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ABSTRACT

Ochratoxin A (OTA), as a kind of chlorophenolic mycotoxin, exist widely in plant origin food and is
harmful to human. Herein, a surface plasmon resonance (SPR) biosensor using an anti-OTA aptamer
immobilized sensor chip was developed to measure ochratoxin A (OTA) quantificationally through a
straightforward direct binding assay. The streptavidin protein as a crosslinker was immobilized onto the
surface of a sensor chip and the biotin-aptamer was captured through streptavidin-biotin interaction.
The biosensor exhibited a detection range from 0.094 to 100 ng/mL (linear range from 0.094 to 10 ng/mL)
of OTA with a lower detection limit of 0.005 ng/mL. Detection of OTA in wine and peanut oil was further
performed in the SPR biosensor using simple liquid-liquid extraction for sample pretreatments. Re-
coveries of ochratoxin A from spiked samples ranged from 86.9% to 116.5% and coefficients of variation
(CVs) ranged from 0.2% to 6.9%. The developed methods in our studies showed good analytical perfor-
mances with limits of detection much lower than the maximum residue limit, as well as a good re-
producibility and stability.

© Elsevier B.V. All rights reserved.

1. Introduction

Ochratoxin A (OTA) is a secondary metabolite produced by a
variety of fungi, with most Aspergillus and Penicillium species being
the primary producers. The chlorophenolic mycotoxin OTA is
recognized as potentially harmful to humans and animals. OTA is
clearly an immunosuppressive agent, potently nephrotoxic,
carcinogenic and teratogenic, and of major concern for human
health (Harvey et al., 1992). Furthermore, it has been considered
by the International Agency for Research on Cancer to be a
potential carcinogen (group 2B) for human (IARC, 1993). OTA
contaminates cereals and cereal products, coffee, beans, pork meat
and meat products, milk and milk products, eggs, wine, and beer
all over the world (Binder et al., 2007). It has been established that
wine is the second major source of OTA dietary intake by the EU
population, following the cereals (Miraglia and Brera, 2002). In
addition, a few surveys on the natural occurrence of ochratoxin A
on peanuts have been reported (Ediage et al., 2014; Magnoli et al.,
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2007; Palencia et al., 2014; Sangare-Tigori et al., 2006). Therefore,
maximum permitted levels of OTA have been defined by nations
all over the word. Typically, the European Commission has
established the maximum level of OTA at 5 ng/mL for unprocessed
cereals, 3 ng/mL for products derived from unprocessed cereals,
10 ng/mL for coffee beans, and 2 ng/mL for wine.

Under the consideration of the universality and perniciousness
of OTA, the development of reliable and rapid detection methods
of OTA in food samples is of great practical significance for food
safety. High-performance liquid chromatography (HPLC) with
fluorescence detectors was widely adopted as the standard
methods for OTA detection (Zimmerli and Dick, 1995). In addition,
gas chromatography-mass spectrometry (Olsson et al., 2002),
thin-layer chromatography (TLC) (Pittet and Royer, 2002), enzyme
linked immunosorbent assay (ELISA) (Flajs et al., 2009) and im-
munochromatographic assays as lateral flow strips (Lai et al.,
2009) also showed good performance for OTA detection. However,
new methods that are more direct, highly sensitive have attracting
attentions on defining strategies suitable for real-time on site
analysis and adaptable to different complex matrix.

In our work, we have developed a new biosensor based on the
surface plasmon resonance (SPR) properties of gold surfaces and
the peculiarity of aptamers. SPR is a phenomenon that occurs in
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thin conducting film at an interface between media of different
refractive index and has emerged as a powerful technique in
biological and chemical analyzes. Moreover, this technique has
been widely used for quantitative analysis of various target bio-
molecules in food (Homola, 2008). The principles of concentration
measurement with SPR are largely similar to established interac-
tion methods such as ELISA and ITC. While the major advantages
of SPR lie in the real-time, label-free, non-invasive aspects of the
measurement over other methods. The SPR detection technology
allows measurements to be made on colored or turbid samples,
which made sample preparation much simplified than many other
established techniques. More recently, a bifunctional protein
crosslinker-based surface plasmon resonance (SPR) biosensor was
developed for the sensitive and rapid detection of aflatoxin B1
(Afb1) (Park et al., 2014b). In 2012, Lu et al. demonstrated a SPR
biosensor inhibition immunoassay for determination of ractopa-
mine (Rac) residue in pork (Lu et al., 2012). In most detection
methods based on SPR, analyte-specific antibodies are used as
recognized molecules. However, the production of specific Abs is
difficult, expensive and extremely time-consuming, and antibodies
can easily lose their activities when environmental conditions
change.

