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A B S T R A C T

Bio-barcode DNA based on gold nanoparticle (bDNA-GNPs) as a new generation of biosensor based detection
tools, holds promise for biological science studies. They are of enormous importance in the emergence of rapid
and sensitive procedures for detecting toxins of microorganisms. Exotoxin A (ETA) is the most toxic virulence
factor of Pseudomonas aeruginosa. ETA has ADP-ribosylation activity and decisively affects the protein
synthesis of the host cells. In the present study, we developed a fluorescence bio-barcode technology to trace P.
aeruginosa ETA. The GNPs were coated with the first target-specific DNA probe 1 (1pDNA) and bio-barcode
DNA, which acted as a signal reporter. The magnetic nanoparticles (MNPs) were coated with the second target-
specific DNA probe 2 (2pDNA) that was able to recognize the other end of the target DNA. After binding the
nanoparticles with the target DNA, the following sandwich structure was formed: MNP 2pDNA/tDNA/1pDNA-
GNP-bDNA. After isolating the sandwiches by a magnetic field, the DNAs of the probes which have been
hybridized to their complementary DNA, GNPs and MNPs, via the hydrogen, electrostatic and covalently bonds,
were released from the sandwiches after dissolving in dithiothreitol solution (DTT 0.8 M). This bio-barcode
DNA with known DNA sequence was then detected by fluorescence spectrophotometry. The findings showed
that the new method has the advantages of fast, high sensitivity (the detection limit was 1.2 ng/ml), good
selectivity, and wide linear range of 5–200 ng/ml. The regression analysis also showed that there was a good
linear relationship (ΔF=0.57 [target DNA]+21.31, R2=0.9984) between the fluorescent intensity and the target
DNA concentration in the samples.

1. Introduction

Pseudomonas aeruginosa, a gram-negative obligate aerobe, is
found in many natural and manmade environments. It has been
isolated from plants, soils, water (Hanaki et al., 2010) and warm,
moist environments containing very low levels of organic material. This
organism is an opportunistic pathogen that infects humans and
animals. In humans, P. aeruginosa is a common cause of nosocomial
infections in burn and other immunocompromised patients including
transplant, cancer and acquired immune deficiency syndrome patients
(Hanaki et al., 2010). The numerous virulence factors of P. aeruginosa
reflect its multifactorial pathogenicity and contribute to several infec-
tion stages. Surface factors including pili, lipopolysaccharides, and
polysaccharide slime contribute to bacterial adherence and coloniza-
tion. In contrast, different secreted proteins play a decisive role in

dissemination and tissue damage. Pseudomonas exotoxin A (ETA) is
the most toxic substance in P. aeruginosa. Exotoxin A, produced by the
most clinical strains of P. aeruginosa, is highly toxic for animals and
tissue cultures. It belongs to a family of enzymes termed mono-ADP-
ribosyltransferases, and inhibits protein synthesis in vitro and in vivo
by enzymatic addition of adenosine 5́-diphosphate ribose to elongation
factor 2 (EF-2). Intake of trace amounts of ETA results in diarrhea,
vomiting, septic shock and even death (Wolf and Beile, 2009).

