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bstract

Two 10-mer DNA probes, or one 20-mer DNA probe, respectively, hybridize with a 21-mer target DNA to form a vacancy or bulge opposite
he target nucleotide. The former double-DNA-probe method and the latter bulge form method are applicable to the detection of single-nucleotide
olymorphisms (SNPs). A small fluorescent dye enters into the vacancy or bulge and binds with a target nucleotide via a hydrogen bonding
nteraction, which causes fluorescence quenching. The interaction between fluorescent dye and the target nucleotide is confirmed by measuring the

elting temperature and fluorescence spectra. The fluorescent dye, ADMND (2-amino-5,7-dimethyl-1,8-naphthyridine), is found to selectively

ind with C over A or G. The methods proposed here are economic, convenient, and effective for the fluorescence detection of SNPs. Finally, the
ouble-DNA-probe method and bulge form method are successfully applied to the detection of C/G and C/A mutations in the estrogen receptor 2
ene and progesterone receptor gene using ADMND.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Single-nucleotide polymorphisms (SNPs) are the most
ommon type of human genetic mutation, which account for
0% of sequence variants [1]. High density and mutational
tability of SNPs make them particularly useful DNA markers
or population genetics and for mapping susceptibility genes
f complex diseases [2,3]. Such studies will involve analysis of
arge numbers of SNPs in hundreds or thousands of individuals
4,5], and thus high-throughput SNP typing method is required.
t is anticipated that SNP analysis will be used to diagnose
ommon diseases, to determine disease susceptibility, and to
redict an individual’s response to therapeutic treatment. To

eet these anticipations, quick, simple, and low cost methods

or SNP typing are essential. The current SNP typing methods
an be roughly classified into two categories: enzyme-based
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ethods and hybridization-based methods [6,7]. Since the
ormer methods usually require complicated experimental
rocedures, hybridization-based methods are more attractive
ecause of the simplicity in their experimental procedures and
everal rapid SNP typing methods have been developed such
s TaqMan [8], Molecular Beacon [9], and iFRET [10]. In
hese SNP detection techniques, fluorescent dyes are covalently
ound to an oligo-DNA strand. Such hybridization-based meth-
ds require labeling of DNA strands or ddNTP by fluorescent
yes [11–13], and the fluorophore-labeled DNAs are expensive.
ecently, SNP typing methods without labeling DNAs by
uorophores have been reported using small molecules which
ind to the target nucleotide selectively. For example, Nakatani
t al. [14,15] have reported on the detection method for a single
uanine bulge and guanine–guanine mismatches using 1,8-
aphthylidine derivatives which can bind with guanine through

ydrogen bond. Binding of fluorescent dye to target nucleotides
as confirmed by absorption spectrometry, circular dichroism

CD) and melting temperature measurements. Teramae’s group
as proposed to use an oligo-DNA duplex containing an
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Scheme 1. Synthesis of ADMND.

purinic or apyrimidinic site (AP site), as a recognition field
or a target nucleotide [16–18]. Fluorescent ligands can bind
o the target nucleotide opposite an AP site, thus realizing
uorescence detection without labeling fluorophores into the
ligo-DNAs. Although their approach is quite effective and
onvenient, the synthesis of AP site-containing DNA strands
s tedious and commercially ordered products are expensive.
herefore, finding a more convenient and economical method

or fluorescence detection of SNPs still challenges researchers.
This paper reports two simple, effective, and inexpensive

ethods for detecting SNPs, i.e., a double-DNA-probe method
nd a bulge form method. In these methods, the target DNA
trand contains one extra nucleotide compared to the probe DNA
trand(s) and thus a vacancy or bulge is formed when the target
NA hybridizes with the DNA probe(s). A fluorescent dye can

nter into the vacancy or bulge and can bind selectively to the tar-
et nucleotide by forming hydrogen bonds. Thus, labeling DNA
r AP site-containing DNA strands or DNA immobilization are
ot fully required. In the present study, 2-amino-5,7-dimethyl-
,8-naphthyridine (ADMND) [19,20] was used as fluorescent
ye and its binding behavior with a target nucleotide in DNA
uplexes was examined by UV–vis absorption and fluorescence
pectroscopies.