In the present study, aptamer was used as a replacement of
antibody for the detection of OTA. Aptamers are single-stranded
oligonucleotides selected by an in vitro selection process named
Systematic Evolution of Ligands by Exponential Enrichment
(SELEX) (Ellington and Szostak, 1990; Mairal et al., 2008). For the
development of biosensors and other analytical methods, apta-
mers were considered as an available alternative to antibodies or
other bio-mimetic receptors (Tombelli et al., 2005). Unlike anti-
bodies, they can be chemically derivatized easily to extend their
lifetimes and bioavailability. With respect to antibodies, aptamers
have the following advantages: low cost, little or no batch-
to-batch variation and easy modification (Jayasena, 1999). The
aptamer selected for OTA exhibits a high level of binding affinity
specificity, showing a 100-fold less affinity to ochratoxin B (OTB),
the dechlorinated analog of OTA (Cruz-Aguado and Penner, 2008).
Based on these virtues, the aptamer functionalized SPR biosensor
is developed for OTA detection in our studies.

Since the sensitivity of SPR sensors is determined by changes in
the mass concentration of material at the surface, direct assays for
small molecules are not routine in SPR biosensors. To obtain
optimal sensitivity, most SPR assays use indirectly competitive or
inhibition assays as well as high mass label methods. Compared to
these indirect assays, direct assay has some attractive traits, such
as increased speed of analysis, decreased use of biological
reagents, and improved confidence in the detection of the small
molecules, along with the ability to characterize the ligand/analyte
(Yakes et al., 2014). With advances in SPR instrumentation, direct
detection of small molecules is feasible with better sensitivity, and
some SPR assays for direct detection of small molecules have been
established in recent years (Yakes et al., 2014; Munoz et al., 2011).

Our study focused on developing a SPR biosensor for OTA
detection using a straightforward direct binding assay. By
optimization of experimental conditions, the biosensor exhibited a
wide detection range from 0.094 to 100 ng/mL (linear range from
0.094 to 10 ng/mL) of OTA. Compared with the other SPR based
biosensors for OTA detection, so far our SPR biosensor gives
highest sensitivity with low LOD of 0.005 ng/mL. Besides, the
biosensor was successfully used for the determination of OTA in
wine and peanut oil samples, and could be further applied for
determination of OTA in food matrixes.

2. Materials and methods
2.1. Reagents and instrumentation

Ochratoxin A (OTA, from Aspergillus ochraceous), Ochratoxin B
(OTB, from Aspergillus ochraceous), Aflatoxin B1 (from Aspergillus
flavus), Ochratoxin A ELISA Kit were purchased from Proibolab
(Singapore). A 2 mg/mL stock solution of Ochratoxin A was pre-
pared in dimethyl sulfoxide (DMSO, BioReagent, for molecular
biology) and stored at — 20 °C. Kanamycin A (KanA) was purchased
from National Institutes for Food and Drug Control. Streptavidin
(SA) and N-acetyl-L.-phenylalanine (Ac-Phe-OH) were purchased
from Sigma Aldrich (China). Working standards were freshly
prepared from concentrated stock by sequential dilution in
Tris-HCl buffer (10 mM TRIS, pH 8.5, 120 mM NacCl, 5 mM KCl, and
20 mM MgCl,). Amine Coupling Kit (contains 1-Ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (EDC), N-Hy-
droxysuccinimide (NHS), 1.0 M Ethanolamine-HCI pH 8.5), 10 mM
sodium acetate pH 5.0, 10 mM sodium acetate pH 4.5, 10 mM
sodium acetate pH 4.0 were purchased from GE Healthcare. All
components of buffers were obtained from Sigma-Aldrich.
All oligonucleotides were synthesized by Sangon Biotech
(Shanghai, China), and their sequences were anti-OTA aptamer:
5'-GATCGGGTGTGGGTGGCGTAAAGGGAGCATCGGACA-3'Biotin.
(Cruz-Aguado and Penner, 2008) Standardized wine and peanut
oil samples were purchased from a local supplier (Beijing, China).

