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Abstract It is found that silver nanoparticles (AgNPs) can
further enhance the fluorescence intensity of curcumin
(CU) - cetyltrimethylammonium bromide (CTAB) – nucleic
acids and improve its anti-photobleaching activity. Under
optimum conditions, the enhanced fluorescence intensity is
proportion to the concentration of nucleic acids in the range
of 2.0×10−8–1.0×10−6 g mL−1 for fish sperm DNA
(fsDNA), 2.0×10−8–1.0×10−6 g mL−1 for calf thymus
DNA (ctDNA), 1.0×10−8–1.0×10−6 g mL−1 for yeast
RNA (yRNA), and their detection limits (S/N=3) are
8.0 ng mL−1, 10.5 ng mL−1 and 5.8 ng mL−1, respectively.
This method is used for determining the concentration of
DNA in actual sample with satisfactory results. The
interaction mechanism is also studied.
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Introduction

Recently, metal nanoparticles have aroused worldwide
research interests due to their unique physical and chemical

properties which lead to many potential applications. For
example, they can be used in optoelectronics [1], biological
labeling [2–4], biological and chemical sensing [5, 6].
Especially, AgNPs have shown excellent antimicrobial
activity compared to other available silver antimicrobial
agents such as silver nitrate or silver sulfadiazine [7]. They
could protect cells against HIV-1 infection and promote
wound healing [8]. And they also have important function
in anti-inflammation, anti-virus and anticancer [9, 10]. As
we know, DNA is an attractive template because of its large
aspect ratio (length/diameter), well-defined sequences of
DNA base, a variety of superhelix and a high affinity for
metal cations. So with chemical reduction, silver cations
could form metallic nanowires following the contour of the
DNA template [11]. Recently, it has been demonstrated that
silver nanocluster [12] and silver nanoring [13] can be
formed through a DNA-templated process. In addition, the
determination of nucleic acids using AgNPs has aroused
abroad interest and attention [14–16].

Curcumin (CU), the major active component of turmeric,
is widely used as food coloring additive and as coloring
agent in yellow mustards, cosmetics, pharmaceuticals, and
hair dyes. Traditionally it has been in the practice for the
treatment of common cold, skin diseases, wound healing
etc [17]. CU is attracting remarkable continuing interest
because of its antioxidant, anti-inflammatory, antimicrobial,
antiamyloid and antitumor properties [18, 19]. Recently,
extensive research has revealed that CU can both prevent and
treat cancer [20–22].

As we know, under the strong light irradiating, the
fluorescence intensities of dyes continue to decrease. To
resolve this problem, scientists have put forward an
improved method. In this study, the fresh-prepared
AgNPs was utilized to improve the anti-photobleaching
activity of the CU-CTAB-nucleic acids system and
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further enhanced its fluorescence intensity. In this paper,
a new method for nucleic acids determination was
developed. The experiments indicated that the enhanced
fluorescence intensity was in proportion to the concen-
tration of nucleic acids. The interaction mechanism of
the system was also studied by the transmission
electronic microscopy (TEM), resonance light scattering
and circular dichroism spectra, fluorometric method, zeta
potentials and UV spectrometry.

Experiment

Chemicals

Stock solutions of nucleic acids (1.0×10−4 g mL−1) were
prepared by dissolving commercial fsDNA (Sigma),
ctDNA and yRNA (Beijing Baitai Co., China) in
0.05 mol L−1 sodium chloride solutions. Silver nano-
particles prepared: A stock solution of silver nanoparticles
(2.0×10−4 g mL−1) was prepared by dissolving 0.0158 g
of AgNO3 in 40 mL of 0.22 μm-filtered doubly distilled
water, 2 mL sodium citrate (1%) was added slowly in
above AgNO3 solution by heating at 86°C with stirring for
30 min, the solution color changed gradually from
colorless to olivine, diluting to 50 mL finally.Stock
standard solution (1.0×10−3 mol l−1) of CU was made
by dissolving 0.0368 of CU in ethanol and diluting to
50 ml and then diluted to 1.0×10−4 mol L−1 with ethanol
as the working solution. Above solutions were stored at
0–4°C. A stock solution of CTAB (1.0×10−2 mol L−1) was
prepared by dissolving 1.8222 g CTAB in 500 mL
volumetric flask with water. Briton-Robinson (BR, 4.0×
10−2 mol L−1) buffer solutions were prepared in such a
way that 0.575 mL glacial acetic acid, 0.685 mL phos-
phoric acid and 0.6183 g boric acid dissolved in water
then by dilution with water to 500 mL, and adjusted
between 2.2 and 5.0 with 2.0 mol/L NaOH solution. All
the chemicals used were of analytical reagent grade and
double-distilled water was used throughout.

