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A B S T R A C T

In this paper, we present a simple and label-free colorimetric biosensor for detection of the nopaline synthase
(NOS) terminator in genetically modified (GM) plants. The “signal on” colorimetric biosensor was developed
using a nanocomposite consisted of gold nanoparticles doped magnetic Fe3O4 nanoparticles (Fe3O4@Au NP),
capture probe DNA (cDNA), and hemin-functionalized reduced graphene oxide nanosheets (H-GN). The nano-
composite was successfully prepared by means of Au–S bonds and the strong π interactions between cDNA and
H-GN. The sensing approach is based on the excellent peroxidase-mimicking activity of H-GN and its different
electrostatic interactions with single-stranded DNA (ssDNA) and double-stranded DNA (dsDNA). In presence of
the target NOS, the cDNA in the nanocomposite will hybridize with its complementary sequence, and form
dsDNA structure. Due to the weak π interactions between dsDNA and H-GN, a portion of H-GN will be released
from the surface of Fe3O4@Au NPs and transferred into solution. After magnetic separation was performed, the
supernatant was incubated with 3,3′,5,5′-tetramethylbenzidine (TMB) in the presence of H2O2. The released H-
GN can catalyze the oxidation reaction of TMB and turn the colorless solution blue. This “signal-on” colorimetric
biosensor shows a broad linear range of 0.5–100 nM for the target NOS, with a 0.19 nM detection limit. The
application of the biosensor for determination of NOS segments in samples of GM and non-GM tomatoes shows
that it can discriminate between GM and non-GM plants. The reliability of the method for samples of NOS-spiked
GM tomato suggests satisfactory recoveries in the range of 93.6%–94.2%.

1. Introduction

According to the report issued in 2018 by International Service for
the Acquisition of Agri-biotech Applications (ISAAA), genetically
modified (GM) crops have been grown in 26 countries with total
planting area of 191.7 million hectares. Seventy countries have ap-
proved the use of GM crops in food, feed and processing [1]. Mean-
while, the debate about the potential risks on ecosystem and human
health caused by the cultivation of GM plants and the consuming GM
food products has never stopped [2,3]. Required for the safety of eco-
systems and guaranteed information for consumers, an increasing
number of countries have made legislation regarding the thresholds for
GM planting and GM food labeling. Therefore, there is an urgent need
to develop reliable and cost-effective analytical methods for GM
screening [4,5].

Analytical methods for identification of GM content rely on either

protein or DNA detection [6–8]. DNA-based methods have been more
frequently chosen for the detection of GM contents in GM crops or foods
[9]. As Cauliflower Mosaic Virus 35S (CaMV35S) promoter and nopa-
line synthase (NOS) terminator are the most commonly used DNA
elements in regulating expression in GM crops [4,5], they are often
selected for screen GM crops. Currently, the conventional and re-
commended method for GM contents determination is still based on the
amplification of target DNA sequences using polymerase chain reaction
(PCR) [10,11]. However, PCR-based assays still have some short-
comings such as being time-consuming and costly. Many researchers
have devoted efforts to improving PCR-based assays to shorten the PCR
reaction [5,12–14]. Regardless, an increasing number of researchers are
focusing on developing alternative methods for detection of GM con-
tents [3,7,8,15]. Colorimetric assays for the detection of DNA are
simple, rapid and affordable. Most importantly, the color change can be
discerned by the naked eyes. In this sense, the colorimetric method
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seems to be a suitable and promising way to determine and screen GM
content in GM crops or GM food products [16–18].

