
Original article 63
Cystic fibrosis transmembrane conductance mutation detection
using fluorescent hybridization probes and melting curves
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Background/aims
Single-point mutations or single-nucleotide polymorphisms, deletions, and
insertions in genetic sciences are related to several human diseases, such as
cancer, metabolic disorders, some types of mental illness, cardiovascular diseases,
diabetes, etc. Consequently, precise, fast, and sensitive detection of these
mutations in specific genes has substantial value in disease diagnosis, in the
forecast of patients’ responses to treatments, threat of deterioration of diseases,
and outcomes. However, the existence of minute differences in structural and
conformation dynamic stability from single base or multibase mismatches between
the wild type (WT) and its mutated targets makes detection convenient. The
common cause of cystic fibrosis (CF) is the deletion of three nucleotides (CTT).
This deletion happens in the cystic fibrosis transmembrane conductance regulator
(CFTR) gene, which involves the last cytosine (C) of isoleucine 507 (isoleucine
507ATC) and the two thymidine oligonucleotide (T) of phenylalanine 508
(phenylalanine 508TTT) codons. The significances of this important deletion are
the deletion of phenylalanine at the 508 position of the cystic fibrosis
transmembrane conductance regulator protein (ΔF508), an identical codon
modification for isoleucine 507 (isoleucine 507ATT), and protein dysfunction.
Materials and methods
Fluorescence and ultraviolet−visible thermal studies were performed for WT and
mutant-type target full systems. The target DNAs used were in the form of short
oligonucleotides. The tandem probes system was used for detection of WT and
single-nucleotide polymorphism alleles of human 3-bp ΔF508 (TTT) homozygous
deletion. The pyrene dye attached to a probe oligonucleotide (15 mer) undergoes
an excimer fluorescence intensity change on hybridization of the two probes to the
WT compared with mutant-type targets.
Results
Our results indicate that the system consisting of the target sequence and the two
probe oligonucleotides bearing the pyrene dye assemble correctly at the specified
target. Once the full system (two probes and target) is arranged under suitable
conditions, a red-shift emission and change in fluorescence intensity are seen at an
excimer wavelength of 480 nm. Thermal studies also showed significant differences
in Tm between mutated and unmutated CF genes. The results suggest that the
differences in the fluorescence intensity at 480 nm and the spectrophotometric Tm
(s) for the mutated and unmutated CF gene can be attributed to the type of binding
of the probe to the target.
Conclusion
On the basis of the data obtained, we have chosen the probes possessing the
highest fluorescence intensity along with the best deletion discrimination detection
ability. The system was sensitive to deletion nucleotide polymorphisms and this
may help in high-throughput applications in genetic testing and molecular
diagnostics.
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Introduction
Cystic fibrosis (CF) is a genetic disease that involves
numerous organs such as the lungs, pancreas, liver,
kidneys, and intestines. Patients with CF show many
complications such as impenetrability in breathing and
coughing upmucus due to frequent lung infections [1,2].
Other signs and symptoms in patients with CF comprise
sinus microbial infections, abridged growth, fatty stool,
h | Published by Wolters Klu
deformity of the finger or toe, and male infertility. The
degree of symptoms varies across individuals [1,2]. The
average lifetime with CF is about 30 years. CF does not
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follow an identical prototype in all patients but affects
different people in different ways and at different degrees.
However, the main problem occurs in the glands, which
produce or secrete sweat and mucus. As is well known,
sweat cools our body, andmucus lubricates the respiratory
system, digestive system, and reproductive system, and
stops tissues from drying and protects them from
infections. People with CF lose extreme amounts of
different salts when they sweat. This leads to upset
equilibrium of minerals in the blood, which may lead
to irregular heart rhythms. Shock is an important risk in
CF patients.Mucus inCF patients is extremely thick and
builds up in the intestines and lungs. The consequences
are malnutrition, deprived growth, recurrent respiratory
infections, breathing impenetrability, and finally
enduring lung damage. Lung disease is the common
cause of death in the majority of CF patients. CF can
cause a variety of othermedical problems such as sinusitis,
nasal polyps, and clubbing. Other complications in CF
patients are pneumothorax, hemoptysis, abdominal pain
and discomfort, acidity, and rectal prolapse. Some people
show manifestation of uncommon diseases, such as
hepatic disease, diabetic mellitus, inflammation of the
pancreas, and gallstones [3–5].

