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AMPLIFIED NUCLEIC ACID DETECTION METHOD AND DETECTION DEVICE
TECHNICAL FIELD
(00011
The present invention relates to a simple method for
getecting amplified nucleic acids and a device for use in the

method.

BACKGROUND ART
0s02)

Techniques for specifically amplifying a target nucleic
aclid seguence are very important for research and clinical
applications {e.g. genetic testing) in molecular biclogy. An
amplification product cobtained by such a nucleic acid
amplification technigue can be specifically detected, for
example, by a detection method using a target
sequence-containing nucleic acid fragment immobilized on a
solid phase. This method, which is designed to specifically
capture a target nucleic acid on the solid phase, allows for
easy removal of non-specific nucleic acids by washing or the
l1ike, and thus improves the detection specificity.

[0003] |

In this method, in order to capture a target nucleic acid
on the solid phase, a technique using an antigen-antibody or
ligand-receptor palr capable of specifically binding together
may be used. For example, Non Patent Literature 1 discloses
a method for detecting a product of PCR amplification using a
primer terminally modified with biotin and another primer
modified with a flucrescent substance. In thismethod, the PCR
product is contacted with a solid phase containing streptavidin
and agaxrocse, and then bonded to the solid phase as a
streptavidin-biotin complex, which can be measured for

fluorescence to assay the target amplification product.
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Unfortunately, the number of antigen-antibody or
ligand-receptor combinations usable for labeling is limited,
whichmakes it substantially difficult to simultaneously detect
multiple target nucleic acids. Another problem is the cost:
fluorescently labeled nucleic acids are expensive.

[0005]

Another technigue for capturing a target nucleic acid on
a solid phase is to immobilize a probe containing an
oligonucleotide having a complementary segquence to the target
nucleic acid on the solid phase, which enables the target
nucleic-acid to be indirectly immobilized on the solid phase
through hybridization of the target nucleic acid and the probe.
This technique is accompanied with detection of the intensity
of a signal of the formed hybrid. This type of nuclelc acid
analysis makes it possible to simultaneocusly assay multiple
target sequences by using varied probe seguences.

{0006}

In general, however, hybridization of an immobilized
probe and a target nucleic acidona solid phase requires heating
treatment for denaturing a double-~stranded nucleic acid
amplified by PCR into single strands. Unfortunately, this
heating treatment is troublesome and is alsc associlated with
a reduction in hybridization efficiency due to reannealiing.
Ancother problem is that single~stranded DNA tends to curl into
a ball and is thus inferior in detection sensitivity. Although
Patent Literature 1 discloses a technigue for amplifying a
single-stranded nucleic acid via nuclease treatment without
heating treatment, this technique is also a troublesome
procedure and has the problem of curling of single strands into
balls.

[0007]

Among nucleic acid detection methods, the method based

on chromatography disclosed in Patent Literature 2 is easy to

cperate and allows for rapid and easy detection of target
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nucleic acids. This is a gene detection method that includes
the steps of sampling genes from a cell, virus or bacterium,
fragmenting the randomly sampled genes, and detecting a targst
gene, wherein these steps are continuously performed on a single
device for gene detection by transferring a liquid sample

containing the randomly sampled genes or fragments thereof by
capillary action. This method allows not only asséssment of

the presence of a target gene but zlso identification of its

type.
[0008]

Also in Patent Literature 2, however, single-stranded

@ @

nucleic acids are amplified by NASBA.  The problems in the use-
of single-stranded nucleic acids are as described above.
[C009]

In order to solve the above problems, Patent Literatures
3 and 4 disclose that a non-natural nucleic acid tag, & halrpin
structure or a pseudoknot structure for inhibiting nucleic acid
synthesis by DNA polymerase is present on the 5' side of the
primer region. Thus the singlile-stranded region is left at one
end of the double-stranded nucleic acid after PCR reactions.
This technique is advantageous in that an amplified
double-stranded DNA product having a hyvbridizable
single~stranded region at one end of the double-stranded DNA
can be produced only by performing PCR reactions using such a
special primer. However, since a fluorescent label or surface
plasmon rescnance (SPR) imaging ils required for detection,
expensive special equipment is necessary. Additionally, thers

are problems with speed and simplicity,

CITATION LIST
PATENT LITERATURE
[0010]
Patent Literature 1i: J2-A H05-252998
Patent Literature 2: JP-A 2006-201062
Patent Literature 3: WO 2006/095550
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Patent Literature 4: JP-A 2008-296948

NON PATENT LITERATURE

(60113 i
Nen Patent Literature 1: Analytical biochemistry, 193,
231-235, (19%1)

SUMMARY OF INVENTION
TECHNICAL PROBLEM
(00123 _

Genetic diagnosis and genetic testing in clinical
practice often impose the burdens of patient testing costs and:
several hospital visits because they reguire large-scale,
expensive test equipment and take a long time for testing.
Accordingly, there is a need for reducing the burdens on
patients and testers without sacrificing the accuracy of
testing, and thus simple, rapid, highly~specific, and low~cost
methods that do not reguire special equipment are being sought.
The present invention was made to solve the above problems, and
an obiject of the present invention is to provide a nucleic acid
detection method which takes advantage of the high specificity
of hybridization technigues, reduces the time length and the
number of steps required for detection of PCR products, and
allows for easy and highly accurate detection by visual
observation without the need of special equipment; and a nucleic
acid detection device oxr kit. Meanwhile, conventional
techniques leave room tor improvement in terms of time and costs
because they require the preparation of an expensive label tag

for each target nucleic acid.

SOLUTION TC PROBLEWM
10013]

As a result of intensive studies to solve the above
problems, the present inventors have independently found that

it is possible to easily and accurately detect an amplified DNA



fragment without the need of special equipment by amplifying
the target nucleic acid in the form of a double~-stranded nucleic
cid having a single-stranded region at each end thersof,
allowing the amplified fragment to bind to a solid phase with
an oligonucleotide probe capable of hybridizing to one of the
single-stranded regions, and detecting the binding. Thus, the
present invention has been completed.

[0014)

In one aspect, there is provided a nucleic acid detection
method, comprising the following steps (1) and (2):

(1) hybridizing an oligonucleotide probe immobilized on a
solid phase with a single-stranded region of an amplified double-
stranded DNA fragment, wherein the single-stranded region comprises
natural nucleotides,

(2) detecting the amplified double-stranded DNa fragment,
wherein the amplified double-stranded DNA fragment is a
product obtained by a nucleic agcid amplification technique using a
primer containing a tag region that is not made double-stranded by

a nucleic acld amplification reaction and a nucleic acid

represented by the following formula (1):
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- gpecifically, the present disclosure relates to a nucleic
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acid detectionmethod, including the stencﬁ?hybridizimgakfiks
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cligonucleotide probe immobllized on z solid phase with one of

single-stranded regions which contain natural nucleotides and

~
T

are respectively located at opposite ends of an amplified

doukble~stranded DNA fragment
(00157

Preferably, the method further includes the step of
hybridizing a second oligonuclisotide probe labeled with a

o
Ly
¢4

labeling substance with the cther single~stranded region of ¢

amplified DNA fragment.

100187

Preferably, the labeling substance includes a colored
carrier that allows the amplified DNA fragment to be visually
detectad
[60173

(0018}
Preferably, the presence of the lified DNA fragment
is detected by chromatography.
1002583
referably, the hod includes the following steps (a)
to {c):

z
etection device which is differsnt from & zone
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where the first oligonucleotide probke is immobilized;
(b} diffusing the amplified DNA fragment with & solvent

on the device toward the zone where the first cligonucleotide

4

probe is immobilized; and

(¢} hybridizing the first cligonucleotide probe with the
amplified DNA fragment in the zone where the first
oligonucleotide probe is immobilized.

[0020]

Preferably, the method further includes the step of
hybridizing the second oligonuclectide probe labeled with the
labeling substance with the amplified DNA fragment before the
step [cy. '

[0021]
Preferably, the method includes the following steps (d)

(d} placing the amplified DNA fragment and the second
tide probe labeled with the labeling substance

iscrete zones on The nucleilc acld detection

o5

respectively in
device which are different from a zone where the first
oligonucleotide probe is immobilized;

(e) diffusing the amplified DNA fragment with a solvent
toward the zone where the second oligonucleotide probe labeled
with the labeling substance is placed:;

(£f) hybridizing the second cligonucleotide probe labeled
with the labeling substance with the amplified DNA fragment in
the zone where the second oligonucleotide probe labeled with
the labeling substance is placed;

(g) diffusing a hybridization complex cbtained in the
step (£f) on a development medium toward the zone where the first
oligonucleotide probe is placed; and

(h) hybridizing the first cligonucleotide probe with th
complex in the zone where the first oligonucleotide probe is
immebilized.

(o022]

Preferably, each of the single-stranded reglons
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containing natural nucleotides has a sequence in the same
orientation as the double-stranded DNA region.
[0023]

Preferably, the amplified DNA fragment is a product
obtained by a nucleic acid amplification technigue using two
primers each containing a tag region that i1s not made
double-stranded by a nucleic acid amplification reaction.
(0024}

Preferably, the amplified DNA fragment is a product
obtained by a nucleic acidamplification technigque usinga first
primer set including primers each containing a sequence capable
of hybridizing to a template of the target nucleic acid and a
common seguence incapable of hybridizing to the template, anc
asecondprimersetincludingprimerseachcontainingalsequence
capable of hybridizing to a compleme ry seguence to the
corresponding common seguence and & tag region that is not made
double-stranded by a nucleic acid ampliflcation reaction.
[0025]

Preferably, the tag region that is not made

ouble-stranded by a nuclelc acid amplification reaction
ntai

ns natural nucleotides, and the entire sequences of sach
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of the second primer set 1s in the same orientation.

[$)]

)2
The present invention also relates to a nucleic acid
detection device for use in the nucleic acid detection method,
which includes a zone where the amplified DNA fragment is
placed; a chromatographic carrier having the first
oligonucleotide probe capable of binding to the amplified DNA
fragment; and the second cligonuclectide probe labeled with the
labeling substance,
(60271

The present invention further relates to an amplified

double~stranded DNA fragment which is produced by anucleic acid
amplification technique using two primers each containing a tag

region that i1s not made double-stranded by & nucleic acid
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amplification reaction, and which has at each end thereof a
single-stranded region containing natural nucleotides.
[0028])

Preferably, the tag region of each primer that is not made
double~stranded by a nucleic acid amplification reaction
contains natural nucleotides, and the entire sequence of each

primer is in the same orientation.

ADVANTAGEOUS EFFECTIS OF INVENTICN
[0029]

The present invention allows an amplified DNA product to
specifically kind to a solid phase via a single-stranded region
of the amplified DNA product, and fto form a complex with a
labeling compound via the other single-~stranded region thereof.
This allows for easy and rapid detection of the amplified DNA
product by visual observation without using special equipment.
Additionally, the present invention, which invelves detecting
structurally stable double~stranded DNA, improves in detection
sensitivity, compared to in the detectilon of entirely
single-stranded sequences. FMurthermore, two or more target
nuclelc acids in a sample can be assayed simultaneously by

preparing multiple pairs of a single-stranded region of an

.amplification product to be bonded to the solid phase and an

cligonuclectide probe on the solid phase that is complementary
to that region. According to another embodiment of the present
inventiocn, it is possible to add a single kind of
single-stranded region to any target nucleic acids through a
low~cost Jjoint primer. The use of a single kind of
single~stranded region allows any detection to be carried out
using a single kind of label tag and a single device. In this
case, it is not necessary to prepare an expensive label tag for
each target nucleic acid, which leads to a great improvement

in terms of time and costs.

BRIEF DESCRIPTION OF DRAWINGS
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Fig. 1 is a schematic diagramof a PCRprimer in the present
invention;

Fig. 2 is a schematic diagram of & first PCR primer in
the present invention;

Fig. 3 1s a schematic diagram of a second PCR primer in

the present invention;

vrg
-
ok

ig. 4 is a schematic flow diagram of synthesis o
partially double-stranded nucleic acid in the present
invention;

Fig. b is a schematic flow diagram of synthesis of a
partially double-stranded nucleic acid in another embodiment
of the present invention:

Fig. 6 is a schematic diagram of an exemplary nucleic acid
chromatography device of the present invention;

Fig. 7 is a schematic flow diagram cof the principle of
PCR product detection in the present invention:

Fig. 8 is a schematic diagram of an exemplary micrcarray
{DNA chip) of the present invention; and

Fig. 9 is a schematic diagram of an exemplary bead carrier

in the present invention.

PESCRIPTION OF EMBCDIMENTS
(0031}

The present invention relates to a nuclelc acid detection
method including the step of hybridizing a first
oligonucleotide probe immobilized on a solid phase with one of
single-stranded regions which contain natural nucleotides and
are respectively located at opposite ends of an amplified
double-stranded DNA fragment.

[0032]

The amplified double-stranded DNA fragment is obtained
by a nuclelic acid amplification reaction of a sample DNA as a
template using a certain primer set.

[0033]
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The sample DNA is not particularly limited and may be any

one usable as a template in the nucleic acid amplification

‘reaction. Specific examples include any DNAs derived from

biological samples such as blood, biological fluids, tissues,
oral mucosa, hairs, nalls, cultured cells, animals, plants, and
microorganisms. The sample DNA may be genomic DNA, cDNA,
mitochondrial DNA, chloroplast DNA, or the like. Moreover, a
cDNA synthesized from a RNA template by reverse transcription
may be also used. A suitable one can be appropriately selected
from these DNAs according to the DNA fragment to be amplified.
The sample DNA needs not be purified DNA, and cells or a tissue
containing the sample DNA can be used directly, without being
purified, in the nucleic acid amplification reaction.

