 in Example 1 Was adjusted to a 
?nal concentration of 1.54 pg/ml and the colloidal gold 
prepared at the process 3 in Example 1 Was adjusted to an 
absorbance at 520 nm of 0.5. HBs antigen Was then added 
to the resulting individual products to a ?nal concentration 
of 100 ng/ml, 50 ng/ml, 25 ng/ml, 10 ng/ml, 5 ng/ml, 2.5 
ng/ml or 0 ng/ml, and 100 pl of each of the solutions Was 
divided to a test tube. The [(pair 1—)+(anti-HBs-IgG)]-bound 
SPHF membrane prepared in Example 4 Was rapidly placed 
into the test tube, While keeping the GF upWard, to examine 
the reactivity. Consequently, the reactivity Was veri?ed at 
the HBs ?nal concentrations of 100 ng/ml, 50 ng/ml, 25 
ng/ml, 10 ng/ml, 5 ng/ml, and 2.5 ng/ml. No reactivity Was 
con?rmed at the concentration 0 ng/ml. 

EXAMPLE 5 

[0129] Construction of assay device 

[0130] FIG. 13 depicts an assay device in a strip shape as 
used in the Example 5. In the strip of FIG. 13, 109 
represents overhead projector ?lm manufactured by High 
land, Co. for use as the reinforcing support ?lm in the assay 
device of the Example 5. SPHF membrane strip 102 adheres, 
through the Whole surface of double-sided tape 107 (manu 
factured by Nichiban, Co.) except both the ends of the 
double-sided tape 107, to the support ?lm 109, to compose 
a developing element. The SPHF membrane 102 is prepared 
at the same process as the process 6 of the Example 1, 
Wherein pair 1- is bound at an intermediate position of 
detection Zone 106. 

[0131] At one end of the developing element is arranged 
loading Zone 101 comprising a ?lter preliminarily processed 
With a blocking agent (Block Ace; manufactured by SnoW 
Brand Milk Products, Co.) for blocking, and additionally, 
sealing Zone 105 sealing reagent components is arranged 
betWeen the loading Zone 101 and the developing element 
and in close contact to the Zone and the element, so that a 
?uid sample loaded might transfer thereon. The sealing Zone 
105 is made of a glass paper sheet (manufactured by 
Millipore, Co.) preliminarily processed With a blocking 
agent (Block Ace; manufactured by SnoW Brand Milk 
Products, Co for blocking, and the sealing Zone 105 sealing 
therein colloidal gold-labeled rabbit anti-HBs-IgG 103 (0.15 
pg) and (pair 1+)-labeled anti-HBs-IgG 104 at a given 
amount. The colloidal gold-labeled rabbit anti-HBs-IgG 103 
is prepared at the process 3 in the Example 1, and the (pair 
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1+)-labeled anti-HBs-IgG 104 is prepared at the process 4 in 
the Example 1. On the other end of the developing element 
is arranged absorption Zone 108 comprising GF. The strip for 
detecting HBs antigen, thus prepared, has a Width of 5 mm 
and a length of 60 mm, and is stored under drying condi 
tions. 

ANALYSIS EXAMPLE 

[0132] To the loading Zone 101 of the assay device for 
detecting HBs antigen, as constructed at the process of the 
present Example 5, Was added MPBS (100 pl) adjusted to 
100 ng/ml HBs antigen, While to the loading Zone 101 of 
another such assay device for detecting HBs antigen Was 
added MPBS (100 pl) never containing any. Thirty minutes 
later, the reactivity Was assessed on the individual assay 
devices. Coloring of colloidal gold Was observed in the 
detection Zone of the strip With addition of 100 ng/ml HBs 
antigen, but no coloring Was observed on the strip With 
simple addition of MPBS. 

EXAMPLE 6 

[0133] Construction of assay device 

[0134] Nylon membrane (Biodyne C; manufactured by 
Pall, Co.) Was cut into a piece of 5x10 cm, Which Was then 
immersed in an EDC solution for 15 minutes and rinsed With 
distilled Water and dried in air, to prepare an activated 
Biodyne C. On the activated Biodyne C Was draWn a line 
vertically to the 5-cm side to divide the side in halves, by 
using a soft pen (manufactured by Platinum Fountain Pen, 
Co impregnated With 20 pg/ml amino group introduced the 
pair 1- prepared at the process 1 of the Example 1, to bind 
the pair 1- to the Biodyne C. The Biodyne C Was rinced With 
distilled Water and blocked With a blocking agent (Block 
Ace; manufactured by SnoW Brand Milk Products, Co.), 
folloWed by another rinsing and drying in air. After drying 
in air, the Biodyne C Was cut into a piece of a 0.5-cm Width 
and a 5-cm length With a paper cutter, and GF Was ?xed on 
one end. Then, the resulting Biodyne C Was stored under 
drying conditions. 