The Isothermal Titration Calorimeter (MicroCal™ iTCa00), SPR
biosensor (BIAcore T200) and SPR sensor chips were obtained
from GE Healthcare Bio-Sciences AB (America). ITC measures the
heat change that occurs in two substrates interacting. BIAcoe T200
is a high performance system for real-time biomolecular interac-
tion analysis, using surface plasmon resonance technology (SPR).
The detection occurs on the surface of the sensor chip (CM5),
which forms one wall of the flow cell when the sensor chip is
docked on to the IFC. For all experiments, the machine was purged
with running buffer prior to analysis. All solutions were prepared
using ultrapure water obtained from a Milli-Q ultrapure water
system.

2.2. Isothermal titration calorimetry assay

ITC was performed using a MicroCal iTCygg instrument. All
samples were degassed and temperated before measurement. To
ensure the buffers matching, two kinds of samples were dissolved
in the same buffer (10 mM Tris, 20 mM MgCl,, 120 mM Nadl,
5 mM KCI and 2% DMSO, pH 8.5). The titration experiments were
performed in a sample cell (300 pL) containing 8 pM DNA aptamer
and a syringe (40 pL) containing 99 pM OTA. The reference power
was set to 8 pcal/s, using a syringe stirring speed of 1000 rpm. The
thermal equilibration step at 25 °C was followed by an initial 60 s
delay step. The standard binding experiments consisted of 16
successive 2.0 pL injections every 180 s; the first injection was
0.4 pL. The change in heat rate during the titration steps was
registered in real time. Blank experiment was carried out under
the identical operation conditions by directly injecting OTA solu-
tion into the buffer. Data were fit to a one set of sites binding
model using the calorimeter software.

2.3. Preparation of the chip surface

SPR measurement was performed using a BlAcore T200 in-
strument with four flow channels and a sensor chip CM5 with
dextran matrix. Streptavidin was attached to the dextran matrix
using amine coupling method. pH 7.4 PBS buffer was used as a
running buffer at a flow rate of 10 pL/min. The covalent im-
mobilization of SA was carried out using a EDC/NHS method for
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activating. In detail, a solution of 0.1 M N-hydroxysuccinimide
(NHS) and 0.4 M 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC) was mixed (1:1) and 200 pL was injected onto channels
1 and 2 for 420 s to activate the carboxylic acid groups. 50 pg/mL
SA diluted with acetate buffer (pH 4.5) was loaded on the activated
sensor chip. Finally, the remaining unreacted ester groups were
blocked using 1 M ethanol amine (pH 8.5). The online response
was used to characterize the sensor surface. Each step, including
activation, immobilization, and blocking was carried out for a
suitable time (Fig. 2A). For the biotin tagged aptamer, the flow rate
was set to 5 pL/min. 10 pM biotin tagged aptamer diluted with PBS
buffer was injected and captured onto the surface of channel
2 only.

2.4. Surface plasmon resonance assay

For the OTA assay, the reaction temperature was controlled at
25+ 0.1 °C. The data acquisition software was Biacore T200 Eva-
luation Sorftware Version 2.0. With this biacore technology, the
SPR angle change is reported as response units (RU). An SPR re-
sponse of 1000 RU corresponds approximately to a surface con-
centration of 1 ng/mm? for average protein ligand on Sensor Chip
CMS5. All buffers for experiments were filtered (0.22 pm). The flow
cells were arranged in pairs (Fc1-2 and Fc3-4) with minimum dead
volume between the flow cells in a pair to provide accurate re-
ference subtraction. The response obtained from the detection
channel (Fc2 or Fc4) was normalized by subtracting the signal si-
multaneously acquired from the control channel (Fcl or Fc3),
which could eliminate nonspecific binding and buffer-induced
bulk refractive index changes.

pH 8.5 Tris-HCl buffer, containing 10 mM TRIS, 120 mM Nacl,
5 mM KCl, and 20 mM MgCl,, was used as running buffer at a rate
of 25 pL/min. Different concentrations of standard OTA (0-
100 ng/mL) were prepared by serial dilutions in Tris—-HCl from
stock solution of 2 mg/mL OTA in DMSO. Of particular note was the
DMSO content of OTA standard solution needed to be on the same.

The solutions were then injected onto the chip surface for 150 s at
a flow rate of 25 pL/min. The binding between the captured ap-
tamer and OTA was monitored in real-time. After each binding
reaction, a further dissociation time of 300 s was applied after
each injection to allow the signal back to the baseline. Report
points were set at 4 s in relation to the end of injections in the
cycle. At least 3 samples with the same concentration of OTA were
detected.

