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In this study, we used 13-nm gold nanoparticles (AuNPs) as
the quenching group and Cy3/Cy5 fluorescent dye as the
reporting group to develop a non-PCR method to detect
transgenic rice TT51-1. The results showed that it had high
sensitivity and specificity, and was time-efficiency, low cost10
and simplicity of use.

According to a report by the International Service for the
Acquisition of Agri-biotech Applications (ISAAA), the global
growth area of transgenic crops reached 175.2 million hectares in
2013, an increase of 3%, or 5 million hectares, from the year15
20121. Rice is one of the main food crops of human beings. Since
the cultivation of the first transgenic rice by Toriyama in 1988, it
has always been a hot spot in modern agricultural biotechnology
research. Because of the potential risks of transgenic crops, over
50 countries globally require labeling for transgenic food and20
feed, and have developed related regulations on the contents of
transgenic components2. TT51-1 is an insect-resistant transgenic
rice event harboring a hybrid Cry1Ab/Ac gene driven by the rice
actin1 gene promoter and the nopaline synthase (NOS)
terminator3. The current detection method for TT51-1 is PCR4.25
However, it is inevitable during PCR procedures to encounter
situations where the amplification has low efficiency or fails
altogether, the amplification product contains non-specific
components, or incorrect nucleotide pairing occurs. In this study,
we used 13-nm gold nanoparticles as the quenching group and30
developed a direct and rapid detection method to detect the rice
endogenous housekeeping gene SPS and the exogenous Bt gene
(Cry1Ab/Ac) of transgenic rice TT51-1.

Gold nanoparticles (AuNPs) are minute particles with a
diameter range of 1–100 nm. As they exist as colloids in aqueous35
solutions, they are normally referred to as colloidal gold in
biological research. As Compared to organic dye5, the special
properties and functional surface of gold nanoparticles enable
them to act as multi-mode assembly platforms for the free
assembly of oligonucleotides6, antibodies7, proteins8 and40
magnetic material9 so they can be used in the exploration and
research of biological systems. The integration of gold
nanoparticles and nucleic acids, proteins, biological
macromolecules, drugs and other biological molecules has the
advantages of easy preparation, stable chemical properties, good45
biocompatibility, simplicity of use and low cost, and has been
widely used in biological molecule detection10. As far as we
know, there have been no reports on the use of fluorescent nano-

probes in transgenic plant detection.
Table 1. List of Oligonucleotides used in this Experiment50

Oligonucleotide Sequence

SPS recognition chains
5′-CCTGTGCTTTATCCATAGACT(A)9-

(CH2)6-SH-3′
SPS signal chains 5′-Cy3-AGTCTATGGA-3′

Cry1ab/ac recognition
chains

5′-TGCTGTTGAGTCTAACGAGGT(A)9-
(CH2)6-SH-3′

Cry1ab/ac signal
chains

5′-Cy5-ACCTCGTTAG-3′

The DNA sequences used in this study are listed in Table 1.
The recognition chains contained 30 nucleotides, including 21
nucleotides that were complementary to the target mRNA
(Cry1Ab/Ac: EU880444.1; SPS: U33175.1); nine repeated A55
nucleotides at the thio-group end were used as a spacer. Potential
hairpin structures in the DNA molecules were predicted using the
Structure 2.3.4 software. The signal chains were complementary
to the recognition chains. The DNA molecules were synthesized
by Sangon Biotech Co., Ltd., Shanghai, China and were purified60
using HPLC. Thio-modified DNA was reduced using Tris-(2-
carboxyethyl) phosphine hydrochloride (TCEP·HCl) before the
conjugation reaction with gold nanoparticles.

Figure 1. Results of PAGE before and after DNA chain hybridization.65
Lanes 1–3 show the results of the recognition chain (long chain), the
double-stranded DNA after annealing and the fluorescent dye-labeled
chain (short chain) of SPS, respectively; lanes 4–6 show the results of
the recognition chain (long chain), the double-stranded DNA after
annealing and the fluorescent dye-labeled chain (short chain) of70
Cry1Ab/Ac, respectively.

The two thiolated oligoribonucleotide chains (10 μM of each)
were separately mixed in phosphate buffer solution (PBS; 137
mM NaCl, 10 mM phosphate, 2.7 mM KCl, pH 7.4) at a ratio of
1:1.2 with their complementarily matched short chains, which75
were modified by fluorescent dyes (signal chains). The mixtures
were heated to 75 C and kept at this temperature for 10 min,
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before being slowly cooled to room temperature. They were left
standing in the dark for 12 h to enable complete hybridization of
the two double-stranded chains. PAGE was used to verify that the
hybridization was successful. And results are shown in Figure 1.
Based on the differences in molecular weights, bands appeared in5
different positions in the lanes. Because of their increased
molecular weights, the hybridization products in the middle lane
showed a band at the top, while underneath this was a band of
lower molecular weight, which represented excess signal chain as
the hybridization ratio of the two single-stranded chains was 1:1.2.10
Thus, the two single-stranded DNA chains were successfully
hybridized by annealing.