CF is a widespread autosomal recessive disorder
found in people of Caucasian descent, like those of
North America, Australasia, and Europe. CF is
caused by genetic mutations and mainly deletions in the
cystic fibrosis transmembrane conductance regulator
(CFTR) gene. People with CF inherit the CFTR
gene from both parents. Both genes are described as
CFTR alleles. Although CF is a recessive disease, it
will develop when deleterious mutations are found in
both alleles of CFTR. When a harmful mutation is
diagnosed on one allele of the CFTR, the individual
will be known as a CF carrier. More than 2000 CF-
causing CFTR mutations have been established. A CF
patient could carry CFTR mutation on both CFTR
alleles, or two dissimilar CF-causing CFTR mutations
on both CFTR alleles [6–10]. CFTR is a membrane
protein and consists of chloride channel in vertebrates
that is translatedby theCFTRgene[11–13].TheCFTR
gene translates for a transporter that is an ABC
transporter-class ion channel protein that transports
chloride and thiocyanate ions [12] through epithelial
cell membranes. Themutations of the CFTR gene have
a significant influence on chloride ion channel function
causing malfunction of epithelial fluid transport in the
pancreas, lung, and other organs, leading to CF. Male
infertility and congenital absence of the vas deferens are
seen inmale patients with CFTR, which result from the
destruction and obstruction of the vas deferens and
epididymis [14].
The gene that translates the human CFTR protein is
found in chromosome seven. It is located on the long
arm at position q31.2 [15,16]. Nearly 2000 mutations
that cause CF have been listed [17–19]. ΔF508 is the
most frequent mutation in CFTR, which results from
deletion of three nucleotides and consequently leads to a
loss of the amino acid phenylalanine at the 508th location
ontheprotein.Theconsequenceof thisdeletion is that the
proteindoesnot foldproperly and ismoreeasilydegraded.
There are other types of CF mutations but they are not
common. The incidence of mutations is different across
populations, and there is aneed for genetic counseling and
screening [18,20]. The CFTR gene is about 189 kb in
length, with 27 exons and 26 introns [21,22]. CFTR is to
some extent a long glycoprotein with 1480 amino acids.
The CFTR protein is composed of five domains. There
are two domains of transmembrane type; each of them
contains six spans of alpha helices. These domains are
connected to a nucleotide-binding domain, which is
available in the cytoplasm. One of the binding domains
is attached to the other domain by a dogmatic ‘R’ domain,
which is a distinctive feature of CFTR. The channels of
the ion can open only when phosphorylation of the R
domain takes place by Protein kinase A (PKA) and ATP
[23].TheCOO− terminal of the protein is attached to the
cytoskeleton through a PDZ-interacting domain [24].
CFTR has a vital role as a gated ion that acts as an
ATP-gated anion channel that increases the conductance
for some important anions (e.g. chloride ion) to stream
down their electrochemical current. ATP leads to
structural changes in CFTR that open and close the
ion gate to permit transmembrane stream of the anions
downhill of their electrochemical gradient ability [13].
This is in contrast to the other ABC proteins, in which
ATP leads to structural changes causedbyuphill substrate
transport through the biological cellular membranes.
Fundamentally, CFTR is an ion channel that
progresses as a busted ABC transporter type that
trickles when in open structural conformation [13].

