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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• The dexterous combination of the 
triple-helix aptaswitch and signal 
amplification of the functionalized 
paper. 

• Bioorthogonal capture-based signal 
amplification enabled a simple and 
cost-effective detection platform. 

• General applicability: variable 
aptamer sequence in the aptaswitch 
without redesigning the triple-helix 
structure. 

• An ultrasensitive OTA determination 
platform: the limit of 0.026 ng/mL with 
a linear range of 0.03–50 ng/mL. 

• A reinforced selectivity, binding af
finity, and sensitivity with the usage of 
triple-helix aptaswitch in the biosensor.  
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A B S T R A C T   

Ochratoxin A (OTA) has been classified as a possible human carcinogen and accurate monitoring of OTA is 
crucial for avoiding the contaminant risk. Herein, a sensitive biosensor for OTA detection was reported. This 
biosensor achieved a lower detection limit of 0.026 ng/mL with the linear range of 0.03–50 ng/mL, owning to 
the coordination of the structure-switching of the aptaswitch and bioorthogonal capture-based signal amplifi
cation of the functionalized paper. Finally it was applied in real samples precisely and a portable device was 
developed for the easy readout of the fluorescent signal. Notably, this approach possessed adequate simplicity 
with the thorough avoidance of fluorescence plate reader or complicated material modification steps for signal 
amplification, and it was universally applicable by replacing the aptamer sequence in the loop instead of 
redesigning the structure of triple-helix aptaswitch for multifarious target analytes. Taken together, we first 
combined the triple-helix aptaswitch and bioorthogonal capture-based signal amplification in the detection of 
OTA, and this novel detection method may offer a simple, cost-effective and sensitive sensing platform for 
agricultural products quality monitoring.   
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1. Introduction 

Ochratoxin A (OTA) is a typical representative of mycotoxin secreted 
by several species, including Fusarium, Penicillium and Aspergillus [1]. 
OTA contaminant occurs on a wide range of foods and has been 
considered as one of the most potential carcinogens (group 2B) [2–4]. 
Consequently, many countries have established strict limits on OTA 
levels [5,6]. In recent years, many sensitive detection platforms have 
been developed for the OTA monitoring. Conventional chromatographic 
methods, such as high-performance liquid chromatography (HPLC) 
coupled with fluorescence detector or mass spectrometry are the com
mon analytical techniques for OTA analysis. However, the 
time-consuming methods require expensive equipments and tedious 
sample pretreatment, extremely hampering its practical applications in 
real samples [7–9]. Other than advanced instrumental analysis, 
enzyme-linked immunosorbent assay (ELISA) has also been used for 
OTA screening. Although high sensitivity is achieved, it has a challenge 
in matrix interference, cross reaction and stability issues of antibody in 
storage [10,11]. Thus, there is still an urgent demand for a simple, 
cost-effective and sensitive method to the detection of OTA in practical 
applications. 

In recent years, aptamer-based biosensors have drawn significant 
attention. Comparing to antibody, aptamers have several significant 
advantages, including easy synthesis, easy storage and easy modification 
[12–14]. Moreover, based on the structure-switching during the 
target-aptamer binding event, many molecular engineering strategies 
such as molecular beacon and various molecular switch have been 
developed [15–18]. Noteworthy, among these molecular engineering 
strategies, triple-helix molecular switch has garnered increasing atten
tion, which consists of a specific aptamer sequence with two arm-like 
fragments flanking by the sides of the aptamer and a dual-labeled tri
plex-forming oligonucleotide [18,19]. The special structure of 
triple-helix DNA maintains the stability, affinity and specificity of the 
original aptamer towards the targets, and even enables reinforced 
sensitivity [18,20,21]. In addition, it is generalizable with the aptamer 
sequence replaced in the loop instead of changing the triple-helix 
structure for various targets [22]. Given these virtues, the triple-helix 
DNA has great advantages in target recognition, and has been applied 
in the OTA detection platform with the binding constant (Kd) of 0.2 μM 
for the aptamer and OTA [23]. For instance, He et al. developed a 
triple-helix molecular switch and demonstrated a detection limit of 4 
ng/mL in colorimetric mode [24]. Wang et al. described a triple-helix 
aptamer probe enabled chemiluminescence biosensor for OTA with a 
detection limit of 0.07 ng/mL [22]. Nevertheless, most of them were 
insensitive, which has been relatively problematic in the practical 
application. Thus, achieving a sensitive and simple assay for the detec
tion of OTA is imperative. 

