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A label-free DNA'Y junction sensing platform for the amplified detection of bisphenol A (BPA) has been
constructed by the ingenious combination of toehold-mediated strand displacement and exonuclease III
(Exo Ill)-based signal protection strategy. Three hairpin probes were utilized as the building blocks to
fabricate the DNA Y junction with cascaded signal amplification via a series of toehold-mediated strand
displacement reactions. Exo IIl was employed as a protecting agent for the first time to keep the Y-shaped
molecular architecture intact, thereby greatly enhancing the fluorescence intensity of DNA intercalator
SYBR Green I. The resulting biosensor exhibits ultrasensitivity towards BPA at low concentration (5 fM)
without any labeling, modification, immobilization, or washing procedure. Our proposed sensing system
also displays remarkable specificity to BPA against other possible interference molecules. Moreover, this
DNA junction biosensor is robust and can be applied to the reliable monitoring of spiked BPA in en-
vironmental water samples with good recovery and accuracy. With the successful demonstration for BPA
detection, the label-free DNA'Y junction can be readily expanded to monitor other analytes in a simple,

cost-effective, and ultrasensitive way by substituting the target-specific aptamer sequence.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Bisphenol A (BPA) is an important monomer in the synthesis of
polycarbonate (PC) and epoxy resins which are widely used for
inner coating of feeding bottles, beverage containers, water supply
pipes, and drug delivery carriers (Ragavan et al., 2013a). Tre-
mendous amount of BPA can migrate into environment and food
via wastewater discharge during the manufacturing process or by
leaching from the packaging materials at high temperature (Geens
et al,, 2012). As an environmental endocrine disrupting chemical
(EDC) with potential estrogenic activity, BPA can cause adverse
health effects even at low concentrations (10~ to 108 M)
(Sheng and Zhu, 2011; Vandenberg et al., 2009). In addition, var-
ious types of cancers, cardiovascular disease, and diabetes are
closely related to the intake of BPA (Tharp et al, 2012). Thus,
routine detection of trace amounts of BPA with high sensitivity
and selectivity is of critical importance for assuring food safety and
human health.

Conventional techniques used in the quantification of BPA are
mainly focused on instrument-based methods, such as high per-
formance liquid chromatography (HPLC), liquid chromatography
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coupled with mass spectrometry (LC-MS), and gas chromato-
graphy coupled with mass spectrometry (GC-MS) (Ballesteros-
Gomez et al., 2009). Although they offer high sensitivity and ac-
curacy, those analytical techniques require expensive and sophis-
ticated instrumentation, skilled operators, and time-consuming
sample pre-treatment steps, which restrict their wide applications
in routine measurements. To overcome these drawbacks, several
groups have designed some elegant sensing strategies for colori-
metric (Mei et al., 2013a; Ragavan et al., 2013b), electrochemical
(Lee et al., 2011, 2014), and optical (Kuang et al., 2014; Marks et al.,
2014; Zhu et al., 2015) detection of BPA by employing aptamers as
the molecular recognition elements. Despite significant contribu-
tions have been made to BPA monitoring, most of these biosensors
require specific labeling and immobilization procedures or extra
separation and washing steps, resulting in not only a high cost of
operation but also potentially complex processes. Thus, it is ur-
gently needed to develop a label-free sensing system for BPA de-
tection with high sensitivity, cost-effectiveness, and simplified
operation.

Toehold-mediated DNA strand displacement reaction is a con-
trollable nonenzymatic process in which one strand of DNA in a
double-stranded complex is displaced by another DNA strand with
the help of a short overhanging single-stranded domain (called a
toehold) (Deng et al., 2014; Yin et al., 2008). Owing to its pre-
dictable thermodynamics and kinetics, this concept has been
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successfully exploited to construct DNA nanostructures (Hariadi
et al,, 2015; Huang et al., 2014; Sadowski et al., 2014), molecular
logic circuits (Chen et al., 2015b; Fan et al., 2015; He et al., 2014; Li
et al, 2013; You et al., 2015), catalytic amplifiers (Chen et al,,
2013c; Qing et al., 2014), and even neural networks (Qian and
Winfree, 2011; Qian et al., 2011). Remarkably, the toehold principle
also exhibits some intriguing characteristics, such as continuous
signal turnover capability, inherent modularity, and easy to scale
up (Zhang and Seelig, 2011; Wang et al., 2014a). These unique
attributes can provide an interesting magnified sensing approach
for the detection of targets with much higher sensitivity (Chen
et al., 2013a,b, 2014, 2015a; Jiang et al., 2015; Song et al., 2014).
However, these reported biosensing techniques usually require
fluorescent labeling or base modification to provide signal output
(Huang et al.,, 2013; Jiang et al., 2014; Lei et al., 2014; Paliwoda
et al,, 2014). This in turn imposes strict limitation on the appli-
cation of these techniques for bioassays. Hence, using toehold-
mediated strand displacement to fabricate an ultrasensitive sen-
sing platform without any label or modification remains a com-
pelling goal.

