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FIG.6 
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FIG.7 

(PROBE No.3) 

5-— TgC cgA cc gg CgA gCg - TAg CAT 99 cc cTc TAg - CTT ATC gg cg TCg AgA - 3' 

(PROBE No.4) 

3*- gAA TAg cc 99 A90 TCT - ATc gTA cc 99 9A9 ATC - ACg gCT gg 9c gCT CgC - 5' 
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FIG.9 

(PROBE No.5) 

X-REGION (24 BASES) Y-REGION (22 BASES) Z-REGION (20 BASES) 

(PROBE No.6) 

3-gCT TCA TgT CAQ gQQ ACC AC - V 

Z’-REGION (20 BASES) Y‘-REGION (22 BASES) X'-REG|ON (24 BASES) 
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FIG.13 

FIRST ASPECT OF ANTIGEN/ANTIBODY DETECTING METHOD 

I :ANTIGEN 

v BIND ANT|BODY(>— ) TO ANTIGEN 

J :PROTEIN A 

:STREPTAVIDIN 
BIND CHIMERA PROTEIN BOUND WITH 
TARGET GENE TO ANTIBODY .___> :BIOTINIZED 

TARGET GENE 

:ADD AMPLIFYING PROBE ‘I AND AMPLIFING PROBE 2 

m7 



Patent Application Publication Sep. 6, 2001 Sheet 14 0f 16 US 2001/0019835 A1 

FIG. I4 

M12345678910111213M (BASEPAIR) 

/ 9,416 
46,557 //4,361 

AGAROSE GEL CONCENTRATION; O. 5% 
2 DNA SIZE MARKER (,1 Hind III digest) 
I GENE AMPLIFYING PROBE I ONLY; 
2 GENE AMPLIFYING PROBE 2 ONLY; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 50°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 52°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 54°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 56°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 58°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 60°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 62°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 64°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 66°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 68°C; 
PAIR OF GENE AMPLIFYING PROBES AMPLIFIED AT HYBRIDIZATION TEMPERATURE OF 70°C; 
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F I G. 15 

M1 1 2 3 4 M2 
(BASE PAIR) (BASE PAIR) 

12,216 —— 

1,018—— 
800 

75% 
50 

AGAROSE GEL CONCENTRATIONI 2. 0% 
MI I DNA SIZE MARKER (IKb DNA Ladder) 
M22 DNA SIZE MARKER (50b DNA Ladder) 
1 Z GENE AMPLIFYING PROBE 3 ONLY; 

GENE AMPLIFYING PROBE 4 ONLY; 
PAIR OF AMPLIFIED GENE AMPLIFYING PROBES; and 
PAIR OF AMPLIFIED GENE AMPLIFYING PROBES CLEAVED BY 
RESTRICTION ENZYME Hae I I I. 
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FIG. 16 
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GENE AMPLIFYING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to special and novel 
probes, a gene amplifying method using cross (alternate) 
binding of the special probes, and a method of directly 
detecting a target gene and a method of detecting antigen/ 
antibody using the gene amplifying method. 

[0003] 2. Description of the Related Art 

[0004] In recent years, a method of amplifying a gene 
using a DNA polymerase, represented by a polymerase 
chain reaction method (hereinafter called the “PCR 
method”), a method of amplifying a gene by hybridiZing 
polymer DNA having previously branched single-stranded 
DNA (hereinafter called the “branched DNA probe 
method”), and so on have been developed for detecting a 
very small amount of target gene. 

[0005] The ampli?cation of gene by the PCR method 
involves annealing (hybridiZe) a primer complementary to a 
target gene (or a primer), and amplifying the gene through 
rise and fall of temperature using a thermostable DNA 
polymerase. Disadvantageously, this method takes a long 
time from ampli?cation to detection of a gene, and is 
eXpensive. In addition, the ampli?cation ef?ciency and 
speci?city may vary depending on the design of a primer 
complementary to the target gene. 

