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A new assay for the selective and sensitive aptamer-based fluorescent biosensor for ochratoxin A (OTA) detection
is proposed. It consists of a ribonuclease H (RNase H)-assisted cycle response that leads to a significant ampli-
fication of the signal, which allow for a low limit of detection (LOD) of 0.08 ng/mL. By using this technique, a
high selectivity for OTA against ochratoxin B and aflatoxin B; (AFB;) was noticed. The quantitative determi-
nation in real samples has been verified using red wine samples spiked with a series of OTA concentrations (0.4,

4, and 12ng/mL), and the recoveries ranged from 96.1 to 107.5%. This aptasensor has great practical appli-
cations in food industry and moreover, can be extended for the detection of other toxins by replacing the se-
quence of the recognition aptamer.

1. Introduction

Ochratoxin A (OTA), a major food-contaminating mycotoxin, is
found in various kinds of agricultural products, such as cereals, coffee,
cocoa, dried fruits, wine, grape juice, beer, spices, meat, and meat
products (Ahmed, Farag, Soliman, Abdel-Samed, & Naguib, 2007;
Alonso-Lomillo, Dominguez-Renedo, Romén, & Arcos-Martinez, 2011;
Assaf, Azouri, & Pallardy, 2004; Bennett & Klich, 2003). OTA, which is
commonly detected in microorganisms is a fungal secondary metabolite
of high toxicity (Ghali, Hmaissia-Khlifa, Ghorbel, Maaroufi, & Hedili,
2008, 2009; Imperato, Campone, Piccinelli, Veneziano, & Rastrelli,
2011; Van, Steyn, Fourie, Scott, & Theron, 1965). In humans or ani-
mals, excessive OTA can negatively influence the protein synthesis,
enhance the lipid peroxidation, harm the saccharide and calcium me-
tabolisms, and paralyse the mitochondrial functions (Costa et al., 2016;
Zhang et al., 2016).

The potential human health risks of OTA exposure are related to a
variety of toxic effects, such as nephrotoxic, hepatotoxic, immunotoxic,
teratogenic, and carcinogenic effects (Khoury & Atoui, 2010). Fur-
thermore, OTA potentially suppresses the immune system as a result of
the atrophy of the immune organs (Boorman et al., 1984), slowing
down the reaction of antibody, disturbing the modification in immune
cell activities (Muller, Burkert, & Rosner, 2003), and adjusting the cy-
tokine production (Lea, Steien, & Stgrmer, 1989). More importantly,
OTA is very stable and it has a long half-life of 35.5 days, which result
in an accumulation of the toxin into the body (Studerrohr, Schlatter, &
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Dietrich, 2000). Besides, it can be quickly absorbed, but hard to de-
grade. Due to its so harmful effects, OTA is listed as potentially carci-
nogenic compound by the International Agency for Research on Cancer
(IARC) (International Agency on Research on Cancer, 1993). So far,
systematic regulations on the management of OTA were globally ac-
cepted and great efforts have been made to develop simple but efficient
methods to detect it. Song et al. reported a label-free and sensitive
detection of Ochratoxin A based on dsDNA-templated copper nano-
particles and exonuclease-catalyzed target recycling amplification
(Song, Hong, Zhang, & Lu, 2018). Liu et al. developed a fluorometric
aptamer based assay for ochratoxin A based on the use of exonuclease
III (Liu et al., 2018). Zejli et al. proposed a label free aptasensor for
ochratoxin A detection using polythiophene-3-carboxylic acid (Zejli,
Yugender Goud, & Marty, 2018). Although these methods could detect
OTA, the LOD are poor and linear ranges are relatively narrow.
Therefore, it is still necessary to develop efficient and sensitive methods
for OTA monitorization while keeping in mind the guarantee of food
safety by eliminating the potential risk caused by OTA consumption.
Traditional methods of OTA analysis include thin-layer chromato-
graphy (TLC), high-performance liquid chromatography (HPLC), gas
chromatography (GC), and mass spectrometry (MS) (Songsermsakul &
Razzazi-Fazelib, 2008; Turner, Subrahmanyam, & Piletsky, 2009).
However, shortcomings like time-consuming, expensiveness and in-
accuracy are related to these methods. Besides, immunological
methods, especially enzyme-linked immunosorbent assay (ELISA) (Liu,
Tsao, Wang, & Yu, 2008), have been employed in OTA assay. However,
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Fig. 1. (A) Schematic illustration of the fluorescent aptamer sensor for OTA; (B) fluorescence spectra of aptameric assay system in the absence (b) and presence (a) of

OTA.

ELISA requires the use of antibodies which were greatly affect by en-
vironmental temperature and pH, the pretreatment process of ELISA is
costly and complicated.

