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A C-Ag+-C structure-based fluorescence biosensor with novel combination design of exonuclease III (Exo III) dual-recycling
amplification is proposed for the application of silver ions (Ag+) detection. Since oligo-1 involves C-C mismatches, the presence of
Ag+ can be captured to form C-Ag+-C base pairs, which results in a double-helix structure with a blunt terminus. ,e double-helix
structure can be cleaved by EXO III to release short mononucleotide fragments (trigger DNA) and Ag+. Released Ag+ can form new
bindings with oligo-1, and other trigger DNA can be produced in the digestion cycles. Hybridization with the signal DNA (oligo-2)
transforms a trigger DNA into double-stranded DNA with blunt terminus which can be cleaved by Exo III to reproduce the trigger
DNA and form guanine- (G-) quadruplex DNA. ,e trigger DNA returns free to the solution and hybridizes with another signal
DNA, which realizes the dual-recycling amplification. ,e G-quadruplex DNA can be reported by N-methylmesoporphyrin IX
(NMM), a specific G-quadruplex DNA fluorochrome. ,is method allows Ag+ to be determined in the 5 to 1500 pmol/L con-
centration range, with a 2 pmol/L detection limit, and it has been successfully applied to the detection of Ag+ in real samples.

1. Introduction

Silver is the oldest known metal and widely used in pho-
tography, pharmacy, and semiconductor industry [1, 2].
However, silver ions (Ag+) are one of the most hazard-
ous metal pollutants that can be widely distributed in air,
water, soil, and even food [3–6]. Furthermore, due to the
interaction with various metabolites and inactivating sulf-
hydryl enzymes, Ag+ can produce dose-dependent cyto-
pathogenic effects in many types of cells including human
gingival fibroblast, keratinocytes, human tissue mast cell,
and endothelial cell [7–9]. ,erefore, it is of great impor-
tance to develop a sensitive and selective method for Ag+
detection in environmental, biomedical, food, and other
related samples. Traditional methods for detecting trace
amounts of Ag+ include atomic absorption spectrometry
(AAS) [10, 11], inductively coupled plasma-mass spec-
trometry (ICP-MS) [12–14], and ionic selective electrode
(ISE) [15]. However, the expensive instrumentation, the

complex sample preparations, and the need for skilled
technicians limit the applications of these traditional
methods [16, 17].,us, the development of rapid and simple
methods for Ag+ detection is an urgent need.

Recently, the high specificity of the interaction of
nucleic acid bases with metal ions has been successfully
used in the study of heavy metal ion detection. Ono et al.
reported that Ag+ could interact with cytosine (C) base
selectively to form a stable C-Ag+-C structure through
coordinate bonds, which transforms the single-stranded
DNA into a double-helix structure. Also, the specific
C-Ag+-C interaction guarantees excellent selectivity be-
cause the C-C mismatches have interaction with Ag+ in-
stead of other metal ions [18, 19]. Compared with various
Ag+ biosensors applying this principle such as colorimetric
biosensors [20, 21] and electrochemical biosensors
[22, 23], fluorescent biosensors have attracted tremendous
attention owing to their operational convenience, less
time-consumption, and high sensitivity [5, 24].
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,ese methods based on combining metal ions analysis
with enzymatic amplification strategies have been de-
veloped and recognized as a powerful tool to improve the
sensitivity for metal ions detection [25–27], especially the
enzymatic amplification strategies based on Exo III, pre-
senting simple and sensitive detection of metal ions
[27, 28]. Compared with other nicking endonuclease,
which requires specific recognition sites, Exo III can se-
lectively catalyze the stepwise removal of mononucleotides
from the blunt or the recessed 3′-termini of double-
stranded DNA (DNA hairpin) without any requirement
of specific recognition sites, and this action is limited while
3′-overhang ends of double-stranded DNA or single-
stranded DNA [29, 30]. ,erefore, Exo III provides huge
value for amplified metal ions detection.

