Journal of Fluorescence (2023) 33:1641-1650
https://doi.org/10.1007/510895-022-03071-5

RESEARCH q

Check for
updates

A Novel Fluorescent Aptasensor Based on Dual-labeled DNA
Nanostructure for Simultaneous Detection of Ochratoxin
A and Aflatoxin B1

Luyang Zhao' - Xiujun Liang - Yong Liu? - Min Wei' - Huali Jin’

Received: 22 June 2022 / Accepted: 2 November 2022 / Published online: 20 February 2023
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract

Based on DNA strand replacement reaction and aptamer-specific recognition, a simple dual-labeled DNA nanostructure is
designed for the simultaneous detection of Ochratoxin A (OTA) and aflatoxin B1 (AFB,). Cl1 is labeled with Cy3 and CyS5,
while C2 and C3 are labeled with BHQ2. The fluorescence intensity of DNA nanostructure composed of C1, C2 and C3 is
weak because of fluorescence resonance energy transfer. When OTA Aptamer (OTA-Apt) and AFB1 Aptamer (AFB,-Apt) are
added to the homogeneous system at the same time, C1 can be replaced with the help of toehold strand displacement, resulting
in fluorescence enhancement. In the presence of both OTA and AFB |, the toehold strand displacement reaction is inhibited due
to preferential binding between the target and their corresponding aptamers. The limit of detection of OTA was 0.007 ng/mL
and that of AFB, was 0.03 ng/mL. The recoveries of OTA and AFB, were 96%-101% and 97%-101% in the corn sample, and
99%-101% and 92%-106% in the wine sample. Compared with other sensors, the preparation of this aptasensor needs simpler
experimental steps and a shorter total-preparing time, confirming the convenient, rapid, and time-saving operation process.

Keywords Dual-labeled DNA nanostructure - DNA strand replacement reaction - Aptasensor - Simultaneous detection

Introduction

Ochratoxin A (OTA) and aflatoxin B1 (AFB,) have strong
hepatotoxicity, nephrotoxicity, immunotoxicity, and carcino-
genic teratogenicity [1]. It has been reported that OTA and
AFB; can coexist in wheat and maize [2, 3]. When OTA and
AFB; coexist, toxins cause greater toxicity due to accumula-
tion or synergy, and pose a greater threat to human health [4,
5]. Therefore, it is urgent to establish a rapid, safe, accurate,
and simultaneous detection method of OTA and AFB, to
accurately assess the degree of food pollution.

< Min Wei
wei_min80@163.com

Huali Jin
jinhuali66 @ 163.com

College of Food Science and Technology, Henan Key
Laboratory of Cereal and Oil Food Safety Inspection
and Control, Henan University of Technology,
Zhengzhou 450001, China

College of Chemistry and Chemical Engineering, Henan
University, Kaifeng 475004, China

Traditional analysis methods include high-performance lig-
uid chromatography (HPLC) [6] and high-performance liquid
chromatography-tandem mass spectrometry (HPLC-MS) [7],
but these methods are limited by expensive instruments, pro-
fessionals and complex operating processes. The liquid crystal-
based biosensor has also attracted wide attention due to its
great potential in on-site detection, but its practical application
is also limited because the liquid crystal is not resistant to high
temperatures [8, 9]. At the same time, based on antibodies
specific to mycotoxins, enzyme-linked immunosorbent assay
[10] and immunochromatography [11] were developed for
the simultaneous detection of various mycotoxins. However,
mycotoxins are small molecules, so the production process of
antibodies is complex and the stability is low, and it is difficult
to produce high-quality antibodies, which seriously hinders
the practicability of immunoassay in the detection of multiple
mycotoxins. The aptamer is a single-stranded oligonucleotide
sequence with high affinity and specificity for targets. As a
new class of recognition elements, they not only have the same
specific recognition ability as antibodies, but also have some
other advantages such as easy synthesis, good chemical sta-
bility, good repeatability, easy storage and transportation [12,
13]. In addition, aptamers can easily modify functional groups,
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fluorescent groups, biotins and enzymes, simplify the detection
steps and make the sensor platform more flexible [14].