Conventional analytical methods including radioimmunoassay,
enzyme-linked immunosorbent assay (ELISA), fluorescence-based fi-
ber optic immunoassay, aptamer microarrays, mass sensitive biosen-
sor, microelectrochemical biosensors, electrochemiluminescent (ECL)
(Zhang et al., 2012) quantitative polymerase chain reaction (PCR)
assay (Melchior et al., 2010), amperometric immunosensor (Suresh
et al., 2010), silica coating magnetic nanoparticle-based silver en-
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hancement immunoassay are effective for ETA detection (Zhang et al.,
2010). Although these analytical methods are effective for ETA detec-
tion, but they are time consuming, difficult and expensive. Various PCR
methods have been developed for nucleic acid detection in the past
decade. Some common fluorescence probes such as fluorescent (Bi
et al., 2006) metal ions (Zhang et al., 2013), metal complexes
(Krishnamoorthy et al., 2011), nanoparticles (Zanoli et al., 2012),
and bio-barcode DNA are the only bio-detection methods that have the
PCR-like sensitivity for both protein and nucleic acid targets without
any need for enzymatic amplification (Chang et al., 2007). Therefore,
searching for new generations of fluorescent probes with especial
properties to develop the DNA biosensors with lower detection limits,
higher selectivity and very low background is of increasing interest. In
this connection, the widespread use of nanomaterials has opened a new
era in advancement of bio-analytical technology. Thus, the nanoparti-
cles of metals and semiconductors with unique optical, electronic,
magnetic and catalytic properties were introduced as potential candi-
dates for use in optoelectronic nano devices, catalysts and nanobio-
transducers (Li et al., 2013). In the past decade, gold nanoparticles
(GNPs) have attracted an increasing attention in DNA sensors due to
their easy preparation, good biocompatibility and unique optical
properties (Saha et al., 2012). The easy modification of gold surface
by thiol ended molecules makes it suitable for preparation of different
biological assemblies, for using in chemosensing, bio sensing and
immunosensing systems (Daniel et al., 2004). Compared to common
genomic detection systems, the use of GNPs in DNA detection has
increased the sensitivity up to ten-fold in some cases and improved the
response characteristics (Kewal et al., 2005).

In the present project, two nanoparticles were utilized in the probes
and barcode DNA design: amine-coated magnetic nanoparticles (probe
2-MNP) to separate the target DNA from the sample mixture, and
probe1-capped GNPs (probe 1-GNP-barcode DNA) to label the sepa-
rated target DNA by forming a sandwich structure (GNP-target DNA-
MNP) and generating the signal. After conjugation of probes with
nanoparticles and hybridization with the target DNA, a magnetic field
was used to separate the sandwich complex consisting of GNP-target
DNA-MNP. GNPs were used to increase the surface area for more
binding amount of probes to target DNA. So in order to enhance the
selective separation of target DNA (consequently enhancing the
sensitivity), we performed the synthesis and use of amine functiona-
lized iron oxide nanoparticles as highly sensitive affinity probes for
detection of target DNA for the first time.

2. Experimental

2.1. Materials

Hydrogen tetrochloroaurate (III) trihydrate (HAuCl4·3H2O) and
sodium citrate dehydrate were purchased from Sigma (St. Louis, MO,
USA). Dithiothreitol (DTT), Ethyl acetate, NaCl, Luria broth (LB-
broth), Tetraethoxysilane (TEOS) and 3-aminopropyltriethoxysilane
(APTES) were purchased from Merck, Germany. All oligonucleotides
(probes and barcode DNA) were synthesized by Bioneer, Korea.
Sulfosuccinimidyl 4-Nmaleimidomethyl cyclohexane-1-carboxylate
(SMCC) and Sulfo-NHS acetate were purchased from Thermo
(Pierce, Milwaukee, WI, USA). All solutions were prepared in distilled
water. Pseudomonas aeruginosa ATCC27853.

2.2. Bacterial species

P. aeruginosa ATCC27853 (as a reference species) was purchased
from Pasteur Institute, Tehran, Iran. Other species including
Staphylococcus aureus, Escherichia coli, Shigella dysentery and
Vibrio cholera bacteria (as the negative controls) were isolated from
clinical samples in Mousavi Hospital, Zanjan, Iran.

2.3. Bacterial DNA preparation

P. aeruginosa was grown on LB-broth for 12 h. Subsequently, 5 ml
of the bacteria culture was centrifuged at 1400g for 5 min. Then, the
chromosomal DNA was extracted using DNA purification kit (Roche
Diagnostics GmbH, Mannheim, Germany High Pure PCR Template
Preparation Kit). Genomic DNA was electrophoresed on 0.8% agarose
gel, in order to check the quality of the purified product. The target
DNA concentration was determined using a UV–vis spectrophotometer
(Cary 4000, U.S) at 260 nm and it was stored at −20 °C.

