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A B S T R A C T

A novel gap-electrical homogeneous aptasensor based on Au@Fe3O4 nanocomposites as conductive bridges
coupled with a bi-enzyme-aided system is developed for mycotoxins assay. Herein, exonuclease I (Exo I) and
terminal deoxyribonucleotidyl transferase (TdT) constitute a bi-enzyme-aided system, which efficiently regulates
the quantity of deoxyribonucleic acid (DNA) on Au@Fe3O4 nanocomposites surface, which in turn influences the
conductivity of Au@Fe3O4 nanocomposites. In this strategy, ochratoxin A (OTA) is used as the model mycotoxin.
In the presence of OTA, Exo I in the bi-enzyme system can degrade DNA on Au@Fe3O4 nanocomposites surface.
After multiple cycles, no DNA remains on Au@Fe3O4 surface. After transferred onto the interdigitated electrodes
surface, the Au@Fe3O4 particles are directly assembled under an external magnetic field and a conductive
network with high conductance is formed. Conversely, the absence of OTA produces a large amount of single
stranded DNA (ssDNA) accumulated on Au@Fe3O4 surface with the aid of TdT in the bi-enzyme system. The
poor conductivity of ssDNA contributes to low conductance of the interdigitated electrode. Under the optimal
experimental conditions, the developed homogeneous gap-electrical aptasensor has high sensitivity and se-
lectivity for OTA determination in real samples. These performances suggest the great potential for this devel-
oped strategy in screening of carcinogenic mycotoxins and food safety evaluation.

1. Introduction

Mycotoxins are potential contaminants of human and animal food
supplies and are categorized as possible human carcinogens by the
International Agency for Research on Cancer (IARC) [1,2]. Health
evaluation of foods commodities requires rapid and accurate bioassay
strategies for screening of such carcinogenic mycotoxins. Currently, a
number of antibody-based immunoassay methods have been applied to
monitor mycotoxins [3,4]. Although considerable advances have been
made, these methods remain impractical owing to the complexity of the
reaction steps, the low stability of antibodies, and the effects of mod-
ifications on the antibody. Therefore, there is a need to seek alternatives
to antibodies to negate the intrinsic problems in the immunoassay of
mycotoxins.

Nucleic acid aptamers are considered potential candidate affinity
probes that might rival antibodies in various analytical fields owing to
their simple and reproducible production, good stability, high specifi-
city, and their ease of modification for applications [5,6]. These fea-
tures of aptamers applied in gap-based electrical biosensors for

molecule recognition may provide a viable route for rapid quantifica-
tion of mycotoxins. Such a device could directly transduce molecular
recognition into a useful electrical signal such as capacitance and
conductance through pairs of interdigitated micro- or nano-gapped
electrodes [7,8]. The performances of gap-based electrical biosensors
mainly depend on trapping of conductive components onto an inter-
digitated electrode array [9,10]. One representative conductive com-
ponent is gold nanoparticles (AuNPs) [10–12]. Routine approaches for
trapping AuNPs use the specific interactions between target probes and
captured probes modified on the insulating gap [11,12]. However,
AuNPs are too small to form a conductive network in the insulating gap.
Hence, amplifying technology is needed to achieve sensitive detection
of the target probes [11,12]. An alternative routine is to use in situ
seeded growth of AuNPs to modulate the size of the nanogap devices
[13,14]. Our group has used in situ seeded growth of AuNPs as con-
ductive bridges to mediate gap-electrical signal transduction for DNA
hybridization detection [15]. However, the modification process of
AuNPs on the insulating gaps is tedious and time-consuming. Hence,
there is a need to develop a novel homogeneous gap-electrical
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aptasensor for the detection of mycotoxins.
AuNPs coated on magnetic beads (Au@Fe3O4) show promise for

addressing the above-mentioned problems owing to their unique
properties. Au@Fe3O4 can be stably dispersed in solution and promote
target recognition reactions without an external magnetic field.
Moreover, under an external magnetic field, the particles can also be
rapidly collected, separated from the solution, and readily assembled on
the electrodes surface. Simultaneously, AuNPs on the surface of Au@
Fe3O4 nanocomposites exhibit excellent conductivity and biocompa-
tible properties [16,17], which facilitate the modification of captured
probes on the surface of Au@Fe3O4 and the direct formation of con-
ductive networks in the insulating gap. These properties make Au@
Fe3O4 nanocomposites extremely well-suited for developing high per-
formance gap-electrical biosensors for mycotoxins detection.