In this study, we demonstrate a homogeneous fluores-
cence biosensor for Ag+ detection using the C-Ag+-C
structure with signal amplification by Exo III-assisted dual-
recycling. Based on the C-Ag+-C structure, Ag+ can be
captured by oligo-1 to form the DNA hairpin with blunt
terminus which can be digested by Exo III, producing short
mononucleotide fragment (trigger DNA) and releasing the
Ag+ for a new cycle. Similarly, based on the Exo III-assisted
amplification, released trigger DNA repeatedly open oligo-2
and promote the generation of plentiful G-quadruplex DNA.
N-Methylmesoporphyrin IX (NMM) is selected as the
fluorochrome because its fluorescence intensity presented
apparent enhancement, owing to the formation of the
G-quadruplex-NMM complex [31, 32]. ,e proposed
method displays high distinction efficiency towards Ag+

against other environmentally relevant metal ions, and it is
successfully applied to the detection of Ag+ in real samples.

2. Experimental Section

2.1. Reagents. Oligo-1 and oligo-2 are the sequences of
capture DNA and signal DNA, respectively. ,e oligo-1 and
oligo-2 were separately heated at 90°C for 10min and then
slowly cooled to room temperature to form the satisfactory
hairpin loop. All oligonucleotides were synthesized and
purified by Sangon Bioengineering Technology and Services
Co. Ltd. (Shanghai, China). Exo III was purchased from the
,ermo Fisher Scientific Inc. (USA). Tris, potassium nitrate,
magnesium nitrate, and silver nitrate were purchased from
Sinopharm Chemical Reagent Co. Ltd. (Beijing, China). N-
Methylmesoporphyrin IX (NMM) was purchased from Lark
technology Co. Ltd. (Beijing, China). All reagents used were
of analytical reagent grade. Nanopure water (18.1MΩ) was
obtained from a 350 Nanopure water system (Guangzhou
Crystalline Resource Desalination of Sea Water and Treat-
ment Co. Ltd.) and was used in all experiments. All oli-
gonucleotides stock solutions were prepared by dissolving
oligonucleotides in the Tris-HNO3 buffer (50mmol/L, pH
7.0, 100mmol/L NaNO3, and 5mmol/L Mg(NO3)2). All the
solutions were stored at 4°C before using.

2.2. Apparatus and Conditions. ,e value of pH was mea-
sured by using a pH meter (pHS-3E, Shanghai Lei-ci

Instrument Plant, China). Fluorescence was measured by
F-4600 Hitachi fluorescence spectrometer (Japan) equipped
with a xenon lamp excitation source under 25°C using a
quartz cell of 1 cm path length. ,e excitation wavelength
was 399 nm, and the emission spectra were collected from
580 to 650 nm.,e fluorescence intensity at 614 nmwas used
to choose the optimal experimental conditions and evaluate
the performance of the sensing system. ,e excitation and
emission slit widths were both set at 5 nm.

2.3. Sensor Fabrication. For the sensing procedure, 10 nmol/
L oligo-1, 40 nmol/L oligo-2, 10U Exo III, and different
concentrations of Ag+ (buffer for blank) were incubated at
37°C for 50min. ,en, 50mmol/L K+, 160 nmol/L NMM,
and Tris-HNO3 buffer solution were added. ,e final so-
lution with a total volume of 500 μL was incubated at 37°C
for 10min followed by the fluorescence measurement.

2.4. Real Sample Measurements. Fluorescence spectrometry
was applied to detect Ag+ in Huguang Lake water of
Zhanjiang City and human sera to verify the feasibility of
this method.,e impurities in the water sample were filtered
through a filter membrane with the pore size of 0.45 μm.
Next, aliquots of the lake water samples or human sera
samples were spiked with a stock solution of Ag+ and diluted
5 times with higher concentration of Tris-HNO3 buffer. ,e
Ag+ fluorescence measurement was then performed in the
same method.