2.4. Probes and barcode DNA designing

The sequences of the thiol-capped oligonucleotides (Probe1 and
prob2) and the barcode DNA were 5′-SH-CAACGACGCACTCAAGCTG-
3′, 5′-TTGGTCGCTGAACTGGCTG-SH-3′ and 5′-TEX-
TTATTCGTAGCTAAAAAAAAAA-SH-3′ (Deng et al., 2010) respec-
tively. In a BLAST search of Gen Bank DNA sequences (http://www.
ncbi.nlm.nih.gov/Genbank/index.html), we found no homology with
any known P. aeruginosa bacteria genes. The probe1, prob2 and the
barcode DNA were synthesized by Bioneer Company, Korea.

2.5. Synthesis of GNPs

Colloidal GNPs of ∼15 nm in diameter were synthesized by the
citrate reduction method (Yangbao et al., 2015). Typically, 100 ml of
HAuCl4 (1 mM) solution was heated to reflux with vigorous stirring,
then 10 ml of 38.8 mM sodium citrate was added to the mixture. The
solution color changed from pale yellow to wine red within 1 min. The
solution was heated under reflux for another 20 min. Then, the heating
source was removed and the solution was continuously stirred until it
cooled to room temperature (25 ± 2 °C). The resultant GNPs colloids
were stored in 4 °C.

2.6. Synthesis of MNPs

Amino group modified silica coating of MNPs was performed using
an improved Strober method which produces a relatively thick silica
shell, as described by Zhang et al. (2010). 1.6 gr Fe3O4 and 0.8 gr Fe2O3

nanoparticles were mixed with 2.0 ml 2-propanol and 4.0 ml ethanol.
5.0 ml deionized water and 15 ml 25% (v/v) ammonia solution were
added consecutively to the reaction mixture for 2 h at 80 °C. Under
continuous mechanical stirring (rpm: 700), 10 ml 3-aminopropyl-
triethoxysilane (APTES) and 40 ml tetraethoxysilane (TEOS) were
added to the reaction solution for 3 h at 80 °C. The hydrolysis and
co-condensation of TEOS and APTES was initiated by adding of
ammonia solution (25%) to the reaction mixture. The suspension of
hybrid particles was separated by a magnetic field to remove all
unreacted materials. The obtained pellet was redispersed in 10 ml
water under sonication for 10 min. This purification step was repeated
three times and the final suspensions were stored at 4 °C.

2.7. Mechanism of bio-barcode fluorescence

In the present study, a novel system based on bio-barcode
fluorescence was developed for the detection of ETA gene. The sensing
mechanism of the proposed MNP-target DNA-GNP bio-barcode for P.
aeruginosa gene detection was shown in Scheme 1. We used MNPs for
conjugation of probe 2 as a capture probe and GNPs for conjugation of
the probe 1 and barcode DNA as the capture and reporter probes
(Scheme 1A and B). Otherwise we had false positive response due to
the release of barcode DNA from both free MNPs and those connected
to the target DNA. This is because we have the probes and barcode
DNA on the surface of all the MNPs and not just on the surface of
MNPs connected to target DNA. The added target DNA of P.
aeruginosa was co-hybridized with capture probes on GNPs and
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Scheme 1. Schematic illustration of the bio-barcode assay; (A) formation of 1st DNA probe-GNP-barcode DNA complex; (B) formation of MNP-2nd DNA probe-target DNA complex;
(C) formation of MNP-2nd DNA probe-target DNA-1st DNA probe-GNP-barcode DNA; (D) barcode DNA separation and release.
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MNPs. After mixing the nanoparticles with the target DNA, the
sandwich structure (MNP-2nd DNA probe/target DNA/1st DNA
probe-GNP-barcode DNA) was formed (Scheme 1C). Then, the mag-
netic field was used to separate just the target DNA connected to the
probes by the MNPs in the barcode DNA-GNP-probe 1-target DNA-
probe 2-MNP complex. Next, the final mixture was washed to remove
the free probes, free barcode DNA and free GNPs. After isolating the
sandwiches by a magnetic field, the probes and barcode DNA hybri-
dized to their complementary DNA bound on the GNPs and MNPs were
released from the sandwich structure. The barcode DNA release of
sandwich structure can be detected by fluorescence spectrophotometry
(Scheme 1D).

