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A sensitivity programmable ratiometric electrochemical aptasensor was fabricated based on thionine-graphene nanocomposite for the detection of AFB1 in peanut.
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A B S T R A C T

Accurately monitoring of aflatoxin B1 (AFB1), the most hazardous mycotoxin in agricultural products, is es-
sential for the public health, but various testing demands (e.g. detection range, sensitivity) for different samples
can be challenging for sensors. Here, we developed a sensitivity-programmable ratiometric electrochemical
aptasensor for AFB1 analysis in peanut. Thionine functionalized reduced graphene oxide (THI-rGO) served as
reference signal generator, ferrocene-labelled aptamer (Fc-apt) output the response signal. During analysis, the
formation of Fc-apt-AFB1 complex led to its stripping from the electrode and faded the current intensity of Fc
(IFc), while the current intensity of THI (ITHI) was enhanced. And ratiometric detection of AFB1 was achieved by
using the current intensity ratio (ITHI/IFc) as quantitative signal. Compared with ratiometric strategies that
highly rely on the labelled aptamers, the proposed strategy could regulate the value of ITHI/IFc by changing the
modification of Fc-apt. And the detection sensitivity was found to be closely related to ITHI/IFc. Under the op-
timal conditions, the fabricated aptasensor with a dynamic range from 0.05–20 ngmL−1 and a detection limit of
0.016 ng mL−1 for AFB1 analysis. Besides, it exhibited excellent selectivity, reliability and reproducibility. The
proposed sensitivity-programmable biosensor can be applied to detect various aptamer-recognized mycotoxins
in agricultural sensing.
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1. Introduction

Aflatoxins, produced by aspergillus parasiticus and aspergillus
flavus, are a category of extreme hazardous metabolites and emerge to
be the inevitable contaminant in food and feedstuffs (e.g. peanut, corn)
(Crisan, 1973; Daradimos et al., 2000; Zhuang et al., 2016; Karapetis
et al., 2018). As the most toxic specie, aflatoxin B1 (AFB1) has been
identified as the first carcinogen by the Agency for Research on Cancer
(IARC) (WHO, 1993). And it has posed a world-widely threat to the
public health, e.g. the incidence rate of AFB1 in feed ingredients and
feed samples reaches up to 33.9 % in central China (Liu et al., 2016).
For the sake of food safety, many countries have a maximum allowable
limit for AFB1 in agricultural products, food and feeds, e.g.
10−50 μg kg−1 in grain by China (GB13078.2–2006) and
5−20 μg kg−1 by European Union, while the content in human food
ranged from 0.05 μg kg−1 in European Union to 20 μg kg−1 in United
States (Babu and Muriana, 2011).

State-of-the-art methods including high-performance liquid chro-
matography-mass spectrometry (HPLC-MS), thin-layer chromatography
(TLC) and LC combined with mass spectrometry (MS) have been widely
used to monitor AFB1 pollution in lab but failed in terms of rapid and
in-field testing. (Capriotti et al., 2014; Ko et al., 2015a; Ediage et al.,
2011). For the lateral, the newly-emerging ratiometric electrochemical
method, featuring comparable sensitivity, fast response, and ease-of-
use, can be one of the promising alternatives. Such an assay is assumed
to be capable of conquering the accidental errors and environmental
influences by built-in correction with a dual-signal output mode, al-
lowing the superior analytical reliability and accuracy (Yang et al.,
2018). For the fabrication of sensors, current investigations mainly
employ the target-induced conformational change of terminal redox-
tagged DNA to output ratiometric signal that the response depends on
the distance change of the redox tag and the electrode surface (Zhu
et al., 2019). In terms of AFB1, to this end, at least one aptasensor has
been proposed for AFB1 analysis, presenting the reduced signal fluc-
tuation, enhanced sensitivity and higher value compared with that

based on the single-signal mode (Wu et al., 2017).
Despite the attracting properties, the development of ratiometric