[0006] The ampli?cation of gene by the branched DNA 
probe method, on the other hand, involves previously syn 
thesiZing a branched polymer single-stranded DNA probe, 
and hybridiZing the branched polymer single-stranded DNA 
probe to a target gene to detect the target gene. HoWever, the 
hybridiZation of the branched polymer single-stranded DNA 
probe to the target gene takes a long time because the 
branched DNAprobe is a polymer. In addition, the branched 
polymer single-stranded DNA is limited in siZe, so that the 
detection of the target gene is also limited. 

OBJECT AND SUMMARY OF THE INVENTION 

[0007] The present invention has been made in vieW of the 
problems of the prior art mentioned above, and its object is 
to provide a method of ef?ciently amplify a gene Without 
using enZyme or branched DNA. 

[0008] To solve the problem mentioned above, a gene 
amplifying method according to the present invention com 
prises the steps of providing a plurality of pairs of probes 
each composed of three or more portions complementary to 
such portions of the other probe; and hybridiZing said pairs 
of probes such that they cross in alternation to form a 
double-stranded polymer. 

[0009] The pair of probes for use in the gene amplifying 
method, may be tWo DNAprobes, a DNAprobe and an RNA 
probe, tWo RNA probes, tWo PNA (Peptide Nucleic Acid or 
Polyamide Nucleic Acid) probes, a PNA probe and a DNA 
probe, or a PNA probe and an RNA probe. 

[0010] The pair of probes are structured such that comple 
mentary portions at three or more sites are each hybridiZed 
in a speci?c manner Without fail during one-to-one hybrid 
iZation. 
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[0011] A target gene detecting method according to the 
present invention, in a ?rst aspect, comprises the steps of 
providing a pair of probes, one of Which has a gene in one 
portion thereof complementary to a target gene, hybridiZing 
a plurality of said pairs of probes With the target gene by the 
gene amplifying method described above to form a double 
stranded polymer, and amplifying the probes to detect the 
target gene. 

[0012] An antigen/antibody detecting method according to 
the present invention, in a ?rst aspect, comprises the steps of 
providing a pair of probes, one of Which has a gene in one 
portion thereof complementary to a target gene bound to 
antigen/antibody, hybridiZing a plurality of said pairs of 
probes With the target gene by the gene amplifying method 
described above to form a double-stranded polymer, and 
detecting antigen/antibody. 
[0013] The target gene detecting method according to the 
present invention, in a second aspect, comprises the steps of 
providing a pair of probes and another probe complementary 
to a gene in a portion of one of said pair of probes and to a 
target gene, previously hybridiZing said other probe to the 
target gene, hybridiZing said pairs of probes With the target 
gene by the gene amplifying method described above to 
form a double-stranded polymer, and amplifying the probes 
to detect the target gene. 

[0014] The antigen/antibody detecting method according 
to the present invention, in a second aspect, comprises the 
steps of providing a pair of probes and another probe 
complementary to a gene in a portion of one of said pair of 
probes and to a target gene bound to antigen/antibody, 
previously hybridiZing said other probe to the target gene, 
and hybridiZing said pairs of probes With the target gene by 
the gene amplifying method described above to form a 
double-stranded polymer, and detecting the antigen/anti 
body. 

[0015] In the target gene detecting method, an intercalat 
ing die such as ethidium bromide, Oligreen, SYBR Green or 
the like may be bound to the probes ampli?ed by the gene 
amplifying method to detect an ampli?ed polymer through 
?uorescence. 

[0016] In the antigen/antibody detecting method accord 
ing to the present invention, an intercalating die such as 
ethidium bromide, Oligreen, SYBR Green or the like may be 
bound to the probes ampli?ed by the gene amplifying 
method to detect the target gene bound to antigen/antibody 
or the like through ?uorescence. 

[0017] In the target gene detecting method according to 
the present invention, as a marker material for detection, a 
donor ?uorescent die and an acceptor ?uorescent die utiliZ 
ing ?uorescent resonance energy transfer (FRET) such as 
radioisotope such as 125I, 32P or the like, light emitting and 
coloring materials such as digoXigenin, acridine ester or the 
like, alkali phosphatase for utiliZing a light emitting material 
such as dioXyethane or the like, and ?uorescent materials 
such as 4-methyl umbelliferil phosphate or the like, and 
biotin for utiliZing ?uorescent, light emitting, coloring mate 
rials or the like bound to avidin, may be previously added to 
the probes to be ampli?ed by the gene amplifying method to 
detect the target gene. 