Improving the sensitivity is a crucial issue for all biosensors, and
colorimetric biosensors are no exception. Several strategies have been
investigated and used to enhance the sensitivity of colorimetric bio-
sensors. One of these strategies is to amplify the target genes using loop-
mediated isothermal amplification (LAMP) [15,19,20]. For example, a
colorimetric method was developed for CaMV35S determination using
the LAMP method with acid chrome blue K (ACBK) as a novel metal
indicator [19]. During the LAMP reaction, the color of the solution
changed from red to blue. Such change was easy to be judged by the
naked eyes. This novel colorimetric biosensor gave a sensitivity
threshold of approximately 50 copies for transgenic rice genomic DNA.
Another strategy that commonly adopted is to apply nanomaterials in
the constructing of colorimetric biosensors. Various nanomaterials that
possess peroxidase-like activity have gained popularity in the chromo-
genic reaction system of 3,3′,5,5′-tetramethylbenzidine (TMB) and
H2O2. These nanomaterials include metal nanoclusters [21,22] and
nanoparticles [23], metal oxide nanoparticles [24,25], and carbon na-
nomaterials [26–28]. In recent years, graphene-based nanosheets that
exhibit excellent peroxidase-like activity have been widely applied in
DNA determination [27,28]. For instance, Tao et al. synthesized hemin,
a chemical with mimicking peroxidase activity, functionalized gra-
phene (H-GN), and exploited it as a platform for colorimetric assays for
DNA sensing [28]. By utilizing the strong affinity between single strand
DNA (ssDNA) sequences and graphene, the authors separately prepared
probe DNA1 (59 bp) and DNA2 (59 bp) biofunctionalized H-GN (DNA1-
H-GN and DNA2-H-GN, respectively). Both DNA1 and DNA2 had a
target-specific sequence complementary to target DNA (tDNA, 27 bp) at
the 5′/3′ terminus. After adding tDNA into the mixture of DNA1-H-GN
and DNA2-H-GN, sandwich-type DNA-GH hybrids were formed through
DNA hybridization. After centrifugation, the supernatant containing
fewer DNA1-H-GN and DNA2-H-GN was collected and incubated with
TMB and H2O2. The colorimetric signal of the chromogenic reaction
system decreased with the decreasing amount of DNA1-H-GN and
DNA2-H-GN. Thus, a “signal-off” biosensor with a detection limit of
0.5 nM was successfully prepared.

Noble metal-functionalized magnetic nanoparticles have been
widely used in construction of biosensors due to their good magnetism,
ease of preparation and surface modification, and good biocompat-
ibility [8,29,30]. Wang et al. synthesized gold nanoparticles (Au NP)-
doped Fe3O4 magnetic nanoparticles (Fe3O4@Au MNP). By taking ad-
vantage of its peroxidase-like activity and superparamagnetism, this
material has been used as signal indicator and magnetic separator for
colorimetric aptasensing of ochratoxin A [29]. Herein, fascinated by the
excellent peroxidase-mimicking activity of H-GN and the good prop-
erties of Fe3O4@Au MNP, we developed a “signal-on” genosensor for
label-free colorimetric determination of NOS terminator gene se-
quences. As shown in Scheme 1, we first prepared Fe3O4@Au MNPs
according to our previous work [8] first. After biofunctionalizing the
surface of Fe3O4@Au NPs with capture DNA (cDNA) via Au–S bonds,
the resulting material was used to form Fe3O4@Au@cDNA@H-GN na-
nocomposite by making use of the strong affinity between ssDNA and
H-GN. In the presence of tDNA, cDNA in the Fe3O4@Au@cDNA@H-GN
nanocomposite can hybridize with tDNA and then form double-helix
structures. Such an event will release a portion of H-GN from the sur-
face of the Fe3O4@Au MNPs due to the weak affinity between double-
strand DNA (dsDNA) and H-GN. The greater the amount of tDNA that
was added, the greater the amount of H-GN that was released. After
magnetic separation, the supernatant was collected and incubated in
TMB and H2O2. The released H-GN exhibited its peroxidase-mimicking
activity in the oxidation reaction of TMB and then turned the colorless
solution blue. The intensity of the color depended on the amount of the
released H-GN. Based on this approach, a “signal-on” colorimetric
genosensor for label-free determination of the target NOS was devel-
oped.

