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Detection of ochratoxin A by aptamer-assisted
real-time PCR-based assay (Apta-qPCR)

Detection of food toxins with high sensitivity is very important and challenging.
Ochratoxin A (OTA) is frequently present as food contaminant in contaminated
grains and grain derivatives such as bread and beer. In this work, a target-induced
dissociation (TID) based aptamer-assisted real-time PCR-based assay (apta-qPCR) is
developed that features effective detection of OTA. Apta-qPCR effectively combines
the capabilities of aptamer to be amplified, being a nucleotide sequence, with its
specific interaction with the corresponding target molecule. Compared to commonly
used fluorescence-based and colorimetric methods, the sensitivity of qPCR to detect
a nucleotide sequence (aptamer) has ameliorated the sensitivity of the aptamer-based
detection of OTA. Here, the OTA aptamer was immobilized on the magnetic beads
coated with d(T)25 (dT beads). A sequence complementary to the OTA-binding
portion of the aptamer was used as a linker between dT beads and the aptamer
sequence. When OTA was added, the aptamer was released from the dT beads due to
TID. The resulting assay was able to detect 0.009 ng/mL OTA with a wide dynamic
range of 0.039–1000 ng/mL. Apta-qPCR can be easily transferred to other small
molecules for highly sensitive detection using corresponding aptamers.
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1 Introduction

Food safety for humans and animals is a global health objective,
and foodborne diseases caused by the consumption of contam-
inated food represents a major health risk [1]. Mycotoxins are
biologically active fungal secondary metabolites often found in
a variety of crops, including commodities largely consumed by
humans and animals [2, 3]. Ochratoxin A (OTA) is a ubiquitous
mycotoxin produced by Aspergillus and Penicillium genera, in
particular by Aspergillus ochraceus and Penicillium viridicatum.
OTA is highly nephrotoxic and is suspected to be the main etio-
logical agent responsible for human Balkan endemic nephropa-
thy and associated urinary tract tumors [4, 5]. According to
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International Agency for Research on Cancer (IARC), OTA is a
"possible carcinogen to humans" (group 2B) [6]. Considering
these adverse effects, regulation of OTA content in food prod-
ucts is regulated by international and governmental agencies.
The European Commission Regulation (EC) has established a
maximum level of OTA at 5 mg/kg for raw cereal grains, 3 mg/kg
for all cereal-derived products, and 10 mg/kg for soluble coffee.
In addition, OTA in grape juices, wines (red, white, and rose)
should be less than 2 ng/mL [7, 8].

The design of highly sensitive, more convenient, rapid and
robust assays for the detection of OTA in food products and
serum are in great demand. Standardized methods for OTA de-
tection include chromatographic methods where TLC, HPLC,
or GC coupled to fluorescence detection [9, 10]. During the last
decade, various assays including ELISA, lateral flow immunoas-
say, flow-through immunoassay, SPR assays, and electrochem-
ical immunosensors have been developed for the detection of
OTA in order to improve the detection [11]. However, antibody-
based detection systems are hindered by the time required for
antibody preparation, the effect of modification on antibodies,
solvent effects, and the thermal instability of antibodies [12].
Multiple strategies have been used to overcome the drawbacks
of antibody-based detection systems including molecular im-
printed polymers [13], aptamers [14, 15], and phage display
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libraries [16]. Among these, DNA aptamers have been widely
and successfully used for the detection of small molecules in-
cluding OTA [17].

DNA aptamers are single-stranded oligonucleotides selected
in vitro from combinatorial oligonucleotide libraries by the sys-
tematic evolution of ligands by the exponential enrichment pro-
cess. Aptamers are highly specific to the target molecule and
high-purity aptamers can be synthesized chemically at low cost.
Aptamers are thermostable and can be modified chemically to
enhance stability, and to enable detection. Due to these advan-
tages, aptamers have been used in various applications including
biosensor development [18], purification using affinity sepa-
ration [19, 20], and medical applications, including diagnos-
tics [21] as well as drug delivery approaches [22]. Particularly
in diagnostic applications, aptamers have been used in various
detection techniques, including photometric, electrochemical,
mass, and SPR [23].