Exonuclease III (Exo III) is a sequence-independent enzyme that
does not require a specific recognition site and can catalyze the
stepwise removal of mononucleotides from 3-hydroxyl terminus
of duplex DNA in the case of substrate with a blunt or recessed 3’
terminus. Its activity on single-stranded DNA (ssDNA) or double-
stranded DNA (dsDNA) with a protruding 3’ end is limited. With
this property, Exo Ill-assisted target recycle strategies were widely
reported to construct amplified detectors with enhanced signals
(Freeman et al., 2011; Liu et al., 2012, 2014; Tao et al., 2015; Wu
et al.,, 2014; Wang et al., 2014b; Zhang et al., 2013, 2014). However,
there is no trial using Exo IIl as a protecting agent in biosensor
design. Herein, for the first time, we developed a label-free DNA'Y
junction sensing platform for BPA detection with high sensitivity
and selectivity by coupling toehold-mediated strand displacement
with Exo Ill-based signal protection strategy. With the merits of
cost-effectiveness, simplicity, versatility, and ultrasensitivity, the
DNA'Y junction sensing system will be a promising candidate for
BPA detection in environmental monitoring, food control, and
clinical diagnostics.

2. Experimental
2.1. Chemicals and materials

Bisphenol A (BPA), methanol, and tris-(hydroxymethyl)amino-
methane (Tris) were purchased from Sigma-Aldrich (St. Louis,
MO). SYBR Green I was purchased from Life Technologies (Grand
Island, NY). Exonuclease III (Exo III) (1 x 10° U/mL) was purchased
from New England Biolabs (Ipswich, MA). BPA was dissolved with
methanol as the stock solution and diluted using the buffer solu-
tion for analysis. Other reagents and chemicals were of analytical
grade and used without further purification. All solutions were
prepared with ultrapure water (18.2 MQ/cm) from a Millipore
Milli-Q water purification system (Billerica, MA).

All oligonucleotides purified by HPLC were synthesized by
Shanghai Sangon Biotechnology Co., Ltd. (Shanghai, China) and
their sequences were listed in Table S1 (Supporting Information).

2.2. Construction of the DNA 'Y junction

The DNA solution was heated at 90 °C for 10 min and gradually
cooled to room temperature at a constant rate over the course of
3 h to dissociate any intermolecular interaction. 100 nM DNA1 was
initially incubated with 400 nM DNA2 in the reaction buffer
(20 mM Tris-HCIl, 100 mM NaCl, 25 mM KCl, 10 mM MgCl,,

pH=28.0) at room temperature for 30 min to form the DNA1-DNA2
duplex. BPA was then added into the above DNA1-DNA2 mixture
and incubated at room temperature for 40 min to displace DNA2
and expose the toehold segment in DNA1. Subsequently, three
hairpin DNA probes (hairpins A, B, and C, each was 2 pM) were
added, and the mixture was incubated for 90 min at room tem-
perature to generate the DNA Y junction structure (the A-B-C
product). Finally, 35 units Exo Il was added to the resulting so-
lution, and the mixture was incubated for 30 min at room
temperature.

2.3. Fluorescence detection

450 pL of the final sample solution was mixed with 50 pL of
10 x SYBR Green I solution. After incubation at room temperature
for 5 min, the fluorescence spectra of the sensing system were
recorded by a fluorescence spectrometer (Perkin-Elmer LS-55).
The scanning wavelength ranged from 505 to 580nm
(Aex=495 nm, Aey= 525 nm).

