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A B S T R A C T

A magnetic-separation-dual-targets fluorescent biosensor was fabricated to detect terminator nopaline syn-
thase (TNOS) and promoter of cauliflower mosaic virus 35s (P35S) in transgenic soybean based on in-
corporation of bicolor CdTe quantum dots carried by silica nanospheres. In this protocol, the fixed probes for
TNOS or P35S were magnetized firstly with Fe3O4@Au magnetic nanosphere by Au–S covalent bonding to
achieve magnetized probes. Meanwhile, the capture probes for TNOS or P35S were functionalized with green
or red fluorescent microspheres respectively to obtain fluorescently-labeled probes, which could emit relative
strong green or red fluorescent signal. Two terminals of TNOS or P35S were recognized by magnetized probes
and fluorescently-labeled probes respectively to form the sandwiched structures in the process of biosensor
development subsequently, and it was separated by a magnet instantly. The fluorescence intensities of remnant
supernatant were measured and analyzed accordingly to achieve simultaneous detection of TNOS and P35S.
This biosensor exhibited a good dynamic range, low limit of detection and excellent selectivity in detecting
transgenic soybean.

1. Introduction

With the increasing requirements of quantity and quality in crops,
the genetically modified organisms (GMOs) has been a part of our daily
food due to the desirable superiority such as delayed ripening, disease
tolerance, virus resistance, insect resistance and providing better nu-
tritional properties [1,2]. However, several controversies remain ex-
istent including the security of global ecology and the long-term in-
fluence of GMOs products on human beings. It was concluded that the
GMOs and their foods have not obtained worldwide acceptance due to
ethical concerns, public health safety and consumer mistrust resulting
from environmental [3,4]. Basically, many countries have formulated a
series of regulations and laws for GMOs labeling before being marketed
and sold to make sure the right to be informed for consumers [5].
Consequently, both the enforcement of these labels and the predica-
ment of actual supervision have requirements to develop detection
methods for GMOs to address biosafety concerns.

The detection methods for GMOs mainly included protein-based and
nucleic acid-based techniques [6,7]. The methods based on protein
depend on the expression of target proteins, but the effortless dena-
turation by food processing for proteins is a fatal drawback [8,9]. As a
result of the desirable superiority of high sensitivity, easy operability,
excellent specificity, remarkable stability and good repeatability, these
methods based on nucleic acid were attracted many attentions of re-
searchers [6,10,11]. The mainly nucleic acid-based method for GMOs
detection is polymerase chain reaction (PCR) combined with gel elec-
trophoresis, but there are several acknowledged drawbacks, for in-
stance, serious toxic, requisite laborious and time-consuming [12]. In
order to overcome these issues, some biosensors were developed, such
as electrochemical [13], quartz crystal microbalance (QCM) [14] and
fluorescent [15] biosensor. However, lots of them were proposed to
detect only one foreign DNA fragment in GMOs. As far as we know,
there are three kinds of inserted exogenetic DNAs including the ex-
pression promoter, encoding region and expression terminator,
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respectively. Meanwhile, most of GMOs were approved and commer-
cialized to utilize the promoter of the cauliflower mosaic virus 35s
(P35S) and the terminator nopaline synthase (TNOS) gene sequence
from Agrobacterium tumefaciens. Hence, it is significant to fabricate
methods for multiple targets to improve the identification efficiency
and achieve the fast detection for GMOs.

Magnetic nanospheres had been widely applied in the field of cell
analysis [16], drug delivery [17], pathogens detection [18] and mag-
netic imaging [19] with the excellent superiority of easy magnetic se-
paration, great specific surface area, fast reaction kinetics, rich func-
tional sites and good biocompatibility. Meanwhile, the iron oxide
nanoparticles (Fe3O4 NPs) as the classical magnetic nanomaterial had
been demonstrated that it possessed the good properties of magnetic
separation and strong carrying capacity [20,21]. Hence, the Fe3O4 NPs
was employed to carry Au NPs to form the multifunctional core-shell
composite nanoparticles of Fe3O4@Au magnetic nanospheres (MSPs) to
exhibit both suitable intrinsic properties of Fe3O4 NPs and Au NPs [22].
And the MSPs had been applied to fabricate many kinds of methods to
improve the detection sensitivity and reduce the time-cost which was
attributing to their high quantity specific sites and excellent magnetic
response ability [23,24].