[0034]

The amplified double-stranded DNA fragment having a
single~stranded region at each end is preferably a product
obtained by a nucleic acid amplification technique using two
primers each containing a tag region that is not made
double~stranded by a nucleic acid amplification reaction. In
this case, the single-stranded regions at both ends of the
amplified double-stranded DNA fragment are derived from the tag
regions which are not made double~stranded by a nucleic acid
amplification reaction, in the primers used in the nucleic acid
amplification reaction.

[0035]

Fig. 1 shows a primer fornucleic acid amplification. The
primer contains a primer main region 1, and a tag region 2 which
is located on the 5' side of the primer main region and which
is not made double-stranded by a nucleic acid amplification
reaction. The primer may further contain a spacer structure
containing a polymerase reacticn inhibitory region 3 between
the primer main region and the tag region.

[0036]
The amplified double-stranded DNA fragment is preferably

a product obtained by a nucleic acid amplification technigue
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using a first primer set including primers each containing a
sequence capable of hybridizing to a template of the target
nucleic acid and a common sequence incapable of hybridizing to
the template, and a second primer set including primers each
containing a sequence capable of hybridizing to a complementary
seguence to the corresponding common sequence and a tag region
that is not made double-stranded by a nucleicacidamplification
regction. Fig. 2 shows each primer of a first PCR primer set.
This first PCR primer (joint primer) characteristically
contains a primer main region 4 capable of hybridizing te a
template of the target nucleic acid and a common region 5 located
on *he 5' side of the primer main region and having a seguence
common to a second primer. Fig. 3 shows each primer of a second
PCR primer set. This second primer characteristically
contains a primer main reglon 6 having a sequence common to the
first primer, and a tag region 7 which is located on the 5' side
of the main region ¢ and which is not made double-stranded by
a nucleic acid amplification reaction. The second primer may
contain a spacer structure contalning a polymerase reaction
inhibitory region 8§ between the second primer main region and
the tag region.

[(0037]

The term "primer main region” refers to an
cligonucleotide region having a base seguence capable of
functioning as a primer in the nucleic acid amplification
reaction. Specifically, it is a base seguence that is capable
of hybridizing to the 5' end or 3' end of a target base seguence
of a target nucleic acid, and in general, is a base sequence
complementary to a base seguence at the 5' end or 3' end of the
target base sequence. The primer main regions may contain base
deletions, insertions, and mismatch sites as long as they are
capable of specifically binding to the target nucleic acids.
The primer main regions preferably have a length of at least
8 bases, more preferably at least 12 bases, and still more

preferably at least 15 bases. The maximum chain length of the
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primers is not particularly limited, and is generally 50 bases
or less, preferably 40 bases or less, fromthe viewpolnt of their
gynthesis costs and other factors.

[0038)

The tag regions of the primers are not particularly
limited, provided that they contain natural nucleotides. The
term "natural nucleotide™ means a nucleotide composed of a
natural base {(adenine, thymine, guanine, cytosine, or uracil),
a sugar moiety (deoxyribose or ribose), and phosphate group(s),
all of which are not artificially modified. The natural
nuclieotides may be D-nucleotides or L-~nucleotides. The ternm
"D-nucleotide” refers to a nucleotide containing D-deoxyribose
or D-ribose. Likewise, the term "L-nuclectide" refers to a
nucleotide containing L-deoxyribose or L-xribose. The effect
of such tag regions containing natural nucleotides 1s to allow
easy synthesis at low cost. The proportion of natural
nuclectides in the tag region of the primer is preferably at
least 5%, more preferably at least 20%, still more preferably
at least 50%, further more pxeferably at least 70%, and most

referably at least 20%. The length of the tag region is not
- pes ]

}-..4

pavt;ca#a rly limited, and the tag region has only to be long
enoughtokw@ridizetx>acomplementarynucleicacidstrand. The
length is generally 5 bases to 60 bases, preferably € bases to
40 pases.

[0039]

The tag regions of the primers each preferably have a
nucleic acid sequence in the same orientation as the primer main
region. The effect of the tag regions of the primers each having
a nucleic acid segquence in the same corientation as the primer
main region is to allow easy synthesis at low cost. Even if
the tag region and the primer main region are not directly linked

to each other {e.g., a non-—natural compound such as azobenzens

!_L

¢ inserted between the tag region and the primer main region),

e
[

ese regions preferably have sequences in the same orientation

¢
“~

s each other. The nucleic acids being in the same orientation

v
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means that adiacent nucleotides are linked to each other via
a 5'-3', not a 3'"-3" or 5'~5', phosphodiester bond between the
sugar moieties of the nucleotides. For example, in the case
of & tag region where nucleotides are linked to one another via
a 5'-3' phosphodiester bond between the sugar moieties, the
nucleotides in the main region are also linked to one another
via 2 5'-3' bond between the sugar moieties.
(00463

The polymerase reaction inhibitory region is not
particularly limited, provided that it inhibits a nucleic acid
extension reaction catalyzed by a polymerass to maintain the
single~-stranded structure in the region. Examples of such a
structure inciude nucleic acid seqgquences having a
three-dimensional structure that inhibits the progress of DNA
polymerase, such as a tight halrpin structure and a pseudoknot
structure; non-natural nucleic acids such as L-nucleic acids
and artificial nucleic acids, RNA, and non-nucleic acid
structures such as aliphatic chains.
[0041]

The terms "hairpin structure™ and "pseudoknot structure”
refer to stable loop structures formed by palring with another

ngle~-stranded region in the same molecule. L~-DNA, which is

DNA containing L-deoxyribose, does not function as a template
in DNA extension reactions because it is not recognized by
generally used DNA polymerases. In addition, L-DNA forms a
left~handed double helix, and thus is incapable of hybridizing
te naturally-occurring D-nucleic acids and capable of
hybridizing only to nucleic acids of the same L-form. The tern
"artificial nucleic acids” refers to nucleic acids into which
a compound that is not present in natural nucleic acid seguences
is artificielly inserted. Examples include, but are not
limited to, peptide nucleic acids (PNA)}, bridged nucleic acids
(BNA and LNA), azobenzene, flucrescein, Cy3, and Cy5.
[0042]

PNA refers tc a molecule having a structure similar to
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DNA and RNA but having a backbone including a peptide structure.
The backbone includes N~ (2-amincethyl) -glycine units iinked by
amide bonds. Further, purine and pyrimidine rings, which
correspond to nucleic-acid bases, are linked to the backbone
through a methylene group and a carponyl group. BNA (LNA)
refers to nucleic acids artificially synthesized by modifying
the sugar moiety of DNA or RNA to form a bridge.

[0043)

In the case that the tag region consists only of natural
nucleotides and has a nucleic acid sequence in the same
orientation as the primexr main region, the polymerase reaction
inhibitory region is typically necessary between the tag region
and the primer region. On the other hand, in the case that the
tag region is incapable of functicning as a template in the
reaction catalyzed by a DNA polymerase and thus is not made
double-~-stranded by the nucleic acid amplification reaction,
Jjust like L-nucleic acids, artificial nucleic acids and the like,
the polymerase reaction inhibitory region can be omitted.
Moreover, the primer in the present invention may contain only
one of structures such as stable locop structures {(e.g. hairpin
structures, pseudoknot structures), non-natural nucleic acids
(e.g. L-nucleic acids, artificial nucleic acids), and
non-nucleic acid structures (e.g. aliphatic chains), or may
contain two or more of these structures in combination.
100441

The primer can be labeled with various molecules
generally used for oligonucleotide labeling. Examples of such
molecules include enzymes, magnetic particles, fluorescen
pilgments, and radicisgotopes. Any of these may be used alone,
or two or more of these may be used in combination.

[0045]

The primers thus designed can be produced by any methods
without particular limitation, and known methods can be used.
Specifically, the designed primers can be easily obtained with

a DNA synthesizer or from a custom synthesis service.
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Lt

The nucleic acid amplification technigque is not
particularly limited, provided that it produces an amplified
double~stranded DNA fragment having at each end therecof a
single-stranded region containing natural nucleotides, using
the primers mentioned above. One example thereof ig PCR.
Isothermal amplification techniques such as LAMP and ICAN may

be used.

In the case where the nucleic acid amplification
technigue is PCR, a pair of reverse and forward primers for the
PCR reaction may be designed such that both primers contain
different polymerase reaction inhibitory regions from each
other, or such that one of them contains a polymerase reaciion
inhibitery region and the other is free of any polymerase
reaction inhibitory region but is modified with biotin or the
like.

00481

The PCR conditions are not particularly limited, provided
that a target region of the above-described sample DNA is
amplifiedby PCR using the sample DNA as a template and the primer
set. Specifically, the polymerase used in the PCR i1s not
particularly limited, and is preferably a heat-stable DNA
polymerase, and more preferably a heat-stable polymerase that
does not substantially have a 3'-to-5' exonuclease activity.
One non-limiting example of such heat-stable DNA polymerases
is Ex~Tag {available from TAKARA BIO INC.). Likewise, the PCR
reaction conditions including temperature, time, and buffer
composition are not particularly limited, andmay appropriately
be determined accoeording to the DNA polymerase selected to use,
the sequences of the primers, the length of the target sequence,
and other factors. The length of the DNZ to be amplified by
the nucleic acid amplification reaction is preferably at least
20 bases, and more preferably at least 40 bases. If the length

is less than 20 bases, the probability of non-specific
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plification tends to be increased.
[0o4
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PCR can be carried out in a conventional manner using th
primer set to provide an amplification product in which a
single~stranded region is added to each end of the target
nucleic acid sequence. Fig. 4 is a schematic flow diagram of
an exemplary amplification reaction using primers each
containing a primer main region and a tag region. The forward
primer 10 contains a primer main region 11 having the same
seguence as a part of the 5' end of & target nucleic acid sequence
9, and a2 tag region 12 located ¢n the 5' end of the primer main
region 11. The reverse primer 13 contains a primer main region
14 having a complementary seqguence to a part of the 3' end of
the target nucleic acid sequence, and a tag region 15 located

on the 5' end of the primermain region 14. The linked tag region
in each primer typically has a different secuence from each
other. The primer set is used in PCR to afford an amplified
DNA product 16 having a single-stranded region at each end
because the added tag regions of both primers are not
substantially involved in the PCR reaction. The amplified DNA
fragment having & single-stranded region at each end refers to
an amplified DNA preduct having a double-stranded DNA part that
is the same as the target DNA region, and also having
single~stranded regions which are respectively located as 5°
end tag parts at opposite ends of the double-stranded DNA part,
as shown in Fig. 4. The amplified DNA fragment more
specifically refers to an amplified double-stranded DNA
fragment having at each end thereof a2 single-stranded region
that includes non-~modified nucleic acids, wherein the
single-stranded region at each end has a seguence in the same
orientation as the corresponding DNA strand which it is located
next to.

(0050}

Fig. 5 is a schematic flow diagram of an exemplary

amplification reaction using primers each containing a primer

P
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main region and a common seguence regilon as a joint primer set,
and primers each contalning the common seguence region and a
tag region. PCR can be carried out in a conventional manner
using the first and second primer sets to provide an
amplification product in which a single-stranded region is
added to each end of the target nucleic acid sequence.
[0051]

The first forward primer 18 contains a primer main region
1% having the same seqguence as a part of the 5' end of a target
nucleic acild sequence 17, and a common seguence region 20
located on the 5' end of the primer main region 19. The first
reverse primer 21 contains a primer main region 22 having a
complementary sequence to a part of the 37 end of the target
nucleic acid seguence, and a common seguence region 23 located
on the 5' end of the primer main region 22. The added common
sequence regions of both primers typically have different
seqguences from each other. The first primer set is used in the
PCR reaction to afford an amplified double-stranded DNA product
24 containing the common regions.
(00521

Moreover, the second forward primer 25, which is shown
around the common sequence region at either end of the amplified
DNA product 24, contains a primer main region 26 having a
sequence common to a part of the 5' end of the amplified
double-stranded DNA product 24 containing the common regions,
and a tag region 27 located on the 5' end of the primer main
region 26. The second reverse primer 28 contains a primer main
region 29 having a complementary sequence common to a paxrt of
the 3" end of the amplified double-stranded DNA product 24
containing the common regions, and a tag region 30 located on
the 5' end of the primer main region 29. The linked tag regions
of both primers typically have different sequences from each
other. The primer set 1is used in PCR to afford an amplified
DNA product 31 having a single-stranded region at each end

because the added tag regions of both primers are not
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substantially involved in the PCR reaction. In this embodiment,
the PCR reaction using the first primers and then the PCR
reaction using the second primers are seguentially carried out
as shown in Fig. 5. With respect to the order, the first and
second primers may be added at the same time, or alternatively,
the second primers may be added later.

[0053]

The amplified DNA fragment having a single~stranded
region at each end refers to an amplified DNA product having
a double-stranded DNA part that is the same as the target DNA
region, and also having single-stranded regions which are
respectively located as 5' end tag parts at opposite ends of
the double-stranded DNA part, as denoted by the reference
numeral 31 in Fig. 5.

[0054]

In the case of using such first and second primer sets,
a single set of second primers can be used for different target
nucleic acids to provide the same single-stranded tag sequences,
as long as these primer sets are designed to have the same common
sequences. The amplified DNA fragment more specifically
refers to an amplified double~stranded DNA fragment having at
each end thereof a single-stranded region that includes

non-modified nucleic acids, wherein the single-stranded region

at esach end has a seqguence in the same orientation as the
corregponding DNA strand which it is located next to.
[0055)

The single-stranded regions of the amplification product
synthesized using the primers are used to form a hybridization
complex. The term "hybridization” means that molecules
containing nucleic acids complementarily form a complex (e.g.
DNA/DNA, DNA/RNA, DNA/PNA, L-DNA/L~DNA). In the nucleic acid
detection method of the present invention, the amplified DNA
product obtained in the nucleic acid amplification step can be
used in a hybridization reaction without the need of a treatment

for making the amplified product single-stranded {e.g. heat
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because the amplified DNA

S
tranded regions.