Recently, a series of signal amplification strategies have been 
developed to realize ultrasensitive determination of OTA in aptamer- 
based biosensors. The most common strategy to transduce and amplify 
signals was through DNA amplifcation, including rolling circle amplif
cation (RCA) [25], loop-mediated isothermal amplification (LAMP) 
[26], etc. In other instances, bioenzymes or nanomaterials were usually 
labeled on the probes for ultra-sensitivity [27,28]. However, the mul
tiple enzymes or complicated modification involved in these operations 
limited the application of these amplification strategies. Recently, our 
group has reported a novel signal amplification strategy enabled by 
GST-TR512 fusion protein functionalized paper [29]. The functionalized 
paper retained the bioorthgonal capture of TR512-peptide towards 
Texas red fluorophore labeled oligonucleotide, realizing the enrichment 
of the signal probe evidently. Theoretically, this functionalized paper 
can provide a direct solution to the signal amplification with an 
enzyme-free and label-free process, resulting a simple, cost-effective and 
sensitive detection platform for OTA. 

Inspired by these, we developed a novel triple-helix aptaswitch based 
biosensor for OTA detection with the combination of bioorthgonal 

capture-based signal amplification of the functionalized paper (Scheme 
1). Upon the addition of OTA, the aptaswitch was opened by target 
recognition with the aptamer sequence in the loop of the triple-helix, 
resulting in the formation of an OTA-antiparallel G-quadruplex (OTA- 
AFDNA) complex with the increasing fluorescence intensity. Moreover, 
the signal would be further amplified by the bioorthogonal capture of 
Texas red fluorophore labeled oligonucleotide (namely OTA-AFDNA 
complex) on the GST-TR512 fusion protein functionalized paper. The 
obtained aptaswitch-based biosensor showed a lower detection limit of 
0.026 ng/mL with the detection range of 0.03–50 ng/mL (the detection 
volume was 800 μL), improving the increasing rate (IR) of signal 
remarkably. Additionally, the biosensor was applied in real samples 
with good accuracy and precision. Finally, a portable device was 
developed for the easy readout of the fluorescent signal. Taken together, 
with the dexterous coordination of the triple-helix aptaswitch and bio
orthogonal capture-based signal amplification of the functionalized 
paper, we may offer a simple, cost-effective and highly sensitive plat
form for practical detection of OTA in agricultural products quality 
monitoring. 

2. Results and discussion 

2.1. Analytical principle 

The principle of the detection method is illustrated in Scheme 1. The 
triple-helix aptaswitch consisted of an OTA aptamer loop (in red), two 
fragment stems flanked by the sides of the aptamer (in black) labeled 
with Texas red fluorophore at the 3′-end (AFDNA), and an oligonucle
otide matched with the stem (in blue) modified with BHQ2 at the 5′-end 
(QDNA) (the detailed information was in Fig. S1 in the Supporting In
formation (SI)). In the absence of OTA, the triple-helix aptaswitch was 
self-assembled via Watson-Crick and Hoogsteen base pairings, resulting 
in the nearly complete quenching of the fluorescent signal [30]. While in 
the presence of OTA, the aptaswitch would be opened by target recog
nition, resulting in the formation of OTA-antiparallel G-quadruplex 
(OTA-AFDNA) complex and the increasing of fluorescence intensity. 
Hence, the generated fluorescent signal could be correlated with OTA 
concentration. 

To promote the performance of this aptaswitch, we introduced GST- 
TR512 fusion protein functionalized paper. The core part of the func
tionalized paper was the TR512-peptide in the fusion protein electro
statically immobilized on the paper, which could bioorthogonally 
capture Texas red fluorophore with high affinity (Kd = 25 pM [31]) 
(Fig. S2 in the SI, the detailed information of the GST-TR512 fusion 
protein was in Fig. S3). Thus, the Texas red fluorophore labeled oligo
nucleotide (namely OTA-AFDNA complex) released in the aptaswitch 
was bioorthogonally captured on the functionalized paper, resulting in 
the signal amplification (Fig. S4 in the SI). In a word, using this sensing 
platform, a highly sensitive and simple biosensor for the detection of 
OTA would be developed. 