[0018] In the antigen/antibody detecting method accord 
ing to the present invention, as a marker material for 
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detection, a donor ?uorescent die and an acceptor ?uores 
cent die utilizing ?uorescent resonance energy transfer 
(FRET) such as radioisotope such as 1251, 32P or the like, 
light emitting and coloring materials such as digoXigenin, 
acridine ester or the like, alkali phosphatase for utiliZing a 
light emitting material such as dioXyethane or the like, and 
?uorescent materials such as 4-methyl umbelliferil phos 
phate or the like, and biotin for utiliZing ?uorescent, light 
emitting and coloring materials or the like bound to avidin, 
may be previously added to a pair of probes to be ampli?ed 
by the gene amplifying method to detect the antigen/anti 
body. 

[0019] Each of said probes according to the present inven 
tion is composed of three or more portions complementary 
to such portions of the other probe. 

[0020] The pair of probes may be tWo DNA probes, a 
DNA probe and an RNA probe, tWo RNA probes, tWo PNA 
probes, a PNA probe and a DNA probe, or a PNA probe and 
an RNA probe. 

[0021] A double-stranded polymer according to the 
present invention is formed by using a plurality of the pair 
of probes, and hybridiZing them such that they cross in 
alternation. 

[0022] The DNA probe is composed of single-stranded 
fragments mainly consisting of phosphoric acid, saccharum 
and bases (adenine, thymin, guanin and cytosine), While the 
RNA probe is composed of single-stranded fragments 
mainly consisting of bases Which are adenine, uracil, guanin 
and cytosine. PNA has a structure in Which the skeleton of 
“phosphoric acid and saccharum” in DNA is replaced by an 
“N-(2-aminoethyl) glycin derivative” and has the same 
components of bases as DNA and RNA. 

[0023] The length of the probes for use in the methods 
mentioned above ranges from 10 bases to 1,000 bases, and 
most preferably from 10 bases to 100 bases. 

[0024] The pair of probes are not particularly limited in 
the type of bases in the mutually complementary portions. In 
addition, the lengths of the complementary portions existing 
in one probe may be equal or different. 

[0025] The number of probes hybridiZed to form a double 
stranded polymer for use in the methods mentioned above is 
in a range of 102 to 1015. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic diagram shoWing an eXample 
of a pair of DNA probes; 

[0027] FIG. 2 is a schematic diagram of an eXample 
shoWing hoW a pair of DNA probes are bound; 

[0028] FIG. 3 is a schematic diagram shoWing the forma 
tion of a polymer resulting from hybridiZation of a pair of 
DNA probes in alternation; 

[0029] FIG. 4 is a schematic diagram illustrating an 
eXample of a three-dimensional conceptual structure of the 
polymer shoWn in FIG. 3; 

[0030] FIG. 5 is a schematic diagram illustrating DNA 
probes Which are hybridiZed in binding patterns different 
from those of FIG. 3; 
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[0031] FIG. 6 illustrates an eXample of a three-dimen 
sional conceptual structure of the schematic diagram of 
FIG. 5; 

[0032] FIG. 7 is a schematic diagram shoWing an eXample 
of a pair of DNA probes in Which portions cleaved by a 
restriction enZyme are inserted; 

[0033] FIG. 8 is a schematic diagram illustrating an 
eXample in Which probes are three-dimensionally bound in 
alternation to form a polymer Which is subsequently cleaved 
using a restriction enZyme; 

[0034] FIG. 9 is a schematic diagram shoWing an eXample 
of a pair of DNA probes each composed of complementary 
portions having different lengths from each other; 

[0035] FIG. 10 is a schematic diagram illustrating the 
formation of a polymer resulting from alternate hybridiZa 
tion of the pair of DNA probes, shoWn in FIG. 9. 

