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Abstract We report on an “off-on” type of fluorescent assay
for silver(I) ion determination that is based on the use of silver-
specific DNA, gold nanoparticles, and Rhodamine B (RhoB).
The random coil cytosine-rich silver-specific DNA undergoes
structural transformation on capturing Ag(l), and this results
in a change in the aggregation status of the gold nanoparticles
and simultaneously affects the fluorescence intensity of RhoB
that was added to the solution. The fluorescence intensity of
RhoB is related to the concentration of Ag(I) in the 2.73 to
1500 ppb range, and the detection limit is 2.73 ppb. The meth-
od was applied to the determination of Ag(I) in (spiked) water
samples. Conceivably, it also may be applied to fluorescence
imaging silver ions and, by using other ion-specific DNAs, to
detect other metal ions.
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Introduction

Environmental pollution caused by heavy metal ions has
become an important worldwide concern [1]. Because of
the increasingly common use of silver in macro-usages
such as battery, bearing, brazing and soldering production,
as well as in the automobile, electronics, photographic,
pharmaceutical and imaging industries [2], pollution by
silver(I) ions has also received extensive attention [3].
Despite not being a bioaccumulative toxin, Ag" absorbed
by human does inactivate sulthydryl enzymes, bind
to amino, imidazole and carboxy groups of various metabo-
lites, and displace essential metal ions such as Ca*" and
Zn*" in hydroxyapatite in bone [4, 5], leading to argyria
and symptoms such as headache, skin irritation, stomach
distress, organ edema, and even death [6]. Therefore, Ag"
has been assigned to the highest toxicity class, surpassed
only by Hg?", and rapid and sensitive detection of it has
been of large interest [7].

Among the available conventional techniques, atomic ab-
sorption spectroscopy (AAS) [8], electrothermal atomic ab-
sorption spectrometry (ETAAS) [9], inductively coupled plas-
ma atomic emission spectrometry (ICP-AES) [10], inductive-
ly coupled plasma mass spectroscopy (ICP-MS) [11], volt-
ammetry [12] and potentiometry [13] are the most commonly
used for Ag" detection. Respectable advantages such as high
accuracy and excellent sensitivity showed by these tech-
niques, but their wide applications in routine Ag" detections
remain limited due to the disadvantages of needing expensive
sophisticated instruments, elaborate sample preparation, well-
trained personnel and time consuming procedures [14]. So
much focus has been turned to developing new methods
which are simple and low cost.

Recent years have witnessed the rapid development of
using functional nucleic acids as the molecular recognition
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elements for the detection of metal ions [15—17]. Generally,
the functional nucleic acids includes aptamer, DNAzyme, G-
quadruplex binding ligand and specific DNA that can selec-
tively bind to its targets [18]. As for Ag" detections, the most
impressive and widely used functional nucleic acid is silver-
specific DNA which riches in cytosine (C) and readily forms a
hairpin structure in the C-Ag'-C configuration in the presence
of the target Ag" [19]. Since Ono et al. firstly reported the
selective capture of Ag” by C-C mismatches [20], several C-
rich oligonucleotides have been designed as silver-specific
DNA and omnifarious silver-specific DNA-based methods
have been developed for Ag" detections by transforming the
formation of C-Ag-C base pairs into colorimetric [21], scat-
tering [19], fluorescent [22—24] and electrochemical [25] sig-
nal output. Among these different kinds of signal output, fluo-
rimetry occupies a considerable proportion due to its opera-
tional simplicity, high sensitivity and real-time detection [26,
27]. And those fluorescent probes for Ag"” could be divided
into two types: “off-on” type, fluorescence enhanced upon
Ag" binding; “on-off” type, fluorescence weakened upon
Ag" binding. It is generally acknowledged that the former type
is superior compared to the latter type due to its better overall
signal processing in biosystems and specificity of mode of
action [28]. However, as the Ag" belongs to the so-called
“silent ions”, the design of “off-on” type probes for it remains
challenging and attractive up to now [29]. Therefore, much
effort should be devoted to the development of highly selec-
tive fluorescent “turn on” probes for Ag" [30].