3. Results and Discussion

3.1. Principle of the Biosensor. ,e fluorescence biosensor of
Ag+ is constructed based on the C-Ag+-C structure and Exo
III-assisted dual-recycling amplification, and relevant ex-
perimental principle is illustrated in Figure 1. ,e hairpin
probe 5′-ACC CAA ATG GGT AGG GCT AGGC GCC
CTA CCC ATT TCC CT-3′ is designed as capture DNA
(oligo-1), the underlined sequence is the stem region, and
there are three mismatches of C-C bases at 5′ termini and 3′
termini (bold sequence). In the absence of Ag+, Exo III has
no cleavage activity on 3′-protruding termini, and oligo-1
cannot be digested by Exo III. However, oligo-1 can capture
Ag+ through C-C mismatches to form C-Ag+-C base pairs
with the presence of Ag+. ,e C-Ag+-C interaction trans-
forms the stem region of oligo-1 into a double-helix
structure with blunt terminus. ,en, Exo III selectively
digests the double-helix structure in the direction of 3′ to 5′,
and Ag+ is released for new binding with the other oligo-1.
With each digestion cycle, a digestion product (5′-ACC
CAA ATG GGT AGG GCT AGG C-3′, trigger DNA) is
obtained. ,e trigger DNA can open the hairpin probe 5′-
TGG GTA GGG CGG GTT GGG TTT TTT GCC CTA
CCC ATT TGG GT-3′ (signal DNA, oligo-2) to form DNA
hairpin with blunt 3′-termini which can be cleaved by Exo
III, producing the G-rich fragment (bold sequence) locked
by the underlined sequence before digestion. ,e released
trigger DNA can hybridize with another signal DNA, which
realizes the dual-recycling amplification, and the free G-rich
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fragment in oligo-2 can form G-quadruplex-NMM complex
with �uorescence enhancement. �us, the concentration of
Ag+ could be easily monitored by observing �uorescence
changes of this sensing system.

3.2. Feasibility of the Biosensor. To investigate the possibility
of the assay, �uorescence emission spectra of di�erent
mixtures were recorded. Figure 2 shows a low signal when it
is capture DNA with Ag+ (curve a). Similarly, the �uores-
cence signal of signal DNA with Ag+ (curve b) or capture
DNAwith signal DNA (curve c) is almost the same as that of
curve a due to the lack of G-rich sequence; therefore, it is
di�cult to distinguish curve a, b, and c in Figure 2. �e
�uorescence intensity had only a slight increase (curve d)
with the introduction of Exo III, which means the G-rich
sequence cannot be released e�ciently in the absence of Ag+.
However, with the addition of Ag+, the �uorescence in-
tensity is increased obviously (curve e), because the Ag+ and
capture DNA hybridize based on the formation of the
C-Ag+-C structure. Under the cleavage of Exo III, a number
of trigger DNA are produced. �ese trigger DNA can hy-
bridize with oligo-2 to form DNA hairpin with blunt ter-
minus, which can be digested by Exo III to release G-rich
fragment, resulting in strong signals. �e results above
strongly prove the feasibility of the proposedmethod for Ag+
detection.

3.3. Optimization of the Experimental Condition. To maxi-
mize the response signal of the proposed biosensor, various
conditions were optimized. A key concept in our work is the
cutting e�ect of EXO III and the formation of the

G-quadruplex-NMM complex. �erefore, the following
factors: the incubation time and temperature of Exo III, the
concentration of Exo III and signal DNA, the signal DNA/
capture DNA ratio, and pH value were optimized to control
the �uorescence signal. �eir e�ects on the change of
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Figure 1: Scheme for detection of Ag+ with the dual-recycling ampli�cation of exonuclease III.
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Figure 2: Fluorescence emission spectra of di�erent solutions:
(a) 10 nmol/L oligo-1 + 1500 pmol/L Ag+; (b) 40 nmol/L oligo-
2 + 1500 pmol/L Ag+; (c) 10 nmol/L oligo-1 + 40 nmol/L oligo-2;
(d) 10 nmol/L oligo-1 + 40 nmol/L oligo-2 + 10U Exo III; (e)
10 nmol/L oligo-1 + 40 nmol/L oligo-2 + 10U Exo III + 1500 pmol/
L Ag+. Experimental conditions: 50mmol/L K+ and 160 nmol/L
NMM.
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�uorescence intensity (ΔI) were estimated through the
equation ΔI� Itarget− Iblank, where Iblank represents the
�uorescence intensity of the mixture of oligo-1, oligo-2, and