Due to the advantages of aptamer, it has been widely used
in the fabrication of sensors. The colorimetric aptasensor is
simple and intuitive, and has a good application in single
target detection, but it has been greatly limited in the field of
multivariate detection [15, 16]. Although the electrochemi-
cal aptasensor can be used for the detection of dual targets,
the electrode surface modification is time-consuming and
laborious, which significantly increases the preparation time
of the aptasensor [17]. So far, fluorescent aptasensor has
received extensive attention due to their simple operation,
short analysis time, high sensitivity and good stability [18,
19].

Because of the easy modification, controllable self-
assembly and good stability of DNA sequences, complex
DNA nanostructures such as tweezers, walkers, gears and
nanocages have been widely used in the biomolecular assem-
bly, signal recognition and biosensors [20-22]. Although
these complex nanostructures can be used to detect a vari-
ety of targets, the costs are prohibitive. Conversely, simple
nanostructures can not only reduce the interference of other
factors in the system, but also save costs.

In addition, enzyme-free DNA amplification technol-
ogy has been widely concerned because of its low cost and
high efficiency [23, 24]. In the enzyme-free amplification
method, the strand displacement reaction refers to the dis-
placement of one or more pre-hybridized strands, initiated
by the toehold region and the single strand, and carried out
by a rapid branch migration process [25]. The toehold region
can first act as a recognition site to bind to a single strand,
and then trigger a cascade of hybridization to form a par-
tially or fully complementary DNA double strand [26]. This
reaction allows for single-strand exponential amplification
in less than 15 min without the presence of the enzyme [27],
which provides an efficient way to control DNA hybridi-
zation and amplify target-binding signals. Thus, the strand
displacement reaction is a very useful technique that pro-
vides straightforward solutions for the analysis of various
objectives, such as nucleic acids and proteins. So far, the

combination of simple DNA nanostructures and DNA strand
displacement techniques is rare in the detection of myco-
toxins, especially in the simultaneous detection of multiple
mycotoxins.

In this study, a fluorescent aptasensor based on DNA
dual-labeled nanostructure was constructed using simple
DNA nanostructures for simultaneous detection of OTA
and AFB,. In the beginning, C1 labeled by Cy3 and Cy5
can simultaneously hybridize with C2 labeled by BHQ2
(C2-BHQ2) and C3 labeled by BHQ2 (C3-BHQ2). And the
fluorescence intensity of DNA nanostructure composed of
C1, C2 and C3 is weak because of the fluorescence reso-
nance energy transfer (FRET) between Cy3 and BHQ?2,
Cy5 and BHQ2. In the presence of OTA Aptamer (OTA-
Apt) and AFB, Aptamer (AFB, -Apt), OTA-Apt and
AFB,-Apt respectively combine with C2 and C3 by toehold-
mediated chain replacement, so C1 labeled by Cy3 and
Cy5 can be replaced, resulting in enhanced fluorescence
intensity. In the presence of OTA and AFB,, owing to the
preferential binding between OTA and OTA-Apt, and the
preferential binding between AFB, and AFB-Apt, toehold
displacement reaction is inhibited. Then C1 labeled by Cy3
and Cy5 can combine with C2-BHQ2 and C3-BHQ?2, then
the fluorescence intensity has a significant decrease.

Experimental Section
Materials

All HPLC-purified DNA sequences were synthesized by
Shanghai Sangon. The detailed sequences are provided in
Table 1. Among them, M1 and N1 are part of C1, which are
complementary to C2 and C3, respectively. AFB |, OTA, zea-
ralenone (ZEN) and deoxynivalenol (DON) were purchased
from Sigma-Aldrich. Fumonisin B, (FB,) was provided by
Acros Organics. Wine and corn were obtained from a local
supermarket in Zhengzhou, China. All the chemicals were
of analytical grade and all aqueous solutions were prepared
via ultra-pure water (18.25 MQ).