The frequency of CF has been studied in Europe. On
average, one in 2000 to 3000 neonates are affected
with CF. Still where populations are comparatively
homogeneous, there might be noticeable local and
regional dissimilarities. In France, for instance, there
is a high occurrence of CF in northwest Brittany and a
lower occurrence in the south [25,26]. CFTR gene
mutations were extensively studied and published in
European communities [25,26]. In many European
countries, mutations have been extensively studied in
more than 95% of the CFTR genes derived from CF
patients. F508del CFTRmutation has been found to be
the most frequent mutation causing CF. There is not a
lot of information about CF occurrence in northern



Figure 1

Synthetic target strands (50 mer) and nomenclature used for the
excimer formation with wild type and mismatched targets. The exci-
mers probes used were: 5′-TTCTTTTATAGTAGA-3′-pyrene (15
mer) and pyrene 5′-AACCACAAAGGATAC-3′ (15 mer). The dotted
points are the three deleted oligonucleotide bases of cystic fibrosis.
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African countries bordering the Mediterranean, even
though small CFTR mutation detection studies have
been performed in Libya, Tunisia, andAlgeria, and they
found the main mutations to be F508del, G542X, and
N1303K [27–29].

The design of tools to detect point mutations [single-
nucleotide polymorphism (SNP), one nucleotide
insertion, or deletion] is a current challenge. Many
techniques for genetic diagnostics have been developed
in recent times [30].A largepart of thesemethods is based
on hybridization of fluorescent oligonucleotide probe to
its complementary DNA target to generate fluorescent
signals. Pyrene conjugates of oligonucleotides as potential
diagnostic probes have attracted the attention of
researchers because of the unique properties of pyrene,
such as long fluorescence lifetime, considerable sensitivity
to themicroenvironment, high quantumyield, and ability
to form excimers and exciplexes [31,32].

Earlier, tandems of monopyrene-coupled oligonucleo-
tides were designed for nucleic acid probing and SNP
diagnostics [31,32]. The principle of action of these
probes is based on the excimer formation at the tandem
junction where a pyrene unit on the 3’-terminus of one
component of the probe interacts with a pyrene unit on
the 5’-terminus of another component. Tandem
excimer probes are of particular interest in case of
detection of such slight structural alterations caused
by point mutations in DNA tandem complexes. In
contrast to tandem probes relying on fluorescence
resonance energy transfer [32] realized within
1–10 nm, excimer tandem probes rely on formation
of excimer between two parallel pyrene units at a
distance of only 3.4Å, which almost corresponds to
the length of one base-pair along the DNA strand. We
have been interested in designing a novel type of
pyrene-coupled tandem as a point mutation probe
possessing new qualities. 3’-pyrene and 5’-pyrene
probes were chosen as a basis for these probes
because of their numerous advantages including
stability to endonucleases, high affinity to nucleic
acids, and high rate of hybridization. The chosen
probes are remarkable for their increased ability to
discriminate mismatches in comparison with oligo-
deoxyribonucleotides.

Previouslywe have reported the construction of tandems
of two pyrene-conjugated oligo as potential fluorescent
SNP biosensors [33,34]. This study is targeted at the
application of tandem probes relying on excimer
formation between pyrene units at the tandem
junction for detection of point mutations in the DNA
target of CF by fluorescence emission andmelting curve
analysis with detection by ultraviolet (UV)−visible
spectrum and excimer fluorescence changes.
Materials and methods
Materials and nature of the probes and targets
This study describes the experimental structures and
conditions that permit strong excimer emission for
nucleic acid detectors (Fig. 1), and shows how such
excimers can detect the presence of deletions in CF.
The excimer constructs used standard DNA base/sugar
structures in both target and probes. The target was a
part of the Homo sapiens CFTR, mRNA chromosome
seven sequence (Genbank reference, NCBI Reference
Sequence: NM_000492.3): 3′-TGGCACCATTA
AAGAAAATATCATCTTTGGTGTTTCCTATG
ATGAATATA-5′; the underline bases provided the
complement to the target used. The ExciProbe probes
had the sequences 5′-TTCTTTTATAGTAGA-3′-p
and p-5′-AACCACAAAGGATAC-3′. The probes
were supplied with a free 5′-phosphate group (p). DNA
probes and DNA targets were obtained from Sigma-
Proligo (Paris, France), and deuterium oxide was from
Cambridge Isotope Laboratories (Goss-Scientific
Instruments Ltd, Cambridge, UK). Distilled water was
purified by ion exchange and charcoal using a MilliQ
system (Millipore Ltd, Billerica, Massachusetts 01821,
USA). Tris buffer was prepared from analytical reagent
grade materials.