In this study, a sensitive Ag" quantitative method that uti-
lized silver-specific DNA, gold nanoparticles (AuNPs) and
Rhodamine B (RhoB) was presented. As shown in Scheme 1,
when no target (i.e. Ag") exists, the silver-specific DNA that
named Ag-CC can absorb onto the surface of AuNPs, and the
DNA-absorbed AuNPs can maintain dispersion even at a high
concentration of NaNOs, greatly quenching the fluorescence
of RhoB. However, after the Ag-CC interacts with Ag" to
form C-Ag'-C base pairs, it changes its conformation from a
random coil to a hairpin structure, failing to absorb onto the
AuNPs. Thus the AuNPs stay bare and aggregate induced by
NaNOs, consequently their effect on the fluorescence of RhoB
gets weak. As the fluorescence intensity of RhoB was control
by the aggregation degree of the AuNPs, which was mediated
by the silver-specific DNA, and the DNA amount that plays a

Scheme 1 Schematic
representation of the fluorescent
detection of Ag” in aqueous
solution with Rhodamine B and
silver-specific DNA mediated
gold nanoparticles
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part in mediating the AuNPs correlates with the involved Ag”,
a fluorescent assay for Ag" detection in aqueous solution was
thus established.

Materials and methods
Chemicals and reagents

The sequence of the silver-specific DNA (i.e. Ag-CC) is re-
ferred to previous literature [19], and it was synthesized by
Sangon Biotechnology Inc. (Shanghai, China. www.sangon.
com). Its sequence is 5'-CTCTCTTCTCTTCATTTTTCAA
CACAACACAC-3' (32-mer). HAuCl,; and 3-(N-
morpholino) propanesulfonic acid (MOPS) were obtained
from Sangon Biotechnology Inc., too (www.sangon.com).
Rhodamine B, trisodium citrate, sodium chloride, sodium
hydrosulfide, organic compounds used in selectivity study
and cationic compounds such as nitrates of Ag’, Na*, K*,
Mg2+, Caz+, Ni2+, Zn2+, Fe’" and sulfates of Fe2+, Mn2+,
Cu®" were obtained from commercial sources and used
without further purification. Standard solution (1 mg-mL™",
1000 ppm) of Pb**, Hg*" and Cd*" were purchased from
Merck Co., Inc. (Germany, www.merck.com) and used after
diluted to appropriate concentration with ultrapure water. The
96-well microplate was purchased from Thermo Fisher Scien-
tific Inc. (Nunclon, Denmark, www.thermofisher.com).
Ultrapure water that utilized to prepare all aqueous solutions
was from a Millipore-MilliQ (Milli-Q plus, Millipore Inc,
Bedford, MA, USA, www.millipore.com) system.

Instruments

An analytical transmission electron microscope JEM-2010HT
(Hitachi, Japan, www.hitachi.com) was used to observe the
images of AuNPs. A Microplate Spectro-photometer M200
Pro (Tecan Group Ltd, Switzerland, www.tecan.com) was
employed to determine the aggregation degree of the
AuNPs. A steady-state & time-resolved fluorescence spectro-
fluorometer of the QM/TM/IM model (Photon Technology
International, USA, www.pti-nj.com) was applied to detect
the fluorescence lifetime of the RhoB that treated differently.
A PL-F2X nitrogen laser was used as the excitation source for
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lifetime measurements, with the resulting fluorescence moni-
tored at right angles through an emission monochromator with
a photomultiplier tube and strobe detector. Quartz cells
(1*1 cm) were used for all spectral measurements. The obtain-
ed fluorescence intensity was normalized by dividing the in-
tensity at each time points with the highest fluorescence inten-
sity, and the time which the normalized intensity 1
corresponded was determined as the start time (0 ns). An
F-4500 fluorescence spectrophotometer (Hitachi, Japan,
www.hitachi.com) was used to record the fluorescence
intensity, with the response time of 0.05 s, PMT voltage of
700 V, scan speed of 1200 nm-min"', excitation wave length
of 520 nm and excitation and emission slits of 10 nm. A
Thermostatic incubating device (Eppendorf, China, www.
eppendorf.cn) was used to provide the different incubating
temperatures at which the final solution that containing all
the sensing elements was incubated when studying the
influences of the temperature.