0o

ragment contains the single-
[0056]

It is possible to hybridize a first oligonuclectide probe
immobilized on a capture carrier (solid phase) with one of
single-~stranded tag regions which contain natural nucleotides
and are respectively located at opposite ends of the amplified
double-stranded DNA fragment. The detectionmethodpreferably
further includes the step of hybridizing a second '
oligonucleotide probe labeled directly or indirectly with a

labeling substance with the other single-stranded region of the

ramplified double-stranded DNA fragment. The formation of a

i
triple complex of the amplified double-stranded DNA fragment,

the first oligonucleotide probe, and the second oligonucleotide

probe is called "sandwich hybridization™. The order of
hybridization of the three substances is not particularly
limited

[0057]

The length of the first oligonucleotide probe is not
particularly limited as long as it is capable of hybridizing
to the single~stranded region of the amplified double-stranded
DNA fragment, and is preferably 5 to 60 bases, and more
preferably 10 to 40 bases.

[0058]

The length of the second oligonucleotide probe is not
particularly limited as long as it is capable of hybridizing
Lo the single-~stranded region of the amplified double~stranded
DNA fragment, and is preferably 5 to 60 bases, and more
preferably 10 to 40 bases.

[0059]

The labeling substance bound to the second
cligonucleotide probe is not particularly limited as long as
it enables the amplified double-stranded DNA fragment to be
detected. The labeling substance is preferably a colored

carrier that enables the amplifieddouble-stranded DNA fragment
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to be visually detected. Examples of such colored carriers
include colored particles;, and enzyme- or pigment-bound
carriers. Preferred among these are colored particles.
(0060}

Examples of the colored particles include colloidal
particles of metals such as gold, silver, copper and platinum,
ored latexes which are latexes cclored with a pigment, a dye
or the like, and silica nanoparticliles which are silica (silicon
dioxide) particles in which pigment molecules are immobilized.
Preferred among these are colloidal gold particles and colored
{e.g. blue, red) latex particles made of a water-dispersible
polymer. The use of suchcoloredparticlesallows the amplified
DNA fragment to be visually determined more easily. In
particular, in the case of simultaneously detecting multiple
analytes, colored particles of different color is used for each
analyte toallow themultiple analytes tobe visually determined
easily at the same time.
[0061]

In the case where colored particles are used, the
particles size is not particularly limited. Preferably, the
particle size is determined such that the colored particles have
less adverse effect on the formation of a sandwich hybridizatiocon
complex and on the capturing of the target segquence-containing
anplification product on the scliidphase, and provide good color
development in the detection. The particle size 0f colored
particles is selected to be smaller than the pore size of a
later-described chromatographic medium. Specifically, the
particle size is typically not more than 500 nm, preferably 0,1
nm to 100 nm, and more preferably 1 nm to 50 nm. The enzymes
usable as the colored carrier are proteins that catalyze
reactions of substrates to develop a color or emit light.
Examples include peroxidases, alkaline phosphatases, and
luciferases, although the enzymes are not limited to these
examples, provided that they allow detection by observation

with the naked eye.



}J
I

<

(oY)
i

[0062)

The conditions of the hybridizaticn of the
single-stranded region at the end of the amplified
double-stranded DNA fragment and the first or second
oligonucleotide probe are not particularly limited, provided
that they can hybridize to each other. Preferably, they are
reacted at room temperature in 10 mM phosphate buffexr. In this
case, the hybridization rate can be increased by adding a salt
such as scdium chloride.

[0063]

The presence of the target nucleic acid can be assessed
by detecting the target substance in the sandwich hybridization
complex formed in an identifiable zone on the capture carrierx
(solid phase). The detection is preferably based on visual
observation. According to the detection method of the present
invention, the amplification product of the nucleic acid
anplification reaction can be used directly in the
hybridization reaction without the need of any treatment for
making the amplification product single-stranded (e.g. heat
denaturation). In addition, it i1s possible to easily and
rapidly assess the presence of the target nucleic acid by visual
observation without the need of special eguipment.

[0064]
The nucleic acid detectionmethod involving the formation
z

sridization complex is preferably carried out
1

3

-y

of a sandwich hy

on nucleic acid detection device. In addition, it i

a s
preferable tc use chromatography for the detection of the
1

fied DNA product.

The nucleic acid chromatography device of Fig. 6 includes
a sample pad 32 (a carrier to which the amplified DNA product
is to be applied), a conjugate pad 33 (a carrier in which a
colored carrier-bound oligonucleotide is placed), a carrier 34
having a capture oligonucleoctide (a chromatographic medium),

11
and an absorption pad 35, and these members are attached on a
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supporting member 36 with a pressure~sensitive adhesive or the
like. Thecarrier 34 isprovidedwitha test line 37 along which
the capture oligonucleotide is applied, and a control line 38.
In the case where the colored carrier-bound oligonucleotide is
nixed with a developing sclution, the conjugate pad 33 may not
be used.

[0066)

Preferably, the chromatography is carried out to detect
the amplified double-stranded DNA fragment by a method
including the following steps (&) to (cj: (a) placing the
ucleic acid detection

~

0
amplified DNA fragment in a zone on the
device which is different from a zone where the first
cligonucleotide probe is immobilized; (b) diffusing the
amplified DNA fragment with a solvent on the device toward thes
zone where the first oligonucleotide probe is immobilized; and
(c) hybridizing the first oligonucleotide probe with the
amplified DNA fragment in the zone where the first
oligonucleotide probe is immobilized.

{00671

For example, in the nucleic acid chromatography device
of Fig. 6, the amplified DNA fragment is placed on the sample
pad 32 in the step (a). In the step (b), the amplified DNA
fragment is diffused in the direction of the arrow. In the step
(¢}, the amplified DNA fragment is hybridized with and captured
by the first oligonucleotide probe immebilized on the test line
37.

[0068]

Preferably, the detection method further includes the
step of hybridizing the second oligonuclectide probe labeled
with the labeling substance with the amplified DNA fragment
before the step (¢). For example, in the case of the nucleic
acid chromatography device of Fig. 6, the amplified DNA fragment
and the second oligonucleotide probe are hybridized on the
conjugate pad 33.

[0069]
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Moreover, the chromatography is pref ably carried out
by the following steps (d) to (h): (d) placing the ampllfiec
DNA fragment and the second oligonucleotide robe labeled with
the labeling substance respectively in discrete zones on the
nucleic acid detection device which are different from a zone
where the first oligonucleotide prcbe i1s immobilized; (e)
diffusing the amplified DNA fragment with a sclvent towazrd the
zone where the second oligonucleotide probe labeled with the
labeling substance is placed; (f} hybridizing the second
oligonucleotide probe labeled with the labeling substance with
the amplified DNA fragment in the zone where the second
oligonucleotide probe labeled with the labeling substance is
placed; (g) diffusing a hybridization complex obtained in the
step (f) on a development medium toward the zone where the first
oligonucleotide probe is placed; and (h} hybridizing the first
oligonucleotide probe with the complex in the zone where the
first oligonucleotide probe is immobilized.

(00701

For example, in the case of the nucleic acid
chromatography device of Fig. 6, the amplified DNA fragment is
placed on the sample pad 32, and the second oligonucleotide
probe 1s placed on the conjugate pad 33 in the step (d). In
the step (e), the amplified DNA fragment is diffused from the
sample pad 32 in the direction of the arrow. In the step (L},
the amplified DNA fragment and the second oligonucleotide probe
are hybridized on the conjugate pad 33. In the step (g), the
hybridization complex of the amplified DNA fragment and the
second oligonucleotide probe labeled with the labeling
substance is diffused in the direction of the arrow. In the
step (h), the first oliqomucleotide probe and the complex are
hyvbridized on the test line 37.

[C071]

On the test line on the membrane, an oligonucleotide probe

having a complementary sequence to one of the tag regions of

the amplified DNA fragment is immobilized as the first



[}
w

20

30

35

oligonucleotide probe for capturing. The first
oligonucleotide probe for capturing may be bound to the membrane
directly or wvia a functional group or a certain substance.
Examples of such mediating substances include, but are not
limited to, peptides, proteins and nucleic acids. In the case
where avidin 1s used as a mediating substance, the capture
oligonucleotide should be modified with biotin.

[0072]

On the control line on the membrane, an oligonucleotide
probe for capturing the colored carrier is immobilized. The
cligonucleotide proke for the control line has a complementary
sequence to the second oligonuclectide probe labeled with the
labeling substance so that it certainly captures the labeling
substance when the sample sciution is developed. The
cligonucleotide probe for the control line may also be bound
to the membrane directlyor via a functional group or a substance,
as described above. Examples of mediating substances include,
but are not limited to, peptides, proteins and nucleic acids.
In the case where avidin is used as a mediating substance, the
capture oligonucleotide should be modified with biotin.
[00673]

The presence of the target nucleic acld in a sample can
be assessed by visually observing a color on the test line. Also,
a color on the control line can be visually observed to determine
whether the development and the color reaction are normally
carried out. The "to visually cobserve” means observaticn with
the naked eve to assess the color.

100741

Examples of the chromatographic medium include paper
filters such as gualitative filters, quantitative filters,
phase separating filters, glass fiber filters, silica fiber

ilters, and bicomponent fiber filters. Other examples

H}

nciude £ilters made of celluloses (e.g. nitrocellulose),
synthetic resin f£ilms such as polyethersulfone memkbranes, and

porous gels such as silica gel, agarose, dextran, and gelatin.
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Nylon membranes can also be sultably used. In practical use,
the form and size of the chromatographic medium are not
particularly limited, and may be any suitable ones in operation
and observation of the reaction results.

[0075]

These carriers may be modified in various ways to improve
the hydrophilicity and affinity for the compound. In order to
make the operation easier, the back surface of the
chromatographic medium whose opposite surface is provided with
reaction sites is preferably provided with a supporting
material made of plastic or the like.

[00767

The developing direction in the device is not
particulariy limited, andmay be horizontal or vertical as shown
in Fig. 6. Since the solvent used in the nucleic acid
armplification reaction can function as a developing solvent as
well, the reaction solution obtained by the nucleic acid
amplification reaction can be directly dropped to the sample
pad 32 inFig. 6. Alternatively, a separate developing solution
may be added tc the reaction sclution obtained by the
amplification reaction, and the resulting solution may be added
to the sample pad. Any developing solvent can be used without
particular limitation, provided that it is liguid. Examples
thereof include phosphate buffer and Good's buffers such as Tris
buffer. Such solvents may contain salts, surfactants,
proteins, and nucleic acids dissolved therein.

[00771

With reference to Fig. 7, an exemplary embodiment of the
present invention is described in which a sandwich
hybridization complex is formed on a chromatographic carrier.
An amplified DNA fragment 16 obtained in the nucleic acid
amplification step is used in the subseqguent complex formation
step without performing a treatment for making the fragment
single~-stranded (e.g. heat treatment) and other treatments.

Then, the amplified DNA fragment 16 is hybridized with an



o

st
(63}

25

30

35

oligonucleotide probe including a colored carrier 40 and a

nuclelc acic sequence 39 capable ¢of specifically kinding to one
(tag region 12) of the tag regions of the DNA fragment, and
thereby forms a first complex 41. The ccmplex 41 may be formed,
for example, in & PCR reaction vessel, pricr to the application
to the development medium, or may be formed by applying the
amplified DNA fragment to the carrier and allowing the amplified
DNA fragment to move by capillary action to pass through a

carrier that has been subljected to coating with the labeling
molecule-bound oligonucleotide and drying.

[0078]

The complex 41 comes into contact with a capture
oligonucleotide probe 43 that is previously allowed to be bound
in an identifiable zone on a chromatographic medium 42 made of
a porous membrane or the like, on the development medium. The
capture oligonucleotide 43 has a complementary seguence to the
other tag sequence 15 of the amplified DNA fragment, and thus
hybridizes to the complex 41 to form a sandwich hybridization
complex.

