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(54) NOVEL FLUORESCENCE QUENCHING PROBE FOR MEASURING NUCLEIC ACID

(57) The present invention provides a QProbe that can be fluorescently labeled at a lower cost. A nucleic acid probe
labeled with a fluorescent dye whose emission is reduced when the probe is hybridized with a target nucleic acid is
provided. The probe is labeled with a fluorescent dye at its 5’ terminal site via an ssH amino linker as shown below or
at its 3’ terminal site via a CA amino linker as shown below. The base sequence of the nucleic acid probe is so designed
that, when the probe is hybridized with a target nucleic acid, at least one G (guanine) exists in the base sequence of the
target nucleic acid at a position 1 to 3 bases apart from the base at the terminal site where the probe and the target
nucleic acid are hybridized with each other.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a genetic analysis technique which comprises using a nucleic acid probe
labeled with a fluorescent dye to analyze a target gene qualitatively and quantitatively based on a fluorescence character
change resulting from the hybridization of the above nucleic acid probe and the target gene in a homogeneous solution
system.

BACKGROUND ART

[0002] Genetic analysis methods using a nucleic acid probe whose fluorescence characters (such as fluorescence
intensity and fluorescence spectrum) change upon hybridization with a target nucleic acid in a homogeneous solution
system (hereinafter, referred to as "homogeneous solution system probe") have become popular. Commonly used as
the homogeneous solution system probe are TaqMan probe (Non-Patent Document No. 1), Molecular beacons (Non-
Patent Document No. 2), QProbe (Non-Patent Document No. 3) and the like. Among these, QProbe is a homogeneous
solution system probe based on a fluorescence quenching phenomenon resulting from electron transfer between fluo-
rescent dye and guanine base (Non-Patent Document No. 4), and the fluorescence of this probe is quenched upon
hybridization with a target nucleic acid. Detection of the target nucleic acid is possible by monitoring this fluorescence
quenching. Further, the fluorescence of QProbe is quenched via interaction with the guanine in the target nucleic acid,
so the probe need be labeled with only one fluorescent dye and features a very simple structure compared to other
probes. Thus, QProbe has an advantage of being low in production cost.

PRIOR ART LITERATURE

Non-Patent Documents

[0003]

Non-Patent Document No. 1: Detection of specific polymerase chain reaction product by utilizing the 5’----3’ exo-
nuclease activity of Thermus aquaticus DNA polymerase., Holland PM, Abramson RD, Watson R, Gelfand DH.,
Proc Natl Acad Sci USA., 1991 Aug 15;88(16):7276-80.
Non-Patent Document No. 2: Molecular beacons: probes that fluoresce upon hybridization, Tyagi S, Kramer FR.,
Nat Biotechnol., 1996 Mar;14(3):303-8.b
Non-Patent Document No. 3: Fluorescent quenching-based quantitative detection of specific DNA/RNA using a
BODIPY((R)) FL-labeled probe or primer., Kurata S, Kanagawa T, Yamada K, Torimura M, Yokomaku T, Kamagata
Y, Kurane R., Nucleic Acids Res., 2001 Mar 15;29(6):E34.
Non-Patent Document No. 4: Fluorescence-quenching phenomenon by photoinduced electron transfer between a
fluorescent dye and a nucleotide base., Torimura M, Kurata S, Yamada K, Yokomaku T, Kamagata Y, Kanagawa
T, Kurane R., Anal Sci., 2001 Jan;17(1):155-60.

SUMMARY OF THE INVENTION

PROBLEM FOR SOLUTION BY THE INVENTION

[0004] Since the above-described quenching phenomenon is observed most markedly when a probe’s terminal base
cytosine is labeled with a fluorescent dye having such a property that its fluorescence is quenched via interaction with
guanine (Non-Patent Document No. 3), QProbe in most cases has such a structure that the terminal cytosine base is
fluorescently labeled. Fluorescent labeling of a terminal base of QProbe is performed by first synthesizing an oligo DNA
in which the end of the terminal cytosine (i.e., the phosphate group at the 5’ end if the terminal cytosine base is located
on the 5’ terminal side; or the phosphate group at the 3’ end if the terminal cytosine base is located on the 3’ terminal
side) is labeled with an amino group-containing linker (hereinafter, referred to as "amino linker") and then labeling the
amino group in the amino linker with a fluorescent dye. As fluorescent dyes for use in such fluorescence labeling via
amino group, those having functional groups of high reactivity with amino group (such as succinimidyl ester group,
sulfosuccinimidyl ester group, TFP (tetrafluorophenyl) ester group, and STP (sulfotetrafluorophenyl) ester group) may
generally be utilized. As the amino linker, a structure having an amino group at one end of its carbon chain may generally
be utilized (see Fig. 1).
[0005] As described above, QProbe needs only one fluorescent dye for its modification, so its production cost is



EP 3 633 049 A1

4

5

10

15

20

25

30

35

40

45

50

55

generally lower than that of other homogeneous solution system probes. On the other hand, the reactivity between the
amino group and the fluorescent dye is generally low, so the fluorescent dye must be added in great excess with respect
to the amino group. Since the cost of fluorescent dyes is generally high, the production cost of QProbe can be further
lowered if it is possible to improve the efficiency of reactivity between amino group and fluorescent dye.
[0006] It is therefore an object of the present invention to provide a QProbe which requires an even lower cost in
fluorescence labeling.

MEANS TO SOLVE THE PROBLEM

[0007] Recently, novel amino linkers (5’ ssH amino linker and 3’ amino CA linker) designed to have higher reactivity
with fluorescent dyes were reported (Japanese Patent No. 4336820). The structures of oligo DNA termini at which these
novel amino linkers have been introduced are respectively shown in Fig. 2. When the novel amino linkers are used, the
efficiency of reaction between the amino group of each linker and a fluorescent dye is remarkably improved, making it
possible to achieve considerable reduction in the amount of expensive fluorescent dyes to be used. Accordingly, if the
novel amino linkers can be used in the fluorescence labeling of QProbe, the cost for fluorescent reagent (which accounts
for a substantial portion of the reagents cost) can be greatly reduced, compared to the case where existing amino linkers
are used.
[0008] However, when the novel amino linkers are used, the molecular structures after labeling with a fluorescent dye
are different from the corresponding molecular structures for the case where the existing amino linkers are used (Fig.
3); hence, there was a concern that use of the novel amino linkers might cause a performance drop of QProbe in terms
of its function.
[0009] Under these circumstances, the present inventors synthesized QProbes to which the novel amino linkers were
actually applied (hereinafter, referred to as "novel QProbes") and compared these novel QProbes with conventional
QProbes to which the existing amino linkers were applied (hereinafter, referred to as "existing QProbes") in terms of
their functions (i.e., efficiency of fluorescence quenching upon hybridization with a target nucleic acid). As a result, the
present inventors confirmed that the novel QProbes had functionality equivalent or superior to that of the existing QProbes.
The present invention has been achieved based on these findings.
[0010] The present invention provides a nucleic acid probe for measuring a nucleic acid, wherein (i) the probe is
labeled with a fluorescent dye whose emission is reduced when the probe is hybridized with a target nucleic acid, (ii)
the probe is labeled with the fluorescent dye at its 5’ terminal site via an ssH amino linker as shown below, and (iii) the
nucleotide sequence of the probe is so designed that, when the probe is hybridized with the target nucleic acid, at least
one G (guanine) exists in the base sequence of the target nucleic acid at a position 1 to 3 bases apart from the base at
the terminal site where the probe and the target nucleic acid are hybridized with each other.