Herein, we developed a novel gap-electrical aptasensor based on
Au@Fe3O4 nanocomposites as conductive bridges coupled with a bi-
enzyme-aided system to regulate gap-electrical signal transduction for
mycotoxins detection. Ochratoxin A (OTA) is used as the model my-
cotoxin [18]. Exo I and TdT formed a bi-enzyme-aided system. Exo I can
assist OTA recycling reaction and degrade DNA on the Au@Fe3O4 na-
nocomposites surface [19,20]. TdT is a template-free DNA polymerase
that binds to the 3ʹ hydroxyl terminal of DNA molecules and catalyzes
the extension of DNA from the 3ʹ terminal [21]. With the aid of the bi-
enzyme system, the quantity of DNA on the Au@Fe3O4 nanocomposites
surface can be efficiently regulated, which in turn influences the con-
ductivity of the Au@Fe3O4 nanocomposites. In contrast to the con-
ventional conductive components in gap-electrical biosensors, which
require conductive amplification technology to mediate gap-electrical
signal transduction, Au@Fe3O4 nanocomposites directly assemble over
the insulating gaps of interdigitated electrodes under a magnetic field
and give a high conductivity between the interdigitated electrodes. The
homogeneous gap-electrical aptasensor has demonstrated the high
sensitivity and selectivity for determining OTA in real samples.

2. Experimental section

2.1. Materials and reagents

All of oligonucleotides were purchased from Takara Biotech. Co.
Ltd. (Dalian, China). All of mycotoxins were supplied by National
Institute for the Control of Pharmaceutical and Biological Products
(Beijing, China). Magnetic nanoparticles with amino group were pro-
vided by Suzhou Beaver Biomedical Engineering Co. (Suzhou, China).
TdT, Exo I and dTTP solution were supplied from New England Biolabs
(Ipswich, MA, USA). Chloroauric acid tetrahydrate (HAuCl4·4H2O) and
hydroxylamine hydrochloride (NH2OH·HCl) were provided from Sigma-
Aldrich. Other reagents and chemicals were all of analytical reagent
grade. All aqueous solutions were prepared using ultrapure water ob-
tained through a Millipore Milli-Q water purification system (Billerica,
MA) with an electric resistance>18.2MΩ.

2.2. Preparation of Au@Fe3O4 nanocomposite with probe DNA

Au@Fe3O4 nanocomposite was preliminarily synthesized according
to seeds mediated growth method [22]. The detailed process is seen in
Supporting Information.

The Au@Fe3O4 nanocomposite was modified with probe DNA by
Au-S bond [23]. Briefly, 989 μL of 10 μM probe DNA was added in
20.7 mL 10mM phosphate buffer (PB, pH 7.4) containing 3.5 mM NaCl
and 48 ng mL−1 Au@Fe3O4 nanoparticles, and then shook for 24 h at
25 ℃. The mixture was then washed by ammonium hydroxide
(NH3·H2O) and water, in sequence. Finally, Au@Fe3O4 nanocomposite
modified with probe DNA was dispersed in water.

2.3. Preparation of OTA assay

The experimental procedure for OTA assay was as follows. 100 μL
Au@Fe3O4 nanocomposite modified with probe DNA was rinsed and
subsequently suspended in 150 μL Exo I buffer (67mM Glycine-KOH,
67mM MgCl2, pH 9.5) containing 3 μM OTA aptamer at 37 ℃ for
60min. After addition of 0.65 U μL−1 Exo I and a varying amount of
OTA, the mixture was incubated at 37 ℃ for 60min. The enzyme was
inactivated by adding ethylene diamine tetraacetic acid (EDTA) to the
mixture. Under magnetic separation, the supernatant was removed and
the precipitate was further rinsed by TdT buffer (50mM KAc, 20mM
Tris-Ac, 10mM Mg2+, 0.25mM Co2+, pH 7.9). Then, the obtained
precipitate was re-suspended in TdT buffer containing 0.4 U μL−1 TdT,
0.4 μM dTTP at 37 ℃. After 20min, EDTA solution was added into the
mixture to totally inhibit TdT activity. Finally, the Au@Fe3O4 nano-
composite was washed by water, and was then dispersed in 45 μL water.