Inspired by the above mentioned superiority of MSPs and excellent
signal amplification of silica coated various CdTe quantum dots (QDs)
to obtain the fluorescent nanopaticles (FNs) with different colors in-
cluding green FNs (gFNs) and red FNs (rFNs) [25]. Meanwhile, bio-
sensors exhibited excellent performances in quantitative detection
[26,27]. In this work, a novel magnetic-separation-dual-targets bio-
sensor was proposed for TNOS and P35S simultaneous detection for the
first time. The MSPs were conjugated with thiol-modified corre-
sponding fixed probes for TNOS (FT) or fixed probes for P35S (FP)
through the strong affinity of Au–S to achieve MSPs-FT or MSPs-FP
respectively. Meanwhile, the gFNs or rFNs were connected with amine-
modified capture probes for TNOS (CT) or capture probes for P35S (CP)
respectively by the amide reaction to obtain CT-gFNs or CP-rFNs which
could be exhibited to strong relative fluorescent signal. These fixed
probes and capture probes were recognized respectively by the corre-
sponding targets DNA of TNOS or P35S due to the DNA specific hy-
bridization to achieve the sandwich structure of MSPs-FT/TNOS/CT-
gFNs and MSPs-FP/P35S/CP-rFNs to be separated by a magnet. Sub-
sequently, the fluorescence intensities of the supernates were measured
to realize the purpose of simultaneous detection for TNOS and P35S.
The fabricated biosensor was employed to detect the genetically mod-
ified soybean samples which belonged to one of the most important
GMOs, and the results of the detection were satisfactory, it was in-
dicated that this proposed method was available and reliable.

2. Experimental section

2.1. Reagents and materials

(3-Aminopropyl) triethoxysilane (APTS), 1-Ethyl-3-(3-dimethyla-
minopropyl) carbodiimidehydro-chloride (EDC), N-hydro-
xysuccinimide (NHS), tris (2-chloroethyl) phosphate (TCEP) and 6-
mercapto-1-hexanol (MCH) were purchased from Sigma-Aldrich.
Tetraethylorthosilicate (TEOS), tris (hydroxymethyl)-aminomethane
(Tris) were purchased from Sinopharm Chemical Reagent Co., Ltd.
(Beijing, China). The transgenic soybean was provided by Sinograin
Zhenjiang Grains & Oils Quaility Testing Center (Zhenjiang, China). The
P35S and TNOS were used as the targets nucleotides sequences. EZ-10
spin column plant genomic DNA purification kit and all synthetic oli-
gonucleotides were obtained from Sangon Biotech Co., Ltd. (Shanghai,
China) (from 5′ to 3’) as shown in Table S1 (Supporting information).

2.2. Instrumentation

The transmission electron microscopy (TEM) images were taken by

a JEOL 2100 TEM (JEOL, Japan) at 200 kV. UV–vis absorption spectra
were recorded on a UV-2450 spectrophotometer (Shimadzu, Japan).
The X-ray photoelectron spectroscopy (XPS) data were collected by an
ESCALAB-MKII spectrometer with Mo Kα X-rays as the excitation
source. FL spectra were measured on a Hitachi F-4500 fluorescence
spectrophotometer (Tokyo, Japan). The agarose gel test was carried out
by the sanheng DYY-12 gel-eletrophoresis (Beijing, China) and corre-
sponding image was captured with image Labsoft version 5.1 (CA,
USA).

2.3. Preparation the fixed probes-coupled MSPs to form MSPs-FT and
MSPs-FP

The MSPs was prepared according to previous reports and shown in
the supporting information and the fixed probes-coupled MSPs were
synthesized as followed [28]. In brief, 1 mL FT (100 μM) was added into
1 mL Tris-HCl buffer (100 μM, pH 7.4) containing TCEP (200 mM). The
mixed solution was stirred vigorously for 2 h at room temperature.
After centrifuging the redundant TCEP, the fresh activated FT was
added into 70 mL MSPs, and then the mixed solution was dispersed by
sonication for 1 min and shocked gently for 1 h at 37 °C to obtain the
MSPs-FT. MSPs-FT conjugations were separated by a magnet to remove
the superabundant FT and washed by ultrapure water for 3 times, and
ultrapure water with resistivity higher than 18.2 MΩ cm (Direct-Q UV,
Millipore) was used throughout this work. 70 mL MCH (2 μM) was
added into the obtained MSPs-FT and incubated for 1 h at 37 °C to block
excess active sites. The final resultant MSPs-FT bioconjugates were
acquire after magnetic separation and washing, and re-dispersed in
70 mL Tris-HCl buffer (100 μM, pH 7.4). The MSPs-FP bioconjugates
were obtained through the similar operation with the concentration of
FP (100 μM) rQDs. All the bioconjugates were saved at 4 °C for later
use.