[0135] For the assay device for detecting HBs antigen, 
thus constructed, the (pair 1+)-labeled anti-HBs-IgG pre 
pared at the process 4 of the Example 1 Was adjusted to a 
?nal concentration of 1.54 pg/ml and colloidal gold prepared 
at the process 3 of the Example 1 Was adjusted to an 
absorbance at 520 nm of 0.5, by using MPBS. 

ANALYSIS EXAMPLE 

[0136] To the loading Zone of the assay device for detect 
ing HBs antigen, as constructed at the process of the present 
Example 6, Was added HBs antigen to a ?nal concentration 
of 20 pg/ml or 0 ng/ml. 100 pl thereof Was divided in a test 
tube. The (pair 1—)-bound Biodyne C prepared at the process 
of the Example 6 Was rapidly placed While keeping the GF 
upWard, to examine the reactivity. Consequently, the reac 
tivity Was con?rmed at the HBs ?nal concentration of 20 
pg/ml. No reactivity Was con?rmed at Zero concentration. 

EXAMPLE 7 

[0137] Construction of assay device 

[0138] SPHF membrane cut into a piece of 5x10 cm Was 
immersed in phosphate buffered physiological saline (20 ml; 
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PBS (—); manufactured by Nissui Pharmaceuticals, Co.) 
dissolving avidin (10 mg) therein, and the membrane Was 
then rinsed With distilled Water. On the membrane rinsed and 
dried in air Was draWn a line at a position of 2 cm apart from 
one end and vertically to the 5-cm side by using a soft pen 
(manufactured by Platinum Fountain Pen, Co.) impregnated 
With the biotin-labeled pair 1— at a concentration of 258 
nmol/l, as prepared at the process 1 of the Example 1, to bind 
the biotin-labeled pair 1— to the avidin-bound SPHF mem 
brane. Similarly, a line Was vertically draWn at a position of 
2 cm apart from the other end by using a soft pen (manu 
factured by Platinum Fountain Pen, Co.) impregnated With 
the biotin-labeled pair 8-, to bind the biotin-labeled pair 8 
to the avidin-bound SPHF membrane. After drying the (pair 
8—)-immobiliZed SPHF membrane generated through 
biotin-avidin binding in air, the membrane Was blocking 
processed With a blocking agent (Block Ace; manufactured 
by SnoW Brand Milk Products, Co.) at ambient temperature 
for 30 minutes, and Was then rinced With distilled Water and 
subsequently dried in air. After drying in air, the membrane 
Was cut into a piece of a 0.5-cm Width and a 5 -cm length, and 
then, GF manufactured by Whatman, Co. Was ?xed on one 
end With a staple. The resulting membrane Was stored under 
drying conditions for use as the assay device in Example 7. 

ANALYSIS EXAMPLE 

[0139] By using MPBS produced by adding 0.1% BSA 
and 0.35M sodium chloride into phosphate buffered physi 
ological saline (PBS (—); manufactured by Nissui Pharma 
ceuticals Co.), a test solution Was prepared so that the (pair 
1+)-labeled anti-HBs-IgG and (pair 8+)-labeled anti-CRP 
IgG, as prepared at the process 4 of the Example 1, might 
individually be at a ?nal concentration of 1.54 pig/ml; and 
colloidal gold-labeled anti-HBs-IgG and colloidal gold 
labeled anti-CRP-IgG, as prepared at the process 3 of the 
Example 1, might be at an absorbance at 520 nm of 0.5. Four 
different samples Were prepared, by adding HBs antigen and 
CRP antigen both at a ?nal concentration of 100 ng/ml into 
the test solution, adding only HBs antigen at a ?nal con 
centration of 100 ng/ml into the solution, adding only CRP 
antigen at a ?nal concentration of 100 ng/ml, and never 
adding any of the antigens into the test solution. 100 pl each 
Was divided into individual test tubes. The assay device 
comprising the (pair 8—)-immobiliZed SPHF membrane pre 
pared at the process of the Example 7 Was placed rapidly 
into the test tubes, While keeping the GF upWard, to assess 
the reactivity. Consequently, the sample containing both the 
antigens Was colored at the binding regions of pair 1— and 
pair 8+. The sample containing only the HBs antigen Was 
colored only at the binding region of pair 1—. The sample 
containing only the CRP antigen Was colored only at the 
binding region of pair 8+. Additionally, the sample never 
containing any of the antigens Was never colored at any of 
the binding regions of pair 1— and pair 8+. 