[0036] FIG. 11 is a schematic diagram shoWing a method 
of directly detecting a target gene using a pair of DNA 
probes according to the present invention, Wherein a probe 
having complementary regions to a target gene and the pair 
of DNA probes according to the present invention (ampli 
fying genes in the ?gure) is hybridiZed to the target gene, 
and then the pair of DNA probes according to the present 
invention (amplifying gene 1 and amplifying gene 2 in the 
?gure) are added to form a double-stranded polymer While 
hybridiZed to the target gene, so that the target gene can be 
readily detected; 
[0037] FIG. 12 is a schematic diagram shoWing a method 
of detecting a target gene Which uses a pair of DNA probes, 
one of Which is a DNA probe (amplifying gene 1 in the 
?gure) structured such that a gene in a portion thereof is 
complementary to a target gene, and the other of Which is a 
DNA probe (amplifying gene 2 in the ?gure) making a pair 
With the one DNA probe, hybridiZes a plurality of the pairs 
of probes With the target probe to form a double-stranded 
polymer, and detects the target gene; 

[0038] FIG. 13 is a ?oW diagram illustrating a ?rst aspect 
of an antigen/antibody detecting method according to the 
present invention; 

[0039] FIG. 14 is a photograph shoWing the results of 
EXample 1; 

[0040] FIG. 15 is a photograph shoWing the results of 
EXample 2; and 

[0041] FIG. 16 is a photograph shoWing the results of 
EXample 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0042] Several embodiments of the present invention Will 
hereinafter be described With reference to the accompanying 
draWings. It goes Without saying, hoWever, that these 
embodiments are merely illustrative, and a variety of modi 
?cations may be made Without departing from the spirit and 
scope of the present invention. 

[0043] FIG. 1 is a schematic diagram shoWing an eXample 
of a pair of DNA probes. Referring speci?cally to FIG. 1, a 
DNA probe No. 1 has an X-region, a Y-region and a 
Z-region, While a DNA probe No. 2 has an X‘-region, a 
Y‘-region and a Z‘-region. 
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[0044] The DNA probe No. 1 and the DNA probe No. 2 
are structured such that When they are hybridized, the 
X-region is bound only With the X‘-region; the Y-region is 
bound only With the Y‘-region; and the Z-region is bound 
only With the Z‘-region (see FIG. 2). 

[0045] Stated another Way, With a pair of DNA probes 
each composed of three or more portions complementary to 
such portions of the other DNA probe, according to the 
present invention, When they are hybridiZed such that they 
cross in alternation, the X-region is bound only With the 
X‘-region; the Y-region is bound only With the Y‘-region; and 
the Z-region is bound only With the Z‘-region, as shoWn in 
FIG. 2, so that the pair of probes are hybridiZed in alterna 
tion in three binding patterns. 

[0046] Thus, by the use of the probes structured as men 
tioned above, the tWo probes are bound in alternation. 
Speci?cally, the DNA probe No. 1 and the DNA probe No. 
2 are three-dimensionally bound in alternation to produce a 
polymer, as illustrated in FIG. 3. 

[0047] Consequently, a plurality of pairs of probes, Which 
have been hybridiZed in alternation in the three binding 
patterns shoWn in FIG. 2, can form a double-stranded 
polymer, one example of Which is schematically illustrated 
in FIG. 3. 

[0048] FIG. 4 illustrates an example of a three-dimen 
sional conceptual structure of the double-stranded polymer 
of FIG. 3. FIG. 5 is a schematic diagram illustrating a 
plurality of pairs of the DNA probes Which have been 
hybridiZed in different binding patterns. FIG. 6 illustrates an 
example of a three-dimensional conceptual structure of the 
schematic diagram of FIG. 5. 

[0049] The same principle of hybridiZation for the tWo 
DNA probes illustrated in FIG. 3 applies to hybridiZation of 
a DNAprobe and an RNA probe, tWo RNA probes, tWo PNA 
probes, a PNA probe and a DNA probe, or a PNA probe and 
an RNA probe. 

[0050] Illustrating the structure of the present invention 
using a more speci?c example, the hybridiZation of tWo 
DNA probes may be performed such that When a probe No. 
3 and a probe No. 4 are hybridiZed, cleaved sites are formed 
by a restriction enZyme (underlined portions are cleaved by 
an enZyme called “Hae III”), as shoWn in FIG. 7. 