[0011] The present invention also provides a nucleic acid probe for measuring a nucleic acid, wherein (i) the probe is
labeled with a fluorescent dye whose emission is reduced when the probe is hybridized with a target nucleic acid, (ii)
the probe is labeled with the fluorescent dye at its 3’ terminal site via a CA amino linker as shown below, and (iii) the
base sequence of the probe is so designed that, when the probe is hybridized with the target nucleic acid, at least one
G (guanine) exists in the base sequence of the target nucleic acid at a position 1 to 3 bases apart from the base at the
terminal site where the probe and the target nucleic acid are hybridized with each other.

[0012] Further, the present invention provides a nucleic acid probe for measuring a nucleic acid, wherein (i) the probe
is labeled with a fluorescent dye whose emission is reduced when the probe is hybridized with a target nucleic acid, (ii)
the probe is labeled with the fluorescent dye at its 5’ terminal site via an ssH amino linker as shown below, and (iii) the
base sequence of the probe is so designed that, when the probe is hybridized with the target nucleic acid, base pairs
in a probe-nucleic acid hybrid complex form at least one G (guanine) and C (cytosine) pair at the terminal site.
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[0013] Still further, the present invention provides a nucleic acid probe for measuring a nucleic acid, wherein (i) the
probe is labeled with a fluorescent dye whose emission is reduced when the probe is hybridized with a target nucleic
acid, (ii) the probe is labeled with the fluorescent dye at its 3’ terminal site via a CA amino linker as shown below, and
(iii) the base sequence of the probe is so designed that, when the probe is hybridized with the target nucleic acid, base
pairs in a probe-nucleic acid hybrid complex form at least one G (guanine) and C (cytosine) pair at the terminal site.

[0014] The present invention also provides the above-described nucleic acid probe for measuring a nucleic acid,
wherein the terminal base at which the probe is labeled with the fluorescent dye is C (cytosine).
[0015] The present invention also provides the above-described nucleic acid probe for measuring a nucleic acid,
wherein the probe is labeled with at least one fluorescent dye selected from the group consisting of Pacific Blue, ATTO465,
BODIPY™ FL, 5-CR 6G, 6-TAMRA, ATTO655, ATTO680 and ATTO700.
[0016] Further, the present invention provides a method of measuring a nucleic acid using a nucleic acid probe labeled
with a fluorescent dye, wherein (i) the probe is labeled with a fluorescent dye whose emission is reduced when the probe
is hybridized with a target nucleic acid and (ii) a decrease in the emission from the fluorescent dye is measured, the
method being characterized by using the above-described nucleic acid probe for measuring a nucleic acid.

EFFECT OF THE INVENTION

[0017] According to the present invention, nucleic acid probes that retain the performance of conventional QProbe
can be produced at a lower cost.
[0018] The present specification encompasses the contents disclosed in the specification and /or the drawings of
Japanese Patent Application No. 2017-105202 based on which the present patent application claims priority.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 shows structural formulas for the case where an existing amino linker (C6 amino linker) has been introduced
at one end of an oligo DNA.
Fig. 2 shows structural formulas for the case where a novel amino linker has been introduced at one end of an oligo
DNA.
Fig. 3 shows how the vicinity of one end of oligo DNA after fluorescence labeling varies in structural formula depending
on the difference in the type of amino linker.
Fig. 4 shows the structural formula for QProbes synthesized in Example 1.
Fig. 5 shows the maximum fluorescence quenching rates (%) of the QProbes synthesized in Example 1.
Fig. 6-1 shows the fluorescence quenching rates of QProbes using a novel amino linker as compared with those of
QProbes using a conventional amino linker (in the case where 5’ terminal cytosine was fluorescently labeled).
Fig. 6-2 shows the fluorescence quenching rates of QProbes using a novel amino linker as compared with those of
QProbes using a conventional amino linker (in the case where 3’ terminal cytosine was fluorescently labeled).
Fig. 7-1 shows the proportion of aminated oligo DNA that reacted with a fluorescent dye for fluorescent labeling at
5’ end in QProbes using a novel amino linker and QProbes using a conventional amino linker.
Fig. 7-2 shows the proportion of aminated oligo DNA that reacted with a fluorescent dye for fluorescent labeling at
3’ end in QProbes using a novel amino linker and QProbes using a conventional amino linker.

BEST MODES FOR CARRYING OUT THE INVENTION

[0020] Hereinbelow, the present invention will be described more specifically with reference to preferred embodiments.
As used herein, terms such as DNAs, RNAs, cDNAs, mRNAs, rRNAs, XTPs, dXTPs, NTPs, dNTPs, nucleic acid probes,