Table 1 The DNA sequences

S . Oligonucleotides
used in this experiment

Sequence (5°-3”)

OTA-aptamer
AFB,-aptamer
Cl

C2
C3
M1
N1

GAT CGG GTG TGG GTG GCG TAA AGG GAG CAT CGG ACA

TGC ACG TGT TGT CTC TCT GTG TCT CGT GC

Cy5-AAT GGA TGT TGT CTC TCT GTC TTT TTT TTT TTT
TTT TTT TTC AGA TAG TGT GGG TGG CGT AAA GGG
A-Cy3

BHQ2-TCC CTT TAC GCC ACC CAC ACC CGA TC

GAC ACA GAG AGA CAA CAC GTG CA-BHQ2

G TGT GGG TGG CGT AAA GGG A

TGT TGT CTC TCT GT
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Preparation of Dual-labeled DNA Nanostructure

Before the experiment, all containers were sterilized and
the DNA was dissolved using 20 mM Tris buffer solution
(20 mM Tris, 50 mM NaCl, 50 mM MgCl,, pH 8.0). The
dual-labeled DNA nanostructure was prepared based on the
complementary pairing via the denaturation annealing pro-
cess. Briefly, 10 pL of C1, C2 and C3 at a concentration of
2 pM were stirred in the PCR tube. The mixtures were put
into a PCR instrument and heated to 95 °C for 10 min. Then,
the DNA cooled to 4 °C at a rate of 1 ‘C/min. After 20 min
at 4°C, the dual-labeled DNA nanostructure was prepared.

Simultaneous Determination of OTA and AFB,

The analytical methods of OTA and AFB, based on
dual-labeled DNA nanostructure are as follows: 10
pL of 2 pM OTA-Apt and AFB;-Apt, 10 pL of OTA
and AFB, at different concentrations were added to
the prepared aptasensor, respectively. After that, the
mixture was placed at 37°C for 30 min and supplemented to
200 pL with Tris—HClI solution. And the excitation scanning
was measured by a Hitachi F-7100 fluorescence spectro-
photometer. The slit width of excitation and emission were
set at 5 nm, the voltage was set at 950 V, and the excitation
wavelength was set at 530 nm (Cy3) and 635 nm (Cy5),
respectively. The selectivity of the aptasensor to OTA and
AFB, was evaluated by monitoring the relative fluorescent
changes at 570 nm (Cy3) and 670 nm (Cy5) to 100 ng/mL
other mycotoxins (FB;, DON, ZEN) and their mixtures
(OTA, AFB,, FB|, ZEN and DON). All experiments were
measured at least three times.

OTA and AFB, Detection in Real Samples

The corn and wine were pretreated for OTA and AFB,
detection in real samples [19]. Firstly, corn was ground into
powder (1.0 g), and 1 mL of OTA and AFB, solution (OTA
and AFB, concentrations were 10 ng/mL, 100 ng/mL and
1000 ng/mL, respectively) was added. After drying at room
temperature, the extraction solvent (9 mL, methanol: water,
7:3 [v/v]) was added and stirred with vibration for 30 min.
The actual concentrations of toxins in real samples at this
time were 1 ng/mL, 10 ng/mL and 100 ng/mL. After that,
the solutions were centrifuged at 5000 rmp for 10 min, and
the supernatants were filtered by a 0.22 pm filter, and then
diluted to 100 mL with 20 mM Tris buffer. At this time, dif-
ferent concentrations of OTA and AFB1 (0.1 ng/mL, 1 ng/
mL, 10 ng/mL) in corn samples were obtained. Further-
more, 5.0 mL wine was mixed with different concentrations
of OTA and AFB, (OTA and AFB, concentrations were
10 ng/mL, 100 ng/mL and 1000 ng/mL, respectively) solu-
tion and filtered with a 0.22 pm filter membrane. Then the

solution was diluted to 100 mL with 20 mM Tris buffer. In
the end, different concentrations of OTA and AFB, (0.1 ng/
mL, 1 ng/mL, 10 ng/mL) were obtained from wine samples.
The spiked samples can be used for real sample detection.