2.4. Electrochemical measurements on interdigitated electrodes

The interdigitated gold electrodes with 30 μm gap (Hanji Company,
China) were used in the developed aptasensor. Prior to use, the inter-
digitated electrodes need to be rinsed with ethanol and diluted piranha
solution (H2SO4/H2O2= 3:1 v/v) to remove contaminants, respec-
tively, followed by a thorough wash with water and air drying. Then, to
facilitate the Au@Fe3O4 nanoparticles assembled onto the insulating
gaps of electrodes, a magnet was placed under the electrode.
Subsequently, a 5 μL reaction solution was dripped onto the electrodes,
and then the conductance of electrode was measured after natural
drying.

All of the electrical measurements were performed with a CHI
electrochemical workstation (760D, Shanghai, China) at room tem-
perature. One pole connected to the working electrode and the other
pole connected to the reference and counter electrodes. According to
Ohm’s law, the electrical conductance of interdigitated electrode arrays
can be calculated from the slope of linear sweep voltammetry (LSV)
[8,15]. Herein, LSV measurements were adopted within a potential
range from −0.1 to 0.1 V with a scan rate of 1mV s−1 and an interval
of 1mV.

3. Results and discussion

3.1. Principle of the developed gap-electrical aptasensor

A schematic diagram of the gap-electrical aptasensor to determinate
OTA is shown in Fig. 1. The system is based on a Au@Fe3O4 nano-
composite, which acts as a conductive bridge coupled with a bi-enzyme-
aided system. In this strategy, probe DNA modified with sulfydryl (HS-)
at the 5ʹ-terminal was designed, which was partly complementary to
the OTA aptamer. Firstly, probe DNA was assembled onto the surface of
the Au@Fe3O4 nanoparticles through an Au-S bond and then hybridized
with OTA aptamer to form an aptamer-probe DNA duplex [23]. The
presence of OTA forced the aptamer to release from the duplex on Au@
Fe3O4 surface and formed an OTA-aptamer complex in the reaction
solution. This behavior stimulated the activity of Exo I. Both the probe
DNA on the Au@Fe3O4 surface and the OTA-aptamer complex were
digested by Exo I from the 3ʹ-terminal to liberate free mononucleotides
and OTA. The liberated OTA could be participated in the next cycle.
After many cycles, almost no DNA remained on the surface of the Au@
Fe3O4 owing to Exo I degradation. Under treatment by TdT, there was
still no DNA on the Au@Fe3O4 surface. Subsequently, the Au@Fe3O4

nanoparticles were collected by magnetic separation and transferred
onto the insulating gaps of the interdigitated electrode to form a con-
ductive bridge under the action of a magnet. In the absence of OTA,
probe DNA on the surface of Au@Fe3O4 remained intact after the
treatment with Exo I, and further elongated from the 3ʹ-terminal under
the action of TdT, which caused large amounts of single strand DNA
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Fig. 1. Schematic illustration of the developed homogeneous gap-electrical aptasensor.

Fig. 2. SEM images of Au@Fe3O4 nanocomposites (A) and (B), TEM images of bare Fe3O4 nanocomposites (C) and Au@Fe3O4 nanocomposites (D), STEM and
corresponding elemental mapping of Au@Fe3O4 nanocomposites (E).
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(ssDNA) to accumulate on the Au@Fe3O4 nanoparticles surface. The
high resistance of ssDNA caused the collected DNA/Au@Fe3O4 com-
posites to exhibit low conductivity when magnetically collected and
transferred onto the interdigitated electrodes.

3.2. Characterization of Au@Fe3O4 nanocomposites

The signal transduction of the developed strategy depends on the
conductivity of bare Au@Fe3O4 nanoparticles assembled on the in-
sulating gaps of the interdigitated electrode under an external magnetic
field. Hence, to ensure good electrical conductivity, the synthesized
Au@Fe3O4 nanocomposite should be uniformly covered by AuNPs.
Moreover, the Au@Fe3O4 nanocomposite should also respond rapidly
to the magnetic field and have a good dispersion in solution. Herein,
gold seeds mediated growth method was used to synthesize the Au@
Fe3O4 nanocomposite [22]. Fig. S1 (In Supporting Information) shows
the typical cyclic voltammetry (CV) responses of the synthesized Au@
Fe3O4 nanocomposite modified on a bare glass carbon electrode (GCE)
in 50mM H2SO4 at a scan rate of 0.1 V s−1. Current peaks appeared at
0.8, 1.1, and 1.3 V for the AuNPs modified GCE, which are typical redox
peaks of Au [22]. As the amount of AuNPs on the Fe3O4 nanoparticles
was increased, the peak currents gradually increased and almost satu-
rated under the third cycle of gold seeds assisted AuNPs growth.
Moreover, the conductance of the synthesized Au@Fe3O4 nanoparticles