Preparation of AuNPs

The AuNPs were synthesized by sodium citrate reduction of
HAuCl, following a literature procedure [31]. Briefly, a sodi-
um citrate solution (1 % (w/v), 10.5 mL) was rapidly added to
a boiled solution of HAuCl, (100 mL, 0.03 % (w/w)) under
vigorous stirring. The mixed solution was boiled for 10 min
and further stirred for 15 min. The resulting wine-red solution
was cooled to room temperature and filtered, then stored in
dark glass bottles at 4 °C for further use.

Optimization of the sensing system

The volume of each sensing system was set as 500 puL and the
volume of AuNPs added to each sensing system was fixed as
250 uL. The absorbance values at 520 nm (4520) and 650 nm
(4650) were measured, and the absorbance ratio 4=4650/
A520 was recorded to evaluate the aggregation degree of
AuNPs. The increased absorbance ratio value A4=A4-4, was
calculated to indicate the difference of the aggregation degree
of AuNPs, in which 4, stands for the absorbance ratio of the
blank solution and A for the ions treated one. When optimize
the NaNOj; concentration, AuNPs in the sensing system was
treated with NaNOj; of increasing concentration, and the min-
imum NaNO; concentration which can fully aggregate
AuNPs was chose. The Ag-CC concentration was optimized
by comparing the A4 of different sensing system in the ab-
sence and in the presence of 500 ppb Ag” which contain Ag-
CC of different concentration. The RhoB concentration was
optimized by comparing the fluorescence intensity of different
sensing system in the absence and in the presence of 800 ppb
Ag" which contain RhoB of different concentration. The fluo-
rescence intensity of the blank was recorded as F)y and that of
the Ag' treated one was recorded as F, and the relative

fluorescence intensity was calculated as F/F), and the RhoB
concentration which corresponding to the highest F/F, value
was chose.

Procedure for Ag" determination

A typical Ag" analysis was realized as following steps. Firstly,
7.5 uL of Ag-CC solution (1 uM) was mixed with 10 uL Ag"
solution of appropriate concentration. This solution was
allowed to incubate for 10 min at room temperature. Secondly,
250 uL AuNPs was added to the above prepared solution and
the solution was diluted with MOPS buffer (10 mM, pH 7.0)
to 430 pL, and then the solution was allowed to react for
10 min at room temperature. Finally, 30 uL of 2 M NaNO;
and 40 puL of 100 uM RhoB were added. After incubated for
another 10 min under the same condition, the fluorescence
intensity of each sample was monitored. Blank experiments
were carried out by replacing Ag” with ultrapure water. The
fluorescence intensity of the blank was recorded as Fy and that
of the Ag" treated one was recorded as F, and the increased
fluorescence intensity was calculated as (F—Fp). To test the
selectivity of the assay, other competing metal ions and a
series of common organic compounds instead of Ag" were
added in a similar way.

Results and discussion
Sensing mechanism

The sensing system is composed of silver-specific DNA,
AuNPs, NaNO; and RhoB, and each element is prudently
selected for the determination of Ag’. The silver-specific
DNA serves as the recognition probe, besides interacts with
Ag" to form C-Ag'-C base pairs; it mediates the aggregation
status of AuNPs with the help of NaNO;. The AuNPs were
usually used as a colorimetric indicator because of its high
extinction coefficients and distinct size-dependent colors,
while in this assay it was their excellent quenching properties,
which largely depends on their dispersed/aggregated status,
that was favored [32]. The section before the addition of RhoB
is exactly the constitution of the classical colorimetric assay
which based on the aggregation of AuNPs. However, if the
concentration of the analyte is low, inconspicuous color
change will be obtained, which will affect the sensitivity of
the colorimetric assay [33]. Thus RhoB was introduced to
convert the colorimetric signal into fluorescent signal for the
sake of improving the sensitivity.

Proof-of-concept experiments were performed to demon-
strate the mechanism of this assay. As shown in Fig. 1a and b,
the pure AuNPs and the silver-specific DNA-coated ones
were evenly distributed and maintain disperse, which could
effectively weaken the originally high fluorescence of the

@ Springer


http://www.hitachi.com/
http://www.eppendorf.cn/
http://www.eppendorf.cn/

1414

S. Zhan et al.

RhoB (line 1, 2 and 3 in Fig. 1d). The AuNPs aggregated after
Ag" was added (c), accompany with the decrease of their
effect on the fluorescence of RhoB, under which the fluores-
cence of the Rho B recovered to certain extent (line 4 and 5 in
Fig. 1d). These results preliminarily verify the feasibility of
Ag" determination of this assay.