[0079]

The order of procedures for forming such a sandwich

hybridization complex is not particularly limited. It is
e

referable that the amplified DNA fragment and the second

T

oligonucleotide probe labeled with the labeling substance form
a compiex 41, and then the complex and the first oligonucleotide
probe for capturing form a complex. Alternatively, a sandwich
hybridization complex may be formed by enriching the amplified
DNA fragment via the first oligonucleotide probe for capturing
on the development medium, and then developing the second
oligonucleotide labeled with the labeling substance.
100807

Another example of the nucleic acid detection device is
a microarray (DNA chip) as shown in Fig. 8. The triple complex
can be formed by sandwich hybridization in wells of the

microarray 44 in which a capture oligonucleotide is
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immobilized.
[0081]
' Still another example 1s a bead form as shown in Fig. 9.
The triple complex can be formed by sandwich hybridization cn
the bead carrier 45 having a capture oligonucleotide.
[00823

The nucleic acid detection method and the nucleic acid
detection device of the present invention can be used for any
technigques involving a nucleic acid amplification step. In
other words, the nucleic acid detection method and the nucleic
acld detection device of the present invention can be used for
techniques inany fields which involve detection of an amplified
DNA fragment (e.g. PCR product) obtained by a nucleic acid
amplification technique. Specifically, they are used for, for
exanple, molecular bioclogy research, detection of pathogens,
detection of forsign matter such as allexgens in foods, food
guality control (inspection of mislabeled foods andgenstically

modified foods), livestock control, detection of single

" nuclectide polymorphisms {hereinafter, also referred to as

"SNP¥), screening of diseases such as cancer, and so on.
Accordingly, the present invention encompasses methods for
detecting a pathogenic infectious disease, methods fox
detecting foreignmatter (e.g. allergen) in foods, food gquality
control methods, livestock control methods, methods for
detecting a single nucleotide polymerphism, and like methods
which inciude a step of performing the nucleic acid detection
method of the present invention.
(06833

As embodiments of application of the present invention,
a pathogen detecticn method and an allergen detection method
according to the present invention are described in detail
beiow.
[0084]

The pathogen detection method according to the present

invention may be any method including the step of detecting a
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gene specific to a pathogen by the nucleic acld detection method
o

the present invention. The pathogen is not particularly

&

h

limited, and specific examples include pathogenic bacteris,
pathogenic viruses, food poiscning bacteria, and bacteria and
viruses causing hospital infections. More specifically, there
may be mentioned, for example, viruses such as hepatitis Cvirus
{HCV), cytomegalovirus (CMV), Epstein-Barr virus (EBV),
herpesviruses, and human immunodeficiency virus (HIV):;
bacteria such as Escherichia coli {e.g. 0157), Mycobacterium
tuberculosis, Salmonella typhi, salmonella bacteria, and
Vikrio parahaemoliyticus; and microorganisms such as
mycoplaéma{

[0085]

More specifically, the pathogen detection method
according to the present invention includes determining, by the
nucleic acid detecticn method, whether a gene specific to a
pathogen is present, for example, in a DNA sample prepared from
a sample to be assessed for the presence of the pathogen. Oz,
a sample to be assessed for the presence of the pathogen may
be directly used for a template for nucleic acid amplification
without preparing a DNA sample. For example, in the case where
the pathogen to be detected is a bacterium such as Escherichia
coli, a bacterial colony suspension can be used for a template.
Then, i1f the gene specific to the pathogen is detected, it can
be determined that the sample contains the pathogen. In this
manner, 1t is possible toeasily and highly accurately determine
whether a sample contains & pathogen without the need of special
eguipment. Thus, the pathogen detection method according to
the present invention can be used for the diagnosis of microbial
infectious diseases.
roogsl

The allergen detection method according to the present
invention may be any method including the step of detecting a
gene encoding an aillergen by the nucleic acid detection method

of the present invention. The allergen is not particularly
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limited, and specific examples include allergens contained in
foods. More specifically, theremay be mentioned, for example,
egg albumen allergens, milk allergens, wheat allergens,
buckwheat allergens, peanut allergens, and so on. More
specifically, the allergen detection method according to the
present invention includes determining, by the nucleic acid
detection method, whether & gene encoding an allergen derived
fromegg, milk, wheat, buckwheat, peanut or the like is present,
for example, in a DNA sample prepared from a food. Then, if
such a gene 1is detected, it can be determined that the food
contains an ingredient containing the allergen.

{0087}

In this manner, it is possible to easily and highly
accurately determine whether a sample such as food contains an
ingredient containing an allergen without the need of special
equipment. It should be noted that the allergen origin is not

limited to those described above. For example, taking the

R
0]

example of grains, the allergen origin may be any type of rice,
corn, Italianmillet, prosomilliet, Japanesemillet, buckwheat,
or pulses. Since DNA is thermally stable, a trace amount of
DNA can be detected even in processed foods. Thus, the allergen
detection method according to the present invention provides
data that can be used not only for food labeling and allergen
information of foods but also for detection of minute amounts
of residual food additives {(e.g. processing materials,
carry-overs) and detection of contaminants that are not
nded by a manufacturer (e.g. the presence or absence of

te
cress-contamination between the manufacturing lines).
088

In addition to these applications, the present invention
is applicable to determination of the parentage of a mammal
including human, identification of the pedigree of livestock,
variety identification for agricultural products, SNP
detection, detection of diseases (e.g. cancer) caused by gene

mutations, and the like. More specifically, for example,



15

26

5%}
wl

390

taking the example of livestock, the present invention can be
used for pedigree registration, individual identification,
parentage determination, removal of a carrier individual with
a disease-causing gene, and the like. It should be noted that
the present invention is not limited to the embodiments
mentioned above, but may be modified within the scope of the
appended claims. An embodiment based on a proper combination
of technical means disclosed in different embodiments is

encompassed in the technical scope c¢f the present invention.

EXAMPLES
[0089]

The present invention is described in more detail below,
referring to examples which are not to be construed as limiting
the technical scope of the present invention.

[0090]
<Example 1>
{1} 8ynthesis of L-DNA-tagged primers

In this example, a forward primer (¥} and a reverse primer
(R) were designed to be able tco amplify about 330 base pairs
by PCR amplification using pUCLY9 (available from Takara Bio,
Inc.) as a template. Then, tag sequences TL and TZ which are
non-natural {(L-)DNA strands were respectively introduced into
the 5' ends of these primers to construct L-DNA~tagged primers
T1-F and T2-R. The synthesis of these L-DRA-tagged primers was
carried out by a general phosphoramidite method using a DNA
automatic synthesizer (H-8-SE: Gene World) witha 0.2 uM colunmn.
rogetl

The following shows the primer set prepared in this study.
Primer F: 5'~°d(GGAAACAGCTATGACCATGA)~3" (SEQ ID No:l)
Primer R: 5°'-Pd(CTATGCGGCATCAGAGCAG)~3"' (SEQ ID No:2)

Tag sequence T1: 5'-"d (GACAACGGAGACAGAGCCAA) -3 (SEQ ID No:3)
Tag sequence T2: 51 -l (ATGCTACCGTATGCCCAGTG) ~3" (8EQ ID No:4)
Primer TI1-F:

5*—gd{GACAACGGAGACAGAGCCAA}~Dd{GGAAACAGCTATGACCATGA)~3’ {8EQ



10

et
wm

20

25

30

35

ID ¥No: 5)
Primer T2-R: ,
5 —*d (ATGCTACCGTATGCCCAGTG) =7d (CTATGCGGCATCAGAGCAG) =31 (SEQ
ID Ng:6)
[ooez]
{2) PCR using L-DNA-tagged primer set

PCR was performed using the primer set prepared by
performing the above step (1). Specifically, a 100 ul PCR
mixture was prepared by putting the prepared primer F and primer
R (15 pmol each) and pUCLY8 (10 ng) in a 0.2-ml PCR tube, and
following the instruction manual of a PCR device ExTaqg
{available from Takara Rio, Inc¢.). Thereafter, the tube was
t in a thermal cycler ({(GeneAmp PCR System, available from

lied Biosystems), and subiected to heat treatment at 285°C

&
o
ge

i
for five minutes and then exposed to 35 cycles of 95°C for 30
saeconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Conseqguently, the target fragment of about 320 bp was amplified.
Separately, the same reaction was carried out in the absence
of pUCl1l8 as a negative control.
[0093]
(3) Preparation of latex-bound L-oligonucleotide probe

A carboxyl grcoup-containing polystyrene latex (solids

content: 10% (w/w), available from Bangs Laboratories, Inc.;
and an amino-group containing L-oligonucleotide probe (SEQ ID
No:7, strand complementary tc SEQ ID No:3) were bonded by mixing
them in MES buffer containing a necessary amount of a
water-soluble carbodiimide, and the resulting product was
blocked with monoethanoclamine. The reaction solution was
centrifuged, and the supernatant was then removed. The
obtained precipitate was washed with water, and then
resuspended in HEPES buffer with a surfactant. The suspension
was uniformly applied to a glass fiber pad, and the pad was dried
ina vacuumoven. In this manner, a conjugate pad was obtained.
Nucleotide probe 1: 5° -t {(TTGGCTCTGTCTCCGTTGETC) ~NH-3" (SEQ ID
No:7)
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[0094]
{(4) Immobilization of L-oligonuclectide probe on solid phase
Anylon membrane modified with carboxyl groups {available
from Pall Corporation, 6 mm x 60 mm) was treated with a
water-soluble carbodiimide, and washed with delonized water.
An amino group-containing L-oligonuclectide probe having a
sequence (SEQ ID No:€) complementary to SEQ ID No:4 was applied
to the activated membrane with a dispenser along a line drawn
30 mm from one end of the membrane, and alr~dried for 15 minutes.
Subsequently, the membrane was treated with Tris buffer and
blocked, and then washed with water and dried.
Nucleotide probe 2: 5114 (CACTGGGCATACGETAGCAT) -NH,-3" (SEQ ID
No:8)
[0095]
(5) Preparation of nucleic acid chromatography~like test strip
A test strip to be used for detection of the PCR product
amplified using the L-DNA-tagged primer set was prepared by
attaching a chromatographic medium consisting of the nylon
membrane prepared above, the conjugate pad prepared above, a
general sample pad as a sample application zone, and an
absorpticn pad for abscorbing the developed sample and the
labeling substance to & substrate consisting of a backing sheet
as shown in Fig. 6.
[0096]
(6} Detection of PCR product using test strip
The PCR product obtained in the step (2) was immediately,
without being denatured, applied to the sample application zone
on the test strip prepared in the step (5) to perform detection
by chromatography. A colored line specific to the target
nucleic acid was detected along the test line for the sample
prepared using pUC1% as an analyte in the step (2). Incontrast,
there was no line detected for the negative control prepared
using water instead. The detection by chromatography took as
short a time as 10 to 15 minutes.
[00667]
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<Examp-.e 2>
(1} Synthesis of hairpin-tagged primers

In the same manner as in the step

—~

1) in Example 1, a

o0

forward primer (F) and z reverse primer (R) were designed to
be able to amplify about 330 base palrs by PCR amplification
uging pUCLY (available from Takara Bio, Inc.) as a template.
Then, a polymerase reaction inhibitory region (H) having a
hairpin structure and a tay seguence T3 or T4 were introduced
inte the 5' end of each corresponding primer to synthesize
tagged primers T3-H-F and T4-H-R.
[0098]

The following shows the primer set prepared in this study.
Polymerase reaction inhibitory sequence H:
5" ~Pd (AGGCGAGGTCGCGAGCGCACATGTGCGCTCGCGACCTC GCCT) -3 (SEQ ID
No: 9)
Tag sequence T3: 5'-"d(TATGATATGCTTCTCCACGCATAAT) -3 (SEQ ID
Ne:10)
Tag sequence T4: 51 -Pq (TGCTCTGTACACTTGCTCRAT) -3 (SEQ ID
No:1l)
Primer T3~H-F:
5t -Pq (TATGATATGCTTCTCCACGCATAATAGGCGAGGTCGCGAGCGCACATS
TGCGCTCGCGACCTCGCCTGGARACAGCTATCGACCATGA) -37 (SEQ ID No:l2)
Primer T4~H-R:
5'-Pd (TGCTCTGTACACTTGCTCAATAGGCGAGGTCGCGAGCGCACATGTGC
GCTCGCGRCCTCGCCTCTATGCGGCATCAGAGCAG) -3 (SEQ ID No:l3)
(06997
{2} PCR using hairpin-tagged primer set

PCR was performed using the primer set prepared by
performing the above step {(1). Specifically, a 100 ul PCR
mixture was prepared by putting the prepared primer F and primer
R (15 pmol each), and pUCL% {10 ng) in a 0.2-ml PCR tube, and
following the instruction manual of a PCR device ExTag
(available from Takara Bio, Inc.). Thereafter, the tube was
set in a thermal cycler (GeneAnmp PCR System, available from

Applied Biosystems), and subjected to heat treatment at 25°C
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for five minutes and then exposed to 35 cycles of 95°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Consequently, the target fragment of about 330 bp was amplified.
Separately, the same reaction was carried out in the absence
of pUClY% as a negative control.
{01001
(3) Preparation of latex-bound coligonucleotide probe
A carboxyl group-containing polystyrene latex (solids
content: 10% (w/w), available from Bangs Laboratories, Inc.)
and an amino-group containing oligonucleotide probe (SEQ ID
No:14, strand complementary to SEQ ID No:10) were bonded by
mixing them in MES buffer containing a necessary amount of a
water-soluble carbodiimide, and the resulting product was
blocked with monoethanolamine. The reaction solution was
centrifuged, and the supernatant was then removed. The
obtained precipitate was washed with water, and then
resuspended in HEPES buffer with a surfactant. The suspension
was uniformly applied to a glass fiber pad, and the pad was dried
in a vacuum oven. In this manner, a conjugate pad was obtained.
Oligonucleotide probe 3:
5'-°d (ATTATGCGTGGAGRAGCATATCATA) ~NH,-3" {SEC ID No:l14)
{0101)
(4) Immobilization of oligonuclectide probe on solid phasse
Anylonmembrane modified with carboxyl groups (available
from Pall Corporation, 6 mm x 60 mm) was treated with a
water-soluble carbodiimide, and washed with deionized water.
An amino group-containing L-oligonucleotide probe having a
sequence (SEQ ID No:15) complementary to SEQ ID No:ll was
applied to the activated membrane with a dispenser along a line
drawn 30 mm from one end of the membrane, and air-dried for 15
minutes. Subsequently, the membrane was treated with Tris
buifer and blocked, and then washed with water and dried.
Oligonucleotide probe 4: 5'~Pd (ATTGAGCARGTGTACAGAGCA) ~NH,~3
{SEQ ID No:15)
{0102}
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(5) Preparation of nucleic acid chromatography-like test strip

A test strip to be used for detection of the PCR product

o

mplified,using the halrpin-tagged primer set was prepared by
ttaching a chromatographic medium consisting of the nylon
embrane prepared above, the conjugate pad prepared above, a
general sample pad as a sample application zone, and an
absorption pad for absorbing the developed sample and the
ilabeling substance to a substrate consisting of a backing sheet
as shown in Fig. 6.
[0103]
{6) Detection of PCR product using test strip
The PCR product obtained in the step (2) was lmmediately,
without being denatured, appliedto the sample application zone
on the test strip prepared in the step (5) to perform detection
by chromatography. A colored line specific to the target
nucleic acid was detected along the test line for the sample
prepared using pUCLY as an analyte in the step {2). Incontrast,
there was no line detected for the negative control prepared
using water instead. The detection by chromatography took as
short a2 time as 10 tc 15 minu
[0104]
<Example 3>
(1) Synthesis of artificial nucleic acid {azobenzene)~inserted
primers
In the same manner as in the step (1} in Example 1, a
forward primer (F) and a reverse primer (R) were designed to
be able to amplify about 330 base pairs by PCR amplification
using pUCLY {(available from Takara Bio, Inc.) as a template.
Then, & polymerase reaction inhibitory region (X} containing
azobenzene (artificial nucleic acld) and a tag sequence 75 or
T6 were introduced into the 5' end of each corresponding primer
to synthesize tagged primers T5-X-F and T6~¥~R. These two
azobenzene-inserted primers were purchased as products
custom-synthesized by TSUKUBA OLIGC SERVICE CO., LTI The

following shows the primer set prepared in this study.
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(01057

Tag sequence T5: 5'-"d (TGECAACATTTTTCACTGGGTTTATAG) -3 (SEQ ID
No:l6;

Tag seguence T6:
No:il?)