electrochemical aptasensor faces a potential challenge: programming of
dynamic range and sensitivity which may be essential for the smart
sensing platform (Wang et al., 2017). Realistic demands of analytical
properties for sensors can be various, e.g. wide dynamic range is re-
quired for viral load monitoring, and high sensitivity may be essential
for drug monitoring (Goodman, 1996). For single signal-based sensors,
these parameters can be tuned by the environmental changes or ma-
terial size regulation to output a responsive signal (Jeong et al., 2017;
Zhang et al., 2014; Shimizu et al., 2017). However, such strategies may
be unusable for classic ratiometric electrochemical aptasensors with the
instinct to overcome these interferes. Generally, investigation is rarely
focused on the regulation of ratiometric signal owing to the following
reasons: 1) Various relationships between the current intensity and
distance for different redox tags (Li et al., 2019). Such phenomenon has
been observed in the sensors fabricated with ferrocene (Fc) and me-
thylene blue (MB), which should significantly complicate the change of
ratiometric signal by tag selection (Kékedy-Nagy and Ferapontova,
2018). 2) Influence of modification of redox tag on the affinity of DNA
and signal intensity. Increasing the number of tags on DNA could be
worked for ratiometric signal adjustment, however, anchoring sites are
limited at DNA and it may affect the affinity between DNA and the
target (Amaya-González et al., 2015). 3) Difficulty in the accurate and
reproducible assembly of DNA on the electrode surface. Eliminating
clustering, aggregation and nonspecific interactions of DNA remains
challenging during the assembly of aptasensor, and these issues should
render it extremely difficult to regulate the distance and in turn the
signal (Bizzotto et al., 2018). Based on the above analysis, we can
conclude that it would be extremely attracting, if we develop a ratio-
metric electrochemical aptasensor with programmable sensitivity.

Inspired by this, we proposed a ratiometric electrochemical apta-
sensor with the adjustable sensitivity for AFB1 analysis via the reg-
ulation of ratiometric signal. The detailed content is illustrated in
Scheme 1. Thionine (THI) is a redox probe with good electrochemical

Scheme 1. Schematic illustration of the fabrication of the AFB1 aptasensor.
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reversibility, stability and fast electron transfer properties (Qin et al.,
2016). It can form thionine functionalized reduced graphene oxide
(THI-rGO) nanocomposite by combining non-covalent synergistic
charge transfer with rGO with excellent electrical conductivity and high
specific surface area. And the positive charge on THI promotes solubi-
lity and prevents aggregation of rGO (Zhu et al., 2012). In brief, the
well-dispersed THI-rGO was introduced as the substrate of sensor as
well as signal generator. THI-rGO, gold nanoparticles (AuNPs), sDNA
and 6-mercapto-1-hexanol (MCH) were successively modified on glassy
carbon electrode (GCE, Φ=3mm). After that, fixing the ferrocene-la-
belled aptamer (Fc-apt) to the electrode by base pairing with sDNA. In
this way, the regulation of current intensity ratio (ITHI/IFc) namely the
ratiometric signal, can be achieved by changing modification of THI-
rGO or the Fc-apt, and the resultant sensor presented the adjustable
sensitivity. In the presence of AFB1, the formed Fc-apt-AFB1 complex
released from the electrode surface, leading to the decrease of the im-
pedance and the subsequent increase of ITHI. The ratiometric electro-
chemical biosensing platform with adjustable sensitivity could realize
the accurate and reliable analysis of harmful substances in agricultural
products, and may become a new universal platform for the develop-
ment of versatile sensing in agricultural applications.

2. Experimental

2.1. Chemicals

Trisodium citrate (Na3C6H5O7·2H2O, ≥99.5 %, Sinopharm
Chemical Reagent Co., Ltd), ethylenediaminetetraacetic acid disodium
salt (EDTA,≥99.0 %, Sinopharm Chemical Reagent Co., Ltd), tris hy-
droxymethyl aminomethan (Tris, 99.8 %, Alfa Aesar), thionine (THI,
100 %, Alfa Aesar), reduced graphene oxide (rGO, XFNANO Inc),
aflatoxin B1 (AFB1, 98.0 %, Acros Organics), aflatoxin B2 (AFB2, 98.0
%, Acros Organics), fumonectin B1 (FB1, 96.0 %, Aladdin Chemistry)
were employed in our work. The thiol-terminated AFB1 aptamer com-
plementary chain, aptamer of AFB1 were synthesized by Sangon
Biotech Co., Ltd (Shanghai, China), and the sequences were as follows
(Castillo et al., 2015):

cDNA: 5′-CGAGACACAGAGAGACA ACACGTGCCCAAC -(CH2)6-SH-
3’

Fc-apt: 5′-Fc-GTTGGGCACGTGTTGTCTCTCTGTGTCTCGTGCCCTTC
GCTA

GGCCCACA-Fc-3′
DNA were dissolved in 10mM Tris−HCl buffers (pH 7.4). And the

prepared solution was stored at 4 °C as stock solution. All of purchased
chemicals were utilized without further purification. Preparation of
required solution by using ultrapure water.