Apparatus

The resonance light scattering spectra and fluorescence
spectra were measured using a LS-55 spectrofluorimeter
(PE, USA). All absorption spectra were measured on
a U-4100 spectrophotometer (Hitachi, Japan). TEM
images were measured on JEM-100 CXII Transmission
Electron Microscope (JEOL, Japan). All CD spectra
were collected on a J-810S Circular Dichroism Spec-
trometer (JASCO, Japan). Zeta potentials (ζ) were
measured with a JS94H micro-television electrophoretic
instrument (Powereach, Shanghai). All pH measure-

ments were made with a Delta 320-S acidity meter
(Mettler Toledo, Shanghai).

Procedure

To a 10 mL colorimetric tube, the solutions were added in
the following order: BR, CTAB, CU, AgNPs and fsDNA.
The mixture was diluted to 5 mL with water and allowed to
stand for 5 min. The excitation and emission wavelengths
were 396 and 518 nm, respectively. The excitation and
emission slits were both 10 nm with a scan speed of
500 nm/min. The enhanced fluorescence intensity of the
system is represented as ΔI = If−I0. Here If and I0 are the
fluorescence intensity of the system with and without
nucleic acids.

Fig. 1 a Excitation spectrum. b Emission spectrum. 1. CU; 2. CU -
CTAB; 3. CU-CTAB-AgNPs; 4. CU-CTAB-fsDNA; 5. CU-CTAB-AgNPs-
ctDNA; 6. CU-CTAB-AgNPs- fsDNA; 7. CU-CTAB-AgNPs- yRNA;
Conditions: CTAB: 8.0×10−5 mol L−1; AgNPs: 1.6×10−6 g mL−1; CU:
1.0×10−6molL−1; fsDNA: 1.0×10−6 g mL−1; ctDNA: 1.0×10−6 g mL−1;
yRNA: 1.0×10−6 g mL−1; BR: 4.0×10−3 mol L−1
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Result and discussion

Fluorescence spectra

From Fig. 1, it could be seen that the fluorescence intensities
of the CU, CU-CTAB, CU-CTAB-AgNPs systems are all
weak. The emission peak of CU is at about 510 nm, and its
two excitation peaks are at 396 nm and 440 nm, respectively.
The fluorescence intensity of CU is enhanced by nucleic
acids in the presence of CTAB, and further enhanced in the
presence of AgNPs. Furthermore, it could also be seen that
the maximum emission peak of CU shifts from 510 to
518 nm in the system of AgNPs-CU-CTAB- nucleic acids,
which indicates that there exists the interaction among CU,
nucleic acids, CTAB and AgNPs. It is apparent that the
enhanced fluorescence intensity under the excitation of
396 nm is higher than that under the excitation of 440 nm.
So we chose 396 nm as the excitation wavelength and
518 nm as the emission wavelength in our further studies.

Effect of pH and the choice of buffer solution

It could be seen from Fig. 2 that ΔI value reaches the
maximum at the pH 3.1, so pH 3.1 is used for subsequent
work. Experimental results indicated that different kinds of
buffers have different effects on the ΔI (%) of the system.
The ΔI (%) for BR, citric acid -K2HPO4, hexamethylene-
tetramine (HMTA) - HCl, citric acid- sodium citrate and
NaAc–HAc are 100, 85.8, 11.93, 94.9 and 91.2, respec-
tively. It could be seen that BR is the most suitable buffer.
Further studies demonstrate that the optimum volume of
4.0×10−2 mol L−1 BR is 0.5 ml.