2. Materials and methods

2.1. Reagents

Graphene oxide was supplied by Nanjing XF Nano Co., Ltd.
(Nanjing, China). Chloroauric acid (HAuCl4·4H2O), sodium borohy-
dride (NaBH4), ethylenediamine tetraacetic acid (EDTA), hydrazine
hydrate (N2H4·H2O) and H2O2 were obtained from National Medicine
Group Shanghai Chemical Reagent Co., Ltd. (Shanghai, China). Hemin,
polyethyleneimine (PEI), TMB and Tris-(2-carboxyethyl) phosphine
(TCEP) were purchased from Aladdin Industrial Co., Ltd. (Shanghai,
China). The buffer solutions used in the present work are as follows,
DNA stock buffer/TE buffer: pH 7.4, 10 mM Tris-HCl, 1.0 mM EDTA;
DNA immobilization buffer: pH 7.4, 10 mM Tris-HCl, 1.0 mM EDTA,
1.0 mM TCEP, 100 mM NaCl, 1.0 mM MgCl2; hybridization buffer so-
lution: 10 mM Tris-HCl, 1.0 mM EDTA, 100 mM NaCl, and 1.0 mM
MgCl2; colorimetric reaction solution: pH 5.0, 25 mM phosphate buffer
solution; and CTAB buffer: pH 8.0, 100 mM Tris-HCl, 20 mM EDTA,
1.4 M NaCl, 2% CTAB. Ultrapure water was used throughout the ex-
periment.

All DNA sequences were synthesized and purified by Shanghai
Sangon Biotechnology Co., Ltd. (Shanghai, China), and their sequences
are as follows:

Capture sequences (cDNA): 5′-SH-T CTC TCA TAA ATA ACG TCA
TGC-3’;
NOS sequences (tDNA): 5′-GCA TGA CGT TAT TTA TGA GAG A-3’;
single-base mismatched DNA (Mis-1): 5′-GCA TGA CGT TGT TTA
TGA GAG A-3′;
double-base mismatched DNA (Mis-2): 5′-GCA TGA CTT TGT TTA
TGA GAG A-3′;
three-base mismatched DNA (Mis-3): 5′-GCA TGA CTT TGT TTA
TAA GAG A-3′; and
CaMV35S sequences: 5′-ATT GTG CGT CAT CCC TTA CGT C-3′.

2.2. Apparatus

UV–vis absorption spectra were recorded on a UV-4802

Scheme 1. The strategy for determination of target NOS sequences.
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spectrophotometer (Unico Shanghai Instrument Co., Ltd. Shanghai,
China). X-ray photoelectron spectroscopy (XPS) analysis was performed
on an ESCALAB250 X-ray photoelectron spectrometer (Thermo Fisher
Scientific, USA) using Al Kα (1486.6 eV) radiation at a power of 225 W.
Field emission scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) were performed on SU8020 (Hitachi,
Japan) and JEM-1400 flash (JEOL, Japan) system, respectively. PCR
amplification was carried out on a TC-96/T/H system (Hangzhou Bioer
Technology Co., Ltd. Hangzhou, China).

2.3. Synthesis of H-GN

H-GN was synthesized according to our previous work [31] with
minor modifications. Briefly, 20 mL of 0.5 mg mL−1 hemin was mixed
with 20 mL of 0.5 mg mL−1 GO solution under vigorous stirring in a
flask. Then, 200 μL of aqueous ammonia solution (28%) and 30 μL of
hydrazine hydrate solution (25%) were added into the above mixture.
After 3 min of vigorous stirring, the flask was placed in a water bath at
60 °C, and the reaction lasted for 24 h. The black suspension was cooled
to room temperature, followed by centrifugation and washing with
water several times. The prepared H-GN was collected and redispersed
in water for later use. At the same time, chemically reduced graphene
(rGO) nanosheets were prepared using the same method for compar-
ison.

2.4. Synthesis of Fe3O4 and Fe3O4@Au MNP

Fe3O4 MNPs were synthesized using coprecipitation method [32].
Typically, FeCl3·6H2O (16.22 g) and FeCl2·4H2O (5.95 g) were dissolved
in a mixture of 1 mL of 80% (v/v) hydrazine hydrate (25%) and 300 mL
of deoxygenated ultrapure water. The above mixture was stirred under
a nitrogen atmosphere until FeCl3·6H2O and FeCl2·4H2O were fully
dissolved. Then, 60 mL of ammonia solution (28%) was added dropwise
at 60 °C. The reaction proceeded for 90 min. Next, the obtained sus-
pension was allowed to cool to room temperature. The synthesized
Fe3O4 MNPs were washed several times with water. Finally, these na-
noparticles were dried under vacuum at 50 °C for 24 h.