2.8. Conjugation of GNPs

The thiol group of probes was unable to spontaneously form a layer
on the surface of the nanoparticles. Therefore, in order to resolve the
problem, the oligonucleotides (probe1 and barcode DNA) were dis-
solved in 100 μl dithiothreitol solution (DTT 0.1 M, PBS 170 mM, pH
8) respectively for 2 h at room temperature until the disulfide bond was
broken. Then, to remove DTT solution and to extract recovered
oligonucleotides, 200 μl ethyl acetate was added to the oligonucleo-
tides. After stirring for 2 min, the upper phase liquid (organic) was
separated from the lower phase liquid (water) by a sampler. This was
repeated 3 times until the DTT was dissolved in organic phase and DTT
was removed. The probe concentration was determined by Nano drop
UV–Vis spectrophotometer after being extracted. The GNPs synthe-
sized previously (1 ml), the purified thiolated barcode DNA (5 nmol),
and the purified thiolated 1st DNA probe (0.05 nmol) were then mixed
together. Thiolated DNA probe and barcode DNA would form a self-
assembled monolayer on the surface of GNPs. Scheme. 1A. showed a
schematic illustration of the GNPs functionalization. After 16 h in the
dark, the colloid solution was added to a 100 mM phosphate buffer
(0.1 M PBS, pH 7.4) solution. The colloids were gradually added to
0.3 M NaCl by the dropwise addition of the 2 M NaCl solution. After a
serial salt addition, the particles were stabilized for long-time storage at
room temperature. Then the mixture was centrifuged at 4 °C.
Following removal of the supernatant, the precipitate was washed with
0.3 M NaCl (pH 7.4) and 100 mM PBS solution, centrifuged and
dispersed two times. After centrifugation, the colloid solution was
suspended in (0.3 M NaCl pH 7 and 100 mM PBS) PBS solution at a
final concentration of 10 nM and then it was stored at 4 °C (Deng et al.,
2010).

2.9. Conjugation of MNPs

The MNPs synthesized previously and the polyamine-functiona-
lized iron oxide particles (1 mg) were reacted with 300 µg of sulfo-
SMCC bio-functional linker for 2 h in 1 ml coupling buffer (0.1 M PBS
buffer, 0.2 M NaCl, pH 7.4). The supernatant was removed after
magnetic separation and the MNPs cross linker conjugate was rinsed
with the coupling buffer three times. The reduced thiolated 2nd DNA
probe (1 nmol) was added into 1 ml coupling buffer containing sulfo-
SMCC modified MNPs and reacted for 8 h. Scheme 1B. showed the
schematic illustration of the MNP-DNA probe2 conjugation. After
conjugation, the DNA probe2 immobilized MNPs were rinsed with
the coupling buffer three times. Then the functionalized MNPs were
suspended in 35 ml of 10 mM sulfo-NHS acetate. The solution was
incubated and shaken at room temperature to block the unreacted
sulfo-SMCC on the surface of MNPs. After passivation, the particles
were centrifuged at 4000 rpm for 5 min and washed with passivation
buffer (0.2 M Tris, pH 8.5) and then with a storage buffer (100 mM
PBS buffer, 0.2 M NaCl, pH 7.4) (Deng et al., 2010). The morphology
and the size of the synthesized GNPs and MNPs were studied by
transmission electron microscopy (TEM) and dynamic light scattering.