Results and Discussion
Design of the Fluorescent Aptasensor

The principle of the proposed fluorescent aptasensor was
displayed in Scheme 1. C1 is labeled with Cy3 and CysS5,
while C2 and C3 are labeled with BHQ2. When the self-
assembly of the dual DNA labeled nanostructure is com-
pleted, the distance of Cy3 and BHQ2, Cy5 and BHQ?2 are
extremely close, resulting in the suppression of their fluo-
rescence signal. When OTA-Apt and AFB,-Apt are added
to the homogeneous system, OTA-Apt and AFB;-Apt can
respectively combine with C2 and C3 by toehold-mediated
chain replacement. At this time, Cy3 and Cy5 are far away
from BHQ2, and the fluorescence signal is recovered. In the
presence of OTA and AFB,, OTA and AFB, preferentially
combine with their respective aptamers to form complexes
due to the affinity between the aptamer and the target. This
phenomenon inhibits toehold-mediated chain replacement
reaction. Then the C2 and C3 in the DNA dual-labeled nano-
structure cannot be replaced, and the fluorescence signals of
Cy3 and CyS5 are inhibited.

To simulate the reaction among DNA strands, the sec-
ondary structures of C1, C2, C3 OTA Apt and AFB; Apt
at 37°Cwere shown in Fig. 1A, which are predicted by the
UNPACK online website (http://www.nupack.org/). The free
energy and secondary structures of dual-strand DNA are also
shown in Fig. 1B, C. Since the free energy of the dual-strand
DNA formed by C1 and C2 ((a) in Fig. 1B), M1 and C2
((b) in Fig. 1B) are higher than that of the dual-strand DNA
formed by C2 and OTA-Apt ((c) in Fig. 1B), C2 will react
with OTA-Apt preferentially, thus making C1 fall off. Simi-
larly, because the free energy of C1 and C3 ((a) in Fig. 1C),
N1 and C3 ((b) in Fig. 1C) forming dual chains are higher
than that of C3 and AFB, -Apt ((c) in Fig. 1C) forming
double chains, C3 will preferentially react with AFB-Apt,
resulting in C1 shedding. Therefore, theoretically speaking,
the addition of OTA-Apt and AFB1-Apt will cause C1 be
replaced, thus destroying the nanostructures formed by C1,
C2 and C3.

To study the feasibility of this fluorescent aptasensor,
the effect of OTA and AFB, on fluorescence intensity was
investigated under optimized conditions. Figure 2A showed
a high fluorescence intensity due to the weak FRET between
BHQ2-Cy3/Cys5, with little change in fluorescence intensity
at 570 nm and 670 nm with the addition of target-free buffer
solution. In the presence of OTA, the fluorescence intensity
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Scheme 1 Schematic illus-
tration of the formation of
fluorescent aptasensor based
on dual-labeled DNA nano-
structure. The two-dimensional
structure of OTA aptamer (A)
and AFB, aptamer (B) at 37 ‘C
were predicated by NUPACK.
(C) The working principle of \
the fluorescent aptasensor for \
the simultaneous detection of
OTA and AFB, was based on a
dual-labeled DNA nanostruc-
ture

A

\/\
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was decreased by 57% at 570 nm and remained unchanged
at 670 nm (Fig. 2B). Similarly, in the presence of AFB,, the
fluorescence intensity was reduced by half at 670 nm and
remained constant at 570 nm (Fig. 2C). When OTA and
AFB, were present simultaneously, the fluorescence inten-
sity of the aptasensor decreased significantly at 570 nm and
670 nm due to the separation of aptamer from DNA nano-
structure by target (Fig. 2D). The above results indicated that
the fluorescent aptasensor can be used for the simultaneous
detection of OTA and AFB,.