EP 3 633 049 A1

6

5

10

15

20

25

30

35

40

45

50

55

helper nucleic acid probes (or nucleic acid helper probes, or simply helper probes), to hybridize, hybridization, interca-
lators, primers, annealing, extending reactions, thermal denaturing reactions, nucleic acid melting curves, PCR, RT-
PCR, RNA-primed PCR, stretch PCR, reverse PCR, PCR using Alu sequence(s), multiple PCR, PCR using mixed
primers, PCR using PNA, hybridization assays, FISH (fluorescent in situ hybridization) assays, PCR methods (polymerase
chain assays), LCR methods (ligase chain reactions), SD methods (strand displacement assays), competitive hybridi-
zation, DNA chips, nucleic acid detecting (gene detecting) devices, SNP (single nucleotide polymorphism), co-cultivation
systems of plural microorganisms, etc. have the same meanings as the corresponding terms currently in general use
in such fields as molecular biology, genetic engineering, and bioengineering. In a method of measuring a target nucleic
acid using a nucleic acid probe labeled with a fluorescent dye according to the present invention, the emission from the
fluorescent dye decreases when the nucleic acid probe is hybridized with the target nucleic acid and the resulting change
from the value before hybridization is measured.
[0021] As used herein, the expression "measurement of a target nucleic acid" means quantification or quantitative
detection of the target nucleic acid or mere detection the target nucleic acid. The expression "method of measuring a
nucleic acid using a nucleic acid probe labeled with a fluorescent dye" refers to hybridization assays, FISH methods
(fluorescent in situ hybridization assays), PCR methods (polymerase chain assays), LCR methods (ligase chain reac-
tions), SD methods (strand displacement assays), competitive hybridization, and the like. In these methods, after addition
of a nucleic acid probe labeled with a fluorescent dye, the following operations are performed. (i) The fluorescent dye
in the unreacted probe (i.e., probe not hybridized with a target nucleic acid) is removed from the measuring system by
washing or the like. (ii) The fluorescent dye, with which the nucleic acid probe hybridized with the target nucleic acid is
labeled, is allowed to emit fluorescence from the probe either directly or by applying an indirect measure to the probe
(for example, causing an enzyme to act). Then, (iii) the amount of emission is measured. The present invention is
characterized by measuring the nucleic acid of interest without performing these complicated operations.
[0022] The term "target nucleic acid" as used herein means a nucleic acid the quantification or quantitative detection
or mere detection of which is intended, irrespective of whether it is in a purified form or not and further irrespective of
its concentration. Various other nucleic acids may also exist together with the target nucleic acid. For example, the target
nucleic acid may be a specific nucleic acid in a co-cultivation system of multiple microorganisms (a mixed system of
RNAs or genetic DNAs from plural microorganisms) or a symbiotic cultivation system of microorganisms (a mixed system
of RNAs or genetic DNAs from plural animals, plants and/or plural microorganisms), the quantitation or quantitative
detection or mere detection of which is intended. Purification of the target nucleic acid, if necessary, can be conducted
by conventional known methods. For example, purification can be conducted using a commercial purification kit or the
like. Specific examples of the above-described nucleic acid include, but are not limited to, DNAs, RNAs, PNAs, 2-O-
methyl (Me) RNAs, deoxyribo-oligonucleotides and riboxy-oligonucleotides.
[0023] In the present invention, fluorescent dyes commonly employed to label nucleic acid probes for measurement/de-
tection of nucleic acids may be conveniently used. Preferably, fluorescent dyes are used whose emission decreases
when a nucleic acid probe labeled with the fluorescent dye is hybridized to a target nucleic acid. Examples of such
fluorescent dyes include, but are not limited to, fluorescein and derivatives thereof [e.g., fluorescein isothiocyanate (FITC)
or derivatives thereof, Alexa 488, Alexa 532, cy3, cy5, 6-joe, EDANS (5-(2’-aminoethyl)amino-1-naphthalene sulfonic
acid)], rhodamine 6G (R6G) or derivatives thereof [e.g., tetramethylrhodamine (TMR), tetramethylrhodamine isothiocy-
anate (TMRITC), x-rhodamine], Texas red, BODIPY™ FL (product of Molecular Probes/Thermo Fisher Scientific, U.S.A.),
BODIPY™ FL/C3 (Molecular Probes/Thermo Fisher Scientific, U.S.A.), BODIPY™ FL/C6 (Molecular Probes/Thermo
Fisher Scientific, U.S.A.), BODIPY™ 5-FAM (Molecular Probes/Thermo Fisher Scientific, U.S.A.), BODIPY™ TMR (Mo-
lecular Probes/Thermo Fisher Scientific, U.S.A.) or derivatives thereof [e.g., BODIPY™ TR (Molecular Probes/Thermo
Fisher Scientific, U.S.A.), BODIPY™ R6G (Molecular Probes/Thermo Fisher Scientific, U.S.A.), BODIPY™ 564 (Molec-
ular Probes/Thermo Fisher Scientific, U.S.A.), BODIPY™ 581 (Molecular Probes/Thermo Fisher Scientific, U.S.A.)],
Pacific Blue (Cat. No. P10163; Thermo Fisher Scientific), ATTO465 (Cat. No. AD 465-31; ATTO-TEC), 5-CR 6G (Cat.
No. C6127; Thermo Fisher Scientific), 6-TAMRA (Cat. No. C6123; Thermo Fisher Scientific), ATTO655 (Cat. No. AD
655-31; ATTO-TEC), ATTO680 (Cat. No. AD 680-31; ATTO-TEC) and ATTO700 (Cat. No. AD 700-31; ATTO-TEC).
Among these fluorescent dyes, FITC, EDANS, 6-joe, TMR, Alexa 488, Alexa 532, BODIPY™ FL/C3 (Molecular
Probes/Thermo Fisher Scientific, U.S.A.), BODIPY™ FL/C6 (Molecular Probes/Thermo Fisher Scientific, U.S.A.), Pacific
Blue (Cat. No. P10163; Thermo Fisher Scientific), ATTO465 (Cat. No. AD 465-31; ATTO-TEC), 5-CR 6G (Cat. No.
C6127; Thermo Fisher Scientific), 6-TAMRA (Cat. No. C6123; Thermo Fisher Scientific), ATTO655 (Cat. No. AD 655-31;
ATTO-TEC), ATTO680 (Cat. No. AD 680-31; ATTO-TEC) and ATTO700 (Cat. No. AD 700-31; ATTO-TEC) are preferred,
with FITC, TMR, 6-joe, BODIPY™ FL/C3 (Molecular Probes/Thermo Fisher Scientific, U.S.A.), BODIPY™ FL/C6 (Mo-
lecular Probes/Thermo Fisher Scientific, U.S.A.), Pacific Blue (Cat. No. P10163; Thermo Fisher Scientific), ATTO465
(Cat. No. AD 465-31; ATTO-TEC), 5-CR 6G (Cat. No. C6127; Thermo Fisher Scientific), 6-TAMRA (Cat. No. C6123;
Thermo Fisher Scientific), ATTO655 (Cat. No. AD 655-31; ATTO-TEC), ATTO680 (Cat. No. AD 680-31; ATTO-TEC)
and ATTO700 (Cat. No. AD 700-31; ATTO-TEC) being more preferred.
[0024] The nucleic acid probe of the invention to be hybridized with the target nucleic acid may be composed of either
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an oligodeoxyribonucleotide or an oligoribonucleotide. Alternatively, the nucleic acid probe may be composed of a
chimeric oligonucleotide comprising both an oligodeoxyribonucleotide and an oligoribonucleotide. It is also possible to
use a 2’-o-methyl oligoribonucleotide in which the nucleoside portion at the 5’ end of the oligoribonucleotide is cytidine
and the OH group at position 2’ of the cytidine is modified by a methyl group. Alternatively, to enhance affinity for RNA,
the above-described 2’-o-methyl oligoribonucleotide may be inserted in an oligodeoxynuclueotide. If desired, an artificial,
NO binding, bridged nucleic acid (2’,4’-BNANC) may also be used.
[0025] The number of bases in the probe of the present invention is 5 to 100, preferably 10 to 30 and most preferably
15 to 25. If the number of bases exceeds 100, synthesis errors tend to occur, increasing the chance for the inclusion of
probes having sequences other than those of interest. This would narrow the scope of application of the present invention.
If the number of bases is less than 5, non-specific hybridization tends to be evoked, leading to increased errors in
measurement.
[0026] The base sequence of the probe is not particularly limited as long as it specifically hybridizes with the target
nucleotide acid. Preferably, the base sequence is so designed that, when the nucleic acid probe labeled with the fluo-
rescent dye is hybridized with the target nucleic acid, (1) at least one G (guanine) exists in the base sequence of the
target nucleic acid at a position 1 to 3 bases apart from a terminal base portion of the target nucleic acid hybridizing with
the probe; or (2) base pairs in a probe-nucleic acid hybrid complex form at least one G (guanine) and C (cytosine) pair
at the terminal site of the probe.
[0027] The oligonucleotide in the nucleic acid probe of the present invention can be produced by conventional pro-
duction methods for general oligonucleotides. It can be produced by, for example, a chemical synthesis method or a
microbial method which uses a plasmid vector, a phage vector or the like (Tetrahedron Letters, Vol. 22, pp. 1859-1862,
1981; Nucleic Acids Research, Vol. 14, pp. 6227-6245, 1986). Note that it is suitable to use a nucleic acid synthesizer
currently available on the market (e.g., model ABI394, Perkin Elmer, USA).
[0028] For labeling the oligonucleotide with a fluorescent dye, any of conventionally known labeling methods may be
used as desired (Nature Biotechnology, Vol. 14, pp. 303-308, 1996; Applied and Environmental Microbiology, Vol 63,
pp. 1143-114, 1997; Nucleic Acids Research, Vol 24, pp. 4532-4535, 1996). For example, when a fluorescent dye
molecule is intended to be bound to the 5’ end of the oligonucleotide, an ssH amino linker is first introduced to the
phosphate group at the 5’ end according to the method disclosed in Japanese Patent No. 4336820. Then, a fluorescent
dye having reactivity with amino groups or a derivative thereof may be bound to this linker, whereby a labeled oligonu-
cleotide can be synthesized. The thus synthesized oligonucleotide which is labeled with the fluorescent dye may be
purified by chromatography (e.g., reversed-phase) or the like to provide a nucleic acid probe for use in the present
invention.
[0029] Alternatively, a fluorescent dye may be bound to the 3’ end of the oligonucleotide. For this purpose, a CA amino
linker is introduced onto an OH group on the C atom at the 3’ position of ribose or deoxyribose; or a phosphate group
is introduced and then a CA amino linker is introduced onto the OH group of the phosphate group. Then, a fluorescent
dye having reactivity with amino groups or a derivative thereof may be bound to this linker, whereby a labeled oligonu-
cleotide can be synthesized. The thus synthesized oligonucleotide which is labeled with the fluorescent dye may be
purified by chromatography (e.g., reversed-phase) or the like to provide a nucleic acid probe for use in the present
invention. For the introduction of the amino group, a fluorescent dye molecule may be bound to the oligoribonucleotide
according to the method disclosed in Japanese Patent No. 4336820. Alternatively, it is also possible to introduce a
fluorescent dye molecule into the strands of the nucleic acid probe (Analytical Biochemistry 225, pp. 32-38, 1998). The
nucleic acid probe of the present invention can be prepared as described above. A preferred probe form is one labeled
with a fluorescent dye at the 3’ or 5’ end, the labeled terminal base being G or C. If the 5’ end is labeled and the 3’ end
is not labeled, the OH group on the C atom at the 3’ position of the 3’ end ribose or deoxyribose may be modified with
a phosphate group or the like; or the OH group on the C atom at the 2’ position of the 3’ end ribose may be modified
with a phosphate group or the like. No limitation is imposed in this respect.
[0030] Use of the nucleic acid probe of the present invention is not limited to measurement of nucleic acids; it can also
be suitably applied in methods for analyzing or measuring polymorphisms or/and mutations of target nucleic acids or
genes. In particular, the nucleic acid probe of the present invention provides a more convenient method when used in
combination with a DNA chip to be described below. Stated briefly, the intensity of fluorescence upon hybridization of
the nucleic acid probe of the present invention with a target nucleic acid or gene changes depending on whether a GC
pair is formed or not. It is, therefore, possible to analyze or measure polymorphism or/and mutation of a target nucleic
acid or gene by hybridizing the nucleic acid probe of the present invention with the target nucleic acid or gene and then
measuring the intensity of emission. In this analysis or measurement, the target nucleic acid or gene may be either an
amplified product, as obtained by one of the various nucleic acid or gene amplification methods, or an extract of such
amplified product. Further, the target nucleic acid may be of any type. Examples of the target nucleic acid to which the
present invention is applicable include, but are not limited to, RNAs, DNAs, PNAs, 2’,4’-BNA, 2’,4’-BNACOC, 3’-amino-
2’,4’-BNA, 2’,4’-BNANC, and other artificially modified nucleic acids. It should be noted here that the only requisite for
target nucleic acids is that a guanine base be present within the strand(s) or at the end(s). If no guanine base is present
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within the strand(s) or at the end(s), the intensity of fluorescence will not decrease.
[0031] The nucleic acid probe of the present invention may be contained in a measurement kit for analyzing or measuring
polymorphisms and mutations of a target nucleic acid or/and gene and the kit can suitably be used for analyzing or
measuring polymorphisms and mutations of the target nucleic acid or/and gene.
[0032] In the present invention, use of the above-described nucleic acid probe makes it possible to specifically measure
a target nucleotide with convenience in a short time. Hereinbelow, the measuring method will be described. In the
measuring method of the present invention, the above-described nucleic probe is first added to a measuring system
and allowed to hybridize with a target nucleic acid. This hybridization may be performed by usual, known methods
(Analytical Biochemistry, Vol. 183, pp. 231-244, 1989; Nature Biotechnology, Vol 14, pp. 303-308, 1996; Applied and
Environmental Microbiology, Vol. 63, pp. 1143-114, 1997). As conditions for hybridization, the salt concentration may,
for example, range from 0 to 2 molar concentration, preferably from 0.1 to 1.0 molar concentration, with pH from 6 to 8,
preferably from 6.5 to 7.5.
[0033] The reaction temperature is preferably within a range of Tm610°C, Tm being the value for the hybrid complex
which is to be obtained by hybridization of the nucleic acid probe to the specific site of the target nucleic acid. By setting
the reaction temperature within such a range, non-specific hybridization can be prevented. If the reaction temperature
is less than Tm-10°C, non-specific hybridization occurs; if the reaction temperature is more than Tm+10°C, hybridization
does not occur. It should be noted that the Tm value can be determined in the same manner as in an experiment which
is needed to design the nucleic acid probe for use in the present invention. Stated briefly, an oligonucleotide which is to
hybridize with the nucleic acid probe and has a complementary base sequence to the nucleic acid probe is chemically
synthesized with the above-mentioned nucleic acid synthesizer, and the Tm value of the hybrid complex between the
oligonucleotide and the nucleic acid probe is then measured by conventional methods.
[0034] Further, the reaction time may range from 1 sec to 180 min, preferably from 5 sec to 90 min. If the reaction
time is less than 1 sec, a substantial portion of the nucleic acid probe of the present invention will remain unreacted in
the hybridization. On the other hand, no particular advantage can be brought about even if the reaction time is set
excessively long. The reaction time is greatly affected by the type of the nucleic acid (i.e., the length or base sequence
of the nucleic acid). In the present invention, the nucleic acid probe is hybridized with the target nucleic acid as described
above. The intensity of emission from the fluorescent dye is measured with a fluorometer both before and after the
hybridization, and the amount of decrease in emission is calculated. Since the magnitude of the decrease is proportional
to the amount of the target nucleic acid, it is possible to determine the amount of the target nucleic acid.
[0035] The concentration of the target nucleic acid in the reaction solution preferably ranges from 0.1 to 10.0 nM. The
concentration of the probe in the reaction mixture preferably ranges from 1.0 to 25.0 nM. For preparing a calibration
curve, the probe may desirably be used at ratios of from 1.0 to 2.5 relative to the target nucleic acid.
[0036] For actually measuring a target nucleic acid of unknown concentration in a sample, a calibration curve is first
prepared under the above-described conditions. Then, a corresponding probe is added at a plurality of concentrations
to aliquots of the sample, respectively, followed by measurement of decreases in fluorescence intensity. Subsequently,
the probe concentration at which the measured decrease in fluorescence intensity is at maximum is chosen as a preferred
probe concentration. Based on the decrease in fluorescence intensity as measured with the probe of the preferred
concentration, a quantified value of the target nucleic acid can be determined from the calibration curve.
[0037] While the principle of the measuring method of the present invention can be applied to any method insofar as
it is a PCR method, a description will hereinafter be made of the case where it is applied to a real-time quantitative PCR
method. Stated briefly, in the real-time quantitative PCR method, PCR is performed using a specific nucleic acid probe
of the present invention, and a decrease in the emission from the fluorescent dye before a reaction relative to the emission
from the fluorescent dye after the reaction is measured in real time. The term "PCR" as used herein means a variety of
PCR methods. Examples can include RT-PCR, RNA-primed PCR, stretch PCR, reverse PCR, PCR making use of Alu
sequence(s), multiple PCR, PCR using mixed primers, and PCR using PNA. Further, the term "quantitative" as used
herein shall mean not only quantification in the proper sense but also quantification of an accuracy that is virtually
equivalent to detection.
[0038] As described above, the "target nucleic acid" means a nucleic acid the quantification or quantitative detection
or mere detection of which is intended irrespective of whether it is in a purified form or not and further irrespective of its
concentration. Various other nucleic acids may also exist together with the target nucleic acid. For example, the target
nucleic acid may be a specific nucleic acid to be amplified in a co-cultivation system of microorganisms (a mixed system
of RNAs or genetic DNAs from a plurality of microorganisms) or a symbiotic cultivation system of microorganisms (a
mixed system of RNAs or genetic DNAs from a plurality of animals, plants and/or microorganisms). Purification of the
target nucleic acid, if necessary, can be performed by conventionally known methods. For instance, it can be performed
using a commercial purification kit or the like.
[0039] The conventionally known quantitative PCR methods is such that a target nucleic acid (DNA or RNA) is amplified
in the presence of Mg ions using dATP, dGTP, dCTP, dTTP or dUTP, the target nucleic acid, Taq polymerase, primers
and a nucleic acid probe labeled with a fluorescent dye or an intercalator while repeatedly changing the temperature
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between low and high levels, and that the increases in fluorescence emission from the fluorescent dye in the course of
the amplification are monitored in real time [Jikken Igaku (Laboratory Medicine), 15(7), 46-51, Yodosha (1997)].
[0040] The quantitative PCR method of the present invention is characterized in that the target nucleic acid is amplified
using the nucleic acid probe of the present invention and that the amount of decrease in the emission from the fluorescent
dye is measured in the course of amplification. For use in the quantitative PCR method of the present invention, a
preferred probe of the present invention may comprise bases ranging in number from 5 to 100, preferably from 10 to
30, and especially preferably from 15 to 25. Any probe will do as long as it hybridizes with the amplified product of the
target nucleic acid during PCR cycles. The probe may be designed as either a forward type or a reverse type.
[0041] As examples of preferred nucleic acid probes, the following may be enumerated.