. Experimental

.1. Materials

ADMND (2-amino-5,7-dimethyl-1,8-naphthyridine) was
ynthesized in one step by reacting 2,6-diaminopyridine with
,4-pentanedione, according to the literature [19,20]. The reac-
ion scheme is shown in Scheme 1.

All oligo-DNAs used were purchased from Takara Corpo-
ation (Dalian, China). Concentration of each oligo-DNA was

etermined according to the literature [21] using the molar
xtinction coefficient calculated from absorbance at 260 nm. The
ther reagents were commercially available analytical grade and
ere used without further purification.

f
G
C
C

Scheme 2. Schematic illustration of double-probe (a) and
Acta 597 (2007) 97–102

Aqueous solutions of fluorescent dyes were prepared as fol-
ows: 8.6 mg of ADMND was dissolved in 1 mL of hot water
nd diluted to give a 1.0 mmol L−1 solution.

.2. Measurements

Fluorescence spectra were measured on a JASCO FP-6500
pectrofluorophotometer equipped with an ETC-273T peltier
hermostatted single cell holder whose temperature was set
o 5 ◦C. Both excitation and emission slits were set at 3 nm.
bsorption spectra were recorded on a JASCO V-550 UV-VIS

pectrophotometer equipped with an ETC-505 peltier ther-
ostatted single cell holder. All spectra were measured using
microcell whose optical path length is 1 mm. pH values
ere measured on a Model pHS-3C pH meter from Leici Cor-
oration (Shanghai, China). Doubly distilled water was used
hroughout the experiments. All measurements were performed
n 10 mM sodium cacodylate buffer solutions (pH 7.0) contain-
ng 100 mmol L−1 NaCl and 1.0 mmol L−1 EDTA.

.3. Methods

.3.1. Double-probe method
As illustrated in Scheme 2(a), the two probes are simple

NA single strands containing 10 nucleotides. Their nucleotides
equences are designed so as to be a complimentary match with
target DNA strand except for the target nucleotide, which can

orm a vacant site opposite the target nucleotide N (N denotes
, C, A, or G). Their sequences are given as follows: probe 1,
′-GCAACGATAG-3′; probe 2, 5′-GTACATCCAG-3′; target,
′-CTATCGTTGCNCTGGATGTAC-3′. After hybridization of
wo probe strands with the target DNA strand, double strands
re formed having a vacant site opposite the target nucleotide.

small fluorescent dye then enters into the vacant site and can
ind with the nucleotide via hydrogen bonds, which induces the
hange in fluorescence of the fluorescent dye.

.3.2. Bulge form method
Bulges are a well known structural element in RNA or DNA

nd can be either a missing base, or an extra one that has
een inserted during the DNA copying process. In a bulge

orm method, a probe DNA strand (5′-GTACATCCAGGCAAC-
ATAG-3′) hybridizes with a target DNA strand (5′-
TATCGTTGCNCTGGATGTAC-3′, N = target nucleotide (T,
, A, G)) and a bulge is formed opposite the target nucleotide.

bulge form (b) methods. N is the target nucleotide.
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Table 1
Melting temperatures of DNA duplexes in the absence (Tm(−)) and presence
(Tm(+)) of ADMND by double-probe method

Tm(−) (◦C) Tm(+) (◦C) �Tm (◦C)

C 45.7 49.1 3.4
A 46.8 47.6 0.8
G 46.5 47.2 0.7
T 45.2 47.4 2.2
Fully matched DNA duplex 70.8 71.1 0.3
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, A, T and G are target nucleotides and the DNA sequences are indicated in
ection 2. [DNA duplex], 3.0 × 10−5 M; [ADMND], 5.0 × 10−4 M.

fluorescent dye thus can enter into the oligo-DNA duplex
nd can form hydrogen bonds with the target nucleotide, which
nduces the change of fluorescence as shown in Scheme 2(b).