2.2. Instrumentation

The morphology was demonstrated by transmission electron mi-
croscopy (TEM) on a JEM 1200EX TEM (JEOL, Japan). Scanning elec-
tron microscope (SEM) was recorded on a SU8020 SEM (Hitachi,
Tokyo). X-ray photoelectron spectroscopy (XPS) analysis was recorded
on ESCALAB250 (Thermo Fisher Scientific, USA). The UV–vis absorp-
tion spectrum was measured with a Lambda 750 UV–vis spectro-
photometer (PerkinElmer, USA). Raman spectra was registered in
LabRam HR (France). The electrochemical tests were conducted on a
CHI 750E electrochemical workstation (Shanghai Chenhua, China). A
traditional three-electrode system was used in our work. Different
modified GCE were applied as the working electrode, and a platinum
wire as the counter electrode and an Ag/AgCl (sat. KCl) electrode as the
reference electrode. The electrochemical performance was investigated
by alternating current voltammetry (ACV). And the ACV parameters
adopted were as follows: a potential of 4 mV, a frequency of 25 Hz, and
an amplitude of 25mV by scanning the potential from -0.4 to 0.7 V in
100mM PBS (pH 7.0). The assembly process of the aptasensor was

investigated by the electrochemical impedance spectroscopy (EIS) in
0.1 M KCl containing 5mM Fe(CN)63−/4− with a frequency range from
0.1 Hz to 100 kHz and 5mV amplitude of sine voltage signal.

2.3. Preparations of THI-rGO

THI-rGO was synthesized according to the previous report with
some modifications (Zhao et al., 2015). Briefly, rGO dispersion solution
(15mL, 0.1 mgmL−1) was mixed with THI (3mL, 10 μM) by magne-
tically stirring for 12 h. Then, the black dispersion was centrifuged
(8000 rpm, 10min) and washed with ultrapure water. And the resultant
THI-rGO nanocomposite was dried and dispersed in 3mL ultrapure
water. Finally, the quantitative analysis of THI in THI-rGO composite
was estimated with XPS and its concentration was calculated to be
0.141mgmL−1.

2.4. Preparation of ratiometric electrochemical aptasensor

Bare GCE was polished with 0.05 μm alumina powder, and then
sonicated in ethanol and ultrapure water for 30 s to obtain a mirror
surface. 6 μL of THI-rGO nanocomposite and AuNPs at a concentration
of 5 nM were electrostatically adsorbed successively upon the surface of
GCE and dry naturally at room temperature (Tao et al., 2019). After
that, 6 μL cDNA was covalently anchored on the AuNPs via Au-S bond,
and 6 μL of 1mM MCH was used to block the nonspecific binding sites
of AuNPs (Liang et al., 2014). Subsequently, Fc-apt was immobilized by
the base pairing with cDNA. By regulating the modification of Fc-apt,
the resultant aptasensor output different ratiometric signals. The apta-
sensor was stored at 4 °C before use.

2.5. Detection of AFB1

The standard AFB1 sample was prepared with 100mM PBS (pH
7.0). 6 μL of AFB1 with certain concentration was casted on the apta-
sensor and incubated for 1 h, and then rinsed with 100mM PBS (pH
7.0) before measurement.

2.6. Real sample pretreatment

For the preparation of samples, 20 g peanut (Zhenjiang, Jiangsu
Province) was milled with 2 g of sodium chloride. A certain con-
centration of AFB1 was added to peanut flour (8 g), and then dissolved
in 20mL of extraction solvent (Vmethanol:Vwater = 6:4). After mixing for
60min and centrifugation, the resultant extract was treated with
0.22 μm ultrafiltration membrane, followed by dilution with 100mM
PBS (pH 7.0) to a finally AFB1 concentration of 0.1 ng mL−1, 1 ng
mL−1, 5 ng mL−1 and 10 ng mL−1.

3. Results and discussion

3.1. Characterization of rGO, THI, THI-rGO, AuNPs

The morphology and structure of the prepared rGO (Fig. 1A) and
THI-rGO (Fig. 1B) were characterized with SEM. The rGO displays the
typical flake-like structure and wrinkles. For THI-rGO, the aggregation
of THI can be observed on the rGO, in good agreement with previous
report (Zhu et al., 2012). Based on the full scan XPS, the peaks at 532.6,
401.7 and 285.4 eV are associated with O1S, N1S and C1S, respectively,
and the presence of N1S peak indicates the formation of THI-rGO
(Fig. 1C) (Shahzad et al., 2017). Furthermore, the N1S spectrum is re-
solved into three peaks at 399.69 eV (C-N=C), 400.33 eV (C-NH2),
402.67 eV (H-N-H), respectively, confirming the presence of THI in the
synthesized composites (Fig. 1D).