Spherical Au NPs with an average diameter of 4 nm were prepared
according to a literature protocol [8,33]. Subsequently, the Fe3O4@Au
MNPs were prepared in two steps [8]. First, 50 mg of the prepared
Fe3O4 magnetic nanoparticles were dispersed in 12.5 mL of PEI (0.8%)
solution using ultrasonication. One hour later, the PEI-wrapped Fe3O4

nanoparticles were separated from the solution and washed several
times with water. Second, the PEI-wrapped Fe3O4 MNPs were mixed
with the Au NP solution (7 mL) and left ultrasonicating for 1 h. The
product was washed, magnetically collected and dried at 50 °C to obtain
Fe3O4@Au MNPs.

2.5. Synthesis of Fe3O4@Au@cDNA@H-GN nanocomposite

To prepare Fe3O4@Au@cDNA@H-GN, cDNA biofunctionalized
Fe3O4@Au (Fe3O4@Au@cDNA) was first prepared. Briefly, 2.5 mg of
Fe3O4@Au was dispersed in 5 mL of DNA immobilization buffer, fol-
lowed by the addition 500 μL of 10 μM thiolated cDNA. The reaction
lasted for 24 h at 4 °C with constant shaking. Subsequently,
Fe3O4@Au@cDNA was magnetically separated and thoroughly washed
several times to remove the unbound cDNA. The obtained Fe3O4@Au@
cDNA was then dispersed in 1 mL of TE buffer.

The Fe3O4@Au@cDNA@H-GN nanocomposite was prepared by
mixing 25 mL of H-GN (0.5 mg mL−1) with 1 mL of Fe3O4@Au@cDNA.
The suspension was gently shaken for 12 h. The prepared Fe3O4@Au@
cDNA@H-GN was then collected with a magnet and washed several
times to remove the unattached H-GN. The resultant Fe3O4@Au@
cDNA@H-GN nanocomposite was finally suspended in 5 mL of TE
buffer and stored at 4 °C for later use.

2.6. Preparation of real samples and PCR product of the NOS gene
sequences

The target NOS gene segments in real samples were extracted from
laboratory-grown transgenic tomatoes using the CTAB method [34].
The leaves of GM tomato (1 g) were ground with liquid nitrogen first,
followed by incubation in CTAB buffer (600 μL) at 65 °C for 1 h with
occasional stirring. The mixture was then cooled to room temperature.
Next, chloroform (700 μL) was added, and the mixture was shaken for
3 min. After centrifugations at 1000 rpm for 10 min, the supernatant
was mixed with isopropanol (400 μL) and incubated for 30 min at
−20 °C. The mixture was subsequently centrifuged at 12,000 rpm for
10 min at 4 °C. Then the precipitate was collected and washed with
ethanol (75%) several times. The obtained pellet was dried at room
temperature and finally dissolved in water and stored at −20 °C until
use.

The PCR was carried out in a reaction system with a total solution
volume of 50 μL containing 5 μL of 10 × PCR buffer, 5 μL of the ex-
tracted DNA, 1 μL of forward and reverse primers (10 μM), 1 μL of Taq
DNA polymerase (5 U μL−1), 1 μL of dNTP (10 mM), 3 μL MgCl2
(25 mM) and 33 μL water. The amplification was conducted as follows:
denaturation at 94 °C for 5 min, and then running 30 cycles of ampli-
fication at 94 °C for 30 s, annealing at 57 °C for 30 s, extension at 72 °C
for 30 s, and final extension at 72 °C for 4 min. The PCR product was
determined by running 10 μL of the PCR mixture in a 1% agarose gel for
20 min. The electrophoretic bands were observed under ultraviolet
light.

2.7. Colorimetric detection of NOS gene sequences

Before hybridization, the suspension of Fe3O4@Au@cDNA@H-GN
was thoroughly blended with a vortex mixer. The hybridization reac-
tion was conducted by mixing 50 μL of Fe3O4@Au@cDNA@H-GN with
10 μL of the target NOS solution. The reaction was performed at 37 °C
for 2 h under gentle shaking. The supernatant was afterwards separated
from solid particles with a magnet. Next, the collected supernatant was
mixed thoroughly with 1 mL of 25 mM phosphate buffer solution
contained 0.4 mM TMB and 25 mM H2O2. The chromogenic reaction
was allowed to stand for 2 min, and then, the UV–vis absorption
spectrum was recorded in the range of 300–800 nm. The absorption
peak located at 652 nm was selected to determine the concentration of
the target NOS sequences.