Exo III and Itarget denotes the �uorescence intensity of the
mixture of oligo-1, oligo-2, and Exo III in the presence of
1500 pmol/L Ag+.
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Figure 3: Optimization of experimental conditions: (a) e�ect of the incubation time of Exo III digestion; (b) e�ect of Exo III concentration;
(c) e�ect of signal DNA concentration; (d) e�ect of the incubation temperature; (e) e�ect of the signal DNA/capture DNA ratio; (f ) e�ect of
the pH value. Experimental conditions: 10 nmol/L oligo-1, 40 nmol/L oligo-2, 10U Exo III, 50mmol/L K+, and 160 nmol/L NMM. Error
bars represent the standard deviation of three independent experiments.
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As shown in Figure 3(a), ΔI reaches a maximum when
the incubation time is 50min and remains relatively stable in
longer reaction time. �is result indicated that further in-
cubation time (more than 50min) was not necessary for the
cycles. As displayed in Figure 3(b), ΔI reaches the maximum
and remains a steady value when the amount of Exo III
increases to 10U.�us, the amount of Exo III was set at 10U
for subsequent experiments. Furthermore, the concentration
of signal DNA has been explored. A strong background
signal is an unavoidable result of high concentration of
signal DNA, and the optimal concentration of signal DNA
was set as 40 nM according to Figure 3(c). As displayed in
Figure 3(d), experiments showed Exo III had a much better
activity at a temperature of 37°C. �erefore, all the exper-
iments were conducted at 37°C. In addition, ΔI reached a
maximum when the signal DNA/capture DNA ratio was 4
and decreased along with the ratio exceeding 4 Figure 3(e).
Hence, 4 was chosen as the optimal signal DNA/capture
DNA ratio in the following experiments. Ultimately, as
demonstrated in Figure 3(f ), ΔI reaches a maximum when
the pH� 7.0. Consequently, the optimal value of pH was set
as 7.0.

3.4. Sensitivity of the Biosensor. �e sensitivity of the bio-
sensor was investigated with di�erent concentrations of Ag+
under optimum conditions. As shown in Figure 4, the
�uorescence intensity increases with the increasing Ag+

concentration. �e intensity is proportional to the con-
centration of Ag+ over the range from 5 pmol/L to
1500 pmol/L, with a linear regression equation of
I� 0.07°C+ 17.48 (C: pmol/L, R� 0.998, C represents the
concentration of Ag+, and I denotes the �uorescence in-
tensity) and a detection limit of 2 pmol/L, which is obtained
from the equation of DL� 3b/slope (b: relative standard
deviation of the blank sample; slope: the slope of linear
regression equation).

�e comparisons with other methods are listed in Table 1.
�e detection limit of our proposed assay is considerably
satisfactory, which is lower than those of some reported
methods.�erefore, the proposed biosensor for Ag+ detection
represents a promising practical application.

3.5. Selectivity, Reproducibility, and Stability of the Biosensor.
To evaluate the ion selectivity of the proposed biosensor, an
assay was applied by using other environmentally relevant
metal ions including Na+, Hg2+, Pd2+, Cd2+, Cu2+, Zn2+,
Ni2+, Al3+, and Fe3+ (15 nmol/L), and the responses were
investigated under the same conditions as the case of Ag+.
According to Figure 5, compared with other metal ions, the
addition of Ag+ (1.5 nmol/L) has a remarkable change in the
�uorescence signal. �is result reveals that Ag+ can spe-
ci�cally interact with C-C mismatches to form strong and
stable C-Ag+-C structures, indicating that the sensing system
provides excellent speci�city and selectivity for the detection
of Ag+ against other interfering metal ions at higher
concentrations.

To estimate the reproducibility of the proposed bio-
sensor, nine repetitive measurements on 1.5 nmol/L Ag+

were performed and yielded reproducible response current
signals with a relative standard deviation of 0.7%. �e
stability of the Ag+ sensing assay was also investigated by
repetitive experiments. �e result indicated that the
�uorescence intensity decreased <6.5% (RSD � 1.2%) after
10 continuous scans. All these experimental results showed
that this biosensor has a very good reproducibility and
stability.