2.10. Target DNA detection

A solution containing target DNA in PCR tube was put in the
thermo cycler at 95 °C for 10 min to separate the dsDNA into ssDNA.
Serially diluted DNA samples (40 μl) were mixed with 0.8 mg MNPs in
1000 μl assay buffer (100 mM PBS buffer, 0.15 M NaCl, 0.1% SDS, pH
7.4). The hybridization reaction was maintained at a temperature of
50 °C for 40 min in an incubator. After hybridization, the MNPs with
DNA target were washed twice with the assay buffer, and then
suspended in 1000 μl assay buffer (Scheme 1B and C). The functiona-
lized GNPs (100 μl) were centrifuged at 13,000 rpm for 20 min and the
unreacted thiolated oligonucleotides in the supernatant were removed.
Finally the purified GNPs complex was suspended in 500 μl assay
buffer. The GNPs complex (40 μl) was then added into 200 μl solution
containing MNPs with target DNA. The hybridization was incubated at
50 °C for 2 h with shaking. After the sandwich structure (MNPs-2nd
DNA probe-target DNA-1st DNA probe-GNP-barcode DNA) was
formed, the sandwich structure was put on the magnetic separator
for 3 min and then the supernatant was removed. The MNP-target
DNA-GNP complex was washed three times with 500 μl assay buffer
and then stored at 4 °C.

2.11. Fluorescence measurements

The MNP-target DNA-GNP complex in different concentration of
target DNA (5–200 ng/ml) was suspended in 200 μl of 0.8 M DTT
solution. In order to release the barcode DNA from the surface of
GNPs, the MNP-target DNA-GNP complex was incubated at 65 °C for
45 min under vortex. After magnetic separation and centrifugation at
13,000 rpm for 20 min, the released barcode DNA was ready for
fluorescent measurement (Scheme 1D). All fluorescence measurements
were carried out an F-7000 fluorometer with excitation at 596 nm and
emission at 613 nm for the barcode DNA fluorescence probes labeled
by 5′-TEX613 as a fluorophore. The fluorescence intensity of the
binding product and the blank were measured at the maximum
wavelength. The fluorescence intensity of the binding product was
recorded as F0 and F, in the absence and in the presence of ETA gene
respectively. The change in fluorescence intensity (ΔF=logF0-F/F0)
was obtained by subtracting the fluorescence intensity of the binding
product from that of the blank. ΔF and the concentration of ETA gene
were used for quantitative detection of ETA gene. When the samples
were excited 596 nm, the emission was scanned from 560 to 700 nm in
steps of 1 nm and the scanning speed was 1200 nm/min (Deng et al.,
2010).

3. Results and discussion

3.1. Characterization of GNPs and MNPs

Transmission electron microscopy and zeta seizer were used to
study the morphology, size and potential distribution of the produce
GNPs. Fig. 1A, B, G and H shown the TEM images of the GNPs before
and after conjugation GNPs-probe1-target DNA complex. These results
indicated that the GNPs have a well-defined spherical shape, potential
−30 mV and an average dimension of 15 nm (Fig. 1A, G and H). Upon
conjugation, the average diameter of GNPs conjugated probe of 23 nm
was determined (Fig. 1B). This increase of 7–10 nm is consistent with
the theoretical full layer coating with probe as the hydrodynamic
diameter of a probe is approximately 6–8 nm. In addition, the shape
and size of the MNPs were observed through transmission electron
microscopy. The results showed that the MNPs were spherical and the
diameter was ranging from 27 to 50 nm (Fig. 1C). Most of them (71%)
were between 35 and 38 nm of size but after adding a probe to the
surface of the nanoparticle, its size was increased to 45 nm (Fig. 1D).
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3.2. UV–Vis absorption spectra

The UV–Vis spectra of GNPs and probes DNA-functionalized GNPs
in aqueous solutions are shown in Fig. 1E. There was a modest red-
shift in the surface plasmon band from 520 to 525 nm after the DNA
stabilization of the GNPs, which corroborated the limited aggregation
in GNPs. It is well documented that GNPs can provide colorimetric
contrast which is induced by surface plasmon resonance due to their
quantum-size effect. Fig. 1E shows the absorption spectra of DNA-
functionalized GNPs before (Fig. 1E, curve A) and after adding probes
(Fig. 1E, curve B) and after hybridization with target DNA (Fig. 1F). As
can be seen from Fig. 1E, curve A, GNPs showed abroad absorption
band in the visible region around 520 nm. However, when a 10 ng/ml
of target DNA was added, a modest red-shift in the surface plasmon

band from 520 to 610 nm was observed, due to the hybridization
process, together with an increase in the absorbance between 600 and
700 nm. The absorbance peak was observed in 609 nm, the aggregation
of GNPs found to turn the color of solution from red to blue.