The construction of the aptasensor was characterized by
3.5% agarose gel electrophoresis. As shown in Fig. 3A, all
DNA nanostructures and strands can be displayed in the cor-
responding lanes. The assembled dual-labeled DNA nano-
structure showed the lowest migration in lane 1, demonstrat-
ing the successful formation of the aptasensor. Owning 67
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bases, C1 showed the slower move in lane 2. Since C2 and
C3 were short chains with only 26 and 23 bases, respec-
tively, the migration rate was fast and ran at the front end.
At the same time, because they were single chains and
have few bases, there were few dyes bound and only weak
light. The above gel electrophoresis results indicated that
the self-assembly of dual-labeled DNA nanostructure was
successful.

In Fig. 3B, lane 1 represents the dual-labeled DNA
nanostructure. In the presence of OTA-aptamer and AFB1-
aptamer, the gel electrophoresis result was shown in lane
2 of Fig. 3B. At this time, there are still a few dual-labeled
DNA nanostructure in the system, so the migration rate of
the first band is the same as that of lane 1. However, the
second band in lane 2 was relatively fast than lane 1, which
was due to the fact that OTA aptamer and AFB1 aptamer
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Fig.1 A The secondary structures of a C1, b C2, ¢ C3, d OTA-Apt
and e AFB,-Apt at 37°C; B the free energy and secondary structures
for formed double strands of a C1+C2, b M1+C2, ¢ OTA-Apt+C2
at 37°C; C the free energy and secondary structures for formed double
strands of a C14+C3, b N1+C3, ¢ AFB,-Apt+C3 at 37°C

form double chains with C2 and C3, respectively. Lane 3
represents the result when OTA and AFB1 are present at the
same time, the first band of lane 3 migrated at the same rate
as lane 1. This is because OTA and AFB1 form complexes
with aptamers respectively, resulting in the presence of a

Fig.2 Representative fluores-
cence spectra of aptasensor
system without target (A);
only OTA (B); only AFB, (C);
OTA and AFB, both present
(D). The fluorescence spec-
tra of aptasensor before (a)
and after (b) target addition
[Cora=Capp1 =5 ng/mL]

large number of double-labeled DNA nanostructures in the
system.

In conclusion, the above electrophoresis results indicated
that the aptasensor was successfully prepared and can be
successfully used for OTA and AFB1 detection.

Optimization of Detection Conditions

As shown in Fig. 4, the incubation time for C1, C2, and C3
and the reaction time of OTA and AFB; were optimized.
With the increase of incubation time for C1, C2 and C3, the
quenching effect of BHQ2 on Cy3 and Cy5 on C1 increased,
and the fluorescence signal gradually decreased. When the
incubation time reached 80 min, it no longer decreases, so
80 min was optimal at this time. With the increase in reac-
tion time, the fluorescent intensity gradually increased and
then became stabilized. When the reaction time reached
30 min, the maximum change indicated the optimal reac-
tion time.

Simultaneous detection of OTA and AFB, using
fluorescent aptasensors

As depicted in Fig. SA, the fluorescence intensity at 570 nm
decreased with increasing concentrations of OTA in the
range of 0.01 to 500 ng/mL. The logarithm of OTA con-
centration displayed an excellent linear relationship with
F,-F (F, and F are the emission intensities of Cy3 in the
absence and presence of OTA) (Fig. 5B). The correspond-
ing linear equation was calculated to be y =645.3x + 1516,
with a correlation coefficient of R?=0.998 in the range of
0.01 to 100 ng/mL. The LOD of OTA was calculated to be