2.5. Development of a simple sample extraction method

Two kinds of food were detected to validate the biosensor
performance. The red wine and peanut oil samples without OTA
were all purchased from local markets. The preparation of wine
samples was established according to the related literature, with
some simple modification (Yang et al,, 2012). In detail, the red
wine was spiked with the stock solution of OTA to obtain a final
concentration of 100 ng/mL. From this spiked sample, several di-
lutions (0, 3, 40, 75 ng/mL) were prepared with non-spiked red
wine. Spiked samples were equilibrated 2 h before extraction.
Then, the red wine samples were mixed with the same volume of
toluene. After overnight extraction, a given amount from each top
phase was taken out for mixing with the same volume of running
buffer. After complete phase separation, a given amount of each
top phase was taken and used for detection. Peanut oil samples
previously spiked with OTA at a final concentration of 0, 3, 40 and
75 ng/mL. Then, by vigorous shaking and standing for a certain
length of time, the OTA was fully dissolved in oil. Afterwards, each
oil sample was mixed with the same volume of running buffer and
ultrasonic treated for 90 min. Then the oil samples were cen-
trifuged and the bottom solution was transferred to a new vial and
filtered through a 0.22 pm filter. 360 pL of the final solution was
used to detection.
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Fig. 1. ITC data curves and binding isotherms for titration of OTA with aptamer. (A) The binding affinity between OTA and aptamer in 10 mM Tris, pH 8.5, 120 mM Nacl,

5 mM KCl, 2% DMSO, and 20 mM Mg?*. (B) The binding buffer without Mg?*.
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3. Results and discussions
3.1. Isothermal titration Calorimetry (ITC) assay

To confirm binding of OTA to aptamer marked by biotin, ITC
experiments were performed and Fig. 1A (the top panel) shows the
raw date from ITC measurements. All data could be fitted using
the one-site model within the Origin software (Fig. 1A, the
bottom panel), and giving an apparent equilibrium constant
Ka=8.83 x 10° + 1.20 x 10 nM with the Aptamer/OTA stoichio-
metry of 1.34 4+ 0.01. Our data showed a strong binding event
between the OTA and biotin-aptamer and were consistent with
the result reported in literature (Cruz-Aguado and Penner, 2008).
Meanwhile, previous studies have reported that divalent cations
influence the conformational structure of the aptamer, and bind-
ing of OTA to the DNA aptamer needs the presence of divalent ions
(Mg?*,Ca%") (Chung and Kwong, 2007). From the ITC experiment
curve shown in Fig. 1B, it could be easily observed that OTA did not
exhibit binding to the aptamer in the absence of magnesium ions.
Presumably, it was suggested that the reliance on Mg?* was due
to a bridging interaction mediated by magnesium between the
target and the oligonucleotide. Therefore, magnesium ions were
added into the follow-up detection works.

3.2. Optimization and assessment of the OTA biosensor

In this assay, the streptavidin protein as a cross-linker was
immobilized onto the surface of a CM5 sensor chip using a stan-
dard amine coupling protocol (Fischer, 2010). With this method,
the dextran matrix on the sensor chip surface was first activated
with a mixture of EDC and EHS to give reactive succinimide esters.
SA was then passed over the surface and the esters reacted
spontaneously with uncharged amino groups or other nucleophilic
groups to link the SA covalently to the dextran (Fig. 2A).
Streptavidin immobilized on the sensor chip surface can be used to
capture biotinylated aptamer with high efficiency (Kp of the order
of 107> M). The sensorgram for the immobilization of strepta-
vidin and the capture of the biotin-aptamer were shown in Fig. 2
with an ideal result (SA, 2800 RU; aptamer, 1400 RU).