assembled on the interdigitated electrode reached the highest level
under the third cycle of gold seeds assisted AuNPs growth, as shown in
Fig. S2 (In Supporting Information). These results suggest that the bare
Fe3O4 particles were uniformly covered by the AuNPs under the third
cycle of gold seed-assisted AuNPs growth on the Au@Fe3O4 nano-
composites and the obtained nanocomposites exhibited good con-
ductivity, which were used for subsequent experiments.

The size and the morphology of the synthesized Au@Fe3O4 nano-
composites were further characterized by scanning electron microscope
(SEM) and transmission electron microscopy (TEM). As shown in Fig. 2,
the bare Fe3O4 nanoparticles had a well-dispersed spherical shape with
an average particle size of 350 ± 50 nm. The AuNPs grown by three
cycles were uniformly dispersed on the surface of Fe3O4 nanoparticles.
An even distribution of Fe, O and Au was found for the synthesized
Au@Fe3O4 nanocomposite, as measured by scanning-transmission
electron microscope (STEM) elemental mapping. These results further
demonstrated that the AuNPs were uniformly loaded on the surface of
Fe3O4 nanoparticles.

3.3. Gap-electrical aptasensor for OTA assay

Herein, the key point of the gap-electrical signal transduction is that
the amount of DNA on the surface of the Au@Fe3O4 nanocomposite
could directly influences the conductance of the Au@Fe3O4 nano-
composite when assembled onto the gap-electrical electrodes with the
aid of an external magnetic field. We tested this principle by measuring
the current-voltage (I-V) curves (Fig. S3 in Supporting Information). All
curves had good linearity in the potential range from −0.10 to 0.10 V,
which suggested that the gap-electrical electrodes behaved as ideal
resistors under the measurement conditions [8,15]. As expected, with
the increase of the amount of DNA on the Au@Fe3O4 nanocomposite,
the slope of the I-V curve become smaller and a lower conductance was
obtained, which attributed that ssDNA with high resistance constitues a
larger insolation barrier [7]. These results demonstrated that the DNA
coverage could control the conductance of the Au@Fe3O4 nano-
composite.

We next investigated the possibility of the developed gap-electrical
aptasensor for OTA, as shown in Fig. 3. As shown in Fig. 3A, there was
no appreciable current response from the bare interdigitated electrode
(curve a). However, the blank sample had a slightly larger slope with a
conductance of approximately 2.73 nS and standard deviation (SD) of
15.1 % across five repeat experiments under the optimal experimental
conditions (curve b). Thus, the blank sample has the lowest con-
ductance. Similar I-V curve was also found in the blank control sample
with the TdT (curve c). However, with only Exo I, an I-V curve with a
greater slope was obtained in the blank control sample (curve d). These
results demonstrated that TdT decreased the blank sample conductance
and Exo I had a little influence on the blank conductance. These at-
tributed that the absence of OTA could not unwind the aptamer-probe
DNA duplex and thus not stimulate the activity of Exo I. In contrast, the
I-V curve of the aptasensor in response to 500 ng mL−1 OTA produced a
large slope with a conductance of approximately 105.28 nS (SD of 8.5
%) (curve g), which is close to the conductance of bare Au@Fe3O4 at
approximately 112.02 nS (SD of 8.3 %) (curve h), as shown in Fig. 3B. A
similar conductance of approximately 98.15 nS (SD of 10.3 %) was also
found in the response of the control aptasensor with only Exo I (curve
f). However, under the action of TdT only, a smaller slope of the I-V
curve with a conductance of approximately 33.31 nS (SD of 12.6 %)
was obtained (curve e). These results demonstrated that Exo I effi-
ciently amplified the response sample conductance, however, TdT has a
little effect on the response conductance for 500 ng mL−1 OTA. These
attributed that the presence of OTA could trigger the activity of Exo I
and lead multiple cycles, hence almost no DNA remained on the surface
of Au@Fe3O4 nanocomposite and TdT could not work. The I-V curve
response to 500 ng mL−1 OTA showed a desirable signal-to-background
ratio of approximately 39, which indicates that this developed