By following the above procedures, the NOS segments in the initial
total extracted DNA and PCR products of GM tomato were detected
using the fabricated colorimetric biosensor.

3. Results and discussion

3.1. Characterization of Fe3O4@Au@cDNA@H-GN nanocomposite

The morphology of the prepared nanomaterials was characterized
using SEM or TEM. The synthesized Fe3O4 MNPs are cubic in shape,
with smooth surface (Fig. 1A and B). The particle size of the Fe3O4

MNPs ranges from 125 to 375 nm. After immersed in a PEI solution for
1 h and then in an Au NP solution for another 1 h, the surface of Fe3O4

NPs turned from smooth into rough (Fig. 1C). It is obvious that Au NPs
(~4 nm, Fig. 1C inset) attach and distribute densely on the surface of
Fe3O4 NPs. When cDNA was bound covalently with Fe3O4@Au through
Au–S bonds and then further bound with H-GN though the π interac-
tions between cDNA and H-GN, Fe3O4@Au MNPs appeared to be
wrapped in H-GN and became ambiguous to observed (Fig. 1D). Fur-
thermore, H-GN in the Fe3O4@Au@cDNA@H-GN nanostructure shows
a typical flake-like shape with slight wrinkles, which is similar to the
morphology of H-GN (Fig. 1D inset). These results suggest the suc-
cessful preparation of the Fe3O4@Au@cDNA@H-GN composite.

The nanomaterials used in the present work were characterized with
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UV–vis spectroscopy, and the absorbance curves are displayed in Fig. 2.
There is a broad absorbance at wavelength between 300 and 500 nm in
the spectrum of the PEI-wrapped Fe3O4 NPs (Fig. 2 curve a). The ab-
sorption might be associated with the d–d transition of Fe3+ [35]. The
maximum absorption of Au NPs is located at 515 nm (Fig. 2 curve b).
There are two broad absorption peaks in Fe3O4@Au NPs (Fig. 2 curve
c), which are related to the UV–vis absorbances of Fe3O4 and Au NPs in
Fe3O4@Au NPs. It is obvious that the absorption peak of Au NPs red-
shifted to approximately 570 nm. This shift may result from the inter-
action between Fe3O4 and Au NPs or aggregation of Au NPs. The UV–vis
absorbance of H-GN from 300 to 800 nm shows a maximum and broad
absorption band at 420 nm, along with a shoulder band at ~630 nm
(Fig. 2 curve d); these two peaks can be assigned to the Sorët band and
Q-band of hemin [31], respectively. After H-GN was bound to the
surface of Fe3O4@Au NPs via cDNA, these two peaks redshifted to
430 nm and 642 nm, respectively (Fig. 2 curve e). Such shifts are due to
the strong interaction between H-GN and Fe3O4@Au@cDNA. These
results demonstrate the successful preparation of the Fe3O4@Au@

cDNA@H-GN nanocomposite.
The elemental composition of Fe3O4@Au@cDNA@H-GN was then

analyzed by XPS. The peaks at 710.96, 532.17, 398.51, 274.82 and
84.26 eV in the survey XPS pattern (Fig. 3A) are assigned to Fe2p, O1s,
N1s, C1s and Au4f, respectively. As shown in Fig. 3B, there is a peak
with a maximum binding energy at 133.4 eV, which is related to the
binding energy of P2p [36], demonstrating the presence of cDNA. These
results also indicate the successful preparation of the Fe3O4@Au@
cDNA@H-GN nanocomposite.

3.2. Strategy and sensing principle for target NOS sequences

The strategy for determination of the target NOS sequences was
based on the difference in absorbing ability of H-GN towards ssDNA and
dsDNA sequences. As illustrated in Scheme 1, when the hybridization
event between cDNA and its complementary DNA (tDNA) sequence
happens, H-GN will release from the newly formed nanostructure of
Fe3O4@Au@cDNA-tDNA due to weaker interaction between H-GN and
dsDNA. The quantitative sensing for the target NOS sequences was
based on the excellent peroxidase-mimicking activity of H-GN to pro-
mote the catalytic oxidation of TMB in presence of H2O2. The

Fig. 1. Morphology characterization of various nanomaterials. SEM images of Fe3O4 MNPs (A) with a closer look (B), Fe3O4@Au MNPs (C) and Fe3O4@Au@cDNA@
H-GN nanocomposite (D). The inset of (C) is the TEM image of Au NPs, and the inset of (D) is the SEM image of H-GN.