The pH values were measured using a Hanna
Instruments (Hanna Company, UK) HI 9321
microprocessor pH meter, calibrated with standard
buffers (Sigma-Aldrich, UK) at 20°C. High perfor-
mance liquid chromatography was performed
on an Agilent 1100 Series system (Agilent, USA),
with both diode-array and fluorescence detection for
online acquisition of spectra. Columns were Zorbax
Eclipse X DB-C8 column (Zorbax, USA) (l25mm×
4.6mm, 5μm), or Luna C18 (2) (25 cm×4.6mm,
5μm), with an acetonitrile−water gradient from 0 to
50%.
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Ultraviolet−visible spectrophotometry
UV-visible absorption spectra were measured at 20°C
on a Peltier-thermostatted Cary-Varian 1E UV-visible
spectrophotometer (USA). Quantification of oligo-
nucleotide components used millimolar extinction
coefficients (λ=260) of 178.6 for ExciProbe-3′-
phosphate, 211.4 for ExciProbe-5′-phosphate, and
633.8 for 50-mer target. Extinction coefficients were
calculated by the nearest neighbor method [35]; the
contribution of the excipartners was small and could
be neglected. Tm values (first derivative method) based
on A260 were determined in Peltier-thermostatted
quartz cuvettes using a Cary 4000 UV−visible
spectrophotometer.
Melting temperature studies
Optical melting curves of the complexes were obtained
using a Varian Cary 1E UV−visible spectrophotometer
using a 1-ml optical cell with 1-cm path length. Tm
measurements using the first derivative method,
detected at 260 nm and accurate to around 0.1°C,
were taken at 2.5 μmol/l component concentrations
of the 1 : 1 : 1 complex in 80% Trifluoroethanol
(TFE)/Tris buffer (10mM Tris, pH 8.4, 100mM
NaCl). Melting data were also obtained from
fluorescence emission spectra: the sample was heated
to 60°C at a rate of 0.25°C/min. We used the
wavelengths of λex 340 nm and λem 376 nm for the
pyrene monomer, and λex 350 nm and λem 480 nm for
the excimer. Recordings were made at 0.5°C
increments. The sample was cooled at a rate of
0.13°C/min and the emission spectra were recorded
once again. The melting curve obtained during cooling
was used to determine Tm values.
Spectrophotofluorometry
Fluorescence emission and excitation spectra were
recorded in four-sided quartz thermostatted cuvettes
using a Peltier controlled-temperature Cary-Eclipse
spectrofluorophotometer. All experiments were
carried out at 5°C. 5′-pyrene was added first,
followed by the 3′-pyrene probe and then the DNA
target. Control experiments were conducted using 5′-
pyrene first, followed by 3′-free oligonucleotides and
then the target DNA. The mole ratio of
oligonucleotide target DNA, 5′-probe and 3′-probe,
was 1 : 1 : 1, and the concentration of each component
was 2.5 μmol/l. Tris buffer was added at a
concentration of 2.5 μmol/l either with or without
60% TFE, and the volume was adjusted to 100 μl
with deionized water. Excitation wavelengths of
340 nm (for the pyrene monomer) and 350 nm (for
the full split-probe system) were used at a slit width of
5 nm and recorded in the range of 350–650 nm.
Emission spectra were recorded after each sequential
addition of each component to record the change in
emission due to each addition. A baseline spectrum of
buffer, buffer plus water, and water plus 60% TFE
was always carried out first. On each addition, the
solution was left to equilibrate for ∼3–6min in the
fluorescence spectrophotometer, and emission spectra
were recorded until no change in the spectra was seen
to ensure that equilibrium had been reached.
Synthesis and oligonucleotide modification
Attachments of 1-pyrenemethylamine to oligonucleotide
probes to 5′ and 3′ were as previously described [36].
Results
1-Pyrenemethylamine was conjugated to 3′ and 5′-
oligonucleotide probes to give 3′-pyrene and 5′-pyrene
attached probes. A characteristic purification chro-
matogram revealed that the free 3′-probe and 5′-probe
oligonucleotideswereelutedataretentiontimeof18.9min,
trailedby5′-pyrene–DNAconjugates at 22.1min, 5′-bis-
pyrene–DNA conjugate probes at 38min, and lastly free,
unconjugated1-pyrenemethylamineat40min,withyields
characteristically about 92%.The absorbance spectra of an
unattached 5′-probe DNA and 3′-pyrene and 5′-
pyrene–DNA probe confirmed the attachments.
Additionally, the absorbance band at 348nm is due to
the attachments of pyrene, which as well changes the
band at 260nm. The proportion between the absorbance
of the DNA at 260 nanometers (A=0.07) and 345
nanometers (A=0.037) was around 1.89, and attach-
ments of 1-pyrenemethylamine to the 15-mer probe
gave a ratio (A260/A345) of 3.1. The fluorescence
emission spectra of the two pyrene attached probes
have a highest emission at 380nm, which corresponds
to the presence of pyrene monomer fluorescence. The
split-probe system using 3′-pyrene and 5′-pyrene in
60% TFE was used to recognize whether formation of
excimer follows the same pattern published previously,
in which they were using 3′-monopyrene and 5′-
monopyrene DNA probes [36]. Experiments in this
paper were performed with 60% TFE as an organic
solvent to obtain a sharp excimer peak [36]. On
addition of 50-mer synthetic DNA target, a
characteristic broadband at 480nm increases (Fig. 2);
this massive change in the spectrum confirms the
hybridization of the two probes to the 50-mer synthetic
target. This is probably due to the interaction of the
probes to the target forming an excimer, which has a
massive emission at 480nm compared with that of the
pyrene monomer at 340nm, which is actually a
characteristic feature of the excimer formation between
pyrene and pyrene.