3.6. Ag+ Detection in Real Samples. �e application of the
proposed biosensor in real samples was investigated by
measuring the recovery of spiked Ag+ in Huguang lake water
(Table 2) and human sera (Table 3). �e recovery was in the
range of 99.5–105.8% for four Huguang lake water samples
with relative standard deviation (RSD) of 1.9–4.8%. For the
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Figure 4: Fluorescence spectra (a) and calibration plot (b) for Ag+.
Experimental conditions: 10 nmol/L oligo-1, 40 nmol/L oligo-2,
10U Exo III, 50mmol/L K+, 160 nmol/L NMM, and 50min in-
cubation time. Error bars represent the standard deviation of three
independent experiments.
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human sera, the respective data were 96.6–108.0% and
3.1–6.1%. �e results were then compared with those ob-
tained through atomic absorption spectrometry (AAS),
which served as a reference standard. �e promising values
of recovery and RSD con�rm �ne reliability and great
practicability of the proposed biosensor for Ag+ detection in
real samples.

4. Conclusions

In this work, we have developed a simple, sensitive, selective
and homogeneous �uorescence biosensor for the Ag+ de-
tection based on the C-Ag+-C structure and Exo III-assisted
dual-recycling ampli�cation. �ere are several signi�cant
advantages of the proposed biosensor. Firstly, the developed

Table 1: Comparison of the proposed assay with some reported methods.

Signal ampli�cation strategy Linear range Detection limit Apply to real samples Reference
Quartz crystal microbalance (QCM) and silver-
speci�c DNAs 100 pmol/L–1 μmol/L 100 pmol/L Yes [33]

Single-layer MoS2 nanosheets 1 nmol/L–100 nmol/L 1 nmol/L Yes [34]
Nanoporous gold/anionic intercalator 0.1 nmol/L–1 μmol/L 0.48 pmol/L Yes [35]
Cationic polymer-directed AuNPs aggregation 80 nmol/L–10000 nmol/L 48.6 nmol/L No [36]
Hemin/G-quadruplex nanowire 0.1 nmol/L–100mmol/L 0.05 nmol/L Yes [37]
Nanographite-DNA hybrid and DNase I 1 nmol/L–200 nmol/L 0.3 nmol/L Yes [38]
HAC-DNA interaction 0.1 μmol/L–75 μmol/L 58 nmol/L No [39]
C-Ag+-C structure and exonuclease III 5 pmol/L–1500 pmol/L 2 pmol/L Yes �is work
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Figure 5: Selectivity of the biosensor. Experimental conditions: 10 nmol/L oligo-1, 40 nmol/L oligo-2, 10U Exo III, 50mmol/L K+,
160 nmol/L NMM, and 50min incubation time. �e concentration of Ag+ was 1.5 nmol/L, and the concentrations of other metal ions were
15 nmol/L. Error bars represent the standard deviation of three independent experiments.

Table 2: Determination of Ag+ in Huguang lake water samples (n � 3).

Samples Added (pmol/) Proposed method (mean± SD) (pmol/L) AAS (mean± SD) (pmol/L)
1 5.0 5.1± 0.3 4.8± 0.1
2 50.0 52.9± 1.8 49.1± 1.4
3 500.0 506.7± 12.0 503.4± 16.3
4 1500.0 1493.4± 28.5 1520.1± 34.5
Mean represents the average of three determinations; SD, standard deviation.

Table 3: Determination of Ag+ in human sera samples (n � 3).

Samples Added (pmol/) Proposed method (mean± SD) (pmol/L) AAS (mean± SD) (pmol/L)
1 5.0 5.4± 0.2 5.1± 0.1
2 50.0 48.3± 1.6 49.3± 1.7
3 500.0 511.2± 13.4 506.9± 11.0
4 1500.0 1481.2± 26.8 1543.6± 21.3
Mean represents the average of three determinations; SD, standard deviation.
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method is highly selective because of the C-Ag+-C co-
ordination chemistry, which enables accurate detection of
Ag+ in the presence of other metal ions. Besides, the de-
veloped method greatly lowers the detectable limit towards
Ag+ down to 2 pmol/L due to Exo III-assisted dual-recycling
amplification. Moreover, the proposed biosensor has ex-
cellent reproducibility for Ag+ detection. ,erefore, we
believe that the developed analytical method has great po-
tential applications in the Ag+ detection in real environ-
mental, biomedical, and other samples.
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and P. Bühlmann, “Highly selective detection of silver in the
low ppt range with ion-selective electrodes based on
ionophore-doped fluorous membranes,” Analytical Chemis-
try, vol. 82, no. 18, pp. 7634–7640, 2010.