2.4. Preparation of capture probes-conjugated FNs

15 mL gFNs was added into 10 mL Tris-HCl buffer (100 μM, pH 7.4)
containing EDC (20 mM) and NHS (10 mM) to stir for 2 h. 500 μL CT
(100 μM) were introduced into the mixture and stirred for 12 h at the
temperature of 37 °C. Subsequently, the gFNs-CT was obtained after
centrifugation and washing for 3 times to remove the excess CT. It was
re-dispersed in 15 mL Tris-HCl buffer (100 μM, pH 7.4). The rFNs-CP
was acquired through the same operation with the rFNs and CP. Both of
the gFNs-CT and rFNs-CP were stored at 4 °C for further use.

2.5. Determination of dual targets of TNOS and P35S

Both 0.5 mL gFNs-CT and 0.5 mL rFNs-CP were injected the mixture
solution containing 1.5 mL MSPs-FT and 1.5 mL MSPs-FP. 100 μL
various concentrations TNOS and P35S were introduced into the above
solution. After incubation at 37 °C for 50 min, gFNs-CT/TNOS/MSPs-FT
and rFNs-CP/P35S/MSPs-FP were separated instantly by a magnet
placed. The supernatants were diluted to 5 mL to measure the fluor-
escent signal intensity.

2.6. The detection of TNOS and P35S in the real transgenic soybeans

The transgenic soybeans was grinded into a fine flour by the su-
perpower food crusher. Subsequently, DNAs of samples were extracted
from 100 mg preparation transgenic soybean flour using the Plant
Genomic DNA Kit according to the manufacturer's instructions. The
extracted DNA samples were amplified by the PCR method. The DNA
samples of non-transgenic soybeans and the resultant PCR products
which were diluted to 150, 100 and 50 times were used to be detected.
Specifically, 100 μL of blank sample, non-transgenic soybeans DNA
solution and three dilution concentrations of PCR products of trans-
genic soybeans extraction were respectively added into the above
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mentioned magnetic fluorescence biosensor, and measured the fluor-
escent intensities. Meanwhile, the corresponding results were verify by
agarose gel electrophoresis and the obtained agarose gels was visua-
lized with a UV light tray Gel Doc TM EZ System and the corresponding
images was gained through Image Lab software version 5.0.

3. Results and discussion

3.1. Biosensor fabrication and detection principle

Owning to the excellent fluorescent property of QDs and the re-
markable load capability of silica, the high-efficiency FNs were syn-
thesized through employing the silica to carry abundant QDs to act the
signal indicators. Meanwhile, the Fe3O4@Au MSPs with the strong
magnetic properties were used to be the instrument to separate targets.
Hence, the proposed strategy for TNOS and P35S simultaneous detec-
tion was illustrated in Fig. 1. The amine modified CT and CP were
conjugated respectively on the gFNs and rFNs by the amido reaction to
form the CT-gFNs and CP-rFNs. The sulfhydryl FT and FP were im-
mobilized severally onto the surface of MSPs through Au–S covalent
binding to constitute FT-MSPs and FP-MSPs. When the targets of TNOS
and P35S were introduced, the two terminals of targets were respec-
tively combined with the capture probes modified FNs and the fixed
probes modified MSP to fabricate the sandwich structure nanocompo-
sites through DNA specific hybridization. After a simple magnetic se-
paration, the fluorescence intensities of the remnant supernatants were
measured accordingly to detect the targets of TNOS and P35S si-
multaneously.