Fig. 2. UV–vis spectra of Fe3O4 NP (a), Au NP (b), Fe3O4@Au NP (c), H-GN (d)
and Fe3O4@Au@cDNA@H-GN (e).

Fig. 3. Survey XPS pattern of Fe3O4@Au@cDNA@H-GN nanocomposite (A)
and XPS spectrum of P2p in Fe3O4@Au@cDNA@H-GN (B).
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colorimetric absorbance intensity at 652 nm depends on the amount of
H-GN. The more the H-GN is released, the greater the intensity that the
chromogenic system will exhibit. As shown in Fig. 4, the chromogenic
system exhibits a slight absorbance at 652 nm in absence of the target
NOS sequences (Fig. 4, curve a). However, the absorbance at 652 nm
increased significantly after the cDNA in Fe3O4@Au@cDNA@H-GN
hybridized with 0.5 nM target NOS (Fig. 4, curve c). The intensity was
further increased after hybridization with 10 nM target NOS (Fig. 4,
curve d). Moreover, it is easy to conclude that H-GN shows better en-
zymatic activity than GN in the TMB-H2O2 chromogenic system (Fig. 4,
curve b, c, and d). These results confirm the feasibility of our sensing
principle.

3.3. Optimization of experimental parameters

In this study, several experimental parameters were optimized in-
cluding the concentrations of TMB and H2O2, the pH value of the
chromogenic reaction solution, the hybridization temperature and the
time. To achieve the best analytical performance in detecting target
NOS sequences, the colorimetric assay should be conducted under the
following conditions: (1) 0.4 mM of TMB (Fig. 5 A); (2) 25 mM of H2O2

(Fig. 5 B); (3) pH 5.0 of chromogenic reaction solution (Fig. 5 C); (4)
hybridization temperature of 37 °C (Fig. 5 D); and (5) hybridization
time of 120 min (Fig. 5 E).

3.4. Analytical performance for detection of target NOS sequences

The analytical performance of the developed colorimetric biosensor
was investigated under optimal conditions by using various con-
centrations of target NOS sequences. As depicted in Fig. 6 A, the peak
intensity at 652 nm is strengthened as the target NOS concentration
increases, and the color of the chromogenic reaction solutions turns
from colorless to blue (Fig. 6 A inset). The relationship between the
blank-subtracted peak intensity (ΔAbs) and the concentration of the
target NOS is shown in Fig. 6 B. The ΔAbs values show good linearity
with the logarithm of the target NOS concentration in the range of
0.5–200 nM (Fig. 6 B, inset). The linear regression equation is written as
ΔAbs = 0.173 lgC (M) + 1.706, with a correlation coefficient (R) of
0.995 and a detection limit of 0.19 nM. The detection limit is lower
than that of the reported “signal-off” colorimetric assay for specific
DNA sequence using H-GN only as the peroxidase mimic [28]. This
result may be due to the reduced blank signal in the current biosensing
by the use of Fe3O4@Au. The analytical performance of our biosensor
was also compared with that of other GMO biosensors, and the results
are listed in Table 1. As seen from the table, the presented colorimetric
assay displays a comparable [17] or low detection limit than that of

most GMO biosensors [37–39]. In addition, the analytical performance
in the linear range of our biosensor is comparable to that of the col-
orimetric biosensor using DNA-based materials [17] and fluorescence
biosensors [38], and the linear range obtained for this colorimetric
biosensor is wider than that of the other reported biosensors [37,39].
These results demonstrate the present method has potential for GM
content monitoring.