[16] H. N. Kim,W. X. Ren, J. S. Kim, and J. Yoon, “Fluorescent and
colorimetric sensors for detection of lead, cadmium, and
mercury ions,” Chemical Society Reviews, vol. 41, no. 8,
pp. 3210–3244, 2012.

[17] D. T. Quang and J. S. Kim, “Fluoro- and chromogenic che-
modosimeters for heavy metal ion detection in solution and
biospecimens,” Chemical Reviews, vol. 110, no. 10,
pp. 6280–6301, 2010.

[18] A. Ono, S. Cao, H. Togashi et al., “Specific interactions be-
tween silver(i) ions and cytosine-cytosine pairs in DNA
duplexes,” Chemical Communications, vol. 39, pp. 4825–4827,
2008.

[19] A. Ono, H. Torigoe, Y. Tanaka, and I. Okamoto, “Binding of
metal ions by pyrimidine base pairs in DNA duplexes,”
Chemical Society Reviews, vol. 40, no. 12, pp. 5855–5866, 2011.

[20] H. B. Teh, H. Wu, X. Zuo, and S. F. Y. Li, “Detection of Hg2+

using molecular beacon-based fluorescent sensor with high
sensitivity and tunable dynamic range,” Sensors and Actuators
B: Chemical, vol. 195, pp. 623–629, 2014.

[21] W. Y. Xie, W. T. Huang, N. B. Li, and H. Q. Luo, “Design of a
dual-output fluorescent DNA logic gate and detection of silver
ions and cysteine based on graphene oxide,” Chemical
Communications, vol. 48, no. 1, pp. 82–84, 2011.

[22] Y. Zhou, L. Tang, G. Zeng, C. Zhang, Y. Zhang, and X. Xie,
“Current progress in biosensors for heavy metal ions based on
DNAzymes/DNA molecules functionalized nanostructures: a

Journal of Analytical Methods in Chemistry 7



review,” Sensors and Actuators B: Chemical, vol. 223,
pp. 280–294, 2016.

[23] A. Afkhami, A. Shirzadmehr, T. Madrakian, and H. Bagheri,
“New nano-composite potentiometric sensor composed of
graphene nanosheets/thionine/molecular wire for nanomolar
detection of silver ion in various real samples,” Talanta,
vol. 131, pp. 548–555, 2015.

[24] L. Wang, J. Tian, H. Li, Y. Zhang, and X. Sun, “A novel single-
labeled fluorescent oligonucleotide probe for silver(i) ion
detection based on the inherent quenching ability of deox-
yguanosines,” =e Analyst, vol. 136, no. 5, pp. 891–893, 2011.

[25] M. Hong, M. Wang, J. Wang, X. Xu, and Z. Lin, “Ultra-
sensitive and selective electrochemical biosensor for detection
of mercury (II) ions by nicking endonuclease-assisted target
recycling and hybridization chain reaction signal amplifica-
tion,” Biosensors and Bioelectronics, vol. 94, pp. 19–23, 2017.

[26] W. Yun, W. Xiong, H. Wu et al., “Graphene oxide-based
fluorescent “turn-on” strategy for Hg2+ detection by using
catalytic hairpin assembly for amplification,” Sensors and
Actuators B: Chemical, vol. 249, pp. 493–498, 2017.

[27] C. Fu, H. Yu, L. Su et al., “A homogeneous electrochemical
sensor for Hg2+ determination in environmental water based
on the T-Hg2+-T structure and exonuclease III-assisted
recycling amplification,” =e Analyst, vol. 143, no. 9,
pp. 2122–2127, 2018.

[28] Q. Xu, A. Cao, L.-F. Zhang, and C.-Y. Zhang, “Rapid and
label-free monitoring of exonuclease III-assisted target
recycling amplification,” Analytical Chemistry, vol. 84, no. 24,
pp. 10845–10851, 2012.

[29] J. Li, H. Xi, C. Kong, Q. Liu, and Z. Chen, ““Aggregation-to-
Deaggregation” colorimetric signal amplification strategy for
Ag+ detection at the femtomolar level with dark-field mi-
croscope observation,” Analytical Chemistry, vol. 90, no. 19,
pp. 11723–11727, 2018.

[30] M. Xie, K. Zhang, F. Zhu, H.Wu, and P. Zou, “Strategy for the
detection of mercury ions by using exonuclease III-aided
target recycling,” RSC Advances, vol. 7, no. 80, pp. 50420–
50424, 2017.