Figure 2

Fluorescence spectra of the split-DNA probe eximer system at 5°C. The spectra correspond to various stages of chronological self-assembly. 1: [-5′-
pyrene];2: [-5′-pyrene+probe3′Pyr];3: full split-probeDNAsystem [3′pyrene+−5′Pyr+Target 50mer];4: re-annealed system [3′-pyrene+-5′Pyr+DNA
Target]afterheating to60°Candcoolingback to5°C.5: controlDNAsystem[5′Pyrprobe+Target]withunattachedprobe lacking thepyreneexcipartner.

Figure 3

Melting curve of the cystic fibrosis target (full system: two 15-mer
probes and 50-mer synthetic wild target) in 60% v/v trifluoroethanol/
Tris buffer (10mM Tris, 0.1 NaCl, pH 8.4) illustrating the change in
A260 (nm) as temperature was increased at 0.25°C/min.
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Melting curve experiments
Melting temperature was calculated by using first
derivative order methodology and the melting
temperature of the full system in 60% v/v trifluoro-
ethanol and Tris buffer (10mM Tris, 0.1M sodium
chloride, pH 8.4). It was determined using UV-
absorbance (A260) and was found to be 82±2.01 °C
(Fig. 3). The melting temperature is less than that
found for the excimer probe system in water, which
confirms that stabilization of the double-stranded DNA
is no longer enhanced in the presence of 60%
trifluoroethanol. Melting temperature of the normal CF
target is 5.0°C higher than that of the mutated target.
This difference in melting temperature is related to the
fact that the normalDNA target with the two split probes
is known to permit the stacking interactions and
intercalation of the two split probes with the DNA
target. These interactions between the probes and the
target also stabilize the double-stranded DNA and
therefore an enhancement in Tm would be seen in
normal CF target in comparison with the mutated CF
target.
Control experiments using 3′-phosphate
oligonucleotide probe
To confirm whether the emission fluorescence arises
from excimer formation among the required excimer
pyrenepartners (pyrene–pyrene excipartners) orwith the
nucleobases, control experiments were performed. The
experiments were performed using 5′-pyrene–DNA
attached probe, target and 3′-phosphate, DNA pyrene
probe, and the 3′-probe holding only a phosphate group
at its ‘nick terminus’, which demonstrated no excimer
peak when bound to the complementary target (Fig. 2).
This confirms that the second excipartner is required for
excimer emission formation in the CF system.
Using 50-mer target containing three insertions of
cystic fibrosis
A mutated CF target with three base-pairs between
the two DNA probes was studied to verify whether
similar changes in spectra can be obtained when no
inserts are in attendance. The geometry, conformation,
and distance between the two probes would alter the
closeness of the pyrene molecules and consequently
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influence the interaction between the two pyrene
molecules attached to the probes (Fig. 2).
Discussion
A large number of mutations causing CF were reported
and studied extensively. To developmethods for genetic
diagnosis and for homozygote and heterozygote
screening, many scientific research groups used a lot
of methods for competent analysis and understanding
of the delta F508, G542X, G551D, R553X, and
N1303K mutations [37,38]. They established that
many mutations could be analyzed concurrently using
hybridization with allele-specific oligonucleotide DNA
probes. However, all of the CF mutations could be
detected by DNA amplification followed by digestion
restriction enzyme and then analysis of the PCR DNA