[0051] In other Words, after the probes have three-dimen 
sionally bound in alternation to form a polymer, a restriction 
enZyme can be used to prevent the polymer from cross 
contamination in a subsequent different experimental opera 
tion (see FIG. 8). 

[0052] Illustrating the structure of the present invention 
using a more speci?c example, the hybridiZation of tWo 
DNA probes does not require that the lengths of comple 
mentary portions in one probe be uniform, as shoWn in FIG. 
9. Speci?cally, When a probe No. 5 and a probe No. 6 are 
hybridiZed, an X-region and an X‘-region are hybridiZed 
With 24 bases; a Y-region and a Y‘-region hybridiZe With 22 
bases; and a Z-region and a Z‘-region hybridiZe With 20 
bases (see FIG. 10). 

[0053] Next, the target gene detecting method according 
to the present invention Will be described using more 
speci?c examples. In a ?rst aspect as illustrated in FIG. 11, 
out of a pair of probes, one probe is structured such that a 
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portion of gene in the probe is complementary to a target 
gene. After the one probe is hybridiZed With the target gene, 
a plurality of the pairs of probes are hybridiZed by the gene 
ampli?cation method according to the present invention to 
form a double-stranded polymer Which is detected by ampli 
fying the probes. 

[0054] In a second aspect as illustrated in FIG. 12, other 
than a pair of probes, a probe complementary to a gene in a 
portion of one of the probes and a target probe is used, and 
previously hybridiZed With the target gene. Then, a plurality 
of the pairs of probes are hybridiZed by the gene amplifying 
method mentioned above to form a double-stranded polymer 
Which is detected by amplifying the probes. 

[0055] Next, a ?rst aspect of an antigen/antibody detecting 
method according to the present invention Will be described 
using a more speci?c example With reference to FIG. 13. As 
illustrated, out of a pair of probes, one probe is structured 
such that a gene in a portion thereof is complementary to a 
target gene bound to antigen/antibody. Then, a plurality of 
the pairs of probes are hybridiZed by the gene amplifying 
method according to the present invention to form a double 
stranded polymer to detect the antigen and the antibody. 

[0056] In the folloWing, the present invention Will be 
described in conjunction With several examples. It goes 
Without saying, hoWever, that the present invention is not 
limited to these examples. 

[0057] 1. Dna Probes used in Example 1 And Example 2: 

[0058] (1) Gene Amplifying Probe 1 

[0059] S-TgA CTT ACT TAA CCg gAAACA T.AAg 
CAg gAT CCT CTAAgC CTg A. CgAAgTATT TAA 
Cgg Tgg TAT g-3 

[0060] (2) Gene Amplifying Probe 2 

[0061] 3-gCT TCA TAAATT gCC ACC ATA C.TTC 
gTC CTA ggA gAT TCg gAc T.ACT gAA TgAATT 
ggC CTT TgT A-S 

[0062] (3) Gene Amplifying Probe 3 

[0063] 5‘- TgC CgA CCg gCg AgC g.TAg CAT ggC 
CCT CTA g.CTT ATC ggC CTC gAg A-3‘ 

[0064] (4) Gene Amplifying Probe 4 

[0065] 3‘- gAA TAg CCg gAg CTC T.ATC gTA CCg 
ggA gAT C.ACg gCTggC CgC TCgC -5‘ 

[0066] 2. Synthetic HCV-RNA and a variety of DNA 
probes used in Example 3 and Example 4: 

[0067] (1) HCV-RNA Which synthesiZes a 5‘-noncoding 
region of hepatitis C virus (hereinafter abbreviated as 
“synthesized HCV-RNA). 

[0068] (2) HCV-RNA capture Probe A 

[0069] 5‘(phosphoric acid)-TAg AgC gTg CAg ATA 
gTC gAT.CCT CAC Agg ggA gTg ATT CAT ggT-3‘ 

[0070] This is a combination of a meaningless base 
sequence and a base sequence complementary to HCV 
RNA. 

[0071] (3) HCV-RNA capture Probe B 

[0072] 5‘(biotin label)-TAg AgC gTg CAg ATA gTC 
gAT.CCT CAC Agg ggA gTg ATT CAT ggT-3‘ 