UV-visible absorption spectrum was employed to monitor the for-
mation of THI-rGO composite. The absorbances at 276 and 376 nm in
the spectrum of rGO can be assigned to π-π* transitions of aromatic

Y. Li, et al. Journal of Hazardous Materials 387 (2020) 122001

3



C]C bonds and n-π* transitions of −COOH, respectively (Fig. 1E,
curve a). Three characteristic absorption peaks of THI are located at
283, 564 and 600 nm, corresponding to the π-π* transitions of aromatic
rings, H-type dimer aggregate and n-π* transitions of C]N bond, re-
spectively (Fig. 1E, curve c) (Zhu et al., 2012). All these absorption
peaks observed in that of THI-rGO demonstrates the attachment of THI
on rGO via π-π stacking (Fig. 1E, curve b) (Qin et al., 2016). Ad-
ditionally, THI-rGO and THI display almost the same Raman spectra
(Fig. 1F), indicating the negligible influence of interaction between THI
and rGO on the native structure and properties of THI molecules (Li
et al., 2004; Hao et al., 2018).

3.2. Characterization of electrochemical aptasensor

EIS measurements were performed in 0.1M KCl solution containing
5mM [Fe(CN)6]3−/4− to monitor the aptasensor assembly (Fig. 2A),

and fitted with the Randles equivalent circuit (Inset of Fig. 2A). The
fitting parameters of the equivalent circuit were composed of the
electrolyte solution (Rs), constant phase element (Q), electronic transfer
resistance (Ret), and Warburg impedance (Zw). Among them, the Ret

value was estimated by the semicircle diameter of the EIS Nyquist
curve, reflecting the electron transfer kinetics on the electrode inter-
face. Compared with bare GCE (curve a), the modification of THI-rGO
significantly reduces the Ret (42 Ω, curve b), suggesting its superior
conductivity. The subsequent assembly of AuNPs leads to further de-
crease of Ret at the AuNPs/THI-rGO/GCE (curve c). Then, the successive
assembly of cDNA, MCH and aptamer increase Ret to 540 Ω (curve d),
798 Ω (curve e), and 804 Ω (curve f), respectively, which are ascribed
to the enlarged steric hindrance and electrostatic repulsion for [Fe
(CN)6]3−/4−. After the addition of AFB1, a decrease of Ret is observed
at AFB1/Fc-apt/MCH/cDNA/AuNPs/THI-rGO/GCE (647 Ω, curve g)
owing to the stripping of Fc-aptamer-AFB1 complex from the electrode.

Fig. 1. SEM images of (A) rGO and (B)THI-rGO. (C) XPS spectra of THI-rGO. (D) Core-level XPS spectra of N1S of THI-rGO. (E) UV–vis absorption spectra of (a) rGO,
(b) THI-rGO, (c) THI. (F) Raman spectra of (a) THI, (b) THI-rGO, and (c) rGO.
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These results indicate the successful fabrication of electrochemical
sensing interface for AFB1.

3.3. Feasibility of the electrochemical aptasensor for AFB1 assay

ACV measurements were conducted to evaluate the feasibility of the
proposed aptasensor for AFB1. As shown in Fig. 2B, two peaks at 0.2 V
and 0.48 V are observed at Fc-apt/MCH/cDNA/AuNPs/THI-rGO/GCE,
which are assigned to the oxidation of THI and Fc, respectively (curve
a). After the addition of 1 ng mL−1 AFB1, the current intensities of Fc
(IFc) and THI (ITHI) decreases and increases, respectively, resulting from
the stripping of the Fc-aptamer-AFB1 complex (curve b). With in-
creasing the concentration of AFB1 (CAFB1), the change of IFc and ITHI
exhibits the same trend, and thus the ITHI/IFc could be used as the signal

for AFB1 detection, indicating the feasible of the proposed strategy for
AFB1 sensing.

We then optimized the experimental conditions including aptamer
incubation time, concentration, and target incubation time, which are
provided in supporting information (Fig. S2).