Figure 2. Production of AuNPs and assembly of the DNA-AuNP
probe. TEM pictures of (a) AuNPs and (b) DNA-AuNP probes; scale15
bar = 20 nm. (c) The normalized UV-visible absorption spectrum of
un-modified AuNPs and DNA-AuNP probes. The maximum optical
absorption was shifted from 519 nm to 524 nm after the DNA
assembly on the surface of Au NPs.

Thirteen-nanometer AuNPs at 3.5 nM were produced20
according to Natan’s method of reducing chlorauric acid by
sodium citrate11. One-hundred-milliliters of 0.01% (m/m)
HAuCl4 aqueous solution was heated to boiling, and 3.5 mL of
1% (m/m) sodium citrate aqueous solution was quickly added
with vigorous stirring. The solution turned from light yellow to25
colorless and then gradually to wine-red. It was kept boiling at
the end for 10 min. The heat was then turned off and the solution
was stirred for another 15 min and slowly cooled to room
temperature. The concentration of the AuNPs was then increased
to 17 nM by centrifugation (11930 × g, 20 min, 4C) to improve30
their salt-resistance and shelf-life12. The prepared AuNP solution
was filtered using a 0.22-μm membrane and stored at 4C. The
shapes, sizes and optical properties of the AuNPs were analyzed
using transmission electron microscopy (TEM, JEM-100CX II,
JEOL, Japan) and Nano-Drop 1000 UV-vis spectrophotometer,35
respectively. A TEM picture of the AuNPs obtained by the
sodium citrate reduction method is shown in Figure 2a. The
AuNPs showed good dispersion and even diameter distribution.
The normalized UV-visible absorption spectrum indicated that
the AuNPs had a maximum plasmon resonance absorption peak40
at 519 nm, which was consistent with the characteristic
absorption peak of 13-nm AuNPs, as shown in Figure 2c.

Equal amounts of double-stranded DNA molecules that were
separately labeled with Cy3 and Cy5 fluorescent dyes were
mixed and added to an AuNP solution (17 nM), making the final45
concentration of AuNPs 10 nM. After the mixture was slowly
stirred for 20 min, a solution of 1 M PBS (100 mM PB, pH 7.0, 1
M NaCl) was gradually added until the salt concentration reached
0.1 M. Stirring was continued for 16 h before the reaction was
terminated. Then, the reaction solution was centrifuged at high50

speed (11930 × g, 20 min) and the precipitate was re-dispersed in
100 μL of 0.1 M PBS. This process was repeated three times to
completely separate the probes from the reagents. The probes in
the final dispersion were further purified by filtering through a
membrane with a 0.22-μm pore diameter. By reacting with the55
modifying thio groups of the DNA, the AuNPs formed covalent
Au-S bonds and Au-DNA secondary structure. We used TEM
and the UV-visible absorption spectrum to characterize the
produced DNA-AuNP probe, as shown in Figure 2b and c.
Compared with un-modified AuNPs, TEM showed that, after60
double-stranded DNA modification, the edges of the AuNPs
became blurred and their diameter increased, while dispersion
remained good. The normalized UV-visible absorption spectrum
showed that after the DNA was assembled onto the AuNPs, the
maximum characteristic absorption peak shifted from 519 nm to65
524 nm; this was because the diameter of the DNA-AuNP probes
increased compared with the AuNPs.

Figure 3. Representative fluorescence spectra for the nanoprobe (1
nM) in the presence of various concentrations of mRNA target (0, 2, 5,70
10, 25, 50, 100 and 200 nM). Inset: calibration curves for the
fluorescence intensity versus corresponding target concentrations. (A)
Cy3-labeled duplex targeting SPS mRNA was measured at 560 nm;
(B) Cy5-labeled duplex targeting Bt (Cry1Ab/Ac) mRNA was
measured at 688 nm.75