Optimization of RhoB concentration

After the optimization of the NaNOj and Ag-CC concen-
tration (Electronic Supplementary Material, ESM), the
RhoB amount that needed was also investigated. RhoB
was chosen because of its water solubility, photostability,
high extinction coefficient and quantum yield [34]. RhoB
molecules are highly fluorescent, but when they have
been adsorbed noncovalently onto the surfaces of AuNPs
through electrostatic interactions, fluorescence resonance
energy transfer (FRET) and collision occur between RhoB
and the AuNPs, result in almost no fluorescence emission
[35]. As shown in Fig. 2, under the optimal NaNO; and
DNA concentration, without addition of Ag", a majority
of the 250 uL. AuNPs was supposed to maintain disperse
status, and the fluorescence of RhoB were completely
diminished as the RhoB concentration increases from 0
to 6 uM. When the RhoB concentration exceeds 6 uM,
increasing fluorescence of RhoB appeared. When 800 ppb
Ag" was added, fluorescence appeared even the RhoB
concentration was just 4 M. This phenomenon indicates
that the introduction of Ag" induced the aggregation of
the AuNPs, and the effect on the fluorescence of RhoB of
the aggregated AuNPs was greatly weakened compared to

Fig. 1 The transmission electron a) <

microscope (TEM) images of the o

AuNPs solutions and the o .. 0 °
®

fluorescence spectra of the RhoB
that treated with different
substances. (a) AuNPs; (b)
AuNPs+15nM Ag-CC+0.12 M
NaNO;; (¢) AuNPs+15 nM
Ag-CC+800 ppb Ag™+0.12 M
NaNOs; (d) line 1: 8 uM RhoB,;
line 2: 8 uM RhoB+250 uL
AuNPs; line 3: 8 uM RhoB+
250 uL AuNPs+15 nM Ag-CC+
0.12 M NaNOg; line 4: 8 uM
RhoB+250 uLL AuNPs+15 nM
Ag-CC+800 ppb Ag™+0.12 M
NaNOs; line 5: 8 uM RhoB+
250 uL AuNPs+15 nM Ag-CC+
1500 ppb Ag™+0.12 M NaNO;
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the dispersed ones [33]. The possible mechanism of these
results may lie in two routes. One is that the surface-to-
volume ratio of the aggregated AuNPs is much lower than
that of the dispersed ones, thus the amounts of RhoB
absorbed to the surface of aggregated AuNPs is smaller,
which leads to weaker FRET between AuNPs and RhoB
and decreasing quenching ability of the aggregated
AuNPs [33]. The other is the fluorescence inner filter
effect of AuNPs [36]. The dispersed AuNPs which has
strong absorption at 520 nm can filter a part of excitation
light and decrease the available emission light. While in
the condition AuNPs is aggregated, the absorbance at
520 nm decreased, which leads to diminished inner filter
efficient of AuNPs and more light to excite RhoB, thus
more emission light is detected. The inset in the upper left
shows the relative fluorescence intensity (F/F)), it reveals
that at the RhoB concentration of 8 uM, the F/F, obtains
its maximum, which decreases as the RhoB concentration
increased. In order to acquire prominent fluorescence sig-
nal and at the same time avoid high background, the op-
timal RhoB concentration was thus chose as 8 uM.

Study of the fluorescence lifetime

Previous studies claim that both the inner filter effect and the
quenching of the dye owing to its adsorption on AuNPs con-
tribute to the observed changes in fluorescence intensity [33,
37]. It is easy to predict the occurrence of inner filter effect as
both the strong absorption of the dispersed AuNPs and the
excitation wave length of the RhoB are at 520 nm. Therefore
it is necessary to carry out fluorescence lifetime study to
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Fig. 2 The Effect of the RhoB concentration on the fluorescence
intensity. The volume of AuNPs was 250 uL, the concentration of
NaNO; was 0.12 M, and the concentration of Ag-CC was 15 nM