Fig. 3. Representative I-V curves obtained for (A) blank samples: (a) bare in-
terdigitated electrode, (b) the blank sample with Exo I and TdT, (c) the blank
control sample with only TdT, (d) the blank control sample with only Exo I; (B)
500 ng mL−1 OTA samples: (e) the response sample with only TdT, (f) the re-
sponse sample with only Exo I, (g) the response sample with Exo I and TdT, (h)
bare Au@Fe3O4. Exo I-assisted system is performed in Exo I buffer containing
0.65 U μL−1 Exo I for 60min at 37 ℃. TdT-assisted system is performed in TdT
buffer containing 0.4 U μL−1 TdT and 0.4 μM dTTP for 20min at 37 ℃.
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aptasensor is highly sensitive and can be used to detect OTA.

3.4. Optimization of experimental conditions

To achieve the sensitive and selective detection of OTA, some fac-
tors that may affect the performances were further investigated. In this
strategy, the hybridized base numbers of OTA aptamer and probe DNA
might influence the release of OTA aptamer from the duplex induced by
OTA [24]. Moreover, considering that both Exo I and TdT can exhibit
the optimal activity at 37 ℃, the aptamer-probe DNA duplex are also
stable in solution [19–21]. By calculating the melting temperature of
the duplex, a hybridized base with no less than 13 base pair (bp) was
investigated (Table S2 in Supporting Information). Furthermore, SYBR
Green I-based fluorescence spectroscopy was used to investigate the
effect of the hybridized base numbers of the duplex on release of the
OTA aptamer (Fig. S4 in Supporting Information) [25]. The presence of

OTA reduced the fluorescence intensity when the duplex combined
with the 13 bp hybridized bases. Exo I can further assist the OTA re-
cycling reaction and thus a lower fluorescence intensity was produced.
However, when the hybridized DNA with 18 bp and 23 bp were used,
the fluorescence intensities changed a little. These attributed that OTA
could not force the OTA aptamer to release from the duplex when the
number of hybridized bases was greater than 13 bp. Therefore, the
duplex with 13 bp hybridized bases was used in the subsequent ex-
periments.

In the developed strategy, Exo I was designed to assist the target
OTA recycling and amplify the response conductance of microelec-
trodes. The effects of the reaction temperature, concentration, and time
of Exo I on the conductance of the microelectrodes were systematically
investigated. As shown in Fig. 4A, when the reaction temperature was
37 ℃, the optimal signal-to-background ratio was obtained. At lower or
higher temperatures, Exo I had poor activity and the aptamer-probe

Fig. 4. Effect of Exo I reaction temperature (A), Exo I concentration (B), Exo I reaction time (C), TdT concentration (D), dTTP concentration (E), and TdT reaction
time (F) on the conductances of interdigitated electrodes, respectively. Blank bar is for 50 ng mL−1 OTA sample, and gray bar is the blank sample. Other reaction
conditions are as for Fig. 3. Error bars show the standard deviation of five repeat experiments.
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DNA duplex was unstable at higher temperatures. Moreover, as the
concentration of Exo I was gradually increased, the observed response
conductance gradually increased and maintained an equilibrium at 0.65
U μL−1, as shown in Fig. 4B. However, there was a little change for the
blank sample conductance. Hence, it further demonstrated that Exo I
had a little effect on the blank sample. As shown in Fig. 4C, for an
extended reaction time with Exo I, the response conductance gradually

increased and reached its maximum level within 60min. Thus, 37 ℃,
0.65 U μL−1, and 60min were selected as the optimal temperature,
concentration, and reaction time for Exo I, respectively.

In this strategy, TdT assists the elongation of probe DNA from 3ʹ-
terminal [21], which leads to amounts of ssDNA accumulated on Au@
Fe3O4 nanoparticles and influences the conductance of Au@Fe3O4 na-
nocomposite on the interdigitated electrodes. Hence, the effects of TdT
reaction concentration, dTTP concentration, and reaction time of TdT
on the conductance of the microelectrodes were systematically in-
vestigated. As shown in Fig. 4D, with the increase of TdT concentration,
both the response conductance and the background conductance gra-
dually decreased and produced an optimal signal-to-background ratio
at 0.4 U μL−1 TdT. A similar trend in the conductance was found in the
effects of dTTP concentration and reaction time of TdT, as shown in
Fig. 4E, F, respectively. The corresponding optimal signal-to-back-
ground ratio were obtained at 0.4 μM dTTP and 20min, respectively.
Therefore, we used conditions of 0.4 U μL−1 TdT, 0.4 μM dTTP, and
20min for subsequent experiments.