(1) A nucleic acid probe labeled, at a 5’ end portion, preferably the 5’ end, thereof with a fluorescent dye useful for
carrying out the present invention, wherein the base sequence thereof is so designed that, when hybridized at the
end portion with a target nucleic acid, at least one G (guanine) base exist in the base sequence of the target nucleic
acid at a position 1 to 3 bases apart toward the 5’ side from the base on the 5’ end at which the probe and the target
nucleic acid are hybridized with each other.
(2) The probe of (1) above, wherein the 3’ end is labeled with the fluorescent dye.
(3) The probe of (1) above, wherein the 3’ end (e.g., the OH group on the C atom at the 3’ position of ribose or
deoxyribose at the 3’ end, or the OH group on the C atom at the 2’ position of ribose at the 3’ end) is modified with
a phosphate group or the like.
(4) A nucleic acid probe labeled, at a 3’ end portion, preferably the 3’ end, thereof with the fluorescent dye of the
present invention, wherein the base at the 3’ end is G or C, or the OH group on the C atom at the 2’ position of
ribose at the 3’ end is modified with a phosphate group or the like.
(5) The probe of (1) above, wherein the 5’ end portion, preferably the 5’ end, is labeled with the fluorescent dye of
the present invention.
(6) A nucleic acid probe labeled, at a 5’ end portion, preferably the 5’ end, thereof with a fluorescent dye useful for
carrying out the present invention, wherein the base at the 5’ end is GorC.