Primer T5-X-F: 5'-"d(TGGCAACATTTTTCACTGGGTTTATAG X
GGAAACAGCTATGACCATGA)-3" (SEQ ID No:18j

Primer T6-X-R: 5'-"d(GGTTAGCTTCCAACCACGTGTAGATCA X
TCTATGCGGCATCAGAGCAG) -3 (SEQ ID No:l9)

The azobenzene inserted into the primers is represented by the

" ~PQ (GETTAGCTTCCAACCACGTGTAGATCA) -3 (SEQ ID

N

following formula (1).
[0106]

(0107]
{2} PCR using azobenzene-inserted primer set

PCR was performed using the primer set prepared by
performing the above step (1). Specifically, a 100 pl PCR
mixture was prepared by putting the primer T5-X-F and primer
T6-X-R {15 pmol each) and pUCLlY (10 ng) in a 0.2-ml PCR tube,
and following the instruction manual of a PCR device ExTag
(available from Takara Bio, Inc.). Thereafter, the tube was
set in a thermal cycler (GeneAmp PCR System, available from
Applied Biosystems), and subijected to heat treatment at 95°C
for five minutes and then exposed to 35 cycles of 85°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Consequently, the target fragment of about 330 bp was amplified.
Separately, the same reaction was carried out in the absence
of pUCLY as a negative control.
[0108]
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(3) Preparation of latex~bound oligonucleotide probe

A carboxyl group-containing polystyrene latex (solids
content: 10% {(w/w), available from Bangs Laboratories, Inc.)}
and an amino-group containing oligonucleotide probe (SEQ ID
No:20, strand complementary to SEQ ID No:16) were bonded by
mixing them in MES buffer containing a necessary amount of a
water-scluble carbodiimide, and the resulting product was
blocked with monoethanclamine. The reaction sclution was
centrifuged, and the supernatant was then remcovad. The
obtained precipitate was washed with water, and then
resuspended in HEPES buffer with a surfactant. The suspension
was uniformly applied to a glass fiber pad, and the pad was dried
in a vacuum oven. In thismanner, a conjugate pad was obtained.

~

Oligonucleotide probe 5: )
57 -°d (CTATAAACCCAGTGAAABRATGETTGCCA) ~NH,~3 " (SEQ ID No:20)
[0109]
(4) Immobilization of oligonucleotide probe on solid phase
Anylonmembrane modifiedwith carboxyl groups (available
from Pall Corporation, 6 mm x 60 mm) was treated with a
water~soluble carbodiimide, and washed with deionized water.
An amino group-containing D-cligonucleotide probe having a
seguence (SEQ ID No:2l) complementary to SEQ ID No:17 was
applied to the activated membrane with a dispenser along a line
drawn 30 mm from one end of the membrane, and ailr-cdried for 15
minutes. Subseguently, the membrane was treated with Tris
buffer and blocked, and then washed with water and dried.
Oligonucleotide probe 6:
5124 (GATCATACACGTGGTTGGAAGCTAACS) ~NH,~3"  (SEQ ID No:21)
[01103
(5) Preparation of nucleic acid chromatography-~like test strip
A test strip to be used for detection of the PCR product
amplifiedusing the azobenzene-inserted primer set was prepared
by attaching a chromatographic medium consisting of the nylon
membrane prepared above, the conjugate pad prepared above, a

general sample pad as a sample appliication zone, and an
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absorption pad for absorbing the developed sample and the
labeling substance to a substrate consisting of a backing sheet
as shown in Fig. 6.

[0111]

(6) Detection of PCR product using test strip

The PCR product obtained in the step (2] was immediately,
without being denatured, applied to the sample application zone
on the test strip prepared in the step {5) to perform detection
by chromatography. A colored line specific to the target
nucleic acid was detected along the test line for the sample
prepared using pUClY as an analyte in the step (2). Incontrast,
there was no line detected for the negative control prepared
using water instead. The detection by chromatography took as
short a time as 10 to 15 minutes.

[0.12)
<Example 4>
(1) Preparation of gold cocllcid~bound oligonucleotide probe

Gold Colloid (40 nm, 9.0 x 10*° (particles/ml), available
from British BioCell Internatiocnal) and a thiol
group~containing oligonucleotide probe {SEQ ID No:22, strand
complementary to SEQ ID No:16) were mixed and incubated at 50°C
for 1¢ hours. The resulting mixture was centrifuged at 6000
rpm for 15 minutes, and the supernatant was removed. The
residue was combined and mixed with 0.05 M sodium chloride and
5 mM phosphate buffer (pH 7), and then incubated again at 50°C
for 40 hours.

[0113]

After the incubation, the resulting mixture was
centrifuged (6000 rpm, 15 minutes). The supernatant was
removed,andtheiesiduawascmmbinedwithmeMphosphatebuﬁfer
(pH7;. Thisbuffer replacement procedure was performed again.
[0114]

The obtained gold colloid solution was uniformly applied
to a glass fiber pad, and the pad was dried in a vacuum oven.

In this manner, a conjugate pad was obtained,
J -
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'~2d (CTATARACCCAGTGRARARTGTTGCCA) ~SH-3" (SEQ ID No:22)

ion of oligonucleotide probe on solid phase
A 3'~bilotin-modified oligonucleotide probe having a
seguence {SEQ ID No:23) complementary to SEQ ID No:17 was mixed
with streptavidin. The resulting mixture was applied along a
line on a2 nitrocellulose membrane (product name: Hi-Flow 180,
available from Millipore Corporation) with a dispenser, and
alir-dried at 40°C for 30 minutes.
Oligonuclectide probe 8:

57 -Pd (GATCATACACGTGGTTGGAAGCTAACC) ~Biotin~3" (SEQ ID No:23)
[0117]
(3) Preparation of nucleic acid chromatography~like test strip

A test strip to be used for detection of the PCR product
amplifiedusing the azobenzene~inserted primer set was prepared
by attaching a chromatographic medium consisting of the
nitrocellulose membrane prepared above, the conjucgate pad
prepared above, & general sample pad as a sample application
zone, and an absorptio&.pad.for absorbing the developed sample
and the labeling substance to a substrate consisting of a

backing sheet as shown in Fig. 6.

} Detection of PCR product using test strip

The PCR product obtained in the step (2) in Example 3 was
immediately, without being denatured, applied to the sample
application zone on the test strip prepared in the step (3) ¢
perform detection by chromatography. A cclored line specific
to the target nucleic acid was cdetected along the test line for
the sample prepared using pUCLY as an analyte in the step (2)
in Example 3. 1In contrast, there was no line detected for the
negative control prepared using water instead. The detection
by chromatography took as short a time as 10 to 15 minutes.

[0119]
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<Example 5>

(1) Immobilization of oligonuclectide probe on solid phase
An oligonucleotide probe having a sequence (SEQ IDNo:24)

complementary to SEQ ID No:17 was applied along a line on an

UltraBind affinity membrane {available from Pall Corporation)

with a dispenser, and alr-dried at B0°C for one hour.

Oligonucieotide probe 9:

5'-°d (GATCATACACGTGGTTGGAAGCTAACC) ~3" (SEQ ID No:24)

[0120]

{2) Preparation of nucleic acid chromatography-like test strip
A test strip to be usecd for detection of the PCR product

amplifiedusing the azobenzene-inserted primer set was prepared

by attaching a chromatographic medium consisting of the

UltraBind affinity membrane prepared above, the conjugate pad

prepared above, a general sample pad as a sample application

zone, and an absorption pad for abscrbing the developed sample

and the labeling substance to a substrate censisting cf a

backing sheet as shown in Fig. 6.

10121]

{3} Detection of PCR product using test strip

——

The PCR product obtained in the step (2) in Example 3 was
immediately, without being denatured, applied to the sample
application zone on the test strip prepared in the step (2) to
perform detection by chromatography. A colored line specific
to the target nucleic acid was detected along the test line for
the sample prepared using pUClY9 as an analyte in the step (2}
in Example 3. In contrast, there was no line detected for the
negative control prepared using water instead. The detection
by chromatography took as short a time as 10 to 15 minutes.
[0122]
<Example 6>
(1) Synthesis of artificial nuclelc acld (azobenzene)~inserted
primers

In this example, three pairs of primers, a forward primer
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reverse primer (R2Z), and a forward primer (F3) and a reverse
primer (R3}, were designed to be able to amplify about 330 base
pairs, about 200 base pairs, and about 100 base pairs,
respectively, by PCR amplification using the three genes: pUCLY
(available from Takara Bic, Inc.), an EcoRI methylase gene, and
a BamHI methylase gene as target nucleic acid templates,
respectively. Then, a polymerases reaction inhibitory region
{X) containing azobenzene (artificial nucleic acid) and a tag
sequence T10 or Tl1ll, or a tag secuence TlZ or T13, or a tag
sequence T14 or T1l5 were introduced into the 5' end of each
corresponding primer to synthesize tagged primers T10~X~F1 and
T11l-X~Ri, Tl2-¥-F2 and Tl3-X-R2, and T1l4~-X-F3 and T1i5~X~R3.
These six azobenzene-inserted primers were purchased as
products custom-synthesized by TSUKUBA OLIGO SERVICE CO., LTD.
The following shows the three primer sets prepared in this
study.

[0123]

Tag sequence T10: 51 -4 (TGECAACATTTTTCACTGGGTTTATAG) -3 (SEQ
ID No:ZE5)

Tag sequence T1l: 5'~"d (GGTTAGCTTCCAACCACGTGTAGATCA)~3" (SEQ
ID No:26)

Primer T10-¥-Fl: 5'-Pd(TGGCARCATTTTTCACTGGGTTTATAG X
GGARACAGCTATGACCATGA)-3' (SEQ ID No:27)

Primer T11~-X-~R1l: 5'-°d{GGTTAGCTTCCAACCACGTGTAGATCA X
TCTATGCGGCATCAGAGCAG) ~3' (SEQ ID No:28)

Tag sequence T12: 5'-Pd{CGCATTGAGCARGTGTACAGAGCAT) -3¢ (SEQ ID
No:29}

Tag seguence T13: 57 -Pd (ATTATGCGTGGAGARGCATATCATA) -3 (SEQ ID
No:30)

Primer T12-X-F2: 5'-Pd(CGCATTGAGCAAGTGTACAGAGCAT X
AGCATTATGAATTATATGGT) ~3' (SEQ ID No:31)

Primer T13-%X-R2: 5'-Pd(ATTATGCGTGGAGAAGCATATCATA X
TTCTTTACATTITATAGCATC) -3" ({SEQ ID No:32)

Tag sequence T14: 5' -2 (AATTGCGCATGTCCATGTGTAR) -3¢ (SEQ ID

No:33)



(63}

19

o

Ford

25

30

Tag sequence T15: 5'-Pd(TACTTTAGAGGAAACTGCTGAG)-3' (SEQ ID
No:34)

Primer T14-X-¥3: 5'-d(AATTGCGCATGTCCATGTGTAA X
TGGTTTTRAAARACTCTGATAC)~3" (SEQ ID No:35)

Primer Ti5-X-R3: 5'-d(TACTTTAGAGGAAACTGCTGAG X
AGTATGATGAGGGTGTAACA)~-3" (SEQ ID No:36)

[0124]

{2} PCR using three azobenzene-inserted primer sets

PCR was performed using the three primer sets prepared
by performing the above step (1}. Specifically, a 1006 pl PCR
mixture was prepared by putting the primer T10-X-Fl and primer
T1l-~X~R1l, the primer T12-¥X~F2 and primer T13-X~R2, and the
primer T14~X~F3 and primer T15~X-~-R3 (15 pmol each; and the
template (s} (10 ng each) in a 0.2-ml PCR tube, and following
the instruction manual of & PCR device ExTag {(available from
Takara Bio, Inc.). The following five kinds of PCR mixtures
were prepared:

(i) a PCR mixture containing pUClS (available from Takara Bio,
inc.) as a tenmplate;

{ii) a PCR mixture containing the EcoRI methvlase gene as a
template;

(iii) a PCR mixture containing the BamHI methylase gene as a
template;

{iv) a PCR mixture containing all the three templates pUCLY
(available from Takara Bio, Inc.), the EcoRI methylase gene,
and the BamHI methylase gene; and

(v) a PCR mixture containing no template.

[0125]

After these PCR mixtures were prepared, the tubes were
set in a thermal cycler (GeneAmp PCR System, available from
Applied Biosystems), and subjected to heat treatment at 95°C
for five minutes and then exposed to 30 cycles of 95°C for 30
seconds, 53°C for 30 seconds, and 72°C for 30 seconds.
Conseqguently, the following DNA fragments containing the target

sequences were amplified: (i) about 330 bp; {ii) about 200 bp;
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(iii) about 100 bp; (iv) three fragments of about 330 bp, about
200 bp, and about 100 bp; and {v) no amplified DNA fragment
{negative controcl}.