products on polyacrylamide gels. At present, the most
commonly used method is based on utilizing modified
primers for DNA amplification to permit detection of
any single-base change by restriction enzyme analysis.
The common CF F508 mutation and three mutations
in chromosomal exon 11 were fully studied using a
multiplex amplification reaction, followed by enzyme
double digestion with specific restriction enzymes.
Finally, electrophoresis using polyacrylamide gel was
performed [39]. The split-probe DNA system of the
present paper uses synthetically externally oriented
DNA-mounted excimer from two separate DNA
probes planned to produce excimer emission by being
precisely gathered in situ by hybridization with the
complementary oligonucleotide target. In the CF case,
a characteristic excimer fluorescence signal can be seen
only after precise DNA double-strand formation of
excimer-signal components with a DNA-matched
target. In addition, this excimer signal at 480 nm will
not be seen with unmatched targets. The benefit of the
excimer-based split-probe approach is very low or zero
background, specificity, and capability to detect DNA
mismatches and insertions [40–42].

Data in this study (Fig. 2) revealed that theDNA probe
bound to the synthetic target, which is commensurate
with the reported literature [36]. Many studies have
reported that the excimer fluorescence of the 3′ DNA
probe and 5′DNApyrene attached probes is perceptive
to their interactions with the matching strands as the
3′-pyrene and 5′-pyrene probes show a dramatic
enhancement in the excimer fluorescence intensities
on connecting precisely with the complementary
targets. The developed 480 nm signal fluorescence of
the 3′DNA pyrene probe and 5′DNA pyrene probe in
the duplexes indicated that hybridization took place
between pyrene residues on the specific target. Using a
trifluoroethanol (60%) as an organic solvent allows the
quantification of the target concentration as it effects
on the excimer intensity in stoichiometric pattern. The
advantage of the CF excimer system tested in this paper
is the superior sensitivity system of a split-probe
coordination.The spectrum pattern illustrated in this
paper (Fig. 2) is reliable to that formerly reported for
DNA pyrene probes [31,43–45]. The fluorescence
changes in spectrum studied after addition of the 5′
DNA pyrene probe and 3′ DNA pyrene probe signify
hybridization of the probe to the synthetic target. The
presence of a large increase in pyrene–pyrene excimer
signal at 480 nm and a decrease in pyrene monomer
peak intensity confirms that the excimer formation is
formed on hybridization of the probes to the target.
This could be due to construction of the intramolecular
structure of the pyrenes sandwich, which was
extensively studied in the literature [46,47]. A
standard experiment was performed to verify
whether the emission develops from formation of
excimer between the allocated DNA pyrene probes,
or from the interaction between one of the pyrenes
attached to the DNA probes and the nucleotide bases
(A, T, C, G) of the CF gene sequence. The results
obtained prove that the excimer emission obtained in
this paper results from structural interaction between
the two pyrene cystic fibrosis probes, and the
interpretation that the excimer signals detected only
in the presence of the full system on accurate
hybridization of the DNA probe to the cystic
fibrosis synthetic 50-mer-target strand and confirms
the interaction of the excimer pyrene–pyrene rather
than pyrene–DNA bases of the CF gene sequence.