[0042] In each of the probes (4) and (6) above, it may not be possible by any means to design the 5’ end as G or C
due to the base sequence of the relevant target nucleic acid. If this should be the case, 5’-guanylic acid or 5’-cytidylic
acid may be added to the 5’ end of an oligonucleotide designed as a primer from the base sequence of the target nucleic
acid. The probe so obtained can still achieve the object of the present invention. The expression "nucleic acid probe
designed so that the base at the 3’ or 5’ end becomes G or C" as used herein is, therefore, defined to encompass not
only probes designed from the base sequence of the target nucleic acid but also probes modified therefrom by adding
5’-guanylic acid or 5’-cytidylic acid to the 3’ or 5’ end.
[0043] In particular, the above-described probe (1), (2), (3) or (4) is designed so that it will not be used as a primer.
Instead of two (fluorescently labeled) probes used in a real-time quantitative PCR method making use of the FRET
phenomenon, a single probe of the present invention is used to perform PCR. The probe is added to a PCR reaction
system and PCR is then performed. During a nucleic acid extending reaction, the probe which has hybridized with the
target nucleic acid or amplified target nucleic acid is degraded by polymerase to be eliminated from the hybrid complex.
The intensity of fluorescence from the reaction system at this time or from the reaction system in which a nucleic acid
denaturing reaction has completed is measured. Further, the intensity of fluorescence from the reaction system in which
the target nucleic acid or amplified target nucleic acid has hybridized with the probe (i.e., the reaction system at the time
of an annealing reaction or at the time of the nucleic acid extending reaction until the probe is removed from the hybrid
complex by polymerase) is measured. By calculating a decrease of fluorescence intensity in the latter case from the
value in the former case, the concentration of the amplified nucleic acid is measured. The intensity of fluorescence is
high when the probe has been completely dissociated from the target nucleic acid or amplified target nucleic acid by the
nucleic acid denaturing reaction, or when the probe has been removed from the hybrid complex of the probe and the
target nucleic acid or amplified target nucleic acid by polymerase during extension of the nucleic acid. However, the
intensity of fluorescence from the reaction system in which an annealing reaction has been completed and the probe
has fully hybridized to the target nucleic acid or amplified target nucleic acid, or from the reaction system until the probe
has been removed from the hybrid complex of the probe and the target nucleic acid or amplified target nucleic acid upon
degradation by polymerase at the time of a nucleic acid extending reaction is lower than the value in the former case.
The decrease in the intensity of fluorescence is proportional to the amount of the amplified nucleic acid. In this case,
each of the base sequences of the probes (2), (3) and (4) are desirably designed so that the Tm of a hybrid complex,
which is available upon hybridization of the probe with the target nucleic acid, comes within the range of the Tm value
of a primer’s hybrid complex 615°C, preferably 65°C. If the Tm value of the probe is less than the primer’s Tm value
minus 5°C, especially minus 15°C, the probe does not hybridize, so there will occur no decrease in the emission from
the fluorescent dye. If, on the other hand, the Tm value of the probe is above the primer’s Tm plus 5°C, especially plus
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15°C, the probe also hybridizes to nucleic acids other than the target nucleic acid, so the specificity of the probe is lost.
[0044] The probes (5) and (6) above are added as primers to the PCR reaction system. Except for the PCR method
of the present invention, no PCR method is known to make use of a primer labeled with a fluorescent dye. As the PCR
reaction proceeds, the amplified nucleic acid is progressively labeled with the fluorescent dye of the present invention.
Accordingly, the intensity of fluorescence from the reaction system in which the nucleic acid denaturing reaction has
completed is high but, in the reaction system in which the annealing reaction has completed or the nucleic acid extending
reaction is in progress, the intensity of fluorescence is lower than the value in the above-described former case.
[0045] The PCR reaction may be carried out under the same reaction conditions as in conventional PCR methods. It
is therefore possible to perform amplification of a target nucleic acid in a reaction system containing Mg ions at low
concentrations (1 to 2 mM). Needless to say, the present invention may also be carried out even in a reaction system
containing Mg ions at high concentrations (2 to 4 mM) that are employed in the conventionally known quantitative PCR.
[0046] In the PCR method of the present invention, Tm values can be determined by performing the PCR of the present
invention and then analyzing the melting curve of the nucleic acid with respect to the resultant amplification products.
This method is a novel method for analyzing a melting curve of a nucleic acid. In this method, the nucleic acid probe
used in the PCR method of the present invention or the nucleic acid probe used as a primer may suitably be used. In
this case, the probe of the present invention may be designed to comprise a base sequence complementary to a region
containing an SNP (single nucleotide polymorphism) in the target nucleic acid, so that after completion of PCR, a
dissociation curve of the target nucleic acid from the probe of the present invention is analyzed, whereby the SNP can
be detected from a difference, if any, in the dissociation curve. If a base sequence complementary to an SNP-containing
sequence is used as a sequence for the probe of the present invention, a Tm value available from a dissociation curve
between the sequence of the probe and the SNP-containing sequence becomes higher than a Tm value available from
a dissociation curve between the sequence of the probe and the SNP-free sequence.