3.5. Selectivity and stability

The specificity of the promoted biosensor was investigated before its
application in real samples. The experiment was performed by chal-
lenging the sensing system with other DNA sequences including the
CaMV35S gene sequence, single-base mismatched (Mis1), double-based
mismatched (Mis2) and three-base mismatched (Mis3) DNA sequences.
The sensing system showed the strongest response towards the target
NOS sequences among the DNA sequences (Fig. 7A). The system
showed an absorbance of 0.21 to Mis1 (1 mM), which was 41.2% that
with the target NOS (100 nM). However, when the concentration of
Mis1 was the same as that of the target NOS, the sensing system showed
an absorbance of 0.07. This result shows that Mis1 at low concentration
has little interference to the detection of the target NOS. The results
indicate an acceptable selectivity in detecting target NOS. The storage
stability of the prepared Fe3O4@Au@cDNA@H-GN was investigated by
using the nanocomposite (stored in refrigerator at 4 °C with 1–16 days)
to detect 1 nM target NOS. The absorbance intensity is displayed in
Fig. 7 B. As seen from the figure, the intensity shows little change after
16 days storage. The result indicates the good storage stability of the
prepared Fe3O4@Au@cDNA@H-GN nanocomposite.

3.6. Detection of NOS sequence in real samples

The feasibility of practical application of the present biosensor was
evaluated by measuring the target NOS in the extracted DNA in GM
plants. The PCR products from GM tomato leaves were analyzed by
agarose gel electrophoresis. As shown in Fig. 8 A, the PCR products of
the target NOS appears at 250 bp (lane 4). No band at this position can
be found in non-GM tomato (lane 2), initial total extracted DNA of GM
tomato (lane 3), and NOS PCR products of GM tomato without primers
(lane 5). This analysis indicates the existence of target NOS sequences
in GM tomato. The target NOS sequences in these solutions were de-
tected with the presented method, and the signals are displayed in
Fig. 8 B. By comparing the blank control (curve a), no obvious signal
can be found for detecting the PCR products of non-GM tomato (curve
b, corresponding to lane 2 in Fig. 8 A). This result demonstrates that
there are no target NOS segments in non-GM tomato. Strong signals can
be observed when detecting the solutions of the PCR products of GM
tomato without primers (curve c, corresponding to lane 5 in Fig. 8 A),
the initial total extracted DNA (curve d, corresponding to lane 3 in
Fig. 8 A), and the PCR products of GM tomato (curve e, corresponding
to lane 4 in Fig. 8 A). The biosensor gave the strongest signal in de-
tecting the PCR products of GM tomato. These results demonstrate the
feasibility of our fabricated biosensor in the detection of the target NOS
in real GM samples. More importantly, this biosensor can be used in the
detection of NOS in samples without PCR amplification, suggesting a
potential method for discriminating GM and non-GM plants. The re-
liability of the proposed method was verified by using the standard
addition method. The amount of target NOS in an unknown sample
prepared with the PCR products was 0.436 nM. When adding the
standard solution with concentrations of 5 nM and 10 nM, good re-
coveries of 93.6 ± 3.0% and 94.2 ± 3.9% (n = 3) were obtained,
respectively. This result indicates good reliability of our proposed
method.

Fig. 4. UV–vis spectra recorded after Fe3O4@Au@cDNA@H-GN hybridized
with 0 nM (a), 0.5 nM (c) and 10 nM (d) of target NOS sequences. UV–vis
spectrum recorded after Fe3O4@Au@cDNA@GN hybridized with 10 nM (b) of
target NOS sequences. The concentrations of TMB and H2O2 were 0.4 and
25 mM, respectively. The pH value of phosphate buffer was 5.0.
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4. Conclusions

In summary, we developed a simple and label-free colorimetric
biosensor for the detection of NOS gene sequences in GM plant. The
cDNA was used as a bridge to link Fe3O4@Au NP and H-GN to form the

Fe3O4@Au@cDNA@H-GN nanocomposite. In the presence of the target
NOS, some of the linked H-GN was forced to be released from the
surface of Fe3O4@Au@cDNA due to the weak affinity between dsDNA
and H-GN when the hybridization event between cDNA and target NOS
happened. By taking advantages of magnetic separation of Fe3O4 and
peroxidase-like activity of H-GN towards TMB in the presence of H2O2,
the constructed “signal-on” biosensor gives a broad linear range and a
low detection limit of 0.19 nM. The biosensor shows not only good
analytical performance in terms of selectivity and stability but also
feasibility in detecting NOS in GM tomato, suggesting a potential
method for practical use in identifying GM plants.
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absorption intensity and the logarithm of tDNA concentration.
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