Aptamers are single-stranded nucleic acids or peptide molecules
exhibiting unique secondary structures that can bind specifically to
their targets (Guo & Zhao, 2016; Tong, Zhao, Zhang, Xu, & Chen, 2012).
Due to their ability to bind to a larger number of targets such as small
molecules, proteins, nucleic acids, cells, tissues, and organisms, an
aptamer can be easily utilized (Cho, Lee, & Ellington, 2009; Li, Zhao,
Chen, Mu, & Guo, 2011; Yang, Lates, Prieto-Simén, Marty, & Yang,
2012). To date, a series of aptamer-based methods for OTA detection
have been reported, among them a fluorescence assay (Chen, Fang, Liu,
& Zeng, 2012; Lv, Li, Cui, Zhao, & Guo, 2017; Mckeague et al., 2014;
Wang et al., 2016), an electrochemical assay (Mayorga-Martinez,
Quesada-Gonzalez, Zamora-Galvez, de la Escosura-Muniz, & Merkoci,
2015; Mishra, Hayat, Catanante, Istamboulie, & Marty, 2016), a col-
orimetric assay (Lee, Jeon, Ahn, & Ha, 2014; Luan et al., 2015; Yin
et al., 2017), and a photoelectrochemical immunosensor based assay
(Feng et al., 2018). These assays, involving a binding ratio between
aptamers and targeted molecules of 1:1, usually fail in amplifying the
signal, and thus, a low sensitivity in the OTA detection is reported.
Hence, a strategy that involves an OTA-specific aptamer is required to
improve the detection limit and selectivity for OTA. Here, the use of
RNase H was explored due to its ability to specifically cleave the RNA
strand of DNA/RNA hybrid. To the best of our knowledge, this RNA
based aptasensor is used for the first time to detect OTA. Moreover, we

demonstrated that the RNase H platform can be successfully used for
highly selective and sensitive fluorescence detection of OTA.

2. Experimental
2.1. Materials and methods

Ochratoxin A (OTA) and ochratoxin B (OTB) were purchased from
Pribolab Co., Ltd (QingDao China). Aflatoxin B; (AFB;) was purchased
from Yuanye Co., Ltd (ShangHai China). Ribonuclease H (RNase H) and
labeled RNA probe (OTA-RNA: 5-FAM-GAUCGGGUGUGG-Dabcyl-3")
were obtained from Takara Biotechnology Co., Ltd (DaLian, China).
DNA probes (OTA-APT: 5-GATCGGGTGTGGGTGG CGTAAAGGGAGC
ATCGGACA-3’, and OTA-cAPT: 5-CGCCACCCACACCC GATC-3") were
purchased from Sangon Biotechnology Co., Ltd (Shanghai, China). All
experiments were repeated three times, and error bars were calculated
by Origin software.

2.2. Optimization of the experimental conditions

All experimental conditions were optimized, including the ratio of
OTA-APT:OTA-cAPT, the concentrations of OTA-cAPT and OTA-RNA
probes. The experiments were performed for a ratio range of OTA-
APT:OTA-cAPT from 5 to 1. The OTA-cAPT probe concentrations were
10, 30, 50, 70, and 100 nM. The concentrations of OTA-RNA probe
were 100, 200, 300, 400, and 500 nM.
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Fig. 2. Optimization experimental conditions of OTA detection: (A) ratio of
OTA-APT/OTA-cAPT; (B) concentration of OTA-APT probe; (C) concentration
of OTA-RNA probe. F, and F represent the fluorescence intensities in the ab-
sence and presence of OTA. Error bars were estimated from three replicate
measurements.
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Fig. 3. (A) Fluorescent signal response with different concentrations of OTA.
OTA concentration increased from bottom to top: 0.08, 0.2, 0.4, 2, 4, 12, 20, 40,
120 and 200 ng/mL; (B) calibration curve with the linear portion inserted. OTA-
cAPT = 50 nM, OTA-APT = 150nM, OTA-RNA = 300nM, RNase H =12 U,
Temperature = 25 °C. Error bars were estimated from three replicate mea-

surements.
Table 1
Comparison with the currently reported methods for OTA determination.
Method Detection limit Linear range Reference
(ng/mL) (ng/mL)
Colorimetric 8 8-250 Yin et al. (2017)
Colorimetric 0.4 - Lee et al. (2014)
Electrochemical 0.07 0.15-5 Mishra et al. (2016)
Chemiluminescence  0.22 0.1-100 Jo, Mun, Kim, Shim,
and Kim (2016)
UV-vis 0.22 0.5-20 Xu, Xu, and Ying
(2016)
Fluorescence 0.8 1-100 Chen et al. (2012)
Fluorescence 4 4-80 Lv et al. (2017)
Fluorescence 0.08 0.4-20 This work
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Fig. 4. Selectivity of the sensor toward OTA against OTB and Aflatoxin B;.
OTA-cAPT = 50 nM, OTA-APT = 150 nM, OTA-RNA = 300 nM, RNase H = 12
U, Temperature = 25°C, OTA = OTB = AFB; = 200 ng/mL. Error bars were
estimated from three replicate measurements.