Surface plasmon resonance is a phenomenon that occurs in
thin conducting films at an interface between media of different
refractive index. The SPR signal is a direct measurement of the
angle of minimum reflected intensity which is directly propor-
tional to the mass concentration of the analyte. The ssDNA
aptamer interacting partner was captured on the surface of the
sensor chip through the modified biotin at the 5 end of the
aptamer. The specific interaction of the aptamer with OTA was
made use of biosensor assaying for the detection of OTA. Before
the OTA determination, the performance of the biaosensor was
optimized. Instead of PBS buffer with Mg?*, Tris-HCl buffer
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(10 mM TRIS, pH 8.5, 120 mM Nacl, 5 mM KCl, and 20 mM MgCl,)
was chosen as the running buffer, since phosphate deposition can
seriously disturb the detection or in the worst case block the flow
system. The response increased with the sampling time and
reached the steady value in 150s. According to our results
(Fig. 3A), the OTA bound to the aptamer with a fast dissociation
rate constant and the relative response return to the baseline at
300 s after sample injection. This simple procedure makes it not
necessary to establish a regeneration project. Meanwhile, we
decided to use a flow rate of 25 pL/min according to the experi-
ence of LMW (low molecular weight compound) experiments.
Moreover, the specificity of the SA cross-linker based SPR bio-
sensor for detection of OTA was checked by respectively introdu-
cing OTA analogs (ochratoxin B, and N-acetyl-L-phenylalanine),
Kanamycin A and Aflatoxin Blon the aptamer/anti-OTA layered
chip. As the results presented in Fig. 3B, OTA (30 ng/mL) gave a
relative response of 18.4 RU, which was obviously much greater
than those of the other small molecules which gave responses
<2RU. Furthermore, OTA (30ng/mL) in the presence of
3000 ng/mL N-acetyl-i.-phenylalanine (100 times higher con-
centration) yielded SPR signals of 17.6 RU, which is comparable
with the OTA only (18.4 RU). These results demonstrate that OTA
could elicit a measurable and significant response even in the OTA
analog (Ac-Phe-OH), which further proves that the aptamer bio-
sensor is specific for OTA detection.

To reduce the bulk contribution, the refractive index of samples
and running buffer (Tris-HCl with 0.005% DMSO) should be
carefully matched. In detail, the OTA stock (2 mg/mL in 100%
DMSO) solution was diluted 20000 times to obtain a DMSO con-
centration of 0.005% using Tris—HCl buffer without DMSO. The
assay running buffer (Tris-HCl with 0.005% DMSO) was then used
to prepare a further dilution samples. To detect OTA using the
aptamer based SPR biosensor, time dependent response changes at
different concentration of OTA, in the range of 0.094-100 nM,
under the optimized experimental conditions were recorded. As
shown in Fig. 4A, an increased amount of OTA caused an increase
of SPR response. From the sensorgram, it was found that the bulk
contribution was weak due to the careful buffer match.

Considering analyte that dissociate rapidly from the surface,
the relative response was measured at 146s which is right before
the end of the injection. Each sample with different concentration
was injected in triplicate and a calibration plot of the relative
response at 146s was plotted against OTA concentration (B).
Evaluation of concentration measurements used a fully defined
four-parameter equation in biacore for fitting the curve to the
calibration data points. Four curve parameters were obtained
by the fitting function. The equation for the 4-parameter fit
isy = Ry — (Ry — Ry,)/(1 + (x/A)®). Where y and x are the plot
coordinates, Ry;=6.049 and R;,=0.092 are fitting parameters that
correspond to the maximum and minimum response levels
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Fig. 2. Sensorgram for the immobolization of streptavidin and the capture of the biotin tagged aptamer on a CM5 chip. (A) Activation, 480 s; immobilization, 1200 s;
blocking, 480 s; flow rate, 10 uL/min; result, 2800 RU. (B) Captuer, 150 s; flow rate, 10 pL/min; result, 1490 RU.
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Fig. 3. Optimization of conditions. (A) Kinetics of the association and dissociation between surface-tethered aptamer and 10 ng/mL ochratoxin A in solution, expressed as
variation of response with time. (B) Specificity of the sensor chip surface toward different compounds: KanA, Afb1, OTB, Ac-Phe-OH (each of 30 ng/mL); the mixture: Ac—

Phe-OH (3000 ng/mL) and OTA (30 ng/mL).
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Fig. 4. A. Response plot for the aptamer based OTA SPR biosensor. Injection of OTA (0.094-100 ng/mL, flow rate: 25 pL/min). B Calibration plots for the aptamer based OTA
SPR biosensor, data points are the average plus + one standard deviation(n=3, LOD=0.005 ng/mL, S/N=3).

Table 1
Recovery studies of two samples at three levels by SPR (n=3 replicates)