3.3. Evaluation of conjugation efficiency

Fluorescence labeled barcode DNA was used to evaluate the
conjugation efficiency. After the probes and the barcode DNA con-
jugated with GNPs, the probe-GNP-barcode DNA complex was sus-
pended in 200 μl of 0.8 M DTT solution. In order to release the barcode
DNA from the surface of GNPs, the complex was incubated at 65 °C for
45 min under vortex. After separating GNPs by centrifugation at
13,000 rpm for 20 min the fluorescence signal of the supernatant

(E)

0

0.3

0.6

0.9

1.2

490

A
bs

or
ba

nc
e 

(O
D

)

500 510

W

520 530 540

Wavelenght (nm)

0 550 560

)

A
B

570

A
B

(F)

0

0.3

0.6

0.9

1.2

590

A
bs

or
ba

nc
e 

(O
D

)

0 600 610
W

620 630 64
Wavelenght (nm)

40 650 660 670

Fig. 1. TEM micrograph of synthesized GNPs and MNPs; (A) GNPs; (B) GNPs-probe-DNA; (C) MNPs; (D) barcode DNA-GNP-probe1-target DNA-probe2-MNP complex and UV–Vis
spectra; (E, curve A) GNPs; (E, curve B) GNP-probes; (F) Barcode DNA-GNP-probe1-target DNA. (G and H) Analysis of size and potential distribution of the prepared GNPs measured
by dynamic light scattering.
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solution of 1st DNA probe/GNPs/barcode DNA-TEX 613 was mea-
sured (Fig. 2A).

3.4. Fluorescence spectra

In order to demonstrate the utility of the strategy, the fluorescence
intensity changes from the interaction of the GNPs, MNPs and exotoxin
A gene were investigated. We first investigated the fluorescence
intensity of ds-DNA and ss-DNA templates. As shown in Fig. 2B, the
fluorescence intensity was negligible when the two ss-DNA were used
as the templates (Fig. 2B, curve D and E), respectively. However, an
obvious fluorescence was obtained in the presence of 200 ng/ml ds-
DNA templates (Fig. 2B, curve C). As can be seen from Fig. 2B, for the
barcode DNA without nanoparticles (Fig. 2B, curve A), the formed
barcode DNA-GNP-probe1 exhibited excellent fluorescence at 613 nm
(Fig. 2B, curve B). However, the fluorescence of barcode DNA-GNP-
probe1 was quenched greatly upon adding exotoxin A gene to the
barcode DNA-GNP-probe1 solution. In order to resolve this problem,
we released barcode DNA of GNP-barcode DNA complex and GNP-
barcode DNA-target DNA-MNP complex. The result is shown in
Fig. 2B, curve B and C. The results showed that the barcode DNA
released of the surface GNPs could serve as a highly efficient
fluorescent barcode DNA to detect exotoxin A gene.

3.5. Effect of temperature on hybridization

The effect of temperature on fluorescence intensity of the probes-
functionalized GNPs and MNPs in the presence of target DNA at pH
7.4 and hybridization time of 45 min was studied and the results are
shown in Fig. 3A. The temperatures were tested 20–60 °C. The
maximum change in fluorescence intensity occurred at 50 °C. This
may cause hybridization of the target DNA by the probes. As seen, the
extent of fluorescence intensity is increased with increasing tempera-
ture due to the dehybridization of the target DNA. The melting
temperature (Tm) for the DNA hybridization, defined as the tempera-
ture where 50% of the initial fluorescence intensity is observed, was
approximated as about 45 °C.