Aptamers against OTA (OTA aptamer) were selected by Cruz-
Aguado et al. in 2008. The specificity of the OTA aptamer was
confirmed using warfarin, a structure analogue of OTA [24].
Considering the importance of OTA detection, various assays
have been recently developed to detect OTA using aptamer. These
assays mainly involve fluorescence [25,26], electrochemical [27],
gold nanoparticle based colorimetric assays [28], SPR [29], fil-
tration [30], and chemiluminescence [11, 31]. In these assays,
the measurement is limited to the aptamer-target binding and
the changes due to the interactions in a 1:1 ratio. Being an
oligonucleotide, the aptamer can be easily amplified and quanti-
fied using qPCR. Recently, various assays including rolling circle
amplification [32], isothermal signal amplification [33], split
aptamer assay [34], proximity ligation assay [35], nuclease pro-
tection assay [36], and the use of modified magnetic microparti-
cles [37] have utilized amplification-based aptasensing strategies.
The strategy to amplify offers a major advantage because the re-
lease of a single sequence can be monitored with high sensitivity
in a robust way using qPCR.

In this work, dT-modified (where dT is d(T)25) magnetic mi-
croparticles (dT beads) were used for aptamer-assisted real-time
PCR-based assay (Apta-qPCR). Aptamers were immobilized on
the dT beads using a sequence complementary to the target-
binding portion of the aptamer. Addition of OTA resulted in the
release of aptamer from the dT-beads and the released aptamers
were amplified and quantified using qPCR. The assay resulted
in 0.009 ng/mL sensitivity for OTA detection. Additionally, the
assay is able to detect a broad range of OTA concentration from
0.039 to 1000 ng/mL.

2 Materials and Methods

2.1 Chemicals and materials

The DNA sequences used in this work were all synthesized
by Integrated DNA Technologies, Inc. (Coralville, IA) (Ta-
ble 1). The oligonucleotide concentrations were determined
with NanoDrop 1000 Spectrophotometer (Thermo Scientific,
Wilmington, DE, USA) using the extinction coefficients of the
respective oligonucleotide. OTA was purchased from Sigma-
Aldrich Chemie GmbH (Munich, Germany). The magnetic
beads (Dynabeads R© MyOneTM Carboxylic acid) were purchased
from Life Technologies GmbH (Darmstadt, Germany). MES
was purchased from AppliChem GmbH (Darmstadt, Germany).
1-Ethyl-3-(3-dimethyl-aminopropyl) carbodiimide (EDC) was
purchased from Sigma-Aldrich Chemie GmbH (Munich,
Germany). SYBR Green Real-Time PCR Master Mix was pur-
chased from Promega GmbH (Mannheim, Germany). Her-
renhäuser premium pilsener beer was used as a complex sample
matrix. All chemicals were of analytical grade. All stock solu-
tions and buffers were prepared with deionized water (arium
611, Sartorius AG, Göttingen, DE).

2.2 Preparation of dT-beads

Here, 3′-amino-modified dT was conjugated to the magnetic
beads (7–12 × 109 beads/mL, Dynabeads R© MyOneTM Car-
boxylic acid, Invitrogen) of about 1.05 μm diameter with car-
boxyl groups on the surface. The conventional EDC coupling
reaction was used to form amide bond between the carboxyl
group on the magnetic beads and a primary amine group at
the 3′-end of dT. In brief, 100 μL suspension of magnetic beads
(10 mg/mL) was dispensed to a microtube and washed with
500 μL MES buffer (25 mM MES, pH 4.5) three times. The car-
boxyl groups on the magnetic beads were activated using 500 μL
50 mM EDC in MES buffer for 30 min. Hundred microliters of
3′-amino-modified dT in MES buffer was added to the micro-
tube after removing unreacted EDC. Immobilization was carried
out by incubation of dT and magnetic beads at room tempera-
ture for 2 h with slow tilt rotation to prevent sedimentation of the
magnetic beads. Magnetic beads were washed three times with
200 μL MES buffer to remove nonimmobilized dT. In order to
quench the nonreacted carboxylic acid groups on the magnetic
beads, the magnetic beads were incubated with 200 μL 50 mM

Table 1. List of oligonucleotides used in this work

Name of the sequence Sequence (5′ to 3′)a)