3.4. Sensitivity analysis of aptasensor detection of AFB1

The testing demands for AFB1 analysis in agricultural products (e.g.
peanut) differs in periods such as planting, transportation, storage and
processing (Casada and Young, 1994; Luo et al., 2019; Passone et al.,
2010; Lavkor and Var, 2017). Herein, we envisaged to regulate the
ratiometric signal by tuning the assembly of Fc-apt to achieve pro-
grammable sensitivity of aptasensor. As shown in Fig. 3A, three

Fig. 2. (A) EIS operating in 0.1M KCl aqueous
solution containing 5mM [Fe(CN)6]3−/4− with
the frequency varied from 0.1 Hz to 100 kHz
and 5mV amplitude of sine voltage signal.
Nyquist plots of the electrode: (a) GCE, (b) THI-
rGO/GCE, (c) AuNPs/THI-rGO/GCE, (d) cDNA/
AuNPs/THI-rGO/GCE, (e) MCH/cDNA/AuNPs/
THI-rGO/GCE, (f) Fc-apt/MCH/cDNA/AuNPs/
THI-rGO/GCE, and (g) AFB1/Fc-apt/MCH/
cDNA/AuNPs/THI-rGO/GCE. Inset: Equivalent
circuit corresponding to the impedance features
of the modified electrode. The equivalent cir-
cuit used to fit the EIS Nyquist plots in this work
consisted of the resistance of the electrolyte
solution (Rs), constant phase element (Q),
electron transfer resistance (Ret), and Warburg
impedance (Zw). (B) ACV responses toward

AFB1 with the concentration of (a) 0.0 ng mL-1, (b) 1.0 ng mL-1, (c) 10 ng mL-1, (d) 100 ng mL-1 in 100mM PBS (pH 7.0), and magnified view of THI signal at 0.2 V.

Fig. 3. (A) The illustration of the fabrication of
three aptasensors with different ratiometric
signals by differing the incubation time of Fc-
apt with 80min (a), 100min (b), 120min (c).
(B) ACV responses at the resultant aptasensors.
(C) Logarithmic dependence of the ACV peak
current ratiometric of ITHI/IFc with the dif-
ferent concentration of AFB1: 0.05 ng mL−1,
0.12 ng mL−1, 0.5 ng mL−1, 1 ng mL−1, 3 ng
mL−1. (D) Relationship between ITHI/IFc and
sensitivity.
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aptasensors were prepared simply by differing the incubation time of
Fc-apt, presenting the ITHI/IFc values of 0.26 (a), 0.20 (b) and 0.14 (c),
and their ACV curves are shown in Fig. 3B. As a proof of concept, these
aptasensors were applied to the AFB1 analysis with concentrations

ranging from 0.05 to 3 ng mL−1, and the corresponding calibration
curves are shown in Fig. 3C. Consequently, the calculated sensitivity of
aptasensor a, b and c are 0.027, 0.048, and 0.076, respectively, con-
firming the feasibility of sensitivity adjustment by the regulation of
ratiometric signal (Fig. 3D). The aptasensor c displayed the highest
sensitivity, and it was employed for the following experiments.

3.5. Determination of AFB1 by ACV

The detailed analytical performances of aptasensor c were evaluated
by monitoring the change of ITHI/IFc toward different CAFB1. As shown
in Fig. 4A, the increases of ITHI and the decreases of IFc are observed
with the raising of CAFB1. On the logarithmic scale, the ITHI/IFc value is
linearly related to CAFB1 from 0.05 to 20 ng mL−1 and a detection limit
(LOD) down to 0.016 ng mL-1 (defined as S/N=3) (Fig. 4B). The cor-
responding regression equation is ITHI/IFc = 0.073 logCAFB1 + 0.164
with a correlation coefficient (R2) of 0.998. The analytical properties of
the aptasensor based on the individual signal ITHI or IFc were also in-
vestigated. As shown in Fig. 4C, both ITHI and IFc exhibit linear variation
with CAFB1 ranging from 0.1 to 10 ng mL−1, presenting a relatively low
R2 of 0.941 and poor LOD of 0.033 ng mL−1. Thus, the proposed ra-
tiometric strategy could effectively improve both sensitivity and accu-
racy for AFB1 analysis.

Compared with the previously reported assays for AFB1 including

Fig. 4. (A) ACV responses for AFB1 with dif-
ferent concentrations (0.05, 0.12, 0.5, 1, 3, 5,
10, 20 ng mL−1); Solution: 100mM PBS (pH
7.0). (B) The calibration curve for AFB1 de-
termination (plot of ITHI/IFc vs. logarithm of the
AFB1 concentration (CAFB1)). (C) Logarithmic
dependence of CAFB1 on (a) ITHI and (b) IFc. (D)
Comparison of the responses to 0.5 ng mL−1

solution of AFB1 and 10 ng mL−1 solution of
FB1, AFB2, ZEN, OTA and the mixture of the
interferences at the aptasensor.

