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Herein, we report a novel approach to AS1411-templated formation of fluorescent copper nanomaterials and their application to
melamine detection. Fluorescent copper nanomaterials were formed at room temperature by using AS1411 as a template and
ascorbic acid as reductant. However, the fluorescence intensity decreased obviously in the presence of melamine. Under the
optimized conditions, the quenching fluorescence intensities of copper nanomaterials showed a good linear relationship with the
concentration of melamine in the range of 50 ymol/L-120 ymol/L, and the correlation coefficient was 0.9823. In addition, the
method was successfully applied in the detection of melamine in milk samples. This method was cost-effective and convenient
without any labels or complicated operations. Thus, this work successfully develops the capping AS1411 scaffolds of copper

nanomaterials detection of melamine.

1. Introduction

Melamine, chemically known as 2,4,6-triamino-1,3,5-tri-
azine, is rich in terms of nitrogen and heterocyclic organic
chemical. Raw materials are mainly used in the production of
melamine formaldehyde resin, and this resin is widely used in
wood, plastics, paper, textiles, leather, and other industries.
Melamine can also be used as flame retardants, water re-
ducing agents, formaldehyde cleaning agents, etc. [1]. Because
melamine molecules contain a large number of nitrogen
elements, the regular “Kjeldahl method” cannot eliminate the
interference of this kind of “pseudoprotein nitrogen” in the
detection of protein content in food or feed, so it is illegal.

To reduce costs, the nonfood chemicals are added to
milk, milk powder, and feed to increase protein content in
their products. In October 2008, China formulated a
management limit for melamine in dairy products and a
limit for melamine in infant formula milk powder. The limit
value of melamine in other foods containing more than 15%
milk is 1 mg/kg and 2.5mg/kg. At present, the main de-
tection methods of melamine are gas chromatography-mass

spectrometry (GC-MS) [2, 3], high-performance liquid
chromatography (HPLC) [4-6], and liquid chromatogra-
phy-mass spectrometry (LC-MS) [7-9] as they have high
accuracy, but the sample pretreatment is complex, the
equipment is expensive, and cost of testing is high. In recent
years, enzyme-linked immunosorbent assay [10-12] and
colloidal immunochromatographic strip [13, 14] have been
used for the detection of melamine.

However, the sensitivity is not high enough or the
specificity is not strong enough. The molecular structure of
melamine has been reasonably repaired in this study. Two
melamine derivatives were synthesized and linked with
bovine serum albumin and chicken egg albumin, respec-
tively, to produce immunogen and coated antigen. A
monoclonal antibody against melamine was prepared by the
hybridoma antibody preparation technique. Based on the
antibody, a method, colloidal gold immunochromato-
graphic assay, was established for the determination of
melamine in milk, milk powder, and feed..

The templates used in the synthesis process include tree-
shaped macromolecules, polymers, small mercaptoid
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molecules, proteins, sugar molecules, polypeptides, and
DNA [15]. It is very important to select the appropriate
template for the study of its fluorescence properties. In this
experiment, DNA was used as the template to synthesize
nanoparticles. DNA sequence can be designed, has good
biocompatibility and unique biological recognition, and are
often widely used as synthetic template [16-20]; specific
sequences of DNA template can adjust the optical properties
of metal nanoparticles and electronic structure of the DNA
sequence, and the combination of nanotechnology in every
field has a widespread application prospect and research
value.

DNA-Cu NPs can be prepared by adding Cu®*, DNA and
reductants in a certain proportion. The reductants used in this
experiment are ascorbic acid, DNA as the template, and
copper nitrate as the raw material to synthesize DNA-Cu NPs.
For DNA, the template preparation method of copper nano
materials can be divided into two categories: the first category
is dsDNA templates; in 2010, Mokhir et al. [21] reported for
the first time in a random sequence dsDNA for template
synthesis of Cu NPs and in 2015, Ouyang et al. [22] with
repeated AT specific sequences of bases dsDNA-CuNPs
synthesis. The second type is based on ssDNA. In 2013, Wang
et al. [23] reported that polyTssDNA could also synthesize
CuNPs, which is easier to operate and has more fluorescence.

The size of DNA-Cu NPs is small, the toxicity is low, the
optical stability is good [24], and it is easy to be regulated
[25]. DNA is a genetic material of the body that has been
extensively studied in labeling and imaging.

2. Materials and Methods

2.1. Instruments and Reagents. F-4600 fluorescence spec-
trophotometer (Hitachi Hitachi High-tech Company); JEM-
2100F transmission electron microscope (Japan Electronics
Corporation).Cu  (NOs), 3H,O (Tianjin Fengshuan
Chemical Reagent Technology Co., Ltd.) NaCl; KCI (Tianjin
Beilian Fine Chemicals Development Co., Ltd.); sodium
borohydride (AF granules, 10-40 mesh, 98%, Sigma-
Aldrich); and all chemicals of analytical grade were used as
received without further purification. The oligodeox-
ynucleotides used in the present study were AS1411, an
antiproliferative G-rich oligodeoxynucleotide (GRO) whose
sequence is 5'-d(GGTGGTGGTGGTTGTGG
TGGTGGTGG)-3'. The AS1411 aptamer was synthesized by
Shanghai Sangon Biotechnology Co., Ltd. (Shanghai, Chi-
na).They are all configured with ultrapure water (a resistance
of about 18.25 MQ).