Effect of surfactants

The effects of different surfactants on the system are
studied. The results show that anionic surfactants such as

sodium dodecyl benzene sulfonate (SDBS) and sodium
laurel sulfate (SLS) and nonionic surfactant Triton X-100
had little effect on the system. But cationic surfactants, such
as cetyltrimethyl ammonium bromide (CTAB), cetylpyr-
idine bromide (CPB), have obvious enhancement on the
fluorescence. From above results, it could be seen that the
biggest ΔI was obtained in AgNPs-CU-fsDNA-CTAB
system. So CTAB was used in the system.

The effect of CTAB concentration is also tested and
shown in Fig. 3a. It is found that the ΔI of this system
reaches a maximum when the concentration of CTAB is
8.0×10−5 mol L−1. So 8.0×10−5 mol L−1 is chosen for
further research.

Figure 3b show that the variation of the electrical
conductivity with CTAB concentration. The critical micelle
concentration (CMC) is obtained from the interception of
conductivity lines above and below the apparent CMC. The

Fig. 3 a Effect of the concentration of CTAB. 1. If 2. I0 3.ΔI. b The
conductivity of the system. Conditions: AgNPs: 1.6×10−6 g mL−1; CU:
1.0×10−6mol L−1; fsDNA: 1.0×10−6 g mL−1; BR: 4.0×10−3 mol L−1

Fig. 2 Effect of pH. 1. If 2. I0 3.ΔI. Conditions: CTAB: 8.0×
10−5 mol L−1; AgNPs: 1.6×10−6 g mL−1; CU: 1.0×10−6molL−1;
fsDNA: 1.0×10−6 g mL−1; BR: 4.0×10−3mol L−1
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concentration 6.2×10−4 mol L−1 may be regarded as the
CMC of CTAB in this system. So it can be seen that the
selected concentration of CTAB is below its CMC, which
show that CTAB exists as the pre-micelle or monomer in
the studied system.

Effect of AgNPs concentration

From Fig. 4, it could be seen that the value of ΔI of the
system remains the maximum when the concentration of
AgNPs is in range of 1.6×10−6–4.0×10−6 g mL−1. And
when the concentration of AgNPs is 1.6×10−6 g mL−1, If/I0
(%) value of this system reaches a maximum and the value
of I0 is lower. Considering the effect of regent blank of the
system, 1.6×10−6 g mL−1 AgNPs is chosen for further
experiment.

Effect of CU concentration

The effect of the concentration of CU is tested and shown
in Fig. 5. It could be seen that the ΔI of this system reached
a maximum when the concentration of CU is 1.0×
10−6 mol L−1, So 1.0×10−6 mol L−1 is chosen for further
experiment.

Adding sequence and signal stability

The effect of adding sequence and signal stability on the
fluorescence intensity are also investigated. The experi-
ments indicate that the addition sequence of reagents affects
the ΔI of the system, and the order of BR, CTAB, CU,
AgNPs and fsDNA is the best.

Under the optimum condition, the effect of time on the
fluorescence intensity is studied. The results show that the

ΔI reaches a maximum at 5 min after all the reagents
added, and it remains stable for over 55 min.

The fluorescence photobleaching property of the system
is monitored under continuous irradiation of the excitation
light (λex=396 nm) with a pulsed-xenon flash lamp as the
source lamp with 20 kW for 8 μs duration. The result
indicated that after adding AgNPs to the CU-CTAB-fsDNA
system, the time of the fluorescence intensity maintained
with relative error less than ±5% is lengthened from 7 to
33 min. Therefore, the system of AgNPs-CU-CTAB-
fsDNA appears highly stable against fluorescence photo-
bleaching property.

Effect of foreign substances

The interference of foreign substances is shown in Table 1.
It is found that most of the amino acids, metal ions and
nucleotides have little effect on the determination of fsDNA
within ±5% relative error.