clarify whether the quenching of fluorescence actually hap-
pened. As shown in Fig. 3, the fluorescence decay of the
RhoB that treated in different ways was monitored. The nor-
malized fluorescence intensity of the RhoB was plotted
against time by fitting to ExpDecl plot. It could be seen that
the curvature of each plot differs from those of others. The
obtained fitting equation and relevant parameters were sum-
marized in the inset, where y stands for the normalized inten-
sity, A, for pre-exponential factor, x for time and t; for the
fluorescence lifetime. It reveals that the lifetime of pure RhoB
is 2.0881 ns, and when the RhoB mixed with the disperse
AuNPs, its lifetime decreased to 0.6021 ns. However, if the
RhoB coexists with the NaNOs;-induced aggregate AuNPs, its
lifetime mere reduced to 1.5024 ns. When RhoB treated with
AuNPs which coated by Ag-CC of appropriate amount and
maintained disperse status against NaNOs;, its lifetime is
0.9111 ns. After 500 ppb Ag" was introduced to consume
the Ag-CC and induced the aggregation of the AuNPs, the
lifetime of the RhoB restores to 2.0508 ns. All these results
demonstrate that the lifetime of the RhoB is affected by the
aggregation degree of the AuNPs, in which dispersed AuNPs

1.00 .
Equation: y=A1*exp(-x/t))+yo

2 R A |ty
2 0.75+ | W Sample 1 | 09941 | 09695 | 2.0881 | 0.0188
8 ® Sample 2 0.9867 1.0120 | 0.6021 | 0.0258
f=4 A Sample 3 0.9926 0.9765 | 1.5024 | 0.0317
L] 050_ v Sample 4 0.9872 0.9372 | 0.9111 | 0.0314
Q + Sample 5 0.9928 1.0495 | 2.0508 | 0.0197
N
©
E 0.25-
[}
=

0004 T/

T T T T T
0.0 25 5.0 7.5 10.0

Time [ns]

Fig.3 Fluorescence decay profile of RhoB that treated in different ways.
Sample 1: 8 uM RhoB; sample 2: § pM RhoB+250 puL AuNPs; sample
3: 8 uM RhoB+250 puL AuNPs+0.12 M NaNO;; sample 4: § uM
RhoB+250 pL AuNPs+15 nM Ag-CC+0.12 M NaNOgs; sample 5:
8 uM RhoB+250 pL AuNPs+15 nM Ag-CC+500 ppb Ag'+0.12 M
NaNO3

correspond to shorter fluorescence lifetime. As in the proof-
of-concept experiments, dispersed AuNPs accompany with
weaker fluorescence intensity, it thus could be concluded that
the dispersed AuNPs not only decrease the fluorescence in-
tensity of RhoB, but also reduce the fluorescence lifetime of it.
These results suggest that besides inner filter effect, the fluo-
rescence decreasing phenomenon caused by the AuNPs was
also based on the quenching of fluorescence in which the
lifetime is reduced by quencher [38].

Influences of temperature

In order to further elucidate the mechanism of the assay, stud-
ies have been carried out on the influences of the temperature
at which the final solution that containing all the sensing ele-
ments was incubated. The results shown in Fig. 4 indicate that
the increase in fluorescence intensity increased gradually as
the temperature elevated from 15 to 35 °C, after which the
increase in fluorescence intensity rose obviously until the tem-
perature reached 65 °C, and then the increase in fluorescence
intensity tends to flatten. There are mainly two reasons ac-
counting for this phenomenon. Firstly, the Ag-CC that coated
on the surface of the AuNPs would detach as the temperature
increased, results in more bare AuNPs in the sensing system
which would aggregate with the help of NaNOs. As claimed
in the “optimization of RhoB concentration” section, aggre-
gated AuNPs corresponding to weaker quenching effect on
the fluorescence of RhoB, thus the breaking away of Ag-CC
from surface of the AuNPs results from the increasing tem-
perature leads to higher fluorescence intensity. Secondly, as
the temperature increased to high, the non-covalent interaction
between RhoB and the AuNPs may be weakened, which in
turn would reduce the incidence of the FRET and collision
between them, bringing about stronger fluorescence. These
results further testify the mechanism of the assay. Neverthe-
less, as our goal is to develop assay which holds the potential

1500 .
14251
1350+

1275

Increasein
fluorescence intensity

1200

15 30 a5 60 75
Temperature [°C]

Fig. 4 The influences of the temperature on the increased fluorescence

intensity of the final solution. Each sample of the final solution contains

250 uL AuNPs, 0.12 M NaNOs, 15 nM Ag-CC, 8 uM RhoB, 500 ppb

Ag" and MOPS buffer (10 mM, pH 7.0) of appropriate volume
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for on-site and real-time detection, room temperature (25 °C)
was still used in all the following studies.