EXAMPLES

[0047] Hereinbelow, the present invention will be described in more detail with reference to the following Examples.

[Example 1]

Experimental Summary

[0048] A plurality of QProbes with different alkyl chain lengths were synthesized by using conventional amino linkers
with different lengths of alkyl chains for linking an oligo DNA and a fluorescent dye, and the fluorescent dye BODIPY™
FL. Then, the effect of alkyl chain length upon the fluorescence quenching rates of QProbes was investigated. In Fig.
4, the structure of the QProbes prepared in this Example is shown. Using three types of amino linkers with different alkyl
chain lengths (carbon number in the alkyl chain is 3, 6 or 12) and two types of fluorescent dye BODIPY™ FL with different
alkyl chain lengths (carbon number in the alkyl chain is 2 or 4), a total of six QProbes were synthesized which had
different lengths of alkyl chains for linking an oligo DNA and a fluorescent dye. It should be noted here that all of the six
QProbes had a common sequence and C (cytosine) at the 5’ end was fluorescently labeled with BODIPY™ FL.

Table 1. Summary of QProbes Used for Investigation

No.
Existing amino linker Fluorescent dye: BODIPY™ FL

Total alkyl chain 
lengthManufacturer

Alkyl chain 
length

Cat. No. Manufacturer
Alkyl chain 

length
Cat. 
No.

1
Glen 

Research
C3 10-1923-90

Thermo Fisher 
Scientific

C2 D6140 C5

2 ditto C3 10-1923-90 ditto C4 D6184 C7

3 ditto C6 10-1906-90 ditto C2 D6140 C8

4 ditto C6 10-1906-90 ditto C4 D6184 C10

5 ditto C12 10-1912-90 ditto C2 D6140 C14
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[0049] For each of the six QProbes, two reaction systems were provided; to one reaction system, both QProbe and
complementary strand were added, and to the other reaction system, QProbe alone was added. Dissociation curve
analysis was performed using a real-time PCR instrument (LightCycler™ 480; Roche Life Science). Fluorescence meas-
urements in the dissociation curve analysis were performed within a temperature range of 40 to 95°C, and the frequency
of fluorescence measurements was approx. 0.2°C/measurement. Using the thus obtained fluorescence intensity data,
fluorescence quenching rate at each measurement temperature was determined from the calculation formula described
below. The highest value obtained was taken as maximum fluorescence quenching rate, and the measured values were
compared among the six QProbes. 

wherein

F1: fluorescence intensity of [QProbe alone]
F2: fluorescence intensity of [QProbe + complementary strand]
F195: fluorescence intensity of [QProbe alone] at 95°C (at the time of dissociation)
F295: fluorescence intensity of [QProbe + complementary strand] at 95°C (at the time of dissociation)

[0050] The results are shown in Fig. 5. From these results, it is understood that fluorescence quenching was maximum
(about 82%) when the alkyl chain length was 8 in terms of carbon number (C8). When C7 QProbe (shorter than C8
QProbe by one carbon atom) was used, the fluorescence quenching rate was about 59%, a substantial decrease from
the corresponding rate of C8 QProbe. On the other hand, in the case of C10 QProbe longer than C8 QProbe by two
carbon atoms, fluorescence quenching rate was about 54%, again a substantial decrease from the corresponding rate
of C8 QProbe.
[0051] These results show that a small difference in alkyl chain length greatly affects the fluorescence quenching rate
of QProbe. Since the sensitivity and accuracy in the detection of a target gene using a QProbe largely depend on the
fluorescence quenching rate, these results also suggest that selection of an alkyl chain is an important factor that
determines the performance of QProbes.

(continued)

No.
Existing amino linker Fluorescent dye: BODIPY™ FL

Total alkyl chain 
lengthManufacturer

Alkyl chain 
length Cat. No. Manufacturer

Alkyl chain 
length

Cat. 
No.

6 ditto C12 10-1912-90 ditto C4 D6184 C16

QProbe sequence (5’ →3’): CCTACGGGAGGCAGCAG (SEQ ID NO: 1)
Complementary strand sequence: (5’ →3’): CTGCTGCCTCCCGTAGG (SEQ ID NO: 2)
Fluorescently labeled site: Cytosine at the 5’ end

Table 2. Volume and Composition of Reaction Mixture in Example 1

System to which both QProbe and complementary 
strand were added

System to which QProbe alone 
was added

Total Volume: 20 ml same as on the left

QProbe: 50 nM same as on the left

Complementary strand: 1,600 nM 0 nM (not added)

KCl: 50mM same as on the left

Tris-HCl: 10mM (pH 8.7 at 25°C) same as on the left

MgCl2 : 1.5mM same as on the left
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[Example 2]

[0052] The results of Example 1 have shown that the structure of the alkyl chain for linking an oligo DNA and a
fluorescent dye largely affects the fluorescence quenching rate which is directly connected to the performance of QProbes.
[0053] In this connection, when the chemical structures of QProbes synthesized with existing amino linkers and
QProbes synthesized with novel amino linkers are compared (see Fig. 3), it is understood that the latter linkers are
longer, providing a greater distance between an oligonucleotide and a fluorescent dye. Considering this point together
with the results of Example 1, a comparison between the fluorescence quenching rate of a QProbe synthesized with an
optimal existing amino linker (C6 amino linker in the case of BODIPY™ FL [D6140]) and the fluorescence quenching
rate of a QProbe synthesized with a novel amino linker with the same carbon number led the present inventors to
anticipate that the fluorescence quenching rate of the latter might be worsened significantly.
[0054] In order to verify this possibility, the present inventors provided QProbes as synthesized with an optimal existing
amino linker (consignee: Tsukuba Oligo Service) and QProbes as synthesized with a novel amino linker having the
same alkyl chain length as the optimal existing amino linker (consignee: GeneDesign, Inc.) and compared their maximum
fluorescence quenching rates of these QProbes.