2.4. Procedure of the agarose gel electrophoresis

The 2% agarose gels contained 1 pL of ethidium bromide per
30 mL of gel volume were prepared using TBE buffer (1 x ). A vo-
lume of 8 pL of different DNA samples mixed with loading buffer
(1 x) was loaded into the lanes. Gel electrophoresis was per-
formed at a constant potential of 100 V for 40 min and visualized
under UV light by the gel image system.

2.5. Investigating the specificity of the sensor

To determine the specificity and selectivity of the developed
method, several EDCs and a few other chemicals such as ethoxy-
lated bisphenol A (BPE), bisphenol B (BPB), bisphenol C (BPC), bi-
sphenol F (BPF), 4,4’-biphenol (4 BP), diethylstilbestrol (DES), 17[3-
estradiol (E2), estriol, and atrazine were tested at a concentration
of 500 nM according to the procedures described above.

2.6. Analysis of actual water samples

The reliability of the sensor in practical applications was mea-
sured by determining the recovery rate in real water samples. Tap
water samples were obtained from our laboratory. Lake water
samples were collected from Jinkeng Reservoir (Guangzhou, Chi-
na). River water samples were taken from the Pearl River
(Guangzhou, China). Prior to analysis, all of the samples were fil-
tered through a 0.22 pym membrane to remove the insoluble im-
purities. Aliquots of the water samples were spiked with different
concentrations of BPA and diluted 5 times with the reaction buffer.
Five duplicate measurements were performed for all samples. All
analytical procedures were identical to those mentioned above.

3. Results and discussion
3.1. Design strategy for BPA detection

The design strategy for amplified detection of BPA on the basis
of DNA Y junction and Exo III is schematically demonstrated in
Scheme 1. DNA is represented as directional lines, with the
squares denoting the 5’ termini and the arrows denoting the
3’ termini. The anti-BPA aptamer (Jo et al., 2011) was extended at
the 5-end to form a signal transducer strand (DNA1) where do-
main 1* is inhibited by hybridization with a complementary strand
(DNA2). DNA2 should contain an appropriate number of bases so
that it anneals to the aptamer with sufficient strength to offer low
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Scheme 1. Schematic representation of the design strategy for amplified detection of BPA on the basis of DNA Y junction and Exo III. The catalytic assembly is realized
through a series of toehold-mediated strand displacement reactions (1, 2, 3, and 4) using three hairpins (A, B, and C) as the building blocks. Squares and arrows drawn on
DNA strands represent 5’ termini and 3’ termini, respectively. Toeholds and toehold binding regions are named by numbers and complementarity is denoted by asterisks.

background fluorescence intensity in the absence of target. On the
other hand, DNA2 should fast release from the aptamer when the
target is present, which makes BPA easy to trigger the self-as-
sembly of the hairpins. In the absence of BPA, domain 1* of DNA1
is occluded. When the ligand (in this case, BPA) binds to and sta-
bilizes the aptamer strand (Scheme 1, route I), the partial duplex
between DNA1 and DNA2 is destabilized and the single-stranded
toehold (domain 1* of DNA1) is available to activate the sub-
sequent strand displacement reaction. Three hairpin structures
with protruding 5’ ends and recessed 3’ ends were selected as the
building blocks (hairpins A, B, and C) to construct the signal am-
plification platform (Y junction architecture). The exposed domain
1* of the initiator DNA1 strand (I) first nucleates at the segment
1 of hairpin A and initiates a branch migration (toehold-mediated
DNA strand displacement reaction) that opens hairpin A, leading
to the formation of an I-A intermediate where the domain 2* of
hairpin A is open (Scheme 1, reaction 1). Then, domain 2 of hairpin
B can hybridize to the newly opened toehold 2* of hairpin A, again
initiating a branch migration to open hairpin B and forman1-A-B
hybrid where the segment 3* of hairpin B is no longer occluded
(Scheme 1, reaction 2). Analogously, domain 3 of hairpin C can
then bind to the newly accessible toehold 3* of hairpin B, trig-
gering a strand displacement that opens hairpin C and generates
an [-A-B-C complex (Scheme 1, reaction 3). The last step of the
catalytic circle is the spontaneous dissociation of strand I from the
A-B-C complex. During this process, the released I can be recycled
to activate the self-assembly of additional hairpins (Scheme 1,