Table 2
Application of aptasensor for OTA determination in red wine.

Sample Added (ng/mL) Found (ng/mL) Recovery (%)
Sample 1 0.4 0.41 + 0.16 103

Sample 2 4 4.30 = 0.26 107.5
Sample 3 12 11.54 + 0.50 96.1

2.3. Aptamer biosensor for detecting OTA

For a typical OTA fluorescence experiment, OTA solutions with
different concentrations of OTA and buffered at pH = 7.5 (10 mM Tris-
HCl, 120 mM NacCl, 20 mM CaCl,, 40 Mm MgCl,), 50 nM OTA-cAPT,
and 150nM OTA-APT were incubated at 25°C for 30 min. Then,
300 nM OTA-RNA probe and 0.2 uL of RNase H (60 U/uL) were added
at 25°C and allowed to react for 60 min. All experiments were con-
ducted at a final reaction volume of 100 puL. Each experiment was
performed three times. Afterwards, the fluorescence was measured as
described above. Fluorescence spectra were obtained using a Hitachi F-
2700 fluorescence spectrophotometer (Hitachi Ltd, Japan). The samples
were placed in quartz cuvettes and excited at 497 nm while the emis-
sion spectra were collected at wavelengths ranging from 510 to 600 nm
at room temperature.

2.4. Selectivity assay

In order to explore the specificity of the proposed assay, OTB and
AFB; were used for comparison. First, OTA buffered at pH = 7.5 and
50 nM OTA-cAPT, 150 nM OTA-APT, and 200 ng/mL OTA, OTB and
AFB,; were incubated at 25°C for 30 min. Then, 300 nM OTA-RNA
probe and 0.2 pL of RNase H (60 U/uL) were added at 25 °C and allowed
to react for 60 min. Afterwards, the fluorescence was measured as de-
scribed above.

2.5. Determination of OTA in red wine samples

In order to prove the feasibility of this method in real samples, red
wine was used for tests. Before analysis, the red wine samples were
filtrated to remove sediments, adjusted to pH = 7.5 and then a 20-fold
dilution was applied (Wang, Zhang, Pang, Zhang, & Guo, 2017). Three
different concentrations of OTA (0.4, 4, and 12 ng/mL) were spiked into
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the red wine samples to obtain standard samples. The subsequent ma-
nipulation is according to the Section 2.3.

3. Results and discussion
3.1. The operation principle of the developed aptasensor

In this assay, a sensitive and selective RNase H-assisted fluorescence
aptamer-based fluorescent biosensor for OTA detection is proposed and
the operating principle of this novel sensor is illustrated in Fig. 1A.
OTA-APT is the aptamer of OTA and partially complementary with
OTA-cAPT. In the presence of OTA, OTA-cAPT is removed from the
OTA-APT/OTA-cAPT hybrid duplex and then, combined with OTA-RNA
which has a fluorophore on the 3’-end and a quencher at the 5-end to
form DNA/RNA junctions. Since RNase H is an enzyme selective for
hydrolysis of RNA in a DNA/RNA hybrid duplex (Wu et al., 2017), the
fluorophore and quencher are released from OTA-RNA, showing ob-
vious fluorescence. However, without OTA, the fluorophore and
quencher labeled OTA-RNA remains as a single strand. Because the
fluorophore and quencher are situated in close proximity, the fluor-
ophore is quenched and emits fluorescence of low intensity. The
emitted fluorescence is clear evidence that OTA can be detected by this
simple and convenient approach. As shown in Fig. 1B, the sensor pro-
duces a significant fluorescence enhancement for the solution con-
taining 200 ng/mL OTA in comparison with a blank.