(0z26]

(3) Preparation of latex-bound oligonucleotide probes

Bach pair of a carboxyl group-containing peolystyrene
latex (blue) (solids content: 10% (w/w), available from Bangs
Laboratories, Inc.) and an amino group-containing
cligonucleotide probe 16 (SEQ ID No:37, strand complementary
te BEQ IDNo:25), a carboxyl group~containing polystyrene latex
{orange) (solids content: 10% (w/w), availlable from Bangs
Laboratories, Inc.) and an amino group-containing
oligonucleotide probe 17 (SEQ ID No:38, strand complementary
o SEQ ID No:29), and a carboxyl group-containing polystyrene
latex (green) {solids content: 10% {(w/w), available from Bangs
Laboratories, Inc.) and an amino group-~containing
oligonucleotide probe 18 (SEQ ID No:39, strand complementary
to SEQ ID No:33) were bonded by mixing the pair in MES buffer
containing & necessary amount of a water—-soluble carbodiimide,
and the resulting products were blocked with monoethanoiamine.
The reaction solutions were centrifuged, and the supernatants
were then removed. The obtalned precipitates were
individually washed with water and then resuspended in HEPES
buffer with a surfactant to prepare an cligenucleotide probe
16-bound latex (blue), an oligonuclectide probe 17~bound latex
(orange), and an oligonucleotide probe 18-bound latex (green),
respectively.

[0127]

These three latexes were uniformly applied to a glass
fiber pad, and the pad was dried in a vacuum oven. In thismanner,
a conjugate pad was obtained.

Oligenucleotide probe 16:

51 ~"d (CTATARACCCAGTGAARAAATGTTGCCA) ~NH,-3" (SEQ ID No:37)
Oligonucleotide probe 17:

51 -Pd (TTGCTCTGTACACTTGCTCARTGCG) -NH,-3" (SEQ ID No:38)
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Oligonucleotide probe 18:
5'-"4 (TTACACATGGACATGCGCRATT) -NH,-3 "' (SEQ ID No:39)
(4) Immobilization of three cligonucleotide probes on solid
phase

A 3'-bictin-modified oligonuclectide probe having a
seguence (SEQ ID No:40) complementary to SEQ ID No:26, &
3'-biotin-modified oligonuclectide probe having a sequence
(SEQ ID No:41) complementary to SEQ ID No:30, and a
3'~-biotin-modified cligonucleotide probe having a seguence
(SEQ ID No:42) complementary to SEQ ID No:34 were individually
mixed with streptavidin. The resulting mixtures were applied
with a dispenser respectively along three separated lines on
anitrocellulose membrane {product name: Hi-Flow 135, available
from Millipoxe Corporation) in the stated order from the
upstream, and alr-dried at 40°C for 30 minutes. In thismanner,
three detection lines were formed.
Cligonucleotide probe 19:
5% -4 (GATCATACACGTGGTTGGAAGCTAACC) ~Biotin=-3" ({SEQ ID No

5

20
ISN
<

~—

+

Oligonucleotide probe 20:

5¢-Pd (TATGATATGCTTCTCCACGCATAAT) ~Biotin~-3"' (SEQ ID No:41)

Oligonucleotide probe 21: '

5t -Pd (CTCAGCAGTTTCCTCTARAGTA) ~Biotin~3" (SEQ ID No:42)

[0128]

{5) Preparation of nucleic acid chromatography~like test strip
A test strip to be used for cetection of the PCR products

amplified using the azobenzene-inserted primer sets was

prepared by attaching a chromatographic medium consisting of

the nitrocellulose membrane prepared above, the conjugate pad

prespared in the step (3), a general sample pad as a sample

application zone, and an absorption pad for absorbing the

deﬁéloped sanple and the lébeiing substances to a substrate

consisting of a backing sheet as shown in Fig. 6.

[0129]

(6) Detection of PCR products using test strip

Each of the PCR products (i) to {v) prepared in the step
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(2) was immediately, without being denatured, spplied to the
sample application zone on the test strip prepared in the step
{5) to perform detection by chromatography. The results are
shown below.
(i): Only the first detection line turned blue.
{i1): Only the second detection line turned orange.
(iii): Only the third detection line turned green.
(iv): The first, second, and third detection lines turned blue,
orange, and green, respectively.
{v): No color change was observed for all the detection lines.

The results confirmed that it is possible to specifically
detect each of the target genes and to simultaneously detect
the three kinds of genes.

The detection by chromatography took as short a time as
10 to 15 minutes.
[0130]
<Example 7>
(1) Synthesis of joint primers

In this example, three pairs of primers, a forward priner
{F31) and a reverse primer (R3l), a forward primer (F32) and
a reverse pvrimer (RjZ), and a forward primer (Fj3) and a reverse
primer (Ri3)), were designed to be able to amplify about 330
base pairs, about 200 base pairs, and about 100 base pairs,
respectively, by PCRamplification using the three genes: pUCL2
(avalilable from Takara Bio, Inc.), an EcoRI methylase gene, and
a BamHI methylase gene as target nucleic acld templates,
respectively. Then, common seguences KF1l and KR1, common
sequences KF2 and KR2, or common sequences KF3 and KR3 were
introduced into the 5’ ends of each corresponding primer pair
to synthesize common sequence-added primers KF1-Fi1 and KR1-Rj1,
KF2-592 and KR2-R32, and KF3-F)3 and KR3-R33. These six common
sequence-added primers (Jjolnt primers) were purchased as
products custom-synthesizec by TSUKUBA QLIGO SERVICE CO., LTD.
The following shows the three primer sets prepared in this

study.



15

30

)
[S4]

46

[0231]

Common seguence KFl: 5'-Pd(TGGGCTGACCTAGAGGTCTT)~3' (SEQ ID
No:43)

Common seqguence KR1: 51 ~Pd (ATGAAATGCAGGCCATTCGG) ~3  {SEQ ID
No:44)

Primer KFi-Fil: 5'—Dd(TGGGCTGACCTAGAGGTCTT
GGARACAGCTATGACCATGA) ~3' (SEQ ID No:45)

Primer KR1~-Rjl: 5°-"d(ATGAAATGCAGGCCATTCGG
TCTATGCGGCATCAGAGCAG) ~3" (SEQ ID No:46)

Common sequence KF2: 5'-Pd(CCGGARCAGACACCAGGTTT)-3' (SEQ ID
No:47)
Common segquence KR2: 5'-"d (GAAGCTGTACCGTCACATGA) -3' (SEQ ID

No:48)
Primer KF2-Fj2: 5'~"d(CCGGAACAGACACCAGGTTT
AGCATTATGAATTATATGET) ~3" (SEQ ID No:49)
Primer KR2-R3iZ: 5°'-°d(GAAGCTGTACCGTCACATGA
TTGTTTACATTTATAGCATC)-3"' (SEQ ID No: 50)
Common seguence Ki3: 5¢-Pd (ATACCGATGAGTGTGCTACC) -3' (SEQ ID
No: 51)
Common sequence KR3: 51 -P4 (TGGCCTGTGTGACACTATGC) ~3" (SEQ ID
No: 52)
Primer KF3-Fj3: 5'-Pd(ATACCGATGAGTGTGCTACC
TGETTITTAARACTCTGATAC) ~3' (SEQ ID No: 53)
Primer KR3-R3j3: 5'-"d(TGGCCTGTCTGACACTATGC
AGTATGATGAGGGTGTAACAR) -3 (SEQ ID No: 54)
{0132}
(2) Synthesis of artificial nucleic acid (azobenzene}-inserted
primers

In this example, three pairs of primers containing the
game commoen seguences as those of the respective joint primers
prepared in the step 1 were designed to be able to respectively
bind to the three kinds of PCR fragments amplified respectively
using the joint primer sets. Then, a pclymerase reaction
inhibitory region (¥X) containing azobenzene (artificial

nucleic acid) and a tag seguence T22 or T23, or a tag seguence
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T24 or T25, or a tag seguence T26 or T27 were introduced into
the 5’ end of esach corresponding primer to synthesize tagged
primers T22-X-KF1 and T23~X-KR1, T24~X-KF2 and T25-X-KR2, and
T26~%-KF3 and T27-¥%X-KR3. These six azobenzene-inserted
primers were purchased as products custom-synthesized by
TSUKUBA OLIGO SERVICE CO., LTD. The following shows the three
primer sets prepared in this study.

f0133]

Tag sequence T22: 5'-°d (TGGCAACATTTTTCACTGGGTTTATAG) -3 (SEQ
ID No: 55)

Tag sequence TZ3: 51 -2 (GETTAGCTTCCARCCACGETGTAGATCA) -3 (SED
ID No: 5¢6)

Primer T22~X-KFl: 5'-"d(TGGCAACATTTTTCACTGGGTTTATAG ¥
TGGGCTGACCTAGAGGTCTT) -3 (SEQ ID No: 57)

Primer T23-X-KR1: 5'-°d(GGTTAGCTTCCAACCACGTGTAGATCA X
ATGARATGCAGGCCATTCGG) ~3" (SEQ ID No: 58)

Tag sequence T24: 5% ~Pg (CGCATTGAGCAAGTGTACAGAGCAT) -3 (SEQ ID
No: 58)

Tag sequence T25: 5'-°d (ATTATGCGTGGAGAAGCATATCATA
No:60)

Primer T24-X-KF2: 5'-°d(CGCATTGAGCAAGTGTACAGAGCAT X
CCGGRACAGACACCAGGTTT)-3' (SEQ ID No:61)

Primer T25-X-KR2: 5'-~"d (ATTATGCGTGGAGAAGCATATCATA X
GAAGCTGTACCGTCACATGA) ~3' (SEQ ID No:62)

Tag sequence T26: 5'-Pd(AATTGCGCATGTCCATGTGTAR) ~3' (SEQ ID
Nc:63)

Tag sequence T27: 5'-"d{(TACTTTAGAGGARACTGCTGAG)-3' (SEQ IL
No:64)

Primer T26~X~KF3: 5'-"d(AATTGCGCATGTCCATGTGTAR X
ATACCGATGAGTGTGCTACC) =37 {SEQ ID No:65)

Primer T27-X~KR3: 5'-°d(TACTTTAGAGGRAACTGCTGAG X
TGGCCTGTGTGACACTATGC) ~3 % (SEQ ID No:60)

[01341

(3) PCR using joint primers and azobenzene-inserted primers

(
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PCR was performed using the six primer sets prepared by
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performing the above steps (1) and (2). Specifically, a 100
pl PCR mixture was prepared by putting the primer KF1-Fjl, the
rimer KR1~-Rjl, the primer KFZ2-F32, the primer KR2~Rj2, the
primer KF3-Fj3, the primer KR3-R33, the primer T22-X~KF1l, the
primer TZ23-X-KR1l, the primer T24-X-KF2, the primer T25-X-KRZ,
the primer T26-X~KF3, and the primer T27-¥~KR3 (8 pmol each),
and the template(s) (10 ng each) in a 0.2-ml PCR tube, and
following the instruction manual of a PCR device ExTaqg
{available from Takara Bio, Inc.). The following five kinds
cf PCR mixtures were prepared:
{1} a PCR mixture containing pUClY% (available from Takara Bio,
Inc.) as a template:;
(ii) a PCR mixture containing the EcoRI methylase gene as a
template;

(1ii) a PCR mixture containing the BamHI methylase gene as

s}

template;
{iv) a PCR mixture containing all the three templates pUC1Z
(available from Takara Bic, Inc.), the EcoRI methylase gene,
and the BamHI methyvlase gene; and
(v) a PCR mixture containing nc template.
(013573

After these PCR mixtures were prepared, the tubes were
set in a thermal cycler (GeneAmp PCR System, available from
Applied Biosystems), and subjected to heat treatment at 95°C

for five minutes and then exposed to 30 cycles of 85°C for 30

seconds, 55°C for 30 seconds, and 72°C for 30 seconds.

Consequently, the following DNA fragments containing the target
sequences were anmplified: (i) about 360 bp; (ii) about 230 bp;
(1ii) about 130 bp; (iv) three fragments of about 360 bp, about
230 bp, and about 130 bp; and {(v) noc amplified DNA fragment
(negative control).
[0136]
(4) Preparation of latex-bound coligonucleotide probes

Each pair of a carboxyl group-containing polystyrene
latex (blue) (solids content: 10% (w/w), avalilable from Bangs
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Laboratories, Inc.) and an amino group-containing
oligonucleotide probe 28 (SEQ ID No:67, strand complementary
to SEQ IDNe:55), a carboxyl group~containing polystyrene latex
{orange) (solids content: 10% (w/w), available from Bangs
Laboratories, Inc.) and an amino group-containing
oligonucleotide probe 29 (SEQ ID No:68, strand complementary
to SEQ ID No:59), and a carboxyl group-containing polystyrene
latex (green) (solids content: 10% (w/w), available from Bangs
Laboratories, Inc.) and an aminc grcup-containing
oligonucleotide probe 30 (SEQ ID No:69, strand complementary
to SEQ ID No:63) were bonded by mixing the pair in MES buffer
containing a necessary amnount of a water-soluble carbodiimide,
and the resulting products were blocked with monoethanolamine.,
The reaction solutions were centrifuged, and the supernatants
were Then removed. The obtained precipitates were
individually washed with water and then resuspended in HEPES
buffer with a surfactant to prepare an ocligonucleotide probe
28-bound latex {(blue}, an oligonucleotide probe 2%-bound latex
(orange), and an oligonucleotide probe 30-bound latex (green),
respectively.
{0137

These three latexes were uniformly applied to a glass
fiber pad, and the pad was dried in a vacuum oven. In thismanner,
a cenjugate pad was obtained.
Cligonucleotide probe 28:
57 -4 (CTATAAACCCAGTGARAAATGTTGCCA) -NH,-3 ' (SEQ ID No:67)
Cligonucleotide probe 29:
51 P (TTGCTCTGTACACTTGCTCAATGCG) ~NH,~3"1  (SEQ ID No:68)
Oligonucleotide proke 30:
51 ~Pd { TTACACATGGACATGCGCAATT) ~NH,~3" (SEQ ID Neo:69)
[0138]
(5) Immobilization of three oligonucleotide probes on soclid
phase

A 3'-biotin-modified oligonucleotide probe having a

sequence {(SEQ ID No:70} complementary to SEQ ID No: 56, a
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3'~biotin-modified oligonucleotide probe having a sequence
(SEDQ ID No:71) complementary to SEQ ID No:60, and a
3'=bioctin-modified oligonucleotide probe having a seguence
{SEQ ID No:72) complementary to SEQ ID No:64 were individually
mixed with streptavidin. The resulting mixtures were applied
with a dispenser respectively along three separated lines on
nitrocellulose membrane (product name: Hi~Flow 135, available
from Millipore Corporation) in the stated order from the
upstrean, and air-dried at 40°C for 30 minutes. In this manner,
three detection lines were formed.