3.5. Quantitative assay of the developed aptasensor

The sensitivity and quantitative assay of the developed aptasensor
for OTA were evaluated under the optimized reaction conditions.
Conductance was obtained from the slope of the corresponding I-V
curve, which was used for the quantitative detection of OTA. As shown
in Fig. 5A, when the OTA concentration increased, the slope of I-V curve
of the developed aptasensor gradually increased in the range of−0.1 to
0.1 V, which indicated that more OTA aptamers were released from the
surface of Au@Fe3O4 nanocomposite and more probe DNA was digested
from the 3ʹ-terminal by Exo I, thus producing more bare Au@Fe3O4

nanocomposite. A greater amount of the bare Au@Fe3O4 nanocompo-
site produced a greater conductance under the aid of an external
magnetic field and an equilibrium was reached at 500 ng mL−1 OTA, as
shown in Fig. 5B. The obtained conductance had a good linear re-
lationship with the logarithm of OTA concentration from 1 ng mL−1 to
1000 ng mL−1 with a correlation coefficient of 0.990 and a detection
limit of 0.85 ng mL−1. These experimental results demonstrated that
the developed aptasensor exhibited a high sensitivity for OTA assay.

3.6. Specificity and real sample study of the developed aptasensor

A specificity assay for OTA was performed by replacing OTA with
other mycotoxins, such as aflatoxin B1 (AFB1), fumonisin B1 (FB1), and
ochratoxin C (OTC). As shown in Fig. 6, the conductance values ob-
tained by other mycotoxins at a concentration 10 times as great as those
used for OTA were comparable to that of the blank sample. Hence, the
aptasensor has demonstrated the good selectivity for OTA.

To further validate applicability to real sample, the proposed ap-
tasensor was applied to analyze spiked wine samples with reference to a
classic enzyme linked immunosorbent assay (ELISA) method [26,27].
Different concentrations of OTA were spiked into wine samples and
detected directly without any pretreatment. As shown in Table S3 (in
Supporting Information), the estimated concentrations of OTA in these
samples based on our developed aptasensor were fairly similar to the
reference standard concentrations. The standard addition recoveries
were also in the range of 91.8 %−115.6 %. Moreover, the results ob-
tained with our developed aptasensor correlated well with those de-
termined by ELISA. Therefore, the developed aptasensor is reliable and
can be applied to determinate mycotoxins in real samples with sa-
tisfactory results.

4. Conclusion

In summary, we demonstrated a novel gap-electrical aptasensor for
direct analysis of OTA based on Au@Fe3O4 nanocomposite as con-
ductive bridges coupled with a bi-enzyme-aided system. The bi-enzyme

Fig. 5. (A) Typical I-V response curves for different OTA concentration from
1 ng mL−1 to 1000 ng mL−1. (B) Conductance responses for different OTA
concentrations. Inset: Calibration curves of the conductance vs the logarithm of
OTA concentrations. Other reaction conditions are as for Fig. 3. Error bars show
the standard deviation of five repeat experiments.

Fig. 6. Conductance responses for different mycotoxins sample (100 ng mL−1

AFB1, 100 ng mL−1 FB1, 100 ng mL−1 OTC, blank sample, 10 ng mL−1 OTA,
and mixture sample contained all the above-mentioned mycotoxins). Other
reaction conditions are as for Fig. 3. Error bars show the standard deviation of
five repeat experiments.
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system with OTA target could efficiently regulate the quantity of DNA
on the Au@Fe3O4 nanocomposites surface, which could directly influ-
ence the conductance of the Au@Fe3O4 nanocomposite when as-
sembled onto the gap-electrical electrodes with the aid of an external
magnetic field. Our experimental results show that Exo I amplifies the
response conductance and TdT decreases background conductance,
thus producing a high signal-to-background ratio for OTA assay. Under
the optimized experimental conditions, our homogeneous gap-electrical
aptasensor is capable of high sensitivity and selectivity in the de-
termination of OTA in real samples.
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