Table 3-1. Summary of QProbes Used in Example 2 (fluorescently labeled at 5’ end)

Designation of QProbe Fluorescent Dye Amino Linker

PB-5’-S Pacific Blue Existing amino linker

PB-5’-N Ditto Novel amino linker

A46-5’-S ATTO 465 Existing amino linker

A46-5’-N Ditto Novel amino linker

BF-5’-S BODIPY FL Existing amino linker

BF-5’-N Ditto Novel amino linker

CR-5’-S 5-CR 6G Existing amino linker

CR-5’-N Ditto Novel amino linker

TR-5’-S 6-TAMRA Existing amino linker

TR-5’-N Ditto Novel amino linker

A65-5’-S ATTO 655 Existing amino linker

A65-5’-N Ditto Novel amino linker

A68-5’-S ATTO 680 Existing amino linker

A68-5’-N Ditto Novel amino linker

A70-5’-S ATTO 700 Existing amino linker

A70-5’-N Ditto Novel amino linker

Table 3-2. Summary of QProbes Used in Example 2 (sequence fluorescently labeled at 3’ end (5’ →3’))

Designation of QProbe Fluorescent Dye Amino Linker

PB-3’-S Pacific Blue Existing amino linker

PB-3’-N Ditto Novel amino linker

A46-3’-S ATTO 465 Existing amino linker

A46-3’-N Ditto Novel amino linker

BF-3’-S BODIPY FL Existing amino linker

BF-3’-N Ditto Novel amino linker

CR-3’-S 5-CR 6G Existing amino linker

CR-3’-N Ditto Novel amino linker
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<Additional Explanation for Table 3>

[0055]

Sequence of QProbe: QProbe fluorescently labeled at the 5’ end: 5’ CCTACGGGAGGCAGCAG 3’ (SEQ ID NO: 1)
QProbe fluorescently labeled at the 3’ end: 5’ AAGGAGGTGATCCAGCC 3’ (SEQ ID NO: 3)
Designation of QProbe: expressed as sss-Δ’-h

sss: abbreviation of fluorescent dye
Δ’: fluorescently labeled end. Therefore, Δ reads "5" or "3".
h: linker used. "S" indicates the use of an existing amino linker and "N" a novel amino linker.

Length of linker’s alkyl chain: Carbon number 6 (common to all QProbes used in Example 2)
Existing amino linker: 5’ end: 5’-Amino-Modifier C6 (Cat. No. 10-1906-90; Glen Research)
3’ end: 3’-PT-Amino-Modifier C6 CPG (Cat. No. 20-2956-01; Glen Research)
Novel amino linker: 5’ end: ssH Amino Linker (Cat. No. CLP-1132; ChemGenes)
3’ end: 3’-Amino CA Linker (synthesis of QProbes using this linker was consigned to GeneDesign, Inc.)
Fluorescent dye: Pacific Blue (Cat. No. P10163; Thermo Fisher Scientific)

ATTO465 (Cat. No. AD 465-31; ATTO-TEC)
BODIPY™ FL (Cat. No. D6140; Thermo Fisher Scientific)
5-CR 6G (Cat. No. C6127; Thermo Fisher Scientific)
6-TAMRA (Cat. No. C6123; Thermo Fisher Scientific)
ATTO655 (Cat. No. AD 655-31; ATTO-TEC)
ATTO680 (Cat. No. AD 680-31; ATTO-TEC)
ATTO700 (Cat. No. AD 700-31; ATTO-TEC)

Complementary strand: Oligo DNA having a sequence which is of the same strand length as and completely com-
plementary to QProbe (synthesized by Tsukuba Oligo Service)

[0056] In this Example, 16 QProbes using existing amino linkers were provided, and the same number of QProbes
were provided in the same way, except that in each of them, the linker alone was changed to a novel amino linker.
[0057] Maximum fluorescence quenching rate was determined for a total of the 32 QProbes mentioned above in the
same manner as described in Example 1. Then, the effect of novel amino linkers on fluorescence quenching rate was
investigated by comparing the measured values.
[0058] The results for the QProbes in which cytosine at the 5’ end was fluorescently labeled are shown in Fig. 6-1.
These results showed that, for any of the fluorescent dyes used in labeling, the fluorescence quenching rates of the
QProbes using the novel amino linkers were comparable to or higher than the corresponding rates of the QProbes using
the existing linkers.
[0059] The results for the QProbes in which cytosine at the 3’ end was fluorescently labeled are shown in Fig. 6-2.
Like the results with the 5’ terminally labeled QProbes, these results showed that, for any of the fluorescent dyes used
in labeling, the fluorescence quenching rates of the QProbes using the novel amino linkers were comparable to or higher

(continued)

Designation of QProbe Fluorescent Dye Amino Linker

TR-3’-S 6-TAMRA Existing amino linker

TR-3’-N Ditto Novel amino linker

A65-3’-S ATTO 655 Existing amino linker

A65-3’-N Ditto Novel amino linker

A68-3’-S ATTO 680 Existing amino linker

A68-3’-N Ditto Novel amino linker

A70-3’-S ATTO 700 Existing amino linker

A70-3’-N Ditto Novel amino linker
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than the corresponding rates of the QProbes using the existing linkers.
[0060] Thus, the QProbes using the novel amino linkers have performance that is comparable to or better than that
of the QProbes using the conventional amino linkers. Further, as described earlier, a substantial reduction in the pro-
duction cost is possible. The QProbes using the novel amino linkers were, therefore, shown to have great potential for
use in industrial applications.
[0061] Example 1 showed that a small difference in linker length greatly affects the fluorescence quenching rate. Since
the QProbes synthesized with novel amino linkers have linker lengths that are greater (by at least two carbon atoms)
than in the case of the QProbes synthesized with an optimal existing amino linker, it was anticipated that the fluorescence
quenching rate of the former QProbes might considerably deteriorate from that of the latter QProbes. However, as
described above, the present inventors obtained results demonstrating that the fluorescence quenching rate of the
QProbes synthesized with novel amino linkers is comparable to or higher than that of the QProbes synthesized with
existing amino linkers. Since these results show an event that is difficult to anticipate without actual verification, the
present invention is also recognized to feature an inventive step.

[Example 3]

Comparison of Reactivity with Fluorescent Dye

[0062] First, the following four types of aminated oligo DNAs were provided in this Example. Specifically,

[1] aminated oligo DNA in which an existing amino linker has been introduced to the 5’ end of the oligo DNA shown
in SEQ ID NO: 1,
[2] aminated oligo DNA in which a novel amino linker has been introduced to the 5’ end of the oligo DNA shown in
SEQ ID NO: 1,
[3] aminated oligo DNA in which an existing amino linker has been introduced to the 3’ end of the oligo DNA shown
in SEQ ID NO: 3, and
[4] aminated oligo DNA in which a novel amino linker has been introduced to the 5’ end of the oligo DNA shown in
SEQ ID NO: 3

were provided.
[0063] These four types of aminated oligo DNAs were reacted with 8 types of fluorescent dyes usable in QProbe. By
measuring/comparing the amounts of the resultant reaction products, difference in reactivity with the above fluorescent
dyes was compared between the existing amino linkers and the novel amino linkers. Synthesis of the aminated oligo
DNAs having the existing amino linkers introduced therein ([1] and [3] above) was consigned to Tsukuba Oligo Service,
and synthesis of the aminated oligo DNAs having the novel amino linkers introduced therein ([2] and [4] above) was
consigned to GeneDesign, Inc.
[0064] Each of the aminated oligo DNAs [1] to [4] above (1 nmol) and a fluorescent dye (500 nmol) were dissolved in
10% (v/v) dimethylformamide in 250 mM phosphate buffer (pH 8.0) to make a total volume of 100 ml. After shading this
solution, reaction of the aminated oligo DNA and the fluorescent dye was started at 40°C. A 15 ml sample was taken 30
min after the start of the reaction and desalted with NAP5 (Pharmacia). Then, the amounts in this sample of the aminated
oligo DNA that was unreacted with the fluorescent dye and the aminated oligo DNA that was reacted with the fluorescent
dye were determined by reversed phase HPLC.