Sample Spiked  Theoretical Average response  Absolute CV (%)
(ng/mL) response of  of OTA in spiked recovery
OTA in buffer sample (RU)+SD  study (%)
(RU) (RU)
Red wine 3 0.6830 0.7960 + 0.0553 116.54 6.95
40 3.7867 3.2977 +£0.0724 87.09 2.20
75 4.5550 3.9590 + 0.0286 86.92 0.72
Peanut oil 3 0.6746 0.7325 4+ 0.0305 108.59 417
40 3.1670 2.7793 + 0.0060 87.76 0.22
75 3.2940 3.6087 +0.0402 91.95 11

respectively, A;=24.46 and A,=0.982 are additional fitting para-
meters, and the chi-squared value is 0.0037. Moreover, the bio-
sensor exhibited a linear detection range from 0.094 to 10 ng/mL
of the OTA and the good agreement (*>=0.9976, Fig. 4 B). The limit
of detection (LOD) is calculated to be 0.005 ng/mL (S/N=3) where
the noise level is the standard deviation of replicate measure-
ments on blank samples (n=8). Compared with the other SPR

based biosensors for OTA detection (Table S1, Fu, 2007; Hu et al,,
2014; Yu and Lai, 2005; Urusov et al.,2011; Yuan et al., 2009; Park
et al., 2014a; Zamfir et al., 2011; Yu and Lai, 2004), so far our SPR
biosensor gives highest sensitivity with low LOD of 0.005 ng/mL.
The repeatability of the biosensor was also evaluated by measur-
ing the SPR responses of the same sample (10 ng/mL, OTA) six
times, and a coefficient of variation (CV) of 1.7% was obtained,
showing a good repeatability of the detection method.

3.3. Wine and peanut oil analysis by the biosensor

The OTA is a fatal toxin produced by several species of Asper-
gillus and Penicillium that grow in cereals, coffee, grape juice, beer
and wine (Belli et al., 2002). In addition, it has been established in
the literature that OTA does exist in the peanut (Ediage et al., 2014;
Magnoli et al., 2007; Sangare-Tigori et al., 2006). Here, we assessed
the feasibility of the analytical method in complex matrix samples
by detecting OTA in red wine and peanut oil with the standard
addition method. Sample preparation process is a critical step in
the food safety testing. Currently, the most frequently used pre-
treatment method, immunoaffinity column cleanup, encounter
various shortcomings such as high cost and complicated operation
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Fig. 5. Response plot for the aptamer based OTA SPR biosensor in spiked wine and oil samples and injection of OTA (3, 40, 75 ng/mL; flow rate: 25 uL/min). (A) Biacore OTA

assay in wine. (B) Biacore OTA assay in peanut oil.

in practical application (Castellari et al., 2000; Entwisle et al.,
2001; Longobardi et al., 2013; Solfrizzo et al., 2008; Visconti et al.,
2001; Zhao et al., 2014). In our research, two simple but efficient
liquid-liquid extraction methods were developed for the separa-
tion of OTA from complex components existing in wine and
peanut oil samples and we have successful implemented the
detection of oily substances through simple pretreatment.
Experiments found that solubility of OTA in toluene was higher
than that in wine (pH 3.0), but lower than that in running buffer
(pH 8.5). In addition, solubility of OTA in running buffer was
higher than that in peanut oil. Depending on this feature, extrac-
tion protocols of OTA from wine sample and peanut oil were
developed and presented in Section 2.5. Free OTA were spiked in
wine and peanut oil solutions with the final concentration of 3, 40,
75 ng/mL. and mean absolute recoveries were analyzed to be
86.92-116.54% (Table 1).The sensorgram curves of spiked wine
and peanut oil (Fig. 5) demonstrated that the coefficient of
variation values were acceptable; indicating the biosensor had a
promising feature for practical use in wine and peanut oil samples.
The ELISA method was further performed and compared with our
SPR assay. As shown in Table S2 and Fig. S1, a good correlation
between SPR and ELISA method was obtained without any inter-
ference from real sample preparation process.

4. Conclusion

A biacore based aptamer biosensor was successfully established
for the detection of OTA in two food complex matrices using a
straightforward direct binding assay. The system relies on the
principle of SPR, whose major difference from other methods lies
in the real-time, label-free aspects of the measurement. Another
advantage inherent in the detection method is that the measure-
ment monitors each binding step in the assay procedure, not only
the end-point level of the final interactant. The CM5 sensor chip
was immobilized with the biotin-aptamer using a cross-linker of
streptavidin. Due to the high affinity of streptavidin for biotin and
the stable property of ssDNA, the deviation is very small, and, the
limit of detection (LOD) was one order of magnitude lower than
those specified by E.U. legislation concerning limit of exposure in
food. Importantly, the biosensor system can be easily regenerated
by washing about 300s. Finally, the actual application of the
sensing system was quantified by determination of OTA in spiked
wine and peanut oil samples. This study holds great promise for
rapid and simple detection of micromolecule toxins. The study also
offers two easy-to-use methods (SPR and ITC), by which the affi-
nity of aptamer for their targets can be quantified.
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