2.2. DNA Synthesized Copper Nanomaterials. The DNA
sequence was centrifuged for 15 min at a rotational speed of
5000 RPM, and then the buffer solution was added to mix
well and then heated for 1h in a water bath of 95°C for
natural annealing treatment.

DNA (including 10 uM, 50 (including L) was mixed in
PBS bufter solution (pH =7.4, (including 250 L), ascorbic
acid was added (80mM, 80 (including L) and fully mixed,
and then it was added in (0.8 mM, including 100 4L) Cu
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(NOs3), solution in a dark environment under the condition
of the hatch a day.

2.3. The Detection of Melamine in Copper Nanoparticles.
The DNA (10 uM, 50 yuL) was added to the PBS buffer so-
lution (pH=7.4, 250uL) and mixed evenly, mixed with
ascorbic acid (80mM, 100L), and then Cu®*' (0.8 mm,
100 uL) was added to incubate at room temperature. The
fluorescence spectrometers were used for the fluorescence
test with different concentrations of melamine (50uM,
60 uM, 70 uM, 80 uM, 90 uM, 100 uM, 110 uM, and 120 uM).

3. Results and Discussion

The excitation wavelength and emission wavelength of
DNA-Cu NPs can be obtained by using the fluorescence
spectrometer, which are 280 nm and 390 nm (Figure 1), and
the fluorescence intensity is high.

The morphology and size of DNA-Cu NPs were tested by
transmission electron microscopy, and the DNA-Cu NPs
was distributed evenly with a smaller size of about 5 nm and
presented a spherical shape. The DNA-Cu NPs synthesized
in this experiment is a crystal with a lattice spacing of
0.2479 nm (Figure 2).

In the optimization experiments, this experiment
studied the template agent (DNA) concentration, reducing
agent (ascorbic acid) and cupric nitrate (Cu (NO3),) volume
ratio, and different environment affect the performance of
DNA-Cu NPs fluorescence. By Figure 3, as can be seen, the
concentration of DNA on the properties of DNA-CuNPs
fluorescence effect is very weak, in line with “the molarity
minimization, of minimum usage, simple, and quick,” and
the purpose of this experiment is to select the molar con-
centration of 10 (including the DNA sequence of M). In this
experiment, the volume ratio of ascorbic acid and Cu (NO3),
was 1:1. In Figure 3(b), the volume of Cu (NO3), is 200 uL,
and the fluorescence intensity of DNA-CuNPs is stronger.
Therefore, the volume of ascorbic acid and copper nitrate
used in the experiment was 200 4L. In this experiment, the
effect of reaction environment on the fluorescence prop-
erties of DNA-CuNPs was studied. Under the conditions of
normal temperature and ice bath, the fluorescence intensity
of the reaction environment was not significant
(Figure 3(c)). Therefore, for the simple and rapid prepara-
tion of DNA-CuNPs, we chose room temperature. In ad-
dition, we further studied the template agent and reducing
agent on the synthesis of nanomaterials and the effects of
copper, as shown in Figure 3(d), which shows that in the
absence of template agent, reducing agent, and either one of
the copper nitrate, copper can form nanomaterials. This
further confirms the work of DNA and ascorbic acid in this
study.

This experiment studied the preparation of DNA-Cu
NPs to detect melamine, and using the method of internal
additive, we used the prepared DNA-Cu NPs to detect the
different concentrations of melamine (50 uM, 60 uM, 70 uM,
80 uM, 90 uM, 100uM, 110uM, and 120 uM). It can be
concluded from Figure 4 that with the increase of melamine
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FiGURE 1: Fluorescence spectra of DNA-Cu NPs.

FiGure 2: TEM image of DNA-Cu NPs.
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FIGURE 4: Fluorescence spectra of detection of melamine by DNA-Cu NPs.

concentration, the fluorescence intensity decreased and the
relationship of negative correlation was presented. More-
over, the concentration of melamine showed a good linear
relationship with fluorescence intensity, and its linear
equation was F=—3.59[C3HgNg]/M +894.42 (R=0.91). This
kind of phenomenon is because with the industrial chemical

melamine in DNA-Cu NPs and Cu®* with melamine in
coordination reaction, that is unfavorable to Cu** to CuO,
preventing the formation of DNA-CuNPs, and during the
synthesis of DNA-Cu NPs, fluorescence intensity is reduced
greatly. The decrease of fluorescence intensity is negatively
correlated with the concentration of melamine, which can
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realize the detection of melamine by DNA-Cu NPs.
Therefore, this method provides a way for the analysis and
detection of melamine and has potential application value in
the field of food safety analysis.

4. Conclusion

In this paper, we mainly studied the synthesis of copper
nanomaterials using DNA sequence as the template and
ascorbic acid and sodium borohydride as reductants. The
effects of templates and reductants on the synthesis of
nanomaterials were also discussed. The copper nano-
materials synthesized in this study have higher fluorescence
intensity and smaller particles with clear crystal lattice. In
addition, the linear relationship between the concentration
of melamine and the fluorescence intensity of DNA-Cu NPs
was also studied. Therefore, this method provides a way for
the analysis and detection of melamine and has potential
application value in the field of food safety analysis.
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