2.2. Feasibility of the biosensor 

The success of this work relied on the conformational transition of 
the triple-helix aptaswitch coupled with fluorescence enhancing pri
marily. Toward this end, we analyzed the fluorescence spectra and cir
cular dichroism (CD) spectra of different kinds of samples. As shown in 
Fig. 1a and b, the triple-helix aptaswitch displayed a low background 
signal and a significant negative peak at 207 nm (curve 1), which was 
characteristic of the triplex-helix “hall mark” conformation [32]. These 
results indicated that the triple-helix structure was self-assembled suc
cessfully. In addition, there was no significant change of fluorescent 
signal in 6 h, ensuring the stability of the triple-helix structure (Fig. S5 in 
the SI). The aptaswitch produced a significant fluorescence enhance
ment in the presence of OTA (curve 2). In the meantime, a positive peak 
at 290 nm and a negative peak at 265 nm were observed corresponding 
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to the antiparallel G-quadruplex [33]. These phenomenons indicated 
that triple-helix structure was disassembled and the antiparallel 
G-quadruplex structure came into being by the recognition of OTA 
meanwhile. The fluorescence spectra and CD spectra of AFDNA was 
shown in Fig. S6 in the SI. Additionally, the structure-switching of the 
triple-helix aptaswitch was confirmed by polyacrylamide gel electro
phoresis (Fig. S7 in the SI). Thus, the feasibility of the aptaswitch based 

on the triple-helix structure switching was proved with the fluorescence 
intensity changes as the important indicator for the quantification of 
OTA. 

Furthermore, we confirmed the GST-TR512 fusion protein func
tionalized paper could quantitatively enrich Texas red fluorophore (TR) 
labeled oligonucleotide (TR-ATCG) for the signal amplification in the 
aptaswitch mentioned above. Through TR512-peptide based analyte 

Scheme 1. Schematic representation of the triple-helix aptaswitch based biosensor. The Texas red fluorophore labeled oligonucleotide (namely OTA-AFDNA 
complex) released in the triple-helix aptaswitch was bioorthogonally captured on the GST-TR512 fusion protein functionalized paper, resulting an improvement 
in the increasing rate (IR) of signal remarkably. 

Fig. 1. The feasibility of the biosensor. Fluorescence 
spectra (a) and circular dichroism spectra (b) of 
different kinds of samples in the triple-helix aptas
witch. (c) the fluorescence intensity signal of func
tionalized paper and the untreated paper upon the 
increasing volume of Texas red labeled oligonucleo
tide solution (TR-ATCG, 0.1 μM). The paper-based 
detection was performed in a homemade chamber 
with a LED of 570 nm (Fig. S9 in the SI). The images 
were digitally quantified in (d). R was the red fluo
rescence response digitally quantified and ΔR meant 
the signal of R subtracted the signal of background R0. 
Error bars: standard error (n = 3). (For interpretation 
of the references to color in this figure legend, the 
reader is referred to the Web version of this article.)   
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enrichment on the functionalized paper, a double reciprocal calibration 
curve ΔR− 1 = 0.9827 V− 1+0.0058 (R2 = 0.9985) was obtained (Fig. 1c 
and d). However, the increasement of the ΔR on the untreated paper was 
negligible (Fig. 1c and Fig. S8 in the SI). This demonstrated the func
tionalized paper could capture Texas red fluorophore labeled oligonu
cleotide effectivity, indicating its potential in the quantitative analysis of 
OTA-AFDNA complex released in the aptaswitch of the OTA detection 
platform. 

2.3. Optimization of experimental conditions for the triple-helix 
aptaswitch 

Some optimal conditions were identified to achieve the high per
formance of the triple-helix aptaswitch, including triple-helix stem 
length, ratio of QDNA to AFDNA, time and temperature for the triple- 
helix self-assembly, time and temperature for the target recognition, 
and the pH of binding buffer. The increasing rate (IR) of arbitrary 
fluorescence units (RFU) (IR=(RFU-RFU0)/RFU0) was used to determine 
the optimized parameters when it came to the recognition of OTA, 
where RFU and RFU0 represented the fluorescent signal at 615 nm in the 
presence and absence of OTA with the fluorescence plate reader, 
respectively. 