Ochratoxin A aptamer TGGTGGCTGTAGGTCAGCATCTGATCGGGTGTGGGTGGCGTAAAGGGAGCATCGGACAACG
dA-Complementary sequence (dA-cOligo) AAAAAAAAAAAAAAAAAAAAAAAAA-TA-TGTCCGATGC
Random sequence NH2-C12-TGGACCCCCTC
Forward primer TGGTGGCTGTAGGTCA
Reverse primer CGTTGTCCGATGCTC
dT TTTTTTTTTTTTTTTTTTTTTTTTT-C6-dT-NH2

a)Underlined bases correspond to primer binding regions. Italics bases indicate complementary sequences within the aptamer and oligonucleotides. In
dA-cOligo, TA was used as a spacer between d(A)25 region and complementary sequence.
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Tris, pH 7.5 for 15 min. The dT-beads were washed with 200 μL
of the aptamer selection buffer (20 mM Tris-HCl buffer contain-
ing 150 mM NaCl, 5 mM MgCl2, pH 8.2) twice and then stored
in 200 μL selection buffer at 4°C. In order to confirm the im-
mobilization of dT on the magnetic beads, all washing fractions
were collected and dT was quantified using NanoDrop ND 1000.

2.3 Hybridization of aptamer to dT-beads using a
complementary sequence

In total, 6.25μL 100 nM aptamer was mixed with 6.25μL 100 nM
d(A)25-complementary oligonucleotides (dA-cOligo) in a mi-
crotube containing 6.25 μL selection buffer. The complemen-
tary oligonucleotide was adapted from Chen et al. [38]. During
the incubation, the mixture was heated up to 90°C for 5 min
and cooled to room temperature for 20 min to ensure proper
hybridization. dT-beads suspension (6.25 μL) was added to the
reaction mixture at room temperature and incubated for 20 min
with slow tilt rotation. The microtube was then placed under
magnetic field using DynaMagTM-2 magnet for 5 min. The un-
bound aptamers, remaining in the supernatant, were removed.
The complex was washed 10 times (20 min of incubation each
time) with 25 μL selection buffer and the presence of aptamer in
each washing fraction was checked using qPCR. Magnetic beads
without immobilization, magnetic beads immobilized with a
random sequence, and the reaction mixture without addition of
dA-cOligo were used as negative controls.

2.4 qPCR-based detection of released aptamer

One microliter aliquot of aptamer-containing solution was
mixed with 12.5 μL of GoTaq R© qPCR Master mix (2×), 0.5 μL
of 10 μM forward primer, 0.5 μL of 10 μM reverse primer,
and 10.5 μL of nuclease-free water to make a total volume
of 25 μL. The final PCR mixture contained 200 nM forward
primer, 200 nM reverse primer, and 1 μL aliquot of aptamer in 1
× GoTaq R© qPCR master mix. qPCR was carried out in a 96-well
PCR plate (Sarstedt) covered with strip caps. A melting curve
analysis was performed from 55°C to 85°C to detect potential
nonspecific products. The thermal cycling regime was as follows:
initial denaturation for 2 min at 95°C, cycling for 30 s at 95°C,
15 s at 46°C, and 15 s at 72°C, repeated 40 times on the Bio-Rad
iCycler real-time PCR machine.

2.5 Detection of OTA using Apta-qPCR

In total, 6.25μL 100 nM aptamer was mixed with 6.25μL 100 nM
dA-cOligo in a microtube containing 6.25 μL selection buffer.
During the incubation, the mixture was heated up to 90°C for
5 min and then cooled to room temperature for 20 min to ensure
hybridization. dT-beads (6.25 μL), with 7.5 pmol dT immobi-
lized on the beads surface, were added to the reaction mixture at
room temperature for 20 min. The microtube was placed under
magnetic field using DynaMagTM-2 magnet for 5 min. The un-
bound aptamers were removed by washing with selection buffer
two times (20 min each). After washing, 25 μL of selection buffer

containing different concentrations of OTA were added to the
microtube and incubated for 20 min. The aptamer released by
target-induced dissociation (TID) was collected in the super-
natant and quantified using qPCR. To test the Apta-qPCR assay
in complex samples, different OTA concentrations were spiked
in Herrenhäuser premium pilsener beer purchased from a lo-
cal market in Hannover, Germany. The LOD was calculated by
3σ/slope method, where σ is the SD of the blank samples of three
Apta-qPCR assays.