For comparison with the double-probe method and bulge
orm method, a fully matched DNA duplex (5′-CTATCGTTG-
CCTGGATGTAC-3′ and 5′-GTACATCCAGGGCAACGA-
AG-3′) and a single-strand DNA (5′-GTACATCCAGGG-
AACGATAG-3′) are also examined in the experiments.

. Results and discussion

.1. Melting temperature (Tm) measurements of oligo-DNA
uplexes with and without fluorescent dyes

The thermal stabilities of oligo-DNA duplexes in the pres-
nce and absence of ADMND are shown in Tables 1 and 2;
hey were assessed by measuring the melting temperature (T ).
m
n the case of the double-probe method (Table 1), a signifi-
ant increase in Tm is observed when the target nucleotide is
or T. The increase in Tm (�Tm) reaches 3.4 ◦C for the target

Table 2
Melting temperatures of DNA duplexes in the absence (Tm(−)) and presence
(Tm(+)) of ADMND by bulge form method

C, A, T and G are target nucleotides and the DNA sequences are indicated in
Section 2. [DNA duplex], 3.0 × 10−5 M; [ADMND], 5.0 × 10−4 M.
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ucleotide C, and 2.2 ◦C for T, whereas �Tm for A and G as
ell as for a fully matched DNA duplex shows only a small

ncrease. This result indicates that ADMND can interact with a
arget nucleotide strongly when the nucleotide is C or T. In the
ase of the bulge form method (Table 2), the increase in Tm is
ot so significant but a larger increase in �Tm is recognized for
he nucleotides C or T than for A or G, similar to the case of
he double-probe method except for reversed order for C and T.
his result indicates that ADMND can interact more with the

arget nucleotides C or T than with A or G at the bulge.

.2. Fluorescence detection of SNPs by the double-probe
nd bulge form methods

Applicability of the double-probe method for SNP was exam-
ned by using ADMND as a fluorescent dye. Fig. 1(a) shows the
uorescence spectra of ADMND (5 �M) in 10 mM cacodylate
uffer solution (pH 7.0) containing 100 mM NaCl and 1.0 mM
DTA. ADMND exhibits a strong emission band around 400 nm

spectrum 1), but its fluorescence is quenched remarkably upon
ddition of 5 �M DNA duplexes when the nucleotide opposite
he vacant site is C (spectrum 6). The degree of fluorescence
uenching greatly depends on the target nucleotide opposite the
acant site. When the target nucleotide is C, the fluorescence
s most effectively quenched (ca. 74%), while the fluorescence
uenching is moderate (ca. 20%) when the nucleotide is G
spectrum 4) or A (spectrum 5). Fluorescence quenching of ca.
0% is also recognized upon addition of a single-strand DNA
spectrum 2) and a fully matched DNA duplex (spectrum 3).
his result may be ascribed to the intercalation of ADMND

nto DNA strands and/or the interaction between the phospho-
iester group of a DNA strand and ADMND. In the case of
he bulge form method, similar results are obtained as for the
ouble-probe method as shown in Fig. 1(b). Although fluores-
ence quenching of ADMND is not so remarkable in the bulge
orm method compared with the results shown in Fig. 1(a), it is
ossible to easily distinguish the target nucleotide C from A or
. Since 2-amino-1,8-naphthyridine derivatives were reported

o bind selectively with C over other nucleotides at the abasic site
n a DNA duplex [16], the C-selective quenching of ADMND in
ig. 1(a) and (b) can be ascribed to the formation of hydrogen
onds between ADMND and C. In addition, �-stacking interac-
ion between ADMND and the adjacent nucleotides can enhance
he binding ability of ADMND with a DNA strand containing

target nucleotide. The nucleotide T can also cause fluores-
ence quenching of ADMND to some extent, being 64% by
he double-probe method and 32% by the bulge form method.
hus, ADMND is not suitable for the detection of C/T mutation.
owever, ADMND is applicable in the detection of C/A or C/G
utation by the double-probe and bulge form methods, espe-

ially from the viewpoint of greatly reduced experimental cost
ompared with an AP site-containing DNA probe method [16].