3.6. Effect of time on hybridization

Fig. 3B showed the influence of time in the detection. The
fluorescence intensity of the system increased gradually with an
increase in the reaction time. Target DNA combined with GNPs and
MNPs through the DNA-probes interaction. When the incubation time
was over 45 min, there was no obvious increase in fluorescence
intensity, which means the reaction reached a state of equilibrium.
When the incubation time was from 40 to 80 min, the fluorescence
intensity kept stable. Therefore, 45–80 min was chosen as the experi-

mental condition in this study.

3.7. Effect of PBS concentration on the hybridization

The effect of concentrations of PBS buffer saline during the
detection was shown in Fig. 3C. It was found that with the increasing
concentration of PBS buffer saline, the change of fluorescence intensity
between binding product and the blank showed a trend of rise first then
fall. The maximum change in fluorescence intensity occurred at
100 mM/l. This may have been due to the fact that the reaction
between ETA gene and probes needs certain ionic strength. When the
concentration of PBS is low, the ETA could not react well with probe1-
GNP and probe2-MNP. Thus, the concentration of 100 mM/l was
selected in this study.

3.8. Effect of pH on the hybridization

pH of buffer solution was investigated in this study. The results
showed that the most suitable pH is 7.4. The reason might be that pH
of Tris buffer solution influenced the effect of DNA hybridization
among the capture probes DNA, target DNA and barcode DNA. In
slightly alkaline solution, the effect of DNA hybridization should be
better. Therefore, pH 7.4 was used for the following experiments
(Fig. 3D).

3.9. Sensitivity

According to the above procedures, the calibration curve for target
DNA determination was constructed under the optimal conditions. The
fluorescence spectra of barcode DNAs released from the complex,
MNP-probe2-target DNA-probe1-GNP-barcode DNA, in different con-
centrations of target DNA were shown in Fig. 4A. With increasing
concentrations of target DNA (from 5 to 200 ng/ml), the fluorescence
intensity of the complex was enhanced proportionately, because the
target DNA can be conjugated by barcode DNA-GNP-probe1 and MNP-
probe2. After connecting barcode DNA to GNP-probe1-target DNA-
probe2-MNP complex, the fluorescence intensity was reduced in
different concentration of target DNA. In order to resolve the problem,
barcode DNA-GNP-probe1-target DNA-probe2-MNP complex in dif-
ferent concentrations of target DNA was suspended in 200 μl of 0.8 M
DTT solution to release the barcode DNA from the surface of GNPs.
After the barcode DNA release by fluorescence spectrophotometry,
fluorescence intensity was measured. The results showed that the
fluorescence intensity of the system was increased in different con-
centration of ETA (Fig. 4A). In this way, we established the bio-
barcode-fluorescence analysis method for ETA detection.

Fig. 2. Fluorescence spectrophotometric analysis; (A) showing the absorption peak of barcode DNA (TEX613: excitation=596 nm, emission=613 nm, (A; curve A)); fluorescence signal
of supernatant solution for evaluation of conjugation efficiency (barcode DNA-GNP-probe1 complex) (A; curve B). (B) Absorption peak of free barcode DNA (B; curve A); barcode DNA
released of probe1-GNP-barcode DNA complex (B; curve B); barcode DNA released of barcode DNA-GNP-probe1-target DNA-probe2-MNP complex (B; curve C); dsDNA (B; curve D)
and ssDNA (B; curve E).
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3.10. The detection range and limit of detection

Under optimal conditions, the fluorescence intensity of the system

with different concentrations of ETA gene was measured, and the
calibration curve was constructed according to the relationship be-
tween the target DNA concentration and the corresponding fluores-
cence intensity change (ΔF). Fig. 4B illustrates the linear increase in
the fluorescence intensity with increased concentration of ETA gene.
The linear range for ETA gene was from 5 to 200 ng/ml and standard
regression equation was ΔF=0.57 [target DNA]+21.31, with the
correlation coefficient R2=0.9984. The limit of detection (LOD) refers
to three times the value of the instruments background signal produced
by the matrix blank. It indicates the sensitivity of the methods and
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Fig. 3. (A) Effect of temperature on the conjugation system; at 200 ng/ml target DNA. The incubation temperature was 20, 25, 30, 35, 40, 45, 50, 55 and 60 °C; (B) effect of the time on
fluorescence intensity. The incubation time was 10, 20, 30, 40, 50, 60, 70, and 80 min; (C) effect of concentration of PBS on the conjugation; the changed concentration of target DNA (at
200 ng/ml target DNA); (D) effect of pH on the conjugation; ETA gene concentration: at 200 ng/ml target DNA.