The synthesized DNA-AuNP probe was diluted to 1 nM
with buffer (10 mM PBS, pH 7.4, 100 mM NaCl, 1 mM MgCl2)
and incubated with the mRNA of transgenic Bt rice TT51-1 at
42C for 1 h. Changes in fluorescent signals were recorded by a
fluorometer (Edinburgh Instruments Ltd, UK). In the sensitivity80
test, the probes were separately incubated with TT51-1 mRNA at
0, 2, 5, 10, 25, 50, 100 and 200 nM for 1 h (42C, 1 mL total
mixture volume) and the corresponding fluorescent signals were
collected. Cy3-labeled SPS detection signals were recorded as the
fluorescence intensity at a wavelength of 560 nm (signal85
collection range: 550–640 nm); Cy5-labeled Bt detection signals
were recorded as the fluorescence intensity at a wavelength of
668 nm (signal collection range: 650–750 nm). All tests were
repeated three times and each repeat used three parallels. Without
target molecules, the fluorescent dye molecules near the AuNP90
surface were quenched and gave no fluorescent signal. In the
presence of target TT51-1 mRNA, because there were more
target nucleotides than the 10 nucleotides in the “signal” chain,
the complementary pairing of the recognition sequence was easier
and out-competed the “signal” short chain that was previously95
hybridized with the recognition sequence. Thus, the Cy3/Cy5
fluorescent signals were restored, allowing simultaneous
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detection of the two target molecules. The results of hybridization
between the DNA-AuNP probes we built and TT51-1 mRNA is
shown in Figure 3. In the experiment, we mixed and incubated
the DNA-AuNP probe with various amounts of TT51-1 mRNA at
a final concentration of 1 nM, and then detected the changes in5
the corresponding Cy3 and Cy5 fluorescent signals of the SPS
and cry1Ab/Ac genes. As shown in Figure 3, with increasing
target mRNA concentrations (from 0 to 200 nM), the
corresponding fluorescent signal intensity gradually increased.
The experimental results showed that the detected fluorescence10
intensity was dependent on target molecule concentration. The
target DNA molecules competed with the signal chains for
complementary pairing, resulting in the release of signal chains
modified by Cy3 and Cy5, enabling the detection of the
corresponding restored fluorescent signals.15

Figure 4. Specificity test of gold nanoparticle probes. (A) The SPS
gene; (B) the cry1Ab/Ac gene. 1, no template control (NTC); 2–9,
hybridization of the DNA-AuNP probe and the mRNA of TT51-1 (2),
non-transgenic Bt rice LLrice62 (3), non-transgenic Bt maize MIR16220
(4) and NK603 (5), non-transgenic Bt soybean MON87705 (6) and
non-genetically modified rice (7), maize (8) and soybean (9). p-values
were higher than 0.05 (t-test, α = 0.05), which showed good
repeatability of detection.

The DNA-AuNP probe (1 nM) was incubated separately25
with the mRNA (200 nM) of transgenic Bt rice TT51-1, non-
transgenic Bt rice LLrice62, non-transgenic Bt maize MIR162
and NK603, non-transgenic Bt soybean MON87705 and non-
transgenic rice, maize and soybean. The reactions were conducted
in 1 mL hybridization buffer and the corresponding fluorescence30
signals were collected. All tests were repeated three times and
each repeat used three parallels. The results are shown in Figure 4.
The hybridization between the DNA-AuNP probes and the
endogenous housekeeping gene SPS (TT51-1, LLrice62 and non-
genetically modified rice), and between the DNA-AuNP probe35
and the exogenous cry1Ab/Ac gene (TT51-1) produced very
strong fluorescent signals, while no obvious signal was produced
in the other samples. These data proved that the DNA-AuNP
probe we constructed was specific to transgenic Bt rice TT51-1.

Regarding PCR methods for TT51-1 detection4, the40
amplification of specific DNA sequences is often compromised
by various issues such as amplification of undesired sequences,
low yield, primer self-ligation and self-amplification, or even
complete amplification failure (no product). In traditional PCR,
agarose gel electrophoresis cannot distinguish proximal products45
effectively, and the ethidium bromide used in agarose gels has
potential carcinogenicity. For real-time PCR, the expensive
reagents (fluorescent dye) and Taqman probes lead to a high cost
of examination. Additionally, the PCR cycles required prolong
the detection period. Compared with PCR, fluorescent nano-50

probes have advantages such as high accuracy, less time usage
and low cost.

Conclusions
The integration of nano-materials and biotechnology has

become an important frontline in the development of modern55
biochemical analysis tools. In this study, we constructed a
fluorescent nano-probe that could simultaneously detect the rice
endogenous housekeeping gene SPS and the exogenous Bt gene
(Cry1Ab/Ac), and successfully applied these probes in the direct
and rapid detection of transgenic Bt rice TT51-1. However, the60
quantitation of transgenic products using the fluorescent nano-
probe needs further research.
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Graphical: 

 

A fluorescent nano-probe that simultaneously detect the rice endogenous 

housekeeping gene SPS and the exogenous Bt gene (Cry1Ab/Ac). 
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