Sensitivity of the assay for Ag" detection

The sensitivity of this assay was explored by measuring the
fluorescence signals toward different concentration of Ag".
As shown in Fig. 5a, the fluorescence intensity increases as
the Ag" concentration increases from 0 to 1500 ppb. Figure 5b
depicts the increased fluorescence intensity plotted against the
concentration of Ag" by fitting to a DoseResp plot with a
correlation coefficient of 0.988. Inset shows the linear re-
sponses at low Ag" concentrations. The slope of the linear
regression equation is 0.6284 and the intersection at the y axis
is 0.1044, with a correlation coefficient of 0.988. Based on
previous reports [39], 3o/slope was used to determine the limit
of detection for Ag" as 2.73 ppb (~25.31 nM), which is lower
than that of the colorimetric assay that based on the aggrega-
tion of AuNPs [40, 41]. As the maximum contamination level
for Ag" in drinking water defined by the US Environmental
Protection Agency (EPA) and the World Health Organization
(WHO) is 50 ppb (460 nM) [19], this assay is fully applicable
for Ag" monitoring in drinking water. Moreover, the dynamic

Y

)

4000 PN

/ N
3000+ ‘/y "/"""‘v\'\‘i“ T

1/ N

i 0 ppb Ag(l)
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2000+
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3000+

2000+

Increase in
fluorescence intensity

1000+

0 250 500 750 1000 1250 1500
Ag(l) concentration [ppb]

Fig. 5 a Fluorescence emission spectra of the sensing system on
exposure to 0, 5, 10, 20, 30, 40, 60, 80, 100, 150, 200, 300, 400, 600,
800, 1000, 1250 and 1500 ppb Ag". b Calibration curve of the sensing
system for Ag". Sensing system: 250 uL. AuNPs, 0.12 M NaNOs, 15 nM
Ag-CC, 8 uM RhoB, MOPS buffer (10 mM, pH 7.0)
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Fig. 6 Selectivity of the assay for Ag" detection over other common
metal ions. Ions concentrations: 500 ppb; Sensing system: 250 pL
AuNPs, 0.12 M NaNOg;, 15 nM Ag-CC, 8 uM RhoB, MOPS buffer
(10 mM, pH 7.0)

range of this assay (2.73—1500 ppb) could be simply tuned by
adjusting the involved amount of Ag-CC, AuNPs and RhoB,
which shows great practical utility in practical applications as
the desirable concentrations for the same target analyte can be
different for various applications [16].

Selectivity of the assay for Ag" detection

The selectivity of the assay was investigated by carrying out
control experiments by examining other metal ions, such as
Ca2+’ C d2+, Cu2+, F€2+, Zn2+, Hg2+, K+, Mg2+, Ml’l2+, Na+,
Ni2*, Pb>" and Fe*" under identical conditions. And the results
in Fig. 6 show that only Ag" caused remarkable increased
fluorescence intensity, other metal ions display no significant
interferences. The selectivity of the assay for Ag" detection
over other organic compounds and other commonly existing
anions, such as CI' and HS™ were also studied (Fig. S3 and
Fig. S4, ESM). It reveals that among the testing organic com-
pounds, except cysteine can bring slight response, other

Table 1  Determination of Ag” in water samples

Samples” Mean found Mean RSD
(ppb) recovery (%)

(%)

Ag" (200), Na* (100), Hg*" (10), 205.3 102.7 521

Cu?* (100), Mg?" (50), Fe** (200),

NO;™ (649.1), SO4* (495.3)

Ag' (500), Mg>" (100), Cd** (50),  504.7 100.9 3.49

Fe®* (200), Ca*" (200), Zn*" (100),

NO; ™ (1668.8), SO,* (344.1)

Ag' (1000), K* (500), Pb>" (100),  998.5 99.9 4.87

Fe** (200), NiZ* (50), Mn*" (200),
NO;™ (2201.7), SO4*~ (349.6)

* Three assays were conducted for each sample

The numbers in parentheses after each anion and cation show the final
concentration [ppb] of the ions added. Concentrations of anions were
calculated from those of the corresponding cation. RSD relative standard
deviation



1417

A fluorescent assay for silver(I) ion determination.