reaction 4). The formed A-B-C product (DNA Y junction) with
protruding 3’ ends is resistant to Exo IIl digestion due to the fact
that Exo III only cleaves dsDNA with a blunt or recessed 3’ ter-
minus. The intact dsDNA Y junction is then stained with SYBR
Green I, resulting in a significantly amplified fluorescence signal
toward BPA detection. In the absence of BPA (Scheme 1, route II),
the initiator [ should be catalytically inactive. The three hairpins A,
B, and C are kinetically impeded from forming the Y junction. In
this case, all hairpins and the DNA1-DNA2 duplex with recessed 3’
ends will be hydrolyzed by Exo III in the direction from 3’ to 5/,
thus leaving ssDNA and mononucleotides in the sensing system.
As SYBR Green I stains ssDNA with much lower intensity than
dsDNA (Lin et al., 2014), only weak fluorescence background signal
can be detected.

3.2. Feasibility of the sensing strategy

Agarose gel electrophoresis was used to confirm the formation
of the DNA Y junction structure (A-B-C product) based on toe-
hold-mediated strand displacement reactions. The electrophoresis
results are shown in Fig. S1 (Supporting information). To further
verify the feasibility of our designed signal amplification strategy
for BPA detection, fluorescence emission spectra of the solution at
different conditions were tested. As shown in Fig. 1, the solution
containing DNA1-DNA2 and hairpins A, B, and C exhibited very
weak fluorescence emission (curve a) in the absence of BPA (the
background signal of SYBR Green I), which indicated that, without
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Fig. 1. Fluorescence spectra of the system under different conditions: (a) no BPA, DNA1-DNA2, hairpins A, B, and C, (b) 10 nM BPA, DNA1-DNA2, hairpin A, (c) 10 nM BPA,
DNA1-DNA2, hairpins A and B, and (d) 10 nM BPA, DNA1-DNAZ2, hairpins A, B, and C. SYBR Green I: 1 x ; Exo III: 35 U. The experiments were performed at room temperature
(~25 °C). The corresponding error bars in Fig. 1 represent the standard deviation of three independent measurements obtained under different conditions.

target introduction, the hairpins and DNA1-DNA2 duplex with
recessed 3’ ends could be digested by Exo IIl. Upon the addition of
BPA to the system containing DNA1-DNA2 and only hairpin A, the
fluorescence intensity was obviously increased (curve b). That is
because the formed I- A with protruding 3’ end is resistant to Exo
Ill digestion, leaving dsDNA for SYBR Green I staining. Significantly,
when both hairpins A and B were present in the mixture, further
enhanced fluorescence was observed (curve c). Such increase was
attributed to the formation of longer dsDNA in the I-A-B com-
pound with protruding 3’ ends. Most importantly, a dramatic in-
crease of the fluorescence signal was obtained (curve d) upon si-
multaneous addition of hairpins A, B, and C to the sensing system.
This is most likely a consequence of the fact that a single BPA
molecule can trigger recycling assembly of the three hairpins to
generate A-B-C products, thereby resulting in the formation of
numerous dsDNA to give an amplified fluorescence signal. The
above results indicated that our proposed dsDNA Y junction sen-
sing system can be utilized for amplified detection of target BPA.

3.3. Optimization of assay conditions

The assay conditions (e.g., the molar ratio of DNA1 to DNA2, the
reaction temperature of the sensing system, the reaction time of
the toehold-mediated strand displacement reaction, and the con-
centration of the hairpin DNA) that affect the sensitivity and re-
producibility of the Y junction sensing system were optimized. The
optimizations were performed by varying one experimental con-
dition and keeping constant conditions for other parameters.
Using a fixed concentration (100 nM) of DNA1, the effect of molar
ratio of DNA1 to DNA2 on the response of the biosensor was first
evaluated by detecting 10 nM BPA. As shown in Fig. S2 (Supporting
information), the signal-to-noise (S/N) ratio increased with the
increment of the molar ratio of DNA1 to DNA2 from 1:1 to 1:4,
further increasing the molar ratio caused a decrease of the S/N
ratio. The reason for this result is that too much DNA2 would in-
duce an insufficient displacement reaction between BPA and

DNA1, thus resulting in a weak fluorescence signal. In contrast,
deficient amount of DNA2 would generate unstable DNA1-DNA2
duplexes and cause a high background signal. Therefore, the molar
ratio of DNA1 to DNA2 of 1:4 was used for BPA detection to
achieve the best signal-to-noise level.