3 Results and discussion

3.1 Principle of the Apta-qPCR assay

The principle of Apta-qPCR assay is depicted in Fig. 1. The en-
visaged assay relies on TID of OTA aptamer from a complemen-
tary oligonucleotide. The complementary oligonucleotide was
designed to bind to the target-binding portion of the aptamer
and additionally contains a dA tail to ensure hybridization with
dT immobilized on the magnetic beads. Addition of OTA re-
sults in dissociation of the aptamer from the complementary
oligonucleotide, and thus release of the aptamer from the mag-
netic beads. The magnetic beads were separated with a magnetic
stand and the dissociated aptamer present in the supernatant
was quantified by qPCR.

3.2 Preparation of dT-beads

In the developed assay, dT was immobilized on the magnetic
beads in order to immobilize the aptamers on the magnetic
beads. One-step EDC coupling was used for immobilization.
Six different amounts of dT/mg magnetic beads (100, 150, 25,
2000 pmol/mg magnetic beads) were used to optimize the Apta-
qPCR assay as the density of dT on the magnetic beads can
affect the immobilization of aptamer on the magnetic beads.
Nonreacted activated carboxyl groups were blocked with 50 mM
Tris buffer and beads were then washed with selection buffer two
times. Using higher concentrations of oligo dT resulted in higher
immobilization densities. Yet, a decrease in the immobilization
efficiency was observed at high dT concentrations (Fig. 2).

3.3 Optimization of aptamer dissociation from
dT-beads

As shown in Fig. 1, the aptamer is in contact with the magnetic
beads with the help of a complementary oligonucleotide. The
complementary oligonucleotide was adapted from Chen et al.
as the described 10-nucleotide long complementary oligonu-
cleotide provided a stable duplex with the aptamer and the high-
est TID in response to OTA [38]. On 5′-terminus, the comple-
mentary oligonucleotide was extended with d(A)25 (dA) and two
nucleotides (T and A, from 5′ to 3′) as an additional spacer to
get efficient hybridization between the OTA aptamer and the
complementary oligonucleotide [37].

To optimize the hybridization between dA-cOligo and dT-
beads, dT beads with different dT oligo densities on magnetic

C© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 925



www.els-journal.com Eng. Life Sci. 2017, 17, 923–930

Figure 1. Schematic illustration of
Apta-qPCR for ochratoxin A (OTA) de-
tection. Binding of OTA results in dis-
sociation of the aptamer from the dT
beads. The dissociated aptamer was
separated from the dT beads using a
magnetic stand and was quantified us-
ing real-time PCR.

Figure 2. Immobilization of amino-modified dT on carboxyl mag-
netic beads using EDC coupling. Y-axis, in black, shows the
amount of immobilized dT; y-axis, in blue, shows percentage of
immobilized dT in respect to amount of dT used for immobiliza-
tion.

beads were incubated with 1:1 ratio of aptamer to dA-cOligo.
The higher density of dT resulted in reduced hybridization of
aptamer (Fig. 3). This can be ascribed to electrostatic repulsion
as a result of higher density of dT decoration on the magnetic
beads. This repulsion interferes with the interaction of the dA-
tail of dA-cOligo with dT-modified beads. Optimal hybridiza-
tion was observed using a 1:1:12 ratio of Aptamer:dA-cOligo:dT
(immobilized on the magnetic beads).

The stability of aptamer/dA-cOligo/dT-beads complex (here-
inafter, aptamer/dA-cOligo/dT-beads is mentioned as "apta-
beads complex") was investigated by 10 subsequent washing
steps. The washing steps were analyzed for the presence of

aptamer. Release of aptamer was only observed in the first two
washing steps (Fig. 4). In 10 washing steps, 35% aptamer-release
was observed in first washing step and 7% aptamer-release was
observed in second washing step. In further washing steps, no
release of the aptamer from the apta-beads complex was detected.

3.4 Detection of OTA using Apta-qPCR

The scheme of Apta-qPCR assay is shown in Fig. 1. When an OTA
containing sample is added to the apta-beads complex, the OTA
aptamer binds to OTA and is released from the complex. The
magnetic beads were separated from the OTA-bound aptamers
using a magnetic stand. The supernatant containing OTA-bound
aptamers were subjected to qPCR.