Analytical applicayion

The calibration graph and detection limits

Under the optimum conditions defined, the calibration
graphs for fsDNA , ctDNA and yRNA were obtained
(Table 2) and showed that there was a linear relationship
between the ΔI of the system and the concentration in the
range of 2.0×10−8–1.0×10−6 g mL−1 for fsDNA, 2.0×
10−8–1.0×10−6 g mL−1 for ctDNA, 1.0×10−8–1.0×
10−6 g mL−1 l for yRNA, their detection limits (S/N=3)
are 8.0 ng mL−1, 10.5 ng mL−1 and 5.8 ng mL−1

respectively.

Fig. 5 Effect of CU. 1. If 2. I0 3.ΔI. Conditions: CTAB: 8.0×
10−5 mol L−1; AgNPs: 1.6×10−6 g mL−1; fsDNA: 1.0×10−6 g mL−1;
BR: 4.0×10−3 mol L−1

Fig. 4 Effect of AgNPs. 1. If 2. I0 3.ΔI 4. If/I0. Conditions: CTAB:
8.0×10−5 mol L−1; CU: 1.0×10−6molL−1; fsDNA: 1.0×10−6 g mL−1;
BR: 4.0×10−3 mol L−1
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Determination of actual sample

An actual sample of plasmid DNA (offered by School of
Life Science, Shandong University) is tested by the
standard addition method. The content of DNA in the
sample is 7.0×10−4 g mL−1, which is obtained by using a
Biophotometer(Eppendorf Co.). The sample is diluted 7000
times and determined by this proposed method, the mean
value of the three measurements was 6.8×10−4 g mL−1 and
the relative standard deviation was 1.3% (n=3). Hence, the
proposed method was suitable for the determination of trace
amount of nucleic acids in this sample.

Interaction mechanism of the system

Assembly behavior of AgNPs

The resonance light scattering (RLS) technique is available
to provide some insight into the process responsible for the
formation of the complex. It can be seen form Fig. 6 that

the RLS intensity of CU-CTAB is weak, but the RLS
spectrum is obviously enhanced in the present of AgNPs,
which indicates that the complex of AgNPs-CU-CTAB is
formed. And when fsDNA is added to AgNPs-CU-CTAB
complex, the RLS intensity is greatly enhanced. According
to the RLS theory, it is concluded that the larger complex of
AgNPs-CU-CTAB-fsDNA is formed and the size of nano-
particles are enlarged.

The TEM images of AgNPs(a), AgNPs -CTAB-CU(b)
and AgNPs-CTAB -CU-fsDNA(c) show in Fig. 7. From

Fig. 6 Resonance light scattering spectra of the system. 1. CU 2. CU-
AgNPs 3.CU-CTAB 4. CU-CTAB-AgNPs 5. CU-CTAB-fsDNA-
AgNPs. Conditions: CTAB: 8.0×10−5 mol L−1; AgNPs: 1.6×
10−6 g mL−1; CU: 1.0×10−6mol L−1; fsDNA: 1.0×10−6 g mL−1;
BR: 4.0×10−3 mol L−1

Foreign substance Concentration coexisting ×10−6mol L−1 Change of ΔI (%)

K+ 40 −5.9
Na+ 30 −5.0
Mg2+ 35 −6.7
NH4

+ 6.0 +3.7

Ca2+ 15 4.8

Fe3+ 2.0 −3.8
Cu2+ 1.5 −6.3
L-Cys 12 6.7

Pro 8.0 +3.6

L-His 40 −4.5
L-Asp 5.0 5.6

L-phe 8.0 5.7

GMP 4.0 5.7

AMP 4.0 5.5

CMP 3.0 5.3

UMP 2.0 5.3

TMP 1.0 5.4

BSA 3 μg mL−1 −3.0
HSA 3 μg mL−1 −4.8

Table 1 Interference from for-
eign substance

Conditions: CTAB:
8.0×10−5 mol L−1 ;
AgNPs: 1.6×10−6 g mL−1 ;
CU: 1.0×10−6 mol L−1 ;
fsDNA: 4.0×10−7 g mL−1 ;
BR: 4.0×10−3 mol L−1