3.2. Characterization of the FNs

Fig. 2A and B were the TEM images of the as-prepared gQDs@SiO2

and rQDs@SiO2 respectively with the average diameter of 110 nm. As
observed, these QDs@SiO2 NPs were the roughly circular microspheres
with a homogenized structure and smooth surface. After QDs were
coated on the gQDs@SiO2 and rQDs@SiO2, some dark shadows were
observed and the surfaces of gFNs (Fig. 2C) and rFNs (Fig. 2D) were
rough obviously. In order to investigate the fluorescent property, the
fluorescent intensity for gFNs and rFNs were compared to gQDs@SiO2

and rQDs@SiO2 respectively. It can be found the FL intensity of gFNs
was 1.9 folds stronger than gQDs@SiO2 (Fig. 2E) and the FL intensity of
rFNs was 2.0 times stronger than rQDs@SiO2 (Fig. 2F). Meanwhile,

slight red shifts were observed in the peak emission of gFNs and rFNs
respectively comparing with the gQDs@SiO2 and rQDs@SiO2, it might
attribute to the strong combination between SiO2 carried QDs and
corresponding same color QDs. This demonstrated silicas carrying a
large number of QDs in and on it [29]. This result confirmed that the as-
prepared FNs had the excellent advantage of signal amplification.

3.3. Fabrication of the multifunctional biosensor

The characterization of Fe3O4and Fe3O4@Au MSPs were shown in
supporting information. The DNA probes (curve a in Fig. 3A) exhibited
an absorbance peak located at ~257 nm, which generated from the
absorption of purine and thymine bases [30]. Compared with the DNA
probes, both MSPs-FT (curve b in Fig. 3A) and MSPs-FP (curve c in
Fig. 3A) had an additional peak at ~567 nm which corresponded to the
UV absorption of Fe3O4@Au MSPs. It was shown as Fig. 3B and C, the
gFNs (curve a in Fig. 3B) and rFNs (curve a in Fig. 3C) had the absorption
peak at ~490 nm and ~597 nm respectively. After they conjugated the
homologous DNA probes with CT and CP to form the CT-gFNs (curve b in
Fig. 3C) and CP-rFNs (curve b in Fig. 3C), there were additional peaks at
~260 nm observed, which were accorded with the DNA absorption peak.
Meanwhile, a little red shift was found, which might due to the strong
binding interactions between the probes and FNs. To verify the successful
assembly, the wide XPS spectra of CT-gFNs (curve a) and CP-rFNs (curve
b) were measured as shown in Fig. 3D, which exhibited the elements of
Si, Te, Cd, C, O, N, S, and P. The normalized XPS P 2p lines of CT-gFNs
(curve a) and CP-rFNs (curve b) were shown in Fig. 3E. Compared with
the gFNs (curve c) and rFNs (curve d), the CT-gFNs and CP-rFNs had the
maximum signal at 133.2 eV, which was from the phosphate backbones
of DNA probes [31], confirming that the CT-gFNs and CP-rFNs were
successfully fabricated.

3.4. Optimization of detection conditions

In order to generate a highly sensitive magnetic-separation bio-
sensor with a low detection limits for TNOS and P35S, it was significant
to optimize the experimental parameters [32]. In the procedure of
optimizing conditions, the change rate fluorescence intensity was ex-
pressed by = F F FR ( )/O O, where Fo was the original fluorescence in-
tensity of reaction system, F was the fluorescence intensity of super-
natant liquid for targets hybridization reaction and magnetic
separation. As a result of the temperature-dependent for DNA special

Fig. 1. Schematic illustration for magnetic-separation-dual-targets biosensor for TNOS and P35S simultaneous detection.
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hybridization, it was necessary to optimize the solution temperature. As
shown in Fig. S2A (Supporting information), the R value increased
sharply with the solution temperature varied from 5 to 35 °C and there
were obvious changes to been observed beyond 35 °C at the hy-
bridization time of 50 min. Consequently, 35 °C was chosen as the in-
cubation temperature. The pH value of solution was an important
parameter for DNA hybridization and it was investigated from 6.0 to
8.5 which based on the physiological conditions. As can be seen in Fig.
S2B, the R value increased with increasing pH value. And the R value
became stable after the pH value of 7.4. Therefore, pH 7.4 was selected
as the optimal solution pH value. In addition, the hybridization time
between the target DNAs and probes had a direct bearing on the
magnetic separation for targets. The hybridization time from 20 to
70 min were investigated according to the routine custom. As displayed
in Fig. S2C, the R value increased gradually with the growing hy-
bridization time and achieved a stable level at 50 min. This suggested
that 50 min was enough and employed as the optimal hybridization
time in the following detection.