Firstly, The length of triple-helix stem was crucial for the structure- 
switching aptaswitch with T-A•T and C-G•C+ base triplets [34]. The 
overlong or too short length of the triple-helix stem either prevented the 
open of the aptaswitch by the OTA recognation or yielded an unac
ceptable background signal. Toward this end, a series of triple-helix 
structures with different lengths of stem (from 6 nt to 10 nt, with 
AFDNA6 to AFDNA10, QDNA6 to QDNA10, Table S1 in the SI) were 
investigated. As shown in Fig. 2a and b, the highest IR was observed in 
the stem length of 7 base pairs, providing a good balance of low back
ground signal and high sensitivity. And thus, 7 base pairs in the stem 
length were used for all subsequent experiments. 

Secondly, the ratio of QDNA to AFDNA was evaluated with a con
stant concentration (2 μM) of AFDNA. The optimum performance was 
achieved at a molar ratio of 2:1. Therefore, the QDNA to AFDNA ratio of 
2:1 was used for OTA detection (Fig. 2c). 

Under the optimized conditions, the self-assembling time and tem
perature for the triple-helix was analyzed. In Fig. 2d, The fluorescent 
signal decreased gradually, and the self-assembly of AFDNA and QDNA 
could finish in 10 min with the lowest stable signal. Temperature would 
affect the formation of the triple-helix aptaswitch and had a knock-on 
effect on the recognation efficiency of the aptaswitch. When incubated 
the aptaswitch in the designed temperature (20–45 ◦C) for 45 min, we 
found 20, 25, 30 and 37 ◦C were all beneficial for the stabilization of 
triple-helix aptaswitch (Fig. S10 in the SI). Together, the self-assembling 
time of 10 min and temperature of 20–37 ◦C were chosen to guarantee 
that the aptaswitch was fully formed. 

Additionally, the recognition time between OTA and triple-helix 
aptaswitch was also investigated. As shown in Fig. 2e, the increasing 
rate (IR) of signal intensity rose obviously and became stable at around 
50 min. This result indicated 50 min was appropriate for the recognition 
of the aptaswitch with the disassembling of triple-helix structure. 

As mentioned above, the temperature was also important in the OTA 
recognition event. If the temperature was too low, the triple-helix 
aptaswitch may not be easily dissociated with strong and stable struc
ture, which prevented the recognition of the aptaswitch and OTA. 
Therefore, we evaluated the influence of recognition temperature for the 
aptaswitch (20 ◦C–37 ◦C). As expected, 37 ◦C brought the best increasing 
rate of signal intensity (Fig. 2f). Together, we chose 37 ◦C for both of 
aptaswitch self-assembling and OTA recognition. 

Since pH of the buffer influenced the stability of the Hoogsteen base 
pairing and the affinity of the aptamer towards OTA [18,34], pH of 
binding buffer was optimized (pH 5.0 to 8.0). Finally, the results showed 
that pH 6.5 was most suitable for the triple-helix aptaswitch in the OTA 
platform (Fig. S11 in the SI). 

2.4. Analytical performance of the aptaswitch 

Under the optimized conditions, the analytical performance of the 
aptaswitch was evaluated by introducing different concentrations of 
OTA from 5 ng/mL to 32 μg/mL. As shown in Fig. 3a, the fluorescent 
signal was enhanced with the addition of OTA, indicating that the triple- 
helix aptaswitch was disassembled and the quenched fluorescence 

Fig. 2. Optimization of the aptaswitch condition. The effect of triple-helix stem length (a, b), ratio of QDNA to AFDNA (c), triple-helix self-assembling time (d), target 
recognition time (e) and temperature (f) on the increasing rate of arbitrary fluorescence units (IR(RFU)). 
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gradually regained. The quantitative calibration for the target concen
trations ranging from 5 ng/mL to 4 μg/mL was IR(RFU) = 0.0022C +
0.0395 with the R2 of 0.9989 (Fig. 3b). The limit of detection (LOD) was 
calculated to be 2.83 ng/mL (3σ/k), below the maximum acceptable safe 
levels of 3 ng/mL in cereals set by the Commission Regulation (EU) [5]. 

In order to evaluate the selectivity of the triple-helix aptaswitch, four 
other mycotoxins at the same concentration with OTA were introduced. 
As shown in Fig. 3c and d, there were small changes of the fluorescence 
recovery for the other mycotoxins and their mixture (mixture 1). 
However, when an individual OTA or a mixture including OTA (mixture 
2) were added, we found both resulted in evident response signals. 
Therefore, with an OTA aptamer serving as the recognition element in 
the loop of the triple-helix, the developed aptaswitch presented high 
selectivity toward OTA, which possessed great potential in OTA analysis 
and quantification. 