Another factor taken into account for parameter optimization is
the reaction temperature, since it directly affects the binding ki-
netics among the hairpins and the activity of Exo IIl. The effect of
the reaction temperature on the performance of the system was
investigated by detecting 10 nM BPA at different temperature
(4 °C, 25 °C, 37 °C, 40 °C, 42 °C and 45 °C). The blank sample (in the
absence of BPA) at each temperature was tested at the same
conditions. As shown in Fig. 2, the fluorescence intensity increased
with the increase of the temperature in the range from 4 to 37 °C
in the presence of 10 nM BPA and then decreased in the range
from 37 to 45 °C (red histogram in Fig. 2). However, on the other
hand, the conformation of the hairpin DNA would be destroyed as
the increase of the reaction temperature, which increased the
background signal (gray histogram in Fig. 2). Additionally, the
exonuclease also cleaves some of the hairpin DNA under a rela-
tively high temperature (Chen et al., 2014). In order to obtain the
best S/N ratio (blue line in Fig. 2), an optimum reaction tempera-
ture of 25 °C was adopted in the following experiments. The S/N is
defined as the specific signal-to-unspecific signal ratio. Because
not just the level of the unspecific signal (0 nM measurement) but
also its error is important for identifying the best assay conditions,
(5-N)/std(N) is used to calculate the signal-to-noise ratio (std(N) is
the standard deviation of three independent measurements for
the unspecific signal in the absence of target). The corresponding
error bars in Fig. 2 represent the standard deviation of three in-
dependent measurements obtained at each reaction temperature.

The performance of signal amplification and detection of BPA
was strongly affected by the reaction time of the toehold-mediated
strand displacement. To optimize the reaction time, we de-
termined the fluorescence response at 25 °C. As demonstrated in
Fig. 3, in the presence of target (10 nM, 100 pM, or 1 pM BPA), with
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the reaction time increased gradually, the fluorescence intensity
rose accordingly. Meanwhile, the fluorescence intensity started to
plateau after 90 min (blue, pink, and green lines in Fig. 3). The
enhanced signal within 90 min validated the feasibility of the
amplification process, suggesting the continuous formation of the
A-B-C products, while the plateau phenomenon indicated that
almost all of the hairpins (A, B, and C) were depleted and con-
verted into A-B- C products. However, in the control experiments
without BPA, as the time prolonged, the background signal in-
creased gradually (black line in Fig. 3). To achieve the best signal-
to-background level and the maximal signal amplification effi-
ciency, 90 min was employed as the optimum reaction time.

In this work, the detectable signal of the sensing system mainly
derives from the formation of the A - B - C product, which indirectly
relies on the concentration of the three hairpin DNA. As exhibited
in Fig. S3 (Supporting information), increasing the hairpin con-
centration from 0.5 to 2 uM in the presence of 10 nM BPA was
found to correspondingly increase the fluorescence intensity of the
solution, and then the signal tended to level off when the hairpin
DNA was higher than 2 pM (red histogram in Fig. S3). Un-
fortunately, the fluorescence response without target was also
enhanced with the increase of the hairpin DNA concentration
(gray histogram in Fig. S3). Although the high-concentration
hairpin DNA is conducive to form the A-B.C product, it often
suffers from high background signals. Hence, 2 pM hairpin DNA
was found to be optimum here because it gave the maximum net
signal (blue histogram in Fig. S3) for BPA detection.