“(ourzeuoyd[o-,¢*,zre-g*clopukdip=zddp ‘ouipuidiq-,zz=Adq) ,zddpi(Adq)ny st xo[dwod my Sy, ‘9qrIouLy UOGIEd PI[[em-o[3uls
10J INDMS ‘soponredoueu pjoS 10 SN QUIISAd 10f SA)) ‘sajontedoueu uoqied 10§ SN “Oprxo suaydeis 10J OO “VNJ PIPULs-o[SuIs J0J YN(SS “QUIS0}A0 J0J ) ‘UId0SaIONJAX0qIED J0F SPUBIS NV «

SUOT [e}oW JOYJO
30930p 0} pasn oq drdrourd ur ueo

J3uer [eonAJeue I9pIM

(AU 1€°52)
qdd ¢/

(0L Hd ‘Ww 01) (AU S06°€1-1€°ST)

€ duruepoy

Spom sty ‘safdues 1a1em payids ur |, Sy SumuIaiop QATIE[AT ‘03] [aqe[ Ipng SO ‘qdd 00ST-€L°C ‘SINIY ‘YN o510ods-10A]IS
SUOL [EJoW JOYI0
10319p 0} pasn aq Surpqe] VNA - (#72 HA “SONEBN W 00T ‘SHdTH INW 01) AL VNAss
[1¢] ofdround ut ues sonmbay/a[qesnar AnoaJo ‘oduis Jopnq SHITH ‘INU 0ST-0 YOL-)) PA[RQE[-AVA LNOMS
Sureqe] YN( saamnbaijsey ‘ojdus (4L Hd
so[dwes 19jem QAT}ORJJO-)S0D UONINAP SAD) pue ‘CONEN INW ()07 SUIUIBuod ‘W 1) WU S'€ VNASS YoL-)D) 921-[oqe|
[os] ToAlr pue 1ojem dey ur Sy ouruwislep .8V Joy indno-fenp °gnq S4ddH AN 1-0 VNASS YOH-D PIRAR-INVA
orduwres JuatuaAuod (' Hd ‘CONEN NW (g Sururejuod ‘N G) JALES VNASS
6] Jojem o3| padyids ur Sy ouruoiep ‘aarsuadxour sey ‘ojduns ‘9 1oqe| Pnq SAON TNU Q001—0  YOH-D) ‘@ATIRALIDp udlA1ad oruoneds
Surjeqe YN
sannbai/uonoolep
orduwres .8V judosaronyy oy wuoperd (0L gd U T VNQ 2y10ads
[s¥] Jojem oxe| padyids ur Sy ouruolep  Suisuss € se pasn Asiy sem 09)-OUBL  “CONEN AW (S Surtreiuod) Rng SO INU 00€—0 -, 3V PIRQE-AVA ‘09D-oueu
sojdures OAT}OQJJ-1S00 (z'L Hd ‘W 07) WU €'Y VN
[Lv] Tojem (payids) ur 3y auruielop ‘00l [oqe| lagnq SdON ‘INU 00901 you-) oytoads- Sy T ueard IqAg
JUSWIUOIAUD paureiqo
Ay w UONE[1I0D JedUl] ou ‘Furjoqe] VNJ (0L HA “CONBN INW (G Sururejuod) U S
[or] uonoasep 3y j0011p Ay oA01dwr 03 djoy saxmnbaiyse) “9A10dJo-1s00 ‘odurs Ionq SION AT $—S00°0 VNJ YoU-D pPa[eqe] INVA
saponedoueu 3y 10919p (utwa o (0'L HI “CONEN WU € sapnoaonu O (g Jo syeadar
[sp]  “rovem Supjuup ur 3y poxids jo Sursuos unim) prder 9Anogfze-1s00 ‘opdunis AW ()¢ SUTUIBIUOD ‘W (07) JoPNng SION U 00L—0S ‘T uoa13 194S
xordwod my
Suot [ejowr U001 VNS Pou-D
[#3]  Ioyio 310992p 01 pasn 2q ddround ur ueo QAT)OJJR-)500 ‘Qqdurs a1y [oqe] ('L Hd ‘IWw 01) Jagnq HOBN-SAddH INT 910 ‘sjop wmuenb
Surpaqe (0L pd N 00$
[cz] Tojem ove[ Ul 3y 10910p  WN( seambai/iui] uondojop mof AoA  CONEN AW (S SuItIeuoo) 1pnq SION NU 0070 VNAsS pa[eqe-24p XOY ‘SdND
KD se yons 15E] (0'L Hd ‘W 0T1) NU 9T~ L dutAefjory,
[¢p]  sproe ourwe 109)ap 0} pasn aq OS[e ued ‘001 1oqe] ‘opdus lopgnq SAJ9H ‘U 0SH—0€ VNQ 2110ads () I0AJIS
sofdures 1ojem Surpoqe] YNQ sermbar (0L HA “(*ONDSIN AW T U €0 VNQSS you-) pojoqe|
[¥1] ToAlur 3y 10019p /erdus  CONEN AW (0 Suturejuod) 1a5nq SqON TNU 0080 -XOY ‘[eseNq ‘anyders-oueu
Topem Surppqe] YNQ sermbar (0L HA “*ONEN NUS VN og10ads-10A1s pajoqe] NV
[cz]  1oaur pue odwres paxids ur Sy 10010p orduns N (0 Surureuod ‘N ) J5nq SAION ‘N 0020 ‘0D
JSeJ “931) [oqe|
10JeM JOALL QAT}OJYJI-1S00 (06’9 Hd ““ONEN INW 00S WU [ [ u2a13 194g
[zv] ur 3y 131p ‘oydurs Sururejuod W 00 1) 1Pnq SION ‘INU 00T-T “VYNQ dgroads-(1)1oa1rs
(9)ao1
Jou swopqoxd ofgroads 03 Anpiqeorddy SoFejueApesIpP/SoTeIUBAPE [BIOUSD) onfea gdzegng  ¢(s)oS3uer uonodeq Pasn S[eLIBIA]