As discussed in Section 3.3, the complementary oligonu-
cleotide was adapted from a previous work and the apta-beads
complex was stable after second washing step. For detection of
OTA, the OTA samples were added to the apta-beads complex
after second washing step. To further optimize the assay, the ef-
fect of incubation time was also evaluated. As can be seen in
Fig. 5, the optimum time for incubation was found to be 20 min
for OTA-induced dissociation of aptamer. Although the incu-
bation time of 5 and 15 min is capable of detecting 1.25 and
0.625 ng/mL of OTA, respectively, but it compromised the LOD
of the assay. Conclusively, OTA-induced dissociation at lower
concentration requires 20 min of incubation time.

The LOD for OTA detection was found to be 0.009 ng/mL
based on 3σ/slope, where σ is the SD of the blank samples of three
Apta-qPCR assays (inset, Fig. 6). One of the notable advantages
of Apta-qPCR includes the broad range of analyte concentration
detection ranging from 0.039 to 1000 ng/mL, which reduced the
need of dilution steps (Fig. 6). Interestingly, OTA aptamer was
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Figure 3. Characterization of the apta-beads com-
plex. dT beads with different dT oligo densities on
the magnetic beads were incubated with 1:1 ra-
tio of aptamer to dA-cOligo. Maximum hybridiza-
tion was observed with 1:1:12 of aptamer:dA-
cOligo:dT.

Figure 4. Release of aptamer in the washing steps
using selection buffer. Here, 1 nM aptamer was
immobilized in the apta-beads complex. Release
of aptamer was only observed in first two washing
steps. The apta-beads complex remained stable af-
ter wash 2.

reported to exhibit a Kd value of 144.57 ng/mL and a dynamic
range of 8.07–2000 ng/mL using equilibrium dialysis [24]. In
addition, different dynamic range of OTA detection has been
reported with different assay formats using the OTA aptamer
(Table 2). Apta-qPCR assay resulted in higher sensitivity by us-
ing qPCR to detect the oligonucleotides. In Apta-qPCR assay, the
signal (here, the concentration of dissociated aptamer) is ampli-
fied with the help of qPCR, which is not the case in traditional
fluorescence, plasmonic, colorimetric, and electrochemical as-
says, where the measurement is limited to the aptamer-target
binding and the changes due to the interactions in 1:1 ratio.
To investigate the specificity of the assay, Ct-value obtained for
10 ng/mL OTA was compared with 100 ng/mL ochratoxin B. The
Ct-value obtained for 100 ng/mL ochratoxin B was found to be
23.3 and the Ct values with 10 ng/mL OTA was found to be 15.18.
This observation clearly indicates the specificity of Apta-qPCR
assay for the detection of OTA.

The Apta-qPCR was further investigated for the applicability
to quantify OTA in complex beer samples. Different concentra-
tions of OTA were spiked in beer and the assay was able to detect
0.078 ng/mL OTA in beer (inset, Fig. 7). The reason behind the
higher LOD in beer samples can be explained from microscale
thermophoresis analysis of aptamer interaction with OTA [20].
In brief, the presence of beer in the selection buffer affected the
Kd-value of the aptamer for OTA binding. As mentioned in the
previous work of our group, the presence 25% beer in the buffer
changed the Kd-value of from 13 ng/mL (Kd-value in selection
buffer) to 98.4 ng/mL. The assay demonstrated the broad range
of OTA concentrations detection from 0.1 to 1000 ng/mL in
complex beer samples (Fig. 7). A comparison of the developed
Apta-qPCR assay with other recent aptamer-based assays for
the detection of OTA is shown in Table 2. The detection perfor-
mances have been improved in terms of sensitivity and the broad
range of detection in comparison to previously reported assays
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using aptamers/antibodies. Our present Apta-qPCR assay relies
on the TID where labeling and the covalent immobilization of
the aptamer are not required.

4 Concluding remarks

In this work, the Apta-qPCR assay has been used for the quan-
tification of OTA for the first time. The Apta-qPCR assay is
based on TID of a complementary oligonucleotide from the ap-
tamer. Here, the presence of OTA results in dissociation of the
complementary oligonucleotide from the aptamer and, in turn,
release of the aptamer from the dT-modified beads. OTA-bound
aptamers were easily separated from the dT beads using a mag-
netic stand and quantified in the supernatant using qPCR. As
discussed previously, aptamers offer an important advantage as
they can be easily amplified, which allows the quantification of
a minute amount of dissociated aptamer by qPCR. The assay
resulted in a LOD of 0.009 ng/mL for OTA. The advantage of

Figure 5. Incubation time investigation of OTA-induced dissocia-
tion of aptamer from the apta-beads complex. The optimum time
for OTA-induced dissociation was found to be 20 min.