[31] Y. Li, R. Li, L. Zou, M. Zhang, and L. Ling, “Fluorometric
determination of Simian virus 40 based on strand displace-
ment amplification and triplex DNA using a molecular
beacon probe with a guanine-rich fragment of the stem re-
gion,” Microchimica Acta, vol. 184, no. 2, pp. 557–562, 2016.

[32] Y. B. Li, S. Liu, Z. K. Zhao, Y. N. Zheng, and Z. R. Wang,
“Binding induced strand displacement amplification for ho-
mogeneous protein assay,” Talanta, vol. 164, pp. 196–200,
2016.

[33] S. Lee, K. Jang, C. Park et al., “Ultra-sensitive in situ detection
of silver ions using a quartz crystal microbalance,” New
Journal of Chemistry, vol. 39, no. 10, pp. 213–220, 2015.

[34] K.Mao, Z.Wu, Y. Chen, X. Zhou, A. Shen, and J. Hu, “A novel
biosensor based on single-layer MoS2 nanosheets for de-
tection of Ag+,” Talanta, vol. 132, pp. 658–663, 2015.

[35] Y. Zhou, L. Tang, G. Zeng et al., “A novel biosensor for
silver(i) ion detection based on nanoporous gold and duplex-
like DNA scaffolds with anionic intercalator,” RSC Advances,
vol. 5, no. 85, pp. 69738–69744, 2015.

[36] F. Wang, Y. Wu, S. Zhan et al., “A simple and sensitive
colorimetric detection of silver ions based on cationic
polymer-directed AuNPs aggregation,” Australian Journal of
Chemistry, vol. 66, no. 1, pp. 113–118, 2013.

[37] G. P. Liu, Y. L. Yuan, S. Q. Wei, and D. J. Zhang,
“Impedimetric DNA-based biosensor for silver ions detection

with hemin/G-quadruplex nanowire as enhancer,” Electro-
analysis, vol. 26, no. 12, pp. 2732–2738, 2015.

[38] Y. Wei, B. Li, X. Wang, and Y. Duan, “Magnified fluorescence
detection of silver(I) ion in aqueous solutions by using nano-
graphite-DNA hybrid and DNase I,” Biosensors and Bio-
electronics, vol. 58, pp. 276–281, 2014.

[39] Z. Wang, J. Zhao, Z. Li, J. Bao, and Z. Dai, “Sequence and
structure dual-dependent interaction between small mole-
cules and DNA for the detection of residual silver ions in as-
prepared silver nanomaterials,” Analytical Chemistry, vol. 89,
no. 12, pp. 6815–6820, 2017.

8 Journal of Analytical Methods in Chemistry



Tribology
Advances in

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 International Journal ofInternational Journal ofPhotoenergy

Hindawi
www.hindawi.com Volume 2018

Journal of

Chemistry

Hindawi
www.hindawi.com Volume 2018

Advances in
Physical Chemistry

Hindawi
www.hindawi.com

 Analytical Methods  
in Chemistry

Journal of

Volume 2018

Bioinorganic Chemistry 
and Applications
Hindawi
www.hindawi.com Volume 2018

Spectroscopy
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Medicinal Chemistry
International Journal of

Hindawi
www.hindawi.com Volume 2018

Nanotechnology
Hindawi
www.hindawi.com Volume 2018

Journal of

Applied Chemistry
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Biochemistry 
Research International

Hindawi
www.hindawi.com Volume 2018

Enzyme 
Research

Hindawi
www.hindawi.com Volume 2018

Journal of

SpectroscopyAnalytical Chemistry
International Journal of

Hindawi
www.hindawi.com Volume 2018

Materials
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International Electrochemistry

International Journal of

Hindawi
www.hindawi.com Volume 2018

N
a

no
m

a
te

ri
a

ls

Hindawi
www.hindawi.com Volume 2018

Journal ofNanomaterials

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ijp/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/jamc/
https://www.hindawi.com/journals/bca/
https://www.hindawi.com/journals/ijs/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ijmc/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/bri/
https://www.hindawi.com/journals/er/
https://www.hindawi.com/journals/jspec/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/ijelc/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