EXAMPLE 8 

[0140] Construction of assay device 

[0141] FIGS. 14 to 16 depict the assay device used in the 
present Example 8; FIG. 14 depicts the cross sectional vieW 
along the longitudinal direction of the assay device; FIG. 15 
depicts the side vieW; and FIG. 16 depicts the upper face 
vieW. In FIGS. 14 to 16, 201 represents plastic case, com 
posed of upper case 202 and loWer case 203. The strip assay 
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device constructed in the Example 5 Was arranged in the 
loWer case 203, over Which the upper case 202 Was placed 
integrally. 
[0142] Sample loading opening 204 and detection WindoW 
205 are opened at the positions of the upper cases 202, 
corresponding to the loading Zone and detection Zone of the 
strip assay device. By arranging the strip assay device 
constructed in the Example 5 in the case 201, the HBs 
antigen detecting assay device of the Example 8 Was con 
structed. The device Was stored under drying conditions. 

ANALYSIS EXAMPLE 

[0143] Through the sample loading opening 204 of the 
HBs antigen detecting assay device constructed at the pro 
cess of the Example 8 Was added MPBS (100 pl) adjusted to 
100 ng/ml HBs antigen, While MPBS (100 pl) never con 
taining any Was added into another such HBs, antigen 
detecting assay device prepared additionally, and 30 minutes 
later, the reactivity in the detection Zone 106 bound With pair 
1— Was individually observed through the detection WindoW 
205. The coloring of colloidal gold Was observed in the 
assay device With addition of 100 ng/ml HBs antigen, but no 
coloring thereof Was observed in the assay device With 
addition of only MPBS. 

COMPARATIVE EXAMPLE 1 

[0144] The present Comparative Example 1 is for com 
paring the detection sensitivity of the conventional method 
Wherein antibodies are immobiliZed as bond elements on a 

detection Zone, With the detection sensitivity of the present 
invention. 

[0145] Construction of assay device 

[0146] By using a soft pen (manufactured by Platinum 
Fountain Pen Co.) impregnated With 0.2 mg/ml rabbit anti 
HBs-IgG, a line Was draWn vertically to the 5-cm side of a 
membrane cut into a siZe of 5x10 cm (SPHF membrane; 
manufactured by Millipore, Co.), to divide the side in 
halves, to bind the rabbit anti-HBs-IgG through physical 
adsorption to the SPHF membrane. After drying in air, the 
membrane Was blocked With a blocking agent (Block Ace 
manufactured by SnoW Brand Milk Products, Co.) at ambi 
ent temperature for 30 minutes, and subsequently, the result 
ing membrane Was rinced With distilled Water, to recover the 
rabbit anti-HBs-IgG -bound SPHF membrane. After drying 
in air, the membrane Was cut into a piece of a 0.5-cm Width 
and a 5-cm length, and at one end of the piece Was ?xed GF 
With a staple, for storage under dry conditions. The resulting 
piece Was de?ned as the assay device of the Comparative 
Example 1. When a rabbit anti-HBs-IgG Was at a concen 
tration above 0.2 mg/ml, nonspeci?c reaction Was enhanced. 
Hence, rabbit anti-HBs-IgG at 0.2 mg/ml Was used. 

ANALYSIS EXAMPLE 

[0147] The detection sensitivity of the conventional 
method Was assessed at the folloWing experiments. More 
speci?cally, a test solution Was prepared so that colloidal 
gold prepared at the process 3 in the Example 1 might be at 
absorbance of 0.5 at 520 nm. To the resulting solution Was 
added HBs antigen to a ?nal concentration of 100 ng/ml, 50 
ng/ml, 25 ng/ml, 10 ng/ml, 5 ng/ml, 2.5 ng/ml or 0 ng/ml. 

[0148] 100 pl of the resulting each reagent-antigen mix 
ture Was divided into a test tube. The assay device of the 