2.5. Bioorthogonal capture of the OTA-AFDNA complex released in the 
aptaswitch 

In this section, the GST-TR512 fusion protein functionalized paper 
was integrated in the aptaswitch for the signal amlification (Fig. 4a). The 
signal of red value (R) was digitally quantified from the functionalized 
paper for the bioorthogonal capture ability to the OTA-AFDNA complex 
in the aptaswitch (Fig. 4b). When 500 μL of the aptaswitch solution was 
filtered through, the linear range was 0.1 ng/mL-100 ng/mL with the 
equation of ΔR− 1 = 0.0489C− 1+0.0067 (R2 = 0.9992) (Fig. 4c). The 
limit of detection (LOD) was estimated to be 0.091 ng/mL. In the 
meantime, when the detection volume was 800 μL, the detection range 
narrowed to 0.03 ng/mL-50 ng/mL with the equation of ΔR− 1 =

0.0149C− 1+0.0062 (R2 = 0.9977) and the detection limit was 0.026 ng/ 
mL (Fig. 4d). The analytical performances of previously reported 
aptamer-based methods for the detection of OTA were listed in Table S2 
in the SI. The linear range and detection limit of the present study were 
comparable with these existing methods, and even better than most of 

them. In addition, this detection format did not require complex 
experimental set-ups (like fluorescence plate reader) or tedious material 
modification steps for signal amplification. Detections could be per
formed in a “mix-then-drop” way, which was a simple and cost-effective 
detection method for OTA. 

What’s more, as shown in Fig. 4e, the increasing rate (IR) of R value 
was 1.84 for 5 ng/mL OTA and 4.01 for 50 ng/mL OTA when the 
detection volume was 500 μL on the functionalized paper, and the IR of 
the signal enhanced to 3.30 and 4.63 when the volume increased to 800 
μL respectively. By contrast, the increasing rate of fluorescence intensity 
(IR(RFU)) in the aptaswitch solution was only 0.05 and 0.14 for 5 ng/mL 
and 50 ng/mL OTA (Fig. 3a, b and Fig. 4e). The improved performance 
was attributed to the bioorthogonal capture-based signal amplification 
strategy of the functionalized paper, which improved the sensitivity of 
the aptaswitch remarkably. 

2.6. Bioorthogonal capture ability of the functionalized paper and the 
general applicability of the biosensor 

To validate the bioorthogonal capture ability of the GST-TR512 
fusion protein functionalized paper, we prepared other kinds of papers 
including denatured protein modified paper and untreated paper for the 
capture of OTA-AFDNA complex. As seen in Fig. S12a in the SI, these 
negligible signal improvements indicated the functionality of fusion 
protein was crucial for the bioorthogonal capture of Texas red fluo
rophore labeled oligonucleotide. 

Subsequently, the positions of fluorophore and quencher were 
exchanged. There was unbiased capture of fluorophore labeled oligo
nucleotide by the functionalized paper, and the detection limit was 
0.087 ng/mL similar to 0.091 ng/mL developed above when the 
detection volume was 500 μL (Fig. S12b in the SI and Fig. 4c). What’s 
more, the general applicability of this detection method was also vali
dated by replacing the aptamer sequence in the loop of triple-helix 
aptaswitch for the small target molecule tetracycline (Kd = 1.067 nM 

Fig. 3. (a) Fluorescence spectra of the aptaswitch 
with different concentrations of OTA. (Curves a–l: 0, 
5, 50, 100, 500, 1 × 103, 2 × 103, 3 × 103, 4 × 103, 8 
× 103, 1.6 × 104 and 3.2 × 104 ng/mL). The 
increasing rates (IR) of fluorescence intensity at 615 
nm was quantified in (b). Linear range: 5 ng/mL-4 μg/ 
mL, LOD: 2.83 ng/mL (3σ/k). (c) Selectivity assay of 
the aptaswitch. The mixture 1 contained AFB1, DON, 
ZEN, and T-2. The mixture 2 contained OTA besides 
mixture 1. The increasing rates (IR) of fluorescence 
intensity at 615 nm was quantified in (d).   
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[35], Fig. S13 in the SI). Together, we have demonstrated that this 
aptaswitch-based biosensor was general applicability no matter where 
the fluorophore was and could be applied to monitor various molecules 
by replacing the aptamer sequence in the loop of the aptaswitch instead 
of redesigning the triple-helix structure. 