Table 2 Analytical parameters of this method

Nucleic acid Linear range(g mL−1) ra LODb(ng mL−1)

fsDNA 2.0×10−8–1.0×10−6 0.997 8.0

ctDNA 2.0×10–8−1.0×10–6 0.995 10.5

yRNA 1.0×10−8–1.0×10−6 0.999 5.8

a Correlation coefficient b limit of detection
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Fig. 7(a), it can be seen that AgNPs are spherical in shape
and the size of the AgNPs is about 20 nm, and they are well
dispersed. When CU and CTAB are added to AgNPs
solution, nanoparticles congregate partly and their size are
not obviously changed (Fig. 7b). However, after adding
fsDNA to AgNPs-CU-CTAB system, it can be seen that
nanoparticles congregate greatly and their size are about
40 nm (Fig. 7c).

Interaction between CU-CTAB-AgNPs and fsDNA

Curcumin is a diferuloyl mechane molecule containing two
ferulic acid residues joined by a methylene bridge. Due to
its β-diketone moiety, it undergoes keto-enol tautomerism.
It is well known that in solution and solid phase, curcumin
exists entirely as enol form CU [23, 24], which has a
symmetrical conjugated π-bond system. Figure 8 exhibits
that CU has a maximum absorption peak at about 425 nm
and a shoulder peak at about 365 nm, this band corresponds
to an electronic dipole allowed π-π*, and intramolecular
charge-transfer transition. It can be seen that AgNPs have
weak absorption peak at 423 nm corresponding to their

plasmon resonance absorption, which reflects that the
formation of AgNPs (inset Fig. 8). Under adding both
CTAB and AgNPs into CU solution, this system appear the
highly broadened and red-shifted band of CU, which is
considered to be attributed to the exciton coupling between
electronic dipole transition moments of the feruloyl parts
rotated around the central methylene group [25, 26]. In
other words, AgNPs-CTAB complex is combined on the
centre of CU. Comparison of the absorption spectrum of
AgNPs-CU-CTAB (vs. CU-CTAB ) to that of AgNPs-CU-
CTAB-fsDNA (vs. CU-CTAB-fsDNA) demonstrate that a
red shift and broadening in absorption, the peak of the
system shifts from 380 nm to 423 nm. This indicates the
later formed larger aggregation [27]. That is in accordance
with the result of TEM.

From Fig. 9, we can find that the ζ of CU-CTAB-AgNPs
is about +133 mV in BR buffer. With the addition of
fsDNA, ζ of the system decreased. We think that it is
attributed to the binding of positive charged CU-CTAB-
AgNPs with negatively charged fsDNA. These indicate that
there exist electrostatic interactions among CU-CTAB-
AgNPs and fsDNA.

The CD-spectra in the UV range can be used to monitor
the conformational transition of DNA [28, 29]. In order to
explain the interaction between fsDNA and AgNPs-CU-
CTAB system, the CD spectra of the system are studied and
shown in Fig. 10. It is known that a positive Cotton effect at
278 nm corresponding to base stacking, and a negative
Cotton effect at 248 nm corresponding to helicity in the CD
spectrum of fsDNA. Upon adding CTAB to fsDNA
solution, the positive peak decreases obviously in height
with a red shift of both the positive and the negative peaks.
We think that CTAB could induce the structural change of
base stacking and helicity of fsDNA. After adding AgNPs
and CU to CTAB-fsDNA system, the positive peak shifts to
shorter wavelength and increases a little and the negative
peak shifts to longer wavelengths, which prove that the
conformation of fsDNA is changed for the synergistic effect
of CTAB, AgNPs and CU.