Binding behavior of ADMND with C was examined quanti-

atively by fluorescence titration experiments. Fig. 2 shows the
ependence of ADMND fluorescence intensity at 400 nm on
NA concentration by using both the double-probe (A) and the
ulge form (B) methods, where F and F0 denote the fluores-
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Fig. 1. Fluorescence spectra of ADMND (5.0 × 10−6 M) in the presence of 5.0 × 10−6 M oligo-DNA. (a) Double-probe method; (b) bulge form method. 1, DNA
f nce o
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ree; 2, single-strand DNA; 3, fully matched DNA duplex; 4–6 are in the prese
equences are indicated in Section 2. Sample solutions were buffered to pH
xcitation wavelength was 347 nm.

ence intensity of ADMND in the presence and absence of a
NA duplex, respectively. In both methods, concentration of
DMND was 10 �M. In the case of the double-probe method

curve A), the fluorescence is almost completely quenched
pon addition of 20 �M DNA duplex and an inflection point
an be recognized when the concentration of DNA duplex is
0 �M, suggesting 1:1 complexation between ADMND and
NA duplex. In the case of the bulge form method (curve B), the

hange in fluorescence intensity upon addition of DNA duplex
s gradual compared with the double-probe method because of
he weaker binding affinity of ADMND with DNA duplex con-
aining a bulge than DNA duplex containing a vacant site in
he double-probe method. Titration end point is also recognized
hen the concentration of DNA duplex is ca. 10 �M. The 1:1

inding constants between ADMND and an oligo-DNA duplex,
alculated from non-linear regression of the titration curve, are
.2 × 106 M−1 in the double-probe method and 3.4 × 105 M−1

n the bulge form method. Curve C is obtained by titration of

ig. 2. Non-linear regressive analyses of the changes in fluorescence intensity
atios at 400 nm. (A) double-probe method (target nucleotide: C); (B) bulge form
ethod (target nucleotide: C); (C) fully matched DNA duplex. F and F0 denote

he fluorescence intensities of ADMND in the presence and absence of DNA
uplex. The ADMND concentration was 1.0 × 10−5 M, other conditions were
he same as in Fig. 1.
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f target DNA with a nucleotide N with 4, N = G; 5, N = A; 6, N = C. The DNA
ith 10 mM sodium cacodylate containing 100 mM NaCl and 1.0 mM EDTA.

DMND with a fully matched DNA duplex. It is seen that flu-
rescence of ADMND is also partially quenched upon addition
f a fully matched DNA duplex due to its intercalating feature.
owever, the degree of quenching is much lower than the DNA
uplex containing a vacant site or bulge. For example, when the
oncentration of a DNA duplex is 10 �M, F/F0 is only about
.83 for a fully matched DNA duplex, while F/F0 is 0.06 in the
ouble-probe method and 0.40 in the bulge form method, when
he target nucleotide is C. Accordingly, both the double-probe
nd bulge form methods might be applicable to the detection of
-related SNPs by considering the concentration range of the
NA duplex.

.3. Effect of flanking bases

It is well known that displacement of base pairs can be caused
epending on the sequence [22], which means that the sequence
an affect the �-stacking interaction between a fluorescent dye
ound to a target base and flanking bases. Accordingly, fluores-
ence of ADMND at the vacant site or bulge in a DNA duplex
ay be affected by the neighboring bases, although comple-
entary hydrogen bonds are formed between ADMND and
target nucleobase. To examine the effect of flanking bases

n the fluorescence quenching of ADMND, base selectivity of
DMND was examined using another DNA strand with A and
as neighboring bases, 5′-CTATCGTTGTNATGGATGTAC-

′ (N = target nucleotide T, C, A, or G) in the double-probe
nd bulge form methods. As shown in Fig. 3, almost the same
uenching degree is observed compared with the results shown
n Fig. 1, indicating the effect of flanking bases is not signifi-
ant and hydrogen bonding plays a crucial role in the present
ethods.