3.2. Optimization of experimental conditions for the sensing tests

In order to obtain a desirable fluorescence response, the experi-
mental conditions, in particular the ratio of OTA-APT:OTA-cAPT, con-
centrations of OTA-cAPT, and OTA-RNA probes, were optimized. As
shown in Fig. 2A, the fluorescence signal was strongly dependent on the
ratio of OTA-APT to OTA-cAPT, the optimum ratio being achieved at a
molar ratio of 3:1. It is supposed that a low amount of OTA-APT would
result in unstable OTA-APT/OTA-cAPT duplexes while an excess of
OTA-APT would increase the concentration of OTA in OTA-cAPT (Chen
et al., 2012). Therefore, the OTA-APT to OTA-cAPT ratio of 3:1 was
used for further experiments. Using this optimum ratio, the influence of
the concentrations of OTA-cAPT was investigated. The calculated
fluorescence ratio, F/F,, as a function of concentration, is illustrated in
Fig. 2B. It can be observed that the fluorescence increases proportion-
ally with the concentration of OTA-cAPT up to 50 nM (namely, 150 nM
of OTA-APT), then drastically decreases. This is because there will be
excess OTA-cAPT reacting with OTA-RNA due to too high concentration
of OTA-cAPT, resulting in an increase in background. Moreover, Fig. 2C
shows that the rate at which the fluorescence increases is related to the
concentration of OTA-RNA. Thus, the emitted fluorescence continually
increases up to a concentration of 300 nM, then it reaches a plateau.
Thus, a concentration of 300 nM for OTA-RNA was selected for the
subsequent set of experiments.

3.3. Quantitative determination of OTA

Under the optimized conditions, a calibration curve was constructed
based on the fluorescence intensity for different concentrations of OTA
ranging from 0.08 to 200 ng/mL. The results corresponding to these
experiments are illustrated in Fig. 3. As depicted in Fig. 3A, that dis-
plays the fluorescence spectra as a function of concentration, the ad-
dition of an increasing amount of OTA from 0.08 to 200 ng/mL results
in a dynamic increase in fluorescence emission that is centered at
515nm. According to Fig. 3B that shows the calibration curve of
fluorescence intensity as a function of concentration, when OTA con-
centration is below 40 ng/mL, the fluorescence intensity continuously
increases, while further enhancements in the concentration produces
only small changes of the intensity and the calibration curve deviates
from linearity. In this figure, the linear part of the calibration curve is
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also inserted. It reveals that the fluorescence signal is linear with the
concentration of OTA in the range from 0.4 to 20 ng/mL. By Origin
software analysis, the equation of this curve is F = 6.34C + 269.50,
where F is the fluorescence intensity and C is the concentration of OTA
(ng/mL) with the square of the correlation coefficient, R? of 0.99118
(inset in Fig. 3B). The limit of detection (LOD) was calculated to be
0.08 ng/mL according to signal-to-noise ratio of 3, which is superior or
comparable with the previous methods for OTA listed in Table 1.
Therefore, it can be concluded that the proposed assay is a simple and
straightforward method for the sensitive detection of OTA.

Furthermore, this method can be extended as a universal platform
for the assay of other toxins by replacing the sequence of the recogni-
tion aptamer.

3.4. Selectivity of OTA assay

The specificity of the method was proven by testing OTB and AFB,
as well. The experiments were performed using 200 ng/mL concentra-
tions of OTA, OTB or AFB;. The results are displayed in Fig. 4. It is clear
from the Fig. 4 that only OTA can induce a large signal, attributed to the
inherent specificity of the aptamer toward OTA (Yu et al., 2018). OTB
and AFB; emitted only negligible fluorescent signals. Thus, the pro-
posed method is suggested to be a good way of discriminating between
OTA and other toxins.

3.5. Determination of OTA in red wine samples

In order to test the feasibility and accuracy of the developed sensor,
recovery tests were carried out in red wine samples (Table 2). The
aptasensor was used for determining the recoveries of three different
concentrations of OTA (0.4, 4, and 12ng/mL). The recoveries were
found to vary from 96.1 to 107.5%, which confirmed the satisfactory
accuracy of the assay for targeting OTA in a complex sample (Liu et al.,
2018; Wang et al., 2017).

4. Conclusions

In summary, a fluorescence aptasensor was developed for the highly
sensitive detection of OTA based on a RNase H-assisted fluorescence
amplification strategy. Under optimized conditions, this aptasensor
exhibited a low detection limit of 0.08 ng/mL, as well as a linear range
from 0.4 to 20 ng/mL OTA, demonstrating excellent performance in
comparison with previous reports. At the same time, the interfering
mycotoxins in the sample, such as OTB and AFB;, showed negligible
effects on the specificity and sensitivity of the sensor, demonstrating the
high selectivity of the proposed sensing system. Furthermore, the ap-
tasensor was applied for the quantitative determination of OTA in red
wine with recoveries ranging from 96.1 to 107.5%, which demon-
strated that the developed method can be applied to the detection of
OTA in real samples. This strategy showed high sensitivity, good se-
lectivity, and therefore, it can be considered as a new approach with
applications for the specific detection of various toxins encountered in
food and water.
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