.3V JO UOHBUIIISIOP 10F SPOYIOW JUSISIION] JO JLISW JO SaMmSL] T JqEL,

pringer

As



1418

S. Zhan et al.

organic compounds cause no interference even at high con-
centration. As for CI" and HS", even the concomitant C1~
achieves the high concentration of 50 ppm, Ag" could still
be identified; In contrast, concomitant HS™ of 5 ppm can in-
hibit the response of the assay, but the inhibiting effect could
be screening out by treated with nitric acid of appropriate
concentration. More effective approach should be exploited
to remove the HS  of high concentration when employed this
assay in real sample detection.

Detection of Ag" in water samples

The application of the present assay was evaluated for the
determination of Ag" in several spiked water samples contain-
ing different concentrations of Ag" and some other metal cat-
ions and anions. The results are summarized in Table 1, which
display that the mean recovery of samples was in the range of
99.9-102.7 % and the relative standard deviation (RSD) was
between 3.49 and 5.21 %. The results reveal the potential
application of this assay for Ag" detection in water samples.

Conclusions

In conclusion, a fluorescent assay for Ag" detection based on
the aggregation of gold nanoparticles caused by silver-specific
DNA and its effect on the fluorescence of Rhodamine B was
established. The random coil cytosine-rich silver-specific
DNA undergoes structural transformation upon capturing
Ag’, mediating the dispersion/aggregation status of the gold
nanoparticles, which at the same time affects the fluorescence
intensity of Rhodamine B. As there was a positive correlation
between the fluorescence intensity of the Rhodamine B and
the involved amount of Ag", an “off-on” type fluorescent
method was thus developed. By monitoring the fluorescence
intensity changes upon addition of Ag’, the Ag" could be
selectively detected from 2.73 to 1500 ppb, with a detection
limit of 2.73 ppb. Feasibility in determining spiked water
samples was also demonstrated, suggesting this assay holds
great practicality for Ag” detection in real matrices such as
tablets, injections or drinking water. Compared with those
existing fluorescent methods for Ag” determination, this assay
possesses several superiorities such as requires no DNA label-
ing, relative wider analytical range, and can in principle be
used to detect other metal ions by substituting the silver-
specific DNA with other native or artificial bases that selec-
tively bind to other metal ions (Table 2).
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