.4. Analysis of cytosine related mutation present in genes
The double-probe method and bugle form method were
pplied to the detection of cytosine related mutation which is
resent in the estrogen receptor 2 gene and progesterone receptor
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Fig. 3. Fluorescence spectra of ADMND (5.0 × 10−6 M) in the presence of 5.0 × 10−6 M oligo-DNA with A and T as flanking bases (target DNA: 5′-
CTATCGTTGTNATGGATGTAC-3′). (a) Double-probe method (probe 1, 5′-ACAACGATAG-3′; probe 2, 5′-GTACATCCAT-3′); (b) bulge form method (probe,
5′-GTACATCCATACAACGATAG-3′). 1, DNA free; 2, single-strand DNA; 3, fully matched DNA duplex; 4–6 are in the presence of target DNA with a nucleotide
N with 4, N = G; 5, N = A; 6, N = C. Other conditions were the same as in Fig. 1.

Table 3
Fluorescence quenching efficiency ((F0 − F)/F0, %) for two SNPs by the double-probe method (method A) and bugle form method (method B)

SNPs DNA sequence (F0 − F)/F0 (%)

Method A Method B

rs1255998
Probe 1 5′-GACGGTTGTC-3′
Probe 2 5′-AGTCGACACG-3′
Probe 3 5′-AGTCGACACGGACGGTTGTC-3′
Target 5′-GACAACCGTC[C/G]CGTGTCGACT-3′ CG-c: 76; CG-g: 21 CG-c: 66; CG-g: 36

rs2020876
Probe 1 5′-CGACATGCTG-3′
Probe 2 5′-ACTTTCTAAG-3′
Probe 3 5′-ACTTTCTAAGCGACATGCTG-3′
Target 5′-CAGCATGTCG[C/A]CTTAGAAAGT-3′ CA-c: 71; CA-a: 10 CA-c: 52; CA-a: 28
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robes 1 and 2 were used in the double-probe method and probe 3 was used
G-g: C/G mutation with target nucleotide is guanine; CA-c: C/A mutation with
oncentrations of ADMND and DNA duplex were both 5.0 × 10−6 M. Other c

enes. It has been suggested that the genetics of breast can-
er is related to the estrogen and progesterone receptors [23].
he sequences of two SNPs, rs1255998 (C/G mutation) and

s2020876 (C/A mutation), examined here are listed in Table 3.
luorescence response of ADMND when applied to the detec-

ion of C/G and C/A mutation is also summarized in Table 3. It
s seen that ADMND can recognize the transformation between

and G, as well as C and A by both methods although the bulge
orm method gives moderate results.

. Conclusion

In conclusion, the double-probe and bulge form methods
ere examined for their ability to detect single-nucleotide poly-
orphisms (SNPs) by using a small fluorescent dye ADMND.
he methods require no labeling of DNA strands and thus eco-
omic and cost-effective SNPs detection can be realized. The

ouble-probe method was found to be superior to the bulge form
ethod. Using the double-probe method and bulge form method,
DMND could be successfully applied to the detection of C/G

nd C/A mutations in the estrogen receptor 2 gene and the pro-
bulge form method. CG-c: C/G mutation with target nucleotide is cytosine;
t nucleotide is cytosine; CA-a: C/A mutation with target nucleotide is adenine.
ons were the same as in Fig. 1.

esterone receptor genes. By choosing a proper fluorescent dye
ith high selectivity for a target nucleotide and by combina-

ion with PCR amplification, the detection limit may be further
mproved and other kinds of SNPs (not only C/A or C/G muta-
ions) may be conveniently and economically detected by the
ouble-probe method proposed here.
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