3
Cligonucleotide probe 31:
5'-"d (GATCATACACGTGGTTGGAAGCTAACC) —Biotin~3" (8EQ ID No:70;
Oligonucleotide probe 32:
5'-"d (TATGATATGCTTCTCCACGCATAAT) -Biotin-3' (SEQ ID No:71)
Oligonucleotide probe 33:
51 -4 (CTCAGCAGTTTCCTCTARAGTA) ~Biotin-3° (SEQ ID No:7
[0140]

{6) Preparation of nucleic acid chromatography-like test strip

[

)

A test strip to be used for detection of the PCR products

amplified using the azobenzene-inserted primer sets was

prepared by attaching a chromatographic medium consisting

9]
h

the nitrocel_ulose membrane prepared above, the conjugate pa

3
o3

pared in the step (4), a general sample pad as a sample
application zone, and an absorption pad for absorbing the
eloped sample and the labeling substances to a substrate

consisting of a backing sheet as shown in Fig. 6.
1

G
{7) Detection of PCR products using test strip

Bach of the PCR products (i) to (v) prepared in the step
3) was immediately, without being denatured, applied to the
sample application zone on the test strip prepared in the step
(6) to perform detection by chromatography. The results are
shown below.

(S

(i): Only the first detection line turned blue
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(ii): Only the second detection line turned orange.
{iii): Only the third detection line turned green.
(iv): The first, second, and third detection lines turned blue,
orange, and green, respectively.
(v): No color change was cbserved for all the detection lines.
The results confirmed that it is possible to specifically
detect each of the target genes and to detect the three kinds
of genes. The detection by chromatography took as short a time
as 10 to 15 minutes.
101427
<Example 8>
(1) Synthesis of joint primer
in this exanple, a forwardprimer (F) and a reverse primer
(R) were designed to be able to amplify about 330 base pairs
by PCR amplification using pUClS (available from Takara Bio,
Inc.) @satarget nucleic acid template. Then, common sequences
KF and KR were respectively introduced into the 5' ends of these
primers to synthesize common sequence-added primers KF-F and
KR-R. These two common sequence-added primers {joint primers)
were purchased as products custom-synthesized by TSUKUBA OLIGO
SERVICE CO., LTD. The following shows the primer set prepared

in this study.

437

—

Common sequence KF: 5'-°d (TGGGCTGACCTAGAGGTCTT) -3 (SEQ ID
No:73)

Common sequence KR: 5'-Pd (ATGABRATGCAGGCCATTCGG)-2' (SEQ ID
No:74)

Primer KF-F: 5'-"d(TGGGCTGACCTAGAGGTCTT

GGAAACRGCTATGPCCA””AY—B' (SEQ ID No:75)

Primer KR-R: -Pd (ATGAAATGCAGGCCATTCGG
TCTATGCGGCATCAGAGCAG) -3 (SEQ ID No:76)

[0144]

{2) Synthesis of biot modified primer and FITC~modified
primer

In this example, primers containing the same common
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sequences as those of the respective joint primers prepared in
the step (1) were designed to be able to bind to the BCR fragnent
amplified using the joint primer set. One of these primers
synthesized had a 5' end modified with biotin, and the other
had a2 5' end modified with FITC. These two modified primers
were purchased as products custom-synthesized by TSUKUBA CLIGO
SERVICE CO,, LTD.: The follewing shows the primer set prepared
in this study.
Primer KF2: 5'-Biotin-"d(TGGGCTGACCTAGAGGTCTT)-3" (SEQ ID
No:77)
Primer KR2: 5'-FITC-"d (ATGARATGCAGGCCATTCGGE) -3 (SEQ ID No:78)
[0145]
{3) PCR using joint primer and modified primer

PCR was performed using the primer sets prepared by

erforming the above steps {1} and {2). BSpecifically, a 100

o,

1 PCR mixture was prepared by putting the primer KF~F, the

=

primer KR-R, the primer KF2, and the primer KR2 (8 pmol sachj,
and pUCLlY9 (1€ ng) as a template in a 0.2-ml PCR tube, and
following the instruction manual of a PCR device ExTaqg
(available from Takara Bic, Inc.). After the preparation of
the PCR mixture, the tube was setf in a thermal cycler (Genelnp
PCR System, avallable from Applied Biosystems), and subljected
to heat treatment at 95°C for five minutes and then exposed to
30 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C
for 30 seconds. Conseguently, an about 360~bp DNA fragment
containing the target sequence was amplified.
[01l46]
{4) Preparation of latex-bound streptavidin

kA carboxyl group-containing polystyrene latex (blue)
{solids content: 10% (w/w), available from Bangs Laboratories,
inc.} and streptavidin ({(available from Wako Pure Chemical
Industries, Ltd.} were bonded by mixing them in MES buffer
containing a necessary amcunt of a water-soluble carbodiimide,
and the resulting product was blocked with monoethanolamine.

The reaction solution was centrifuged, and the supernatant was
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then removed. The obtained precipitate was washed with water,
and then resuspended in HEPES buffer with a surfactant to
prepare a streptavidin-bound latex (blue). This latex
solution was uniformly applied to & glass fiber pad, and the
pad was dried in a vacuum oven. In this manner, a conjugate
pad was obtained.
101473
(5) Immobilization of anti-FITC (fluorescein isothiocyanate)
antibody to solid phase

Bn anti~FITC antibody (available from Invitrogen) was
dissolved in 5 mM Tris buffer (pH 7.5), and applied with a
dispenser along a line on a nitrocellulose membrane (product
name: Hi-Flow 135, available from Millipore Corporationj), and
then air-dried at 40°C for 30 minutes. In this manner, a
detectlon line was formed.
r0148] ,
{6) Preparation of nucleic acid chromatography-like test $trip

B test strip to be used for detection of the PCR produ
amplified using the set of the bictirn-modified primer and the
FITC-modified primer was prepared by attaching a
chromatographic medium consisting of the nitrocellulose
membrane prepared above, the conjugate pad prepared in the step
{4), a general sample pad as a sample application zone, and an
absorption pad for absorbing the developed sample and the
labeling substance to a substrate consisting of a backing sheet
as shown in Fig. 6.
[0149]
(7} Detection of PCR product using test strip

The PCR product cobtained in the step (3) was immediately,
without being denatured, applied to the sample application zone
on the test strip prepared in the step (6) to perform detection
by chromatography. Conseguently, a colored line specific to
the target nucleic acid was detected along the test line for
the sample prepared using pUCLY as an analyte in the step (3).

In contrast, there was no 1ine detected for the negative control
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prepared using water instead. The detection by chromatography
took as shoxt a time as 10 to 15 minutes.
[0150]
<Example 9>
(1} Synthesis of joint primers

In this example, three pairs of primers, a forward priner
(F3l) and a reverse primer (Rjl), a forward primer (Fj2) and
a reverse primer (RJ2), and a forward primer (Fj3) and a reverse
primer (Ri3), were designed to be able to amplify about 330 base
pairs, about 200 base pairs, and about 100 base pairs,
respectively, by PCRamplification using the three genes: pUCLY
(available from Takara Bio, Inc.), an EcoRI methylase gene, and

a BamHI methylase gene as target nucleic acid templates,

w

espectively, Then, common sequences KF1 and KR1, common
sequences KFZ2 and KR2, or common sequences KE3 and KR3 were
introduced into the 5' ends of each corresponding primer pair
tosynthesize common sequence-added primers KF1-F31 and KR1~-R31,
KF2-F42 and KR2-Rj2, and KF3~Fj3 and KR3-R33. These six common
Sequence*added primers {joint primers) were purchased as
products custom~synthesized by TSUKUBA OLIGO SERVICE CO,, LTD.
The fecllowing shows the three primer sets prepared in this
study.

[0151]

Common sequence KF1l: 5'-"d(TGGGCTGACCTAGAGGTCTT)-3' (SEQ ID
No:79)

Common seguence KR1: 5'-°d(ATGARATGCAGGCCATTCGG)~3' (SEQ ID
No:80)

Primer KF1-Fjl: 5'-Pd{TGGGCTGACCTAGAGGTCTT
GGAAACAGCTATGACCATGA}-3"' (SEQ ID No:81)

Primer KR1-Rjl: 5'~"d(ATGARATGCAGGCCATTCGG
TCTATGCGGCATCAGAGCAG) ~3" (SEQ ID No:82)

Common sequence KF2: 5'-Pd(CCGGBACAGACACCAGGTTT)-3' (SEQ ID
No:83)

Common segquence KRZ: 5'-°d (GAAGCTGTACCGTCACATGA) -3 (SEQ ID
No:84)
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Primer KF2-F32: 5'-°d(CCGGAACAGACACCAGGTTT
DAGCATTATGRATTATATGGET) ~3" (3EQ ID No:8DH)

Primer KR2-R32: 5'-"A(GAAGCTGTACCGTCACATGA
TTGTTTACATTTATAGCATC) -3 {SEQ ID No:86)

Common seguence KF3: 51 P4 (ATACCGATGAGTGTIGCTACT) =3¢ (SEQ
No:87)

Common sequence KR3: 51 -Fg (TGGCCTGTGTGACACTATGC) =31 (SEQ I
No:88)

Primer KF3-F33: 5'-Cd(ATACCGATGAGTGTGCTACC
TGGTTTTRAAAACTCTGATAC) -3 (SEQ ID No:89;)

Primer KR3-R3i3: 5'~"d(TGGCCTGTGTGACACTATGC
AGTATGATGAGGGTGTAACA) ~3" (SEQ ID No:%0)

[0152]

{(2) Synthesis of artificial nucleic acid (azobenzene)~inserted

4
@]

lw)

primers and biotin-modified primers

In this example, three pairs of primers containing the
same common sesquences as those of the respective joint primers
prepared in the step (1) were designed to be able to respectively
bind to the three kinds of PCR fragments amplified respectively
using the joint primer sets. As one primer of each of these
three palrs, primers modified with biotin at the ' end, i.e.,
KF1l, KF2 and KF3, were synthesized. Also, as the other primer
of each of these three palrs, tagged primers having at the 5’
end a polymerase reaction inhibitory region (X} containing
azobenzene (artificial nucleic acid), and a tag seguence T34,
T35 or T36, i.e., T34~-X-KRiI, T35-¥X~KR2, and T36-X-KR3, were
synthesized. These six modified primers were purchased as
products custom-synthesized by TSUKUBA OLIGO SERVICE CO., LTD.
The following shows the three primer sets prepared,
[0153]
Tag seguence T34: 5 ~Pd (GEGTTAGCTTCCAACCACGTGTAGATCA) =37 (SEQ
ID No:91)
Primer KFl: 5'-Biotin-"d(TGGGCTGACCTAGAGGTCTT)~3' (SEQ ID
Ng:92)

Primer T34~X-KR1: 5'-Pd(GGTTAGCTTCCAACCACGTGTAGATCA X

w
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ATGAAATGCAGGCCATTCGG) -3 (SEQ ID No:93)

Tag sequence T35: 51 -P (ATTATGCGTGGAGAAGCATATCATA) -3 (SEQ ID
No:84)

Primer KF2: 5'-Biotin-Pd{CCGGAACAGACACCAGGETTIT)-3' |
No:95)

Primer T35~X~KR2: S‘—Dd(ATTATGCGTGGAGAAGCATATCATA X
GAAGCTGTACCGTCACATGA)~3"' (SEQ ID No:96)

Tag sequence T36: 51 P (TACTTTAGAGGARACTGCTGAG) -3 (SEQ ID
No:97)

Primer KF3: 5'-Biotin-Pd(ATACCGATGAGTGTGCTACC)-3" (SEQ ID
No:98)

Primer T36-X-KR3: 5'-"d(TACTTTAGAGGARACTGCTGAG X
TGGCCTGTGTGACACTATGC) -3" {SEQ ID No:89)

101547

{3) PCR using joint primers and azobenzene-inserted primers

[95]

EQ ID

PCR was performed using the six primer sets prepared by
performing the above steps (1) and (2). Specifically, a 100
pl PCR mixture was prepared by putting the primer KF1-Fjl, the
primer KR1-Rjl, the primer KF2-Fj2, the primer KR2-RiZ, the
primer KF3~Fj3, the primer KR3-R33, the primer KFl, the primer
T34-X-KR1, the primer KF2, the primer T35-X-KR2, the primer KF3,
and the primer T36-X-KR3 (8 pmol each}), and the template(s) (10
ng each) in a 0.2-ml PCR tube, and following the instruction
manual of a PCR device ExTaqg {avallable from Takara Bio, Inc.).
The following five kinds of PCR mixtures were prepared:

{1} a PCR mixture contalning pUCLY (available from Takara Bio,
Inc.)} as a template;

{(ii) a PCR mixture containing the EcoRI methylase gene as a
template;

(iii) a PCR mixture contalning the BamHI methylase gene as a
template; _

{iv) a PCR mixture containing all the three templates pUC1O
{available from Takara Bio, Inc.), the EcoRI methylase gene,
and the BamHI methylase gene; and

(vi a PCR mixture containing no template.
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After these PCR mixtures were prepared, the tubes were
set in a thermal cycler (GeneAmp PCR System, available from
Applied Biosystems), and subjected to heat treatment at 95°C
for five minutes and then exposed to 30 cycles of 95°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Consequently, the following DNA fragments containing the target
sequences were amplified: (1) about 360 bp; (ii) about 230 bp;
(1iii) about 130 bp: (iv) three fragments of about 360 bp, about
230 bp, and about 130 bp; and (v) no amplified DNA fragment
(negative control}.