Fig. 4. (A) Changes in fluorescence spectra in the presence of different concentrations of target DNA. Concentrations of target DNA from (a) to (I): 5, 10, 20, 40, 60, 90, 120, 160 and
200 ng/ml, λ=613 nm; (B) liner relationships between concentrations of target DNA and changes in fluorescence intensity. Concentrations target DNA is 5, 10, 20, 40, 60, 90, 120, 160
and 200 ng/ml.

Fig. 5. Selectivity evaluation of the proposed probes and barcode DNA for the detection
of target DNA. (A) P. aeruginosa at 200 ng/ml, (B) Staphylococcus aureus, (C)
Escherichia coli, (D) Shigella dysentery, (E) Vibrio cholera. The concentrations of
controls were 200 ng/ml.

Table 1
The recovery and RSD value of detecting target DNA (ETA).

Number of
sample

Amount added
(ng/ml)

Amount found
(ng/ml)

Recovery (%) RSD (%)

1 3.0 2.95 98.3 1.1
2 5.0 5.1 102 1.06
3 7.5 7.4 98.7 1.14
4 10.0 10.18 101.8 1.03
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instruments. It is defined by the equation LOD=3S0/K, where S0 is the
standard deviation of blank measurements (n=8) and K is the slope of
the calibration graph. Here, the LOD was 1.2 ng/ml.

3.11. Specificity

The specificity of the fluorescent barcode DNA and probes was
further inspected by exposing the target DNA to five kinds of bacteria,
including P. aeruginosa, Staphylococcus aureus, Escherichia coli,
Shigella dysentery and Vibrio cholera at the same concentration of
200 ng/ml. As shown in Fig. 5, there was no significant fluorescence
increase upon the addition of above bacteria except viable P. aerugi-
nosa. This high specificity to target DNA P. aeruginosa might be
attributed to the high affinity and good selectivity of the probes against
viable P. aeruginosa. So, these results indicated that the good
specificity of the probes is suitable for detecting the P. aeruginosa
indirectly.

3.12. Analysis of real samples

To further test the accuracy of this method, recoveries of target
DNA from the clinical samples was analyzed and the results was
indicated in Table 1. We determined target DNA in four groups, and
each group was determined with three replicates. The target DNA
concentrations are shown in Table 1. The obtained recoveries were in
the range of 98.3–102%. These results indicate that the proposed
method is highly accurate and reproducible for rapid detection of ETA
in clinical samples.

4. Conclusion

In summary, a new fluorescence method for detecting ETA gene
based on nanoparticles has two nanoparticles: GNPs and MNPs. The

GNPs work as signal reporter and the MNPs act as separator. The
conjugation reaction between the two nanoparticles and thiolated
oligonucleotides was efficient. After mixing the nanoparticles with the
target DNA, the sandwich structure (MNPs-2nd DNA probe-target
DNA-1st DNA probe-GNPs-barcode DNA) was formed. The fluores-
cence signal of released barcode DNA had a linear relationship with
target DNA concentration. Results showed that under the optimum
conditions, this method allowed the selective detection of ETA gene
clinical specimens with the detection limit of 1.2 ng/ml. It had a high
sensitivity, a good specificity, and a wide linear range (5–200 ng/ml).
Regression analysis showed that there is a good linear relationship
(ΔF=0.57 [target DNA]+21.31, R2=0.9984) between fluorescent in-
tensity and target DNA concentration in the sample. In particular, this
is the first time that fluorescence sensor between MNPs and GNPs was
used for the detection of ETA gene.
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