3.4. Sensing performance for BPA detection

To evaluate the sensitivity and dynamic range of the proposed
DNA Y junction sensing platform, different concentrations of BPA
were examined under the optimal experimental conditions. As
shown in Fig. 4A, a gradual increase of fluorescence intensity was
observed by increasing the BPA concentrations in the range of 0-
100 nM. Fig. 4B presented the relationship between the fluores-
cence intensities at 525 nm and the concentrations of BPA. The
resulting calibration curve shows that the fluorescence intensity is
linearly dependent on the logarithm of BPA concentration ranging
from 10 fM to 10 nM with a correlation coefficient (R?) of 0.98. The
sensing system possesses a high sensitivity for BPA, with a limit of
detection (LOD) of 5 fM. The detection limit is defined by 3Sy/S
(Chen et al., 2009; Chen and Zeng, 2013; Hernandez and Escriche,
1984), where 3 is the factor at the 99% confidence level, Sy is the
standard deviation of the blank measurements (n=15), and S is
the slope of the calibration curve (inset in Fig. 4B). The LOD of 5 fM
of our constructed biosensor is at least three orders of magnitude
better than the aptamer-based colorimetric biosensor for BPA
without signal amplification (Mei et al., 2013a). Compared with
previously reported BPA sensors based on immunoassay, the new
DNA Y junction sensing platform developed here also possesses
higher sensitivity (Long et al., 2014; Mei et al.,, 2013b). The ex-
cellent sensitivity mainly relied on the continuous turnover cap-
ability of the toehold-mediated strand displacement reaction to
generate numerous dsDNA 'Y junctions even at low concentration
of target BPA and the specific cleavage activity of Exo III, which can
minimize the background signal. These results demonstrate that
our constructed sensing platform can ensure simple, rapid, and
ultrasensitive detection of BPA.

3.5. Selectivity and real sample analysis

The selectivity of the sensing system for BPA was evaluated by
testing the fluorescence response of the assay to other control
molecules, including ethoxylated bisphenol A (BPE), bisphenol B
(BPB), bisphenol C (BPC), bisphenol F (BPF), 4,4’-biphenol (4 BP),
diethylstilbestrol (DES), 17p-estradiol (E2), estriol, and atrazine,
which may coexist in environment or have similar structure with
BPA. As shown in Fig. 5, only BPA (10 nM) makes the fluorescence
intensity increase obviously. The sensor hardly exhibits substantial
responses to other control molecules (500 nM) and the fluores-
cence change is almost neglectable compared with the blank
sample. Those data suggested that our developed amplification
approach exhibited excellent selectivity for BPA detection. The
high specificity is attributed to the specific binding capability of
the aptamer to the target BPA. In other words, only the presence of
BPA can associate with the aptamer segment and activate the
toehold domain to initiate the toehold-mediated strand
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displacement reaction to generate numerous dsDNA Y junction
products for fluorescence readout.

With the excellent selectivity and sensitivity, our proposed
method was further tested with several environmental water
samples (tap water, lake water, and river water) to demonstrate its
ability for practical applications. These samples spiked with three
different concentrations of 0, 0.05, 10, 100, 1000 pM BPA were
determined with five replicates. The recovery results of BPA in the
three different matrixes were summarized in Table S2 (Supporting
information). The recovery of all measured samples and the re-
lative standard derivations (RSD) ranged from 90-118% and 1.7-
5.7%, respectively, revealing that the possible interference from the
different complex matrices of water samples on the sensor ana-
lysis was negligible. The above results demonstrate that our de-
veloped DNA Y junction sensing platform can be successfully ap-
plied to BPA detection in real environmental water samples.

4. Conclusions

In summary, we have successfully fabricated, for the first time,
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Fig. 5. Selectivity of the sensing system analyzing BPA over other control mole-
cules. The concentration is 10 nM for BPA and 500 nM for other molecules. The
corresponding error bars in Fig. 5 represent the standard deviation of three in-
dependent measurements obtained at different analytes.

a label-free biosensor for the amplified detection of BPA using a
DNA Y junction for signal transduction. The Y junction sensing
platform is formed on the basis of toehold-mediated strand dis-
placement and Exo Ill-induced signal protection strategy. Due to
the cascaded signal amplification efficiency of a series of toehold-
mediated strand displacement reactions and the signal protection
capacity of Exo III, the presence of trace amounts of BPA leads to
the generation of numerous intact Y-shaped molecular archi-
tectures, which result in enhanced fluorescence intensity of the
reaction solution for ultrasensitive detection of BPA down to 5 fM.
Meanwhile, our approach afforded exquisite selectivity for BPA
against other possible interference molecules. This sensor is robust
and can be applied to the reliable monitoring of spiked BPA in
environmental water samples with good recovery and accuracy.
The construction strategy herein is simple in design and economic
in operation without labeling and immobilization procedures or
separation and washing steps, making this DNA'Y junction sensing
system particularly suitable for routine monitoring of BPA in en-
vironmental and biological samples. Importantly, this sensing
platform is modular and versatile and can be easily extended to
the analysis of other analytes by simply choosing other aptamers
as the molecular recognition elements.
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