2.7. Detection of OTA in real samples 

To further investigate the practical feasibility of the biosenser, we 
applied it in different spiked corn meal samples and peanut samples 
which were purchased from local supermarket. As shown in Table 1, 
when the spiked samples were 1 ng/mL to 20 ng/mL, the relative 
standard derivations were 1.86%–4.49%, and the recoveries were in the 
range of 99.38%–103.93% with the detection volume of 500 μL on the 
functionalized paper. These results confirmed that this biosensor could 
be applied to the quantitative determination of OTA in real samples, 
with great potential in high accuracy for agricultural products quality 
monitoring. 

2.8. Design of a hand-held OTA detection device 

In addition, we formulated a portable hand-held device for the easy 

readout of the fluorescent signal on the functionalized paper, which was 
consisted of a light-emitting diode (LED), two filters and a CCD camera 
(Fig. 5). With the portable device, we expect that this biosensor may 
offer a new aptamer-based protocol in point-of-care detection of OTA. 

Fig. 4. The analytical performance of the function
alized paper in the biosensor. (a) The bioorthogonal 
capture ability of the GST-TR512 fusion protein 
functionalized paper. (b) Red value (R) of the func
tionalized paper with different concentrations of OTA 
when the detection volume was 500 μL. Insert: The 
fluorescence picture of the functionalized papers. (c) 
Calibration plot of the ΔR value as a function of the 
concentrations of OTA (500 μL). Linear range: 
0.1–100 ng/mL, LOD: 0.091 ng/mL (3σ/k). (d) Cali
bration plot of the ΔR value as a function of the 
concentrations of OTA (800 μL). Linear range: 
0.03–50 ng/mL, LOD: 0.026 ng/mL (3σ/k). (e) The 
comparison of the increasing rate (IR) of the signals 
for the detection of 5 ng/mL and 50 ng/mL OTA using 
different methods (the inset was the result of the 
detection in the aptaswitch solution and the bar 
graph was the result of the detection with the func
tionalized paper in the biosensor). (For interpretation 
of the references to color in this figure legend, the 
reader is referred to the Web version of this article.)   

Table 1 
Determination of OTA in real samplesa.  

Samples Add (ng/mL) Found (ng/mL) RSD (%) Recovery (%) 

Corn 1 1.02 4.49 102.00 
5 5.20 4.14 103.93 
10 9.95 2.64 99.53 
15 15.33 1.86 102.20 
20 19.88 2.06 99.38 

Peanut 1 0.99 3.49 99.49 
5 5.13 1.96 102.60 
10 10.11 1.95 101.10 
15 15.16 3.84 101.06 
20 19.95 2.63 99.76  

a The data reported in the table represented the average of triplicate 
measurements. 
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3. Conclusion 

In summary, we have developed a sensitive biosensor for OTA 
detection, which combined the structure-switching of the triple-helix 
aptaswitch and bioorthogonal capture-based signal amplification of 
the functionalized paper dexterously. With the presence of the targets, 
the aptaswitch formed an “open” configuration, generating a substan
tially increasing fluorescence intensity. Moreover, when the GST-TR512 
fusion protein functionalized paper was introduced, the bioorthgonal 
capture of the Texas red fluorophore labeled oligonucleotide (namely 
OTA-AFDNA complex) on the functionalized paper released during the 
OTA-aptamer binding event improved the performance of the aptas
witch remarkably. The obtained aptaswitch-based biosensor showed a 
detection limit of 0.026 ng/mL with a linear range of 0.03–50 ng/mL 
when the detection volume was 800 μL. Furthermore, the biosensor was 
applied to the quantitative determination of OTA in real samples and a 
portable device was developed for the easy readout of the fluorescent 
signal in the biosensor. Notably, the biosensor was simple and cost- 
effective due to the thorough avoidance of fluorescence plate reader 
or complex material modification steps for signal amplification. At the 
same time, this general applicable approach could be applied to monitor 
various molecules by replacing the aptamer sequence in the loop of the 
aptaswitch without redesigning the triple-helix structure. Hence, such 
simple, cost-effective and sensitive biosensor could be potentially 
applied in practical application of OTA quality monitoring, and may 
offer a new approach to the detection of other small molecule analytes, 
broadening applications in food safety-related fields. 
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