A mutated CF 55-mer target with three deleted
base-pairs between the two oligonucleotide probes
was studied to determine whether similar changes in
UV−visible and fluorescence spectra were noticed
compared with the normal CF gene. The space
between the two CF probes can influence the closeness
of the pyrene-fluorescent molecules to each other and
consequently influence the interaction between the
two pyrenes. The excimer formation takes place only if
the two CF probes are in close geometry (3–4Å). If the
two pyrene molecules are far away (100–1000Å), the
resultant fluorescence intensity signal is attributed to the
fluorescence resonance energy transfer rather than
excimer formation. The insertion of three base-pairs
between the CF probes will create a distance longer
than four angstrom, as the reported distance in the
literature between each base-pair in DNA duplex
arrangement is 3.4 Å [48]. A change in fluorescence
intensity signal at 480nm indicates that the increase in
intensitywas due to an interaction of the 3′-pyrene on the
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DNA probe and the 5′-pyrene on the DNA probe, but
only when they were in close proximity. Consequently,
whenthe twoprobesattach to theCFtarget, thechange in
fluorescence intensity could be related to the excimer
formation.

Insertions are anticipated to alter the proximity of the
pyrene-fluorophores of the 3′ and 5′ DNA pyrene
probes. Owing to the three oligonucleotide insert-
ions, the DNA helical structures of the mutated CF
target are expected to be different from that of wild
type. These conformational changes would affect the
three-dimensional orientation of the two pyrene
molecules and significant changes in the fluorescence
spectrum would be seen. Also, the insertions make the
DNA structure less stable, and this leads to a massive
drop in the excimer signal. These facts obtained in this
paper express that the excimer probes system can
recognize the CF insertions.

Hybridization of pyrene-CF probes to 50-mer
DNA targets demonstrated that the 3′-pyrene and 5′-
pyrene–DNA probes showed an increase in the
fluorescence intensities of the excimer on precise
arrangement of duplex with an unmutated target
in a stoichiometric manner. Additionally, as the
concentration of 50-mer CF target increases, the
pyrene excimer peak at 480 nm reduces. In addition,
the pyrenemonomer peaks at 379 and 397nm enhanced
(data not shown), confirming that the ratio of monomer
to excimer is influenced by the concentration of CF
oligonucleotide target.
Conclusion
The present study established that DNA having a 3′
and 5′ DNA pyrene probe could be synthesized by
phosphoramidate chemistry, purified, and quantified
easily. The fluorescence excitation and emission
spectra of the split-DNA probe system in 60%
TFE indicate that the 5′ and 3′ DNA pyrene
probes did not show any excimer emission intensity
at 480 nm with synthetic CF DNA target with a three
base-pair insertion. Moreover, CF insertions
designated that it is probable for excimer systems to
act as SNP detectors and might have the capability to
identify SNP, which could be utilized for a variety of
commercial and scientific purposes including
evaluation of gene expression, medical diagnostics,
drug discovery applications, genotyping, and gene
delivery.
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