Fluorescence enhancement mechanism

The ratio of emission intensities for first and third vibronic
bands of pyrene monomer (I1/I3) is a well established
parameter, which reflects the polarity changes of a system
experienced by the pyrene probe [30]. A low value reflects
a lower polar environment than a high value. The experi-
ments indicate that the I1/I3 values of the pyrene in the
systems of fsDNA, CTAB-fsDNA and AgNPs-CTAB-
fsDNA are 1.73, 1.50 and 1.42, respectively. This indicates
that AgNPs-CTAB-fsDNA provide a microenvironment
with low polarity for CU, resulting in the enhancement of
the fluorescence intensity of CU in the AgNPs-CU-CTAB-

Fig. 7 a,b,c Transmission electronic microscopy. a. AgNPs b. CU-
CTAB-AgNPs c. CU-CTAB-fsDNA-AgNPs. Conditions: CTAB: 1.0×
10−4 mol L−1; AgNPs: 1.6×10−5 g mL−1; CU: 1.0×10−5mol L−1;
fsDNA: 1.0×10−5 g mL−1; BR: 4.0×10−3mol L−1
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fsDNA system. Moreover, the microviscosity of the
microenvironment could be estimated using the fluores-
cence polarization of fluorescence probe, according to
Perrin equation [31]. A large value reflects a larger
microviscosity than a low value. The experimental results
show that the fluorescence polarizations of the systems of
CU-fsDNA, CU-fsDNA-CTAB and CU-fsDNA-CTAB-
AgNPs are 0.379, 0384 and 0.456, respectively. This
indicates that fsDNA-CTAB-AgNPs provide a hydrophobic
environment with high microviscosity for CU. In addition,
the hydrophobic environment of AgNPs-CTAB-fsDNA
system could also prevent the collision between complex
and water and decrease the energy loss of the CTAB-CU-
AgNPs-fsDNA system. Thus, the fluorescence quantum

yield is improved and the fluorescence intensity of CU
system is significantly enhanced.

As discussed above, upon adding fsDNA to the AgNPs-
CU-CTAB system, the fluorescence intensity is strongly
enhanced and nanoparticles congregate greatly and their sizes
are enlarged. According to the previously studies [27], we
concluded that an optimum distance between CU and the
surface of the AgNPs, resulting from the synergistic effect of
CTAB and fsDNA, is another reason of the fluorescence
enhancement and anti-photobleaching activity improvement.
And more detail investigation on the fluorescence enhance-
ment mechanism of the system is still in progress.

Conclusions

AgNPs can further enhance the fluorescence intensity of CU-
CTAB-nucleic acids and improve its anti-photobleaching
activity. Based on this, a simple and sensitive method for the
determination of nucleic acid has been established. The
detection limits is down to 10−9 g mL−1 level. The results
for the determination of DNA in actual samples are
satisfactory. The interaction mechanism investigation indi-
cates the larger aggregation of CU-CTAB-AgNPs-fsDNA is
formed through electrostatic interaction and hydrophobic
interaction. In addition, the reasons for the fluorescence
enhancement of the system of AgNPs-CU-CTAB-fsDNA
may be that an optimum hydrophobic environment with low
polarity and large microviscosity for CU is provided by
AgNPs-CTAB-fsDNA system and an optimum distance
between CU and the surface of the AgNPs, resulting from
the synergistic effect of CTAB and fsDNA.

Fig. 10 The CD spectra of AgNPs-CU-CTAB and fsDNA system. 1.
fsDNA; 2. AgNPs-CU-fsDNA; 3. CTAB-fsDNA; 4.AgNPs-CU-
CTAB-fsDNA. Conditions: CTAB: 8.0×10−5 mol L−1; AgNPs: 1.6×
10−6 g mL−1; CU: 1.0×10−6 mol L−1; fsDNA: 5.0×10−5 g mL−1;
BR:4.0×10−3 mol L−1

Fig. 9 The ζ of the system. Conditions: CTAB: 8.0×10−5 mol L−1;
AgNPs: 1.6×10−6 g mL−1; CU: 1.0×10−6mol L−1; BR: 4.0×
10−3 mol L−1

Fig. 8 Absorption spectra of the system. 1. CU 2. CU-CTAB 3. CU-
CTAB-AgNPs 4. AgNPs-CU-CTAB (vs. CU-CTAB) 5. AgNPs-CU-
CTAB-fsDNA (vs. CU-CTAB-fsDNA). Conditions: CTAB: 8.0×
10−5 mol L−1; AgNPs: 1.6×10−6 g mL−1; CU: 1.0×10−6mol L−1;
fsDNA: 1.0×10−6 g mL−1; BR: 4.0×10−3 mol L−1
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