[0155]
(4 Preparation of gold colloid-bound streptavidin

Gold Colloid (particle size: 40 nm, available from
British BioCell International) and streptavidin were mixed and
incubated at 50°C for 16 hours. The resulting mixture was
centrifuged at 6000 rpm for 15 minutes, and the supernatant was
removed, The residue was combined and mixed with 0.05 M sodium
chloride and 5 mM phosphate buffer (pH 7), and then incubated
again at 50°C for 40 hours.

After the incubation, the resulting mixture was
centrifuged (6000 rpm, 15 minutes). The supernatant was
removed, and the residue was combined with 5 mM phosphate buffer
(pH 7). This buffer replacement procedure was performed again.

The cobtained gold colloid soiution was uniformly applied
to a glass fiber pad, and the pad was then dried in a vacuum

oven. In this manner, a conjugate pad was obtained.

(87 Immobilization of three oligconucleotide probes on solid
phase

An oligonucleotide probe having a seguence (SEQ ID
Nc:100) complementary to SEQ IDNo: 91, an oligonuclectide probe
having a seqguence (SEQ IDNeo:101) complementary to SEQ ID No:%4,
and an oligonucleotide probe having a seguence {SEQ ID No:102)
compilementary to SEQ ID No:27 were synthesized. The resulting

prope solutions were applied with a dispenser respectivel
" EN e o
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along three separated lines on a nitrocelliunlose membrane
(product name: Hi-Flow 133, available from Millipore
Corporation) in the stated order from the upstream, and
air-dried at 40°C for 30 minutes. In this manner, thres
detection lines were formed.
{01571
Cligonucleotide probe 37:
5 -°d (GATCATACACGTGGTTGGAAGCTAACC) -3 (SEQ ID No:100)
Oligonucleotide probe 38: 5'-"G(TATGATATGCTTCTCCACGCATAAT) ~37
{(SEQ ID No:101)
Oligonucleotide probe 39: 5t P (CTPCAGCAGTTTCCTCTARAGTA) -3
(SEQ ID No:102)
{01583
{6) Preparation of nucleic acld chromatcgraphy-like test strip
A test strip to be used for detection of the PCR products
amplified using the sets of the biotin-modified primers and the
azobenzene~inserted primers was prepared by attaching a
chromatographic medium consisting of the nitrocellulose
membrane prepared above, the conjugate pad prepared in the step
{4y, @ general sample pad as a sample application zone, and an
absorption pad for absorbing the developed sample and the
labeling substance to a substrate consisting of a backing sheet
as shown in Fig. 6.
[0159]
(7) Detection of PCR products using test strip
Each of the PCR products (i} to (v} prepared in the step
(3} was immediately, without being denatured, applied to the
sample application zone on the test strip prepared in the step
{6) to perform detection by chromatograpny. The results are
shown below.
{(i): Only the first detection line was colored.
ii): Only the second detection line was colored.
ii): Only the third detecticon line was colored.

ii
ivi: All the first, second, and third detection lines were
ol
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(v): No color change was observed for all the detection lines.

The results confirmed that it is possible to specifically
detect each of the target genes and to detect the three kinds
of genes. The detection by chromatography took as short a time

as 10 to 15 minutes.

1) Synthesis of artificial nucleic acid (azobenzene)~inserted

In this example, Escherichia coli (E. coli DH5)
transfected with the piasmid pUCLlYS was used as a target. A
forward primer (F) and a reverse primer (R) were designed to
be able to amplify about 330 base pairs by PCR amplification
using pUC1Y9 as a template. Then, a pclymerase reaction
inhibitory region (X} containing azcbenzene {(artificial
nucleic acid), and a tag sequence T37 or T38 were introduced
into the 5' end of each corresponding primer to synthesize
tagged primers T37-%X-F and T38-X-R. These two
azobenzene-inserted primers were purchased as products
custom-synthesized by TSUKUBA OLIGO SERVICE CO., LTID. The
Ffollowing shows the primer set prepared in this study.

Tag seguence T37: 51 P4 (TGGCAACATTTTTYCACTGGGTTTATAG) -3 (SEQ

ID No:103)

Tag sequence T38: 5'-°d{GGTTAGCTTCCAACCACGTGETAGATCA) -3 (SEQ
D No:104)

Primer F: 5'-°d(GGAARACAGCTATGACCATGA)-~3' (SEQ ID No:105)

Primer R: 5'-Pd{(TCTATGCGGCATCAGAGCAG)-3' (SEQ ID No

Primer T37-X-I: 5'*'@(’I‘GGCAACA"”“'”TTCACT GGTTTATAG X

GGARACAGCTATGACCATGA) -3' (SEQ ID No:107)

Primer T38-X-R: 5'-"d (GGTTAGCTTCCAACCACGTGTAGATCA X

TCTATGCGGCATCAGAGCAG) ~3' (SEQ ID No:108)

[0161]

{2} PCR using azobenzene-inserted primer set

=

A colony of Escherichia coli (E. coli DH5w) cells
transfected with the plasmid pUClY was collected and mixed in
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1 ml of water. PCR was performed using the primer set prepared
in the above step {1). BSpecifically, a 25 pl PCR mixture was
prepared by putting the primer F and primer R (5 pmol each) and
the Escherichia coli suspension (1 upl) in a 0.2-ml PCR tube,
and following the instruction manual of a PCR device ExTag

!...J

{available from Takara Blo, Inc.). Subseguently, the tube was
a

V-
[

-
>

3

®

thermal cycler (GeneAmp PCR System, available from
Applied Biosystems), and subjected to heat treatment at 95°C
for five minutes and then exposed to 30 cycles of 85°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Conseguently, the target fragment of about 330 bp was amplified.
eparately, the same reaction was carried out in the absence

S
of the suspension as a negative control.

y Preparation of gold colloid-bound oligeonucleotide probe
Gold Colloid (10 nm, 5.7 x 10*? (particles/ml}, avai
from British BioCell International) and an anti-FITC antibody
solution {5 mM phosphate buffer, pH 7) were mixed and left to
stand still for 20 minutes at room temperature. To the
resulting mixture, one half volume of a solution of 1% BSA and
0.1% PEG was added, and the mixture was centrifuged at 10000
rpm for 25 minutes. After removing the supernatant, the residue
was combined and mixed with the solution of 1% BSA and 0.1% PEG,
and the mixture was then centrifuged at 10000 rpm for 25 minutes.
After the centrifugation, the supernatant was removed and the
residue was combined with 5 mM phosphate buffer (pH 7). This
buffer replacement procedure was performed again.
[0163]

The obtained gold coilold solution was mixed with a
3'-PITC-modified oligonucleotide probe 40 (SEQ ID No:109,
strand complementary to SEQ ID No:103). The mixture was
uniformly applied to a glass fiber pad, and the pad was then
dried in a vacuum oven. In this manner, a coniugate pad was
obtained.

Oligonucleotide probe 40:
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5¢-Pd (CTATAAACCCAGTGRAAAATGTTGCCA) ~FITC~3" (SEQ ID No:109)
[0le4]
{4y Immobilization of oligonucleotide probe on s0lid phase
A 3'~biotin-modified oligonucleotide probe 41 having a
sequence (SEQ ID No:ll0) complementary to SEQ ID No:l04 was
mixed with streptavidin. The resulting mixture was applied
with a dispenser along a line on a nitrocellulose membrane
(product name: Hi-Flow 180, available from Millipore
Corporation), and air-dried at 40°C for 30 minutes.
Cligonucleotide probe 41:
5'-PQ (GATCATACACGTGGTTGGAAGCTARCC) -Biotin-31 (SEQ ID No:110)
[0165]
(3) Preparation of nucleic acid chromatography~like test strip
A test strip to be used for detection of the PCR product
anmplifiedusing the azobenzene-inserted primer set was prepared
by attaching a chromatographic medium consisting of the
nitrocellulose membrane prepared above, the conjugate pad
prepared above, a general sample pad as a sample application
zone, and an absorption pad for absorbing the developed sample
and —he labeling substance to a substrate consisting of a
backing sheet as shown in Fig. 6.
[0166)
{6) Detection of PCR product using test strip
The PCR product obtained in the step (2) was immediately,
without being denatured, applied to the sample application zone
on the test strip prepared in the step (5) to perform detection

by chromatography. A colored line specific to the target

ucleic acid was detected along the test line for the sample

.}

prepared using Escherichia coli cells as an analyte in the step
(2). 1In contrast, there was no line detected for the negative
control prepared without using Escherichia coli cells. The
detection by chromatography took as short a time as 10 to 15

minutes.
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[0167]

1. Primer region

2. Tag region

3. Polymerase reaction inhibitory regilon (spacer region)
4. Primer region of first primer (joint primer)

5. Common seguence of first primer (joint primer)

6. Common seguence of second primer

7. Tag region of second primer

8. Polymerase reaction inhibitory region (spacer region) of
sscond primer

¢. Target nucleic acid seguence

10. Forward primer

11. Primer region of forward primer

12. Tag region of forward primer

13. Reverse primer

14, Primer region of reverse primer

15. Tag region of reverse primer

16. PCR product having a partially double~-stranded nucleic acid
structure

17. Target nucleic acid seguence

18. First forward primer

18. Primer region of first forward primer

20, Tag region of first forward primer

21. First reverse primer

22. Primex region of first reverse primer

23. Tag region of first reverse primer

24. Double-stranded PCR product synthesized with first primers
25. Second forward primer

26. Primer reglion of second forward primexr

27. Tag region of second forward primer

28. Second reverse primer

29. Primer region of second reverse primer

0. Tag regicn of second reverse primer

31. PCR product having a partially double-stranded nucleic acid

structure
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32. Sample pad

33, Conjugate pad

34. Carrier having capture cligonucleotide

35, Absorption pad

6. Substrate

37. Test line

38. Control line

39. Oligonucleotide to be bonded to target molecule
40. Target molecule

41. PCR product-target molecule complex

42, Porous membrane

43. Capture oligonucleotide

44. Carrier {(microarray) having capture oligonucleotide in sach
well

45, Besad carrier having capture oligonucleotide
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Claimsg

1. A nucleic acid detection method, comprising the following
steps (1) and (2):

(1) hybridizing an oligonucleotide probe immobilized on a
solid phase with a single-stranded region of an amplified double-
stranded DNA fragment, wherein the single-stranded region comprises

natural nucleotides,

(2) detecting the amplified double-stranded DNA fragment,
wherein the amplified double-stranded DNA fragment is a
product obtained by a nucleic acid amplification technique using a
primer containing a tag region that is not made double-stranded by

a nucleic acid amplification reaction and a nucleic acid

represented by the following formula (1) :

h\_ Sy

O== TW OH ¥
3!

2. The nucleic acid detection method according to
Claim 1,
wherein the length of the single-stranded region comprising

natural nucleotides is not less than 20 bases.

3. The nucleic acid detection method according to
Claim 1 or 2,

wherein the amplified double-stranded DNA fragment is detected
by allowing the double-stranded DNA with a labeling substance, and

visually detecting the labeling substance.

4. The nucleic acid detection method according to any one of
Claims 1 to 3,

comprising the step of detecting the presence of the

amplified DNA fragment on a nucleic acid detection device.

5. The nucleic acid detection method according to
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Claim 4,

comprising the following steps (a) to (¢);

(@ placing the amplified DNA fragment in a zone on the
nucleic acid detection device which is different from a zone where
the oligonucleotide probe is immobilized;

) diffusing the amplified DNA fragment with a solvent on
the device toward the zone where the oligonucleotide probe is
immobilized; and

(¢) hybridizing the oligonucleotide probe with the
amplified DNA fragment in the zone where the oligonucleotide

probe is immobilized.

6. The nucleic acid detection method according to
Claim 5,
wherein the nucleic acid detection device ig a

chromatography device.

7. The nucleic acid detection method according to any
one of Claims 1 to 6,

wherein the single-stranded region comprising natural
nucleotides has a sequence in the same orientation as the double-

stranded DN2 reglon.

8. The nucleic acid detection method according to any
one of Claims 1 to 7,

wherein the amplified DNA fragment is a product obtained
by a nucleic¢ acid amplification technigque using

a first primer set including primers each compriging a
sequence capable of hybridizing to a template of the target nucleic
acid and a common sequence incapable of hybridizing te the template,
and

a second primer set including primers each comprising
a sequence capable of hybridizing to a complementary seguence to
the corresponding common sequence and a tag region that is not
made double-stranded by a nucleic acid amplification reaction.

9. The nucleic acid detection method according to Claim
8,

wherein the tag region that is not made double-stranded by
a nucleic acid amplification reaction comprises natural
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nucleotides, and has a sequence in the same orientation as the
sequence capable of hybridizing to a complementary sequence to
the corresponding common sequence.
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in opject of the invention is to provide a nuclel

c d
detection method which takes advantage of the nigh specificity

performing amplificatvion of the target nucleic aci

fa
o
41}
(3]

18,
o
8]
3
1
6]

to synthesize an amplification product having a partially
double-stranded structure where z single-stranded regio
added to each end of the target sequence, and hybridizing a

nucleic acid sequence bound to a development medium and

&3]

nucleic acid seguence labeled with a labeling compound with the
single-stranded regions of the amplification product to form
a sandwich hybridization complex; and a detection device

& o
+hersof.

(NO SUITABLE FIGURE)