3500 1 {750 3500 {750
A
-~ 5 {00 ~ = % {600 ~
512800 Cy 600 3 52800 Cy3 600
& & £ g
221004 a 1450 z.  £2100- a 1450 z.
< 14001 b 4300 g £ 1400 b 4300 .;-’
= - 2
= 700 {150 = = 700 k {150 =
. . . . 0 : . . . 0
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Fig.3 The characterization of A

agarose gel
C1+C2+C3 (lane 1), C1 (lane 2), C2 (lane 3), C3 (lane 4) and B
C1+C2+C3 (lane 1), C14+C2+C3+0OTA aptamer+AFB, aptamer
(lane 2), C1+C2+C3+OTA aptamer+ AFB, aptamer+OTA + AFB,
(lane 3); the concentrations of all ssDNA were 10 pM

electrophoresis

0.007 ng/mL. In addition, the presence of AFB, reduced the
fluorescence intensity at 670 nm (Fig. 5C). In the range of
0.1-100 ng/mL, F,-F increased with the increase of AFB,
concentration, and the linear equation was y=146.3x +261,
R%=0.996 (Fig. 5D). The LOD was 0.03 ng/mL (S/N =3).
To further highlight the performance of the fluorescence
aptasensor, Table 2 summarizes the comparison of different

analytical methods for the detection of OTA and AFB,. The
proposed fluorescence aptasensor can realize the simulta-
neous detection of OTA and AFB,, and has a wider detec-
tion range and lower LOD compared with other analytical
methods. Also, as compared with other aptasensors, the
experimental steps are simpler and the total preparing time
is shorter, confirming the convenient, rapid and time-saving
operation process.

Furthermore, the selectivity of the aptasensor was
evaluated by comparing the fluorescence changes of
different mycotoxins under the same conditions. Fig-
ure 6 showed that the F,-F significantly increased in the
existence of OTA, AFB, and the corresponding mixtures.
However, the F)-F changed little when the interfering
mycotoxins including FB;, ZEN and DON existed. More-
over, the F,-F between the target and the mixture was
similar, indicating that there was no interaction between
OTA and AFB,. This was mainly ascribed to the high
affinity between the aptamer and its target. These results
demonstrate that the fluorescent aptasensor has a broad
application prospect in the simultaneous detection of
OTA and AFB, in food.

Practical detections for OTA and AFB,

In practical applications, this fluorescent aptasensor was
applied to determine the concentrations of OTA and AFB,

Fig.4 The fluorescent intensity 400
of Cy3 (A) and Cy5 (B) at dif- 25001+ o3 A Cys B
ferent incubation times for C1, -~
C2, and C3; (C) the fluorescent : 20001 ;‘: 300
intensity after adding OTA at b =
different reaction times (10 min, ‘E 15001 ‘E
20 min, 30 min, 40 min, 5 10004 5 200
50 min); (D) the fluorescent = =
il?tensity after.addi.ng AFB, a}t 5 500 .3 100-
different reaction time (10 min, = =
20 min, 30 min, 40 min, 0
50 min) [Cypp =Cppg =5 ng/ . . . . . . 0 . . . . . .
mL] (n=3) 20 40 60 80 100 120 20 40 60 80 100 120
Time (min) Time (min)
350
1400 C D
- ~300
= 1200+ =
i~ <2504
z &
& 1000 - ‘2
] £ 200
- 2
= =
800 "3 150
= =
6004 100 -
10 20 30 40 50 10 20 30 40 50
Time (min) Time (min)
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Fig.5 Representative fluo-

rescence emiss?on spectra of 3000 4 0 ng/mlL A 3000 B
aptasensor at different concen- = = 30007 re090

trations of OTA (0.01-500 ng/ = 2400 & 2400 yOsIISIe

mL) (A) and AFB, (0.1-500 ng/ E: &

mL) (C). The correspond- 'z 1800 § 1800

ing calibration plot of relative g E

fluorescence intensity toward A 1200+ N\ 500 ng/mL = 1200 .