3.5. Construction of magnetic-separation-dual-targets biosensor for TNOS
and P35S detection

The sensing performance of this magnetic-separation-dual-targets

biosensor was investigated by introducing a series of various con-
centrations of TNOS and P35S into the detection system under the
optimized conditions. In this detection process, the fluorescence at
527 nm and 636 nm came from gFNs and rFNs respectively. The targets
of TNOS and P35S were recognized by corresponding capture and fixed
probes through the DNA special hybridization. Subsequently, the su-
pernatants were separated by a magnet and measured the fluorescence
intensities. As illustrated in Fig. 4A, with the concentrations of TNOS
and P35S increasing, the fluorescence intensities decreased gradually,
which was attributed to the targets of TNOS and P35S immobilized with
gFNs and rFNs to be removed. This biosensor exhibited a good dynamic
range of 0.2–800.0 nM for TNOS with the low limit of detection (LOD)
of 0.07 nM and 0.1–800.0 nM for P35S with LOD of 0.04 nM (S/N= 3).
Fig. 4B showed the linear regression analysis of TNOS detection with an
R2 value of 0.9816. Meanwhile, it was discovered that this biosensor
displayed the reasonable linear relationship for P35S detection with an
R2 value of 0.9923 in Fig. 4C.

There are some electrochemical biosensor reported for transgenic
soybean detection in recent years [33,34]. Compared with these elec-
trochemical detection, our method needn't tedious procedure of elec-
trode modification and exhibited good performance in simultaneous
detection for TNOS and P35S. The relative materials and linear range
was shown in Table 1 [35–41], this proposed magnetic-separation-dual-

Fig. 2. TEM images of gQDs@SiO2 (A), rQDs@SiO2 (B), gFNs (C) and rFNs (D). Fluorescence spectra of (E) gQDs@SiO2 (a) and gFNs (b), (F) rQDs@SiO2 (a) and rFNs
(b).
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Fig. 3. (A) UV–vis spectra of DNA probes (a), MSPs-FT (b) and MSPs-FP (c). (B) UV–vis spectra of gFNs (a) and CT-gFNs (b). (C) UV–vis spectra of rFNs (a) and CP-
rFNs (b). (D) XPS spectra of the CT-gFNs (a) and CP-rFNs (b). (E) XPS spectra of P 2p for CT-gFNs (a), CP-rFNs (b), gFNs (c) and rFNs (d).

Fig. 4. (A) Fluorescence intensity for TNOS and P35S simultaneous detection. Linear regression analyses of detecting for TNOS (B) and P35S (C). (D) Fluorescence
intensity with the decreased number of mutations on the targets.
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targets biosensor which was constituted by the SiO2 carried in and on
QDs and Fe3O4@Au MSPs exhibited a wider linear ranges and lower
LODs. Meanwhile, it could be used for double targets simultaneous
detection, which revealed the high efficiency than those single target
detection methods. Therefore, all mentioned above indicated that this
biosensor was more feasible and reliable for multiplex components
detection in genetically modified organism.

3.6. Selectivity, accuracy, reproducibility and stability of this proposed
biosensor

In order to investigate the selectivity of this proposed magnetic-
separation-dual-targets biosensor, the fluorescence intensity of this
biosensor for targets DNAs and corresponding mismatched bases DNA
were evaluated. It was shown from Fig. 4D, the background was the
original fluorescence intensity. With the decreasing of the number of
the mismatched bases, the fluorescence intensity decreased gradually,
which was attributed that the reduced mismatched bases could increase
the amount of specific hybridize between targets and probes to separate
the more gFNs and rFNs. This result demonstrated the excellent se-
lectivity of this proposed biosensor toward dual targets of TNOS and
P35S. The accuracy of the proposed biosensor was researched at con-
centrations of 50, 100, 200 nM of TNOS and P35S by detecting intra-
assay variation and inter-assay variation. The results are shown in Table
S2 (Supplementary Material). The biosensor gave acceptable intra-assay
variation and inter-assay variation which were both< 10%, thereby
demonstrating the high accuracy. In additionally, the reproducibility of
this biosensor was investigated in five independent and repetitive

experiments, the relative standard deviation (RSD) was found to be
6.2%, it illustrated the proposed approach possessed the good re-
producibility. Meanwhile, the long-term stability of this biosensor was
evaluated after 20 days storage at 4 °C. Compared with the initial value,
the fluorescence intensity for 200 nM tDNAs was nearly 95.2% which
can be attributed to the excellent load capacity of silicon, remarkable
magnetic stability of MSPs and strong interaction of DNA specific hy-
bridization. The result showed that this biosensor had the good long-
term stability. These above-mentioned properties illustrated this pro-
posed biosensor can be used for simultaneous detection of dual exo-
genous tDNAs.