<Other details of conditions>

[0065]

Sequence of QProbe: QProbe fluorescently labeled at the 5’ end: 5’ CCTACGGGAGGCAGCAG 3’ (SEQ ID NO: 1)
QProbe fluorescently labeled at the 3’ end: 5’ AAGGAGGTGATCCAGCC 3’ (SEQ ID NO: 3)
Length of linker alkyl chain: Carbon number 6 (common to all QProbes used in Example 3)
Existing amino linker: 5’ end: 5’-Amino-Modifier C6 (Cat. No. 10-1906-90; Glen Research)
3’ end: 3’-PT-Amino-Modifier C6 CPG (Cat. No. 20-2956-01; Glen Research)
Novel amino linker: 5’ end: ssH Amino Linker (Cat. No. CLP-1132; ChemGenes)
3’ end: 3’-Amino CA Linker (synthesis of QProbe using this linker was consigned to GeneDesign, Inc.)
Fluorescent dye: Pacific Blue (Cat. No. P10163; Thermo Fisher Scientific)

ATT0465 (Cat. No. AD 465-31; ATTO-TEC)
BODIPY™ FL (Cat. No. D6140; Thermo Fisher Scientific)
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5-CR 6G (Cat. No. C6127; Thermo Fisher Scientific)
6-TAMRA (Cat. No. C6123; Thermo Fisher Scientific)
ATT0655 (Cat. No. AD 655-31; ATTO-TEC)
ATTO680 (Cat. No. AD 680-31; ATTO-TEC)
ATTO700 (Cat. No. AD 700-31; ATTO-TEC)
HPLC conditions: Mobile phase: solution A 5% acetonitrile/100 mM TEAA (pH 7.0)
solution B 50% acetonitrile/100 mM TEAA (pH 7.0)

Column temperature: 50°C
Gradient: % of solution B 0 → 70%/30 min

[0066] The proportion, as determined by the method described above, of the aminated oligo DNA that reacted with
the fluorescent dye is shown in Fig. 7-1 and Fig. 7-2.
[0067] Fig. 7-1 is a graph showing the proportion of the aminated oligo DNA that reacted with the fluorescent dye for
fluorescent labeling at the 5’ end; and Fig. 7-2 is a graph showing the proportion of the aminated oligo DNA that reacted
with the fluorescent dye for fluorescent labeling at the 3’ end.
[0068] These results showed that the proportion of the aminated oligo DNA which reacted with the fluorescent dye
was significantly higher in the case of using the novel amino linker than in the case of using the existing amino linker,
regardless of the position of fluorescent modification and the type of the fluorescent dye. From these results, it was
shown that a large quantity of QProbe can be obtained easily by using the novel amino linker.
[0069] Further, from the results of this Example and Example 2, it was shown that a high quality QProbe can be
manufactured at a low cost by using the novel amino linker.
[0070] All publications, patents and patent applications cited herein are incorporated herein by reference in their entirety.

INDUSTRIAL APPLICABILITY

[0071] The present invention is applicable to qualitative and quantitative analysis of target genes.

SEQUENCE LISTING FREE TEXT

[0072]

<SEQ ID NO: 1>
SEQ ID NO: 1 shows the sequence of a QProbe fluorescently labeled at the 5’ end. 5’ CCTACGGGAGGCAGCAG 3’
<SEQ ID NO: 2>
SEQ ID NO: 2 shows a strand sequence complementary to the QProbe shown in SEQ ID NO: 1.
5’ CTGCTGCCTCCCGTAGG 3’
<SEQ ID NO: 3>
SEQ ID NO: 3 shows the sequence of a QProbe fluorescently labeled at the 3’ end.
5’ AAGGAGGTGATCCAGCC 3’
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Claims

1. A nucleic acid probe for measuring a nucleic acid, wherein (i) the probe is labeled with a fluorescent dye whose
emission is reduced when the probe is hybridized with a target nucleic acid, (ii) the probe is labeled with the fluorescent
dye at its 5’ terminal site via an ssH amino linker as shown below, and (iii) the base sequence of the probe is so
designed that, when the probe is hybridized with the target nucleic acid, at least one G (guanine) exists in the base
sequence of the target nucleic acid at a position 1 to 3 bases apart from the base at the terminal site where the
probe and the target nucleic acid are hybridized with each other.

2. A nucleic acid probe for measuring a nucleic acid, wherein (i) the probe is labeled with a fluorescent dye whose
emission is reduced when the probe is hybridized with a target nucleic acid, (ii) the probe is labeled with the fluorescent
dye at its 3’ terminal site via a CA amino linker as shown below, and (iii) the base sequence of the probe is so
designed that, when the probe is hybridized with the target nucleic acid, at least one G (guanine) exists in the base
sequence of the target nucleic acid at a position 1 to 3 bases apart from the base at the terminal site where the
probe and the target nucleic acid are hybridized with each other.

3. A nucleic acid probe for measuring a nucleic acid, wherein (i) the probe is labeled with a fluorescent dye whose
emission is reduced when the probe is hybridized with a target nucleic acid, (ii) the probe is labeled with the fluorescent
dye at its 5’ terminal site via an ssH amino linker as shown below, and (iii) the base sequence of the probe is so
designed that, when the probe is hybridized with the target nucleic acid, base pairs in a probe-nucleic acid hybrid
complex form at least one G (guanine) and C (cytosine) pair at the terminal site.

4. A nucleic acid probe for measuring a nucleic acid, wherein (i) the probe is labeled with a fluorescent dye whose
emission is reduced when the probe is hybridized with a target nucleic acid, (ii) the probe is labeled with the fluorescent
dye at its 3’ terminal site via a CA amino linker as shown below, and (iii) the base sequence of the probe is so
designed that, when the probe is hybridized with the target nucleic acid, base pairs in a probe-nucleic acid hybrid
complex form at least one G (guanine) and C (cytosine) pair at the terminal site.

5. The nucleic acid probe of any one of claims 1 to 4, wherein the terminal base at which the probe is labeled with the
fluorescent dye is C (cytosine).

6. The nucleic acid probe of any one of claims 1 to 5, wherein the fluorescent dye is selected from the group consisting
of Pacific Blue, ATTO465, BODIPY™ FL, 5-CR 6G, 6-TAMRA, ATTO655, ATTO680 and ATTO700.

7. A method of measuring a nucleic acid using a nucleic acid probe labeled with a fluorescent dye, wherein (i) the
probe is labeled with a fluorescent dye whose emission is reduced when the probe is hybridized with a target nucleic
acid and (ii) a decrease in the emission from the fluorescent dye is measured, said method being characterized
by using the nucleic acid probe of any one of claims 1 to 6.
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