OTA (B) and AFB, (D) con- = N ~— T
centrations (n=3). Inset: The Ly — A LgCory

linear relationship of relative . : = ; . .

fluorescence intensity toward 560 580 600 620 640 0 100 200 300 400 500
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in corn and wine samples. The recoveries of OTA and AFB;  indicated that the fluorescent aptasensor detection system

in the corn sample ranged from 96 to 101% and 97% to  has obvious advantages over other methods, which can be
101% respectively, and those in the wine sample were 99%  used as an alternative method for the practical application
to 101% and 92% to 106% (Table 3). All of these results of OTA and AFB,.

Table 2 The comparison with

- Mycotoxins Method Step Sensors Detection LOD (ng/mL) Ref
OOt"lll“if analytical methqu for required preparing range (ng/
and AFB, detection a time P mL)
OTA Electrochemistry 3 >5h 0.08-200 0.03 [28]
Electrochemistry 3 45h 0.78-8.74 0.07 [29]
Immunoassay 4 8.5h 0.0125-8 0.01 [30]
Colorimetric 2 >4h 0.01-10 0.008 [31]
Colorimetric 4 >24h 0.1-10 0.08 [32]
Fluorescence 3 4h 0.10-10 0.015 [33]
Fluorescence 2 >4h 0.40-20 0.08 [34]
Fluorescence 2 2h 0.01-100 0.007 This work
AFB, Electrochemistry 3 >3h 0.25-16 0.25 [35]
Electrochemistry 4 >6h 0.05-6 0.05 [36]
Immunoassay 3 3.5h 1-30 0.62 [37]
Colorimetric 2 >5h 1-6 0.18 [38]
Fluorescence 3 >5h 0.1-0.8 0.07 [39]
Fluorescence 3 5h 0.1-10 0.02 [40]
Fluorescence 2 2h 0.1-100 0.03 This work

&PThe steps and time were estimated from the description of an operational process
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Fig.6 Selectivity analysis 2000 400
of the fluorescent aptasen- A B
sors for OTA (A) and AFB,
(B) (n=3). The Mix contains 1500 1 300
OTA, AFB,, FB,, ZEN and
DON [Cyra =Capg; =5 ng/mL; = =
Crp1=Czen=Cpon=100 ng/ & 1000+ Lxl.= 200+
mL]

500 - 100

0- i T =

OTA WMix §By 7EN pON plank

7 T s y
AFBL M gBy ZEN pON grank

Table 3 Test results of OTA and

; Sample Mycotoxins Spiked amount  Found amount Recovery (%) RSD (%)
AFB, spiked samples (n=3) (ng/mL) (ng/mL)
Corn OTA 0 ND - -
0.1 0.101 101 8.3
1 0.96 96 3.8
10 10.13 101 4.7
AFB, 0 ND - -
0.1 0.101 101 7.0
1 0.97 97 6.1
10 9.9 929 4.0
Wine OTA 0 ND - -
0.1 0.099 99 9.7
1 1.01 101 44
10 10.0 100 8.1
AFB, 0 ND - -
0.1 0.098 98 4.2
1 1.06 106 3.1
10 9.20 92 1.3
ND Not detected

Conclusions

In summary, a fluorescent aptasensor based on the dual-
labeled DNA nanostructure was successfully developed
for the simultaneous detection of OTA and AFB,. The
stable dual-labeled DNA nanostructure is assembled from
C1, C2 and C3, which can realize the detection of OTA
and AFB, by comparing the fluorescence changes before
and after the addition of the targets. In addition, with the
help of toehold strand displacement, the fluorescence
resonance energy transfer is effectively blocked, resulting
in a change in the fluorescence signal. Moreover, due to
the high selectivity of the OTA and AFB, aptamers, the
aptasensor presents an excellent specificity. The aptasen-
sor can also be applied to the analysis of OTA and AFB in
the complicated matrix (corn and wine samples). For the
preparation of the aptasensor, the experimental steps are

@ Springer

simpler and the total preparation time is shorter, confirm-
ing the convenient, rapid and time-saving operation pro-
cess. In conclusion, the rational design of this fluorescent
aptasensor provides a promising method for the simulta-
neous detection of multiple mycotoxins and promotes the
application of aptamer in sensors.
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