3.7. Analytical application in real transgenic soybean samples

To estimate the practicability of this fabricated biosensor, the
transgenic and non-transgenic soybean samples were used to be de-
tected [42]. The DNA samples were extracted according to the in-
struction of DNA purification kit. This obtained DNA samples were
amplified by PCR and confirmed by 2% agarose gel electrophoresis as
shown in Fig. 5A. It was discovered that both TNOS and P35S were
contained in this transgenic soybean sample. The resultant PCR pro-
ducts were diluted to 150, 100 and 50 times and detected by this
proposed magnetic-separation-dual-targets biosensor respectively. It
was seen in Fig. 5B, with the decreasing of dilution ratio, the fluores-
cence intensities reduced gradually, which was attributed to the in-
creasing of targets concentration and the separation of the more FNs.
Meanwhile, the data of analysis of TNOS and P35S in real transgenic
soybean PCR product was shown in Table S3 (Supplementary material).
The results were obtained from the equation of linear regression which
was carried out though taking the experiment data of FL intensity into
the corresponding regression equation. As can been seen from the re-
sults, when the diluted times of transgenic soybean PCR product was 50
times, the calculated concentration of transgenic fragment of TNOS and
P35S was 343.98 nM and 343.22 nM respectively. With the increasing
of diluted time, the calculated concentration of transgenic fragment
decreased. When the diluted times added up to 150 times, the con-
centration of TNOS and P35S severally reduced to 0.61 nM and
0.39 nM, which demonstrated this proposed method could be applied to
achieve the quantitative value of transgenic soybean. Therefore, this
result indicated that this sensor can be used for dual targets of TNOS
and P35S detection in real transgenic soybeans.

4. Conclusions

A novel and efficient magnetic-separation-dual-targets fluorescence
biosensor had been established, which exhibited the remarkable per-
formance of dual targets of TNOS and P35S detection simultaneously in
transgenic soybean. By the benefits from DNA highly efficient hy-
bridization, the two terminals of TNOS or P35S targets DNA can be

Table 1
Comparison with the previous sensors for DNA detection.

Main materials Linear range/LOD (nM) References

GQDsa/CNsb 1.5–133.0/0.4 [35]
DNA-AgNCsc 5.0–350.0/1.3 [36]
AgNCs/MWCNTsd 31.0–2000.0/24.0 [37]
CdTe QDse/CDsf 0–50.0/1.0 [38]
AgNCs/GOg 10.0–200.0/1.18 [39]
FAM/CNTsh 1.0–50.0/0.4 [40]
FAM/MPCi 3.0–150.0/1.0 [41]
QDs@SiO2@QDs/Fe3O4@Au 0.2–800.0/0.07& 0.1–800.0/0.04 This work

a Graphene quantum dots.
b Carbon nanotubes.
c Silvernanoclusters.
d Multiwalled carbon nanotubes.
e Quantum dots.
f Carbon dots.
g Grapheneoxide.
h Carbon nanotubes.
i Magnetic porous carbon.

Fig. 5. (A) Confirmation of the TNOS and
P35S in transgenic soybean by 2% agarose
gel electrophoresis, (M) DNA markers, (1)
blank control, (2) non-transgenic soybean,
(3) P35S PCR product, (4) TNOS PCR pro-
duct. (B) Results obtained from the testing
of transgenic soybean samples, (a) blank, (b)
non-transgenic soybean, (c) 150 times di-
luted transgenic soybean PCR product, (d)
100 times diluted transgenic soybean PCR
product, (e) 50 times diluted transgenic
soybean PCR product.
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recognized respectively by the corresponding magnetized fixed probes
of MSPs-FT or MSPs-FP and functionalized captured probes of CT-gFNs
or CP-rFNs, which could be exhibited the relative strong fluorescence to
fabricate the sandwich structure of MSPs-FT/TNOS/CT-gFNs or MSPs-
FP/P35S/CP-rFNs to be separated by a magnet to generate the variety
of fluorescence intensity. This presented magnetic-separation-dual-tar-
gets biosensor had offered desirable properties, such as great selectivity,
wide linear range, low LOD level of 0.07 nM for TNOS and 0.04 nM for
P35S, simple construction and low cost. Meanwhile, the process of total
assay took no more than an hour to achieve the detection of TNOS and
P35S. All these mentioned above confirmed that this proposed method
has the potential to become a feasible method for multiple DNA or the
other hazardous substance detection in food quality control.
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