Figure 6. The aptamer-dissociation from apta-beads complex in
response to OTA addition. The decrease in Ct in response to
higher OTA concentrations reflects to the dissociation of ap-
tamer from apta-beads complex into the supernatant. The assay
was able to detect OTA with the linear relationship of Ct val-
ues from 0.039–1000 ng/mL, R2 = 0.95. The LOD of the Apta-
qPCR was found to be 0.009 ng/mL OTA as shown in inset
figure.

using qPCR for the assay gave broad range of OTA detection
from 0.039 to 1000 ng/mL using Apta-qPCR assay, which re-
duces the requirement of dilution steps. In this work, the assay
has been also optimized to detect OTA in complex samples. The
advantages of the assay also include no requisite of labeling and
covalent immobilization of the aptamer. Additionally, the assay
needs low sample volumes (6.25 μL) and the detection of OTA
in one sample costs approximately € 0.70 based on the costs
of chemicals and biomolecules used in the assay. With an assay
time of 2.5 h, the assay is not rapid in comparison to many other
reported assays, but Apta-qPCR provides high sensitivity with
a broad range of detection in a robust way. An alternative way
to quantify oligonucleotides in comparison to qPCR can reduce
the detection time. The Apta-qPCR shown here can be easily ex-
tended for detecting other molecules as long as a specific aptamer
is available.

Table 2. Comparison of recent aptamer-based assays for the detection of Ochratoxin A

Method LOD Detection range Ref.

Chemiluminescence resonance energy transfer (CRET) aptasensor 0.22 ng/mL 0.1–100 ng/mL [11]
Luminescence resonance energy transfer-based aptasensor 0.027 ng/mL 0.05–100 ng/mL [31]
Single-walled carbon nanohorn aptasensor 7.36 ng/mL 8.56–2140 ng/mL [39]
Monolithically integrated optoelectronic aptasensor 2 ng/mL 4–100 ng/mL [27]
Picogreen dye-based fluroscence aptasensor 0.058 ng/mL 0.128–4 ng/mL [25]
Fluorescence-based nanographite sensing 8 ng/mL 8.5–171 ng/mL [26]
Dot immunogold filtration assay 10 ng/mL 20–1000 ng/mL [30]
SPR 0.01 ng/mL 0.05–10 ng/mL [29]
Impedimetric immunosensor 0.01 ng/mL 0.05–5 ng/mL [40]
Electrochemical immunosensor 1 ng/mL 2.5–100 ng/mL [41]
Apta-qPCR assay 0.009 ng/mL 0.039–1000 ng/mL

928 C© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



www.els-journal.com Eng. Life Sci. 2017, 17, 923–930

Figure 7. The aptamer-dissociation from apta-beads complex in
response to spiked OTA in beer. The decrease in Ct value in
response to higher OTA concentrations reflects to the dissociation
of aptamer from apta-beads complex into the supernatant. The
assay was able to detect OTA with the linear relationship of Ct
values from 0.1 to 1000 ng/mL, R2 = 0.95. The LOD of the Apta-
qPCR was found to be 0.078 ng/mL OTA as shown in inset figure.

Practical application

Ochratoxin A (OTA) is a prominent mycotoxin, ubiqui-
tously present in a variety of crops. There is an urgent need
to develop a robust, rapid, and highly sensitive method for
Ochratoxin detection. Aptamers developed against OTA
have been successfully used in various applications. In ad-
dition, recent applications of various aptamers show the
potential to substitute antibodies due to its reduced pro-
duction cost and high stability. In this study, an aptamer-
assisted real-time PCR-based assay (Apta-qPCR) is realized
for the detection of OTA following target-induced disso-
ciation from complementary oligonucleotides. Apta-qPCR
assay features sensitive, robust, and selective detection of
OTA and has potential to be used in complex samples.
Moreover, the described assay can be easily transferred to
the detection of other small molecules with corresponding
aptamers.
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