Table 1
Comparisons of the proposed method with the reported methods for AFB1 de-
tection.

Methods Linear ranges (ng
mL−1)

Detection limits (ng
mL−1)

Refs.

EC 0.125-16 0.12 Castillo et al.
(2015)

EC 30-3000 10 Zhang et al. (2016)
EC 0.05-6.0 0.05 Goud et al. (2017)
EC – 0.017 Evtugyn et al.

(2014)
Colorimetric 0.1-10000 0.1 Seok et al. (2015)
RS – 0.1 Ko et al. (2015b)
MZIs – 0.8 Pagkali et al.

(2018)
FL 5–100 1.6 Chen et al. (2017)
CL 0.1–10 0.11 Shim et al. (2014)
REC 0.05–20 0.016 Our work

Abbreviations: RS-Raman scattering; FL-Fluorescence; CL-Chemiluminescence;
REC-Ratiometric electrochemistry; MZIs-Mach-Zehnder interferometers.

Table 2
Comparison of results by the proposed method and HPLC-FL for AFB1 analysis in peanut (n=3).

Sample Spiked (ng mL−1) Proposed method (n= 3) HPLC-FL

Detected (ng mL−1) RSD (%) Recovery (%) Detected (ng mL−1) Recovery (%)

1 0 – – – – –
2 0.1 0.0865 2.5 86.5 0.123 123
3 1 1.11 6.0 111 1.11 111
4 5 5.60 6.6 112 4.98 99.6
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electrochemistry (EC) (Castillo et al., 2015; Zhang et al., 2016; Goud
et al., 2017; Evtugyn et al., 2014), colorimetric (Seok et al., 2015),
Raman scattering (RS) (Ko et al., 2015b), optical method (Pagkali et al.,
2018), fluorescence (FL) (Chen et al., 2017) and chemiluminescence
(CL) (Shim et al., 2014), the proposed ratiometric electrochemical ap-
tasensor exhibits a large dynamic range and low LOD (Table 1).

3.6. Selectivity, reproducibility and stability of ratiometric electrochemical
aptasensor

The selectivity of the proposed aptasensor was evaluated by using
common mycotoxins including FB1, AFB2, ZEN, OTA as interferents. As
showed in Fig. 4D, in the presence of FB1 (10 ng mL−1), AFB2 (10 ng
mL−1), ZEN (10 ng mL−1) or OTA (10 ng mL−1), almost the same ITHI/
IFc value are obtained at the proposed aptasensor as that of the blank
test. However, significantly increased of ITHI/IFc value is observed upon
the addition of 0.5 ng mL−1 AFB1 or the mixture of AFB1 (0.5 ng mL−1)
and the above-mentioned disturbances (10 ng mL−1). These results
suggest the superior selectivity of proposed aptasensor toward the de-
tection of AFB1.

The reproducibility and stability of the proposed aptasensor were
estimated by monitoring 0.12 ng mL−1 of AFB1 (Fig. S3). The apta-
sensor have higher reproducibility by measuring six batches of apta-
sensors, and the relative standard deviation (RSD) of 1.79 % indicates
the satisfactory reproducibility (Fig. S3A). The stability of the apta-
sensor was studied by measuring the ACV signal for different time
periods. After 7 days of storage, the peak current showed the neglect-
able change. And the RSD of peak currents was calculated to be 2.25 %
(n=6), suggesting the superior stability of aptasensor (Fig. S3B).

3.7. Analysis of AFB1 in spiked peanut samples

To explore the analytical performance for real samples, the apta-
sensor was used for the detection of AFB1 in peanut. The samples were
prepared by dissolving, centrifuging and filtering. As shown in Table 2,
the recoveries of spiked samples range from 86.5%–112.0% with RSD
below 6.6 %, which are acceptable for practical detection. The accuracy
of proposed method was verified with the national standard method of
high-performance liquid chromatography-fluorescence (HPLC-FL). As
shown in Table 2, both of these two methods display the satisfactory
recoveries, suggesting the comparable accuracy of the proposed method
for real sample analysis.

4. Conclusion

In summary, a novel sensitivity programmable ratiometric electro-
chemical aptasensor for AFB1 analysis on the basis of ratiometric signal
regulation was constructed. The relationship between the sensitivity of
the aptasensor and the value of ratiometric signal was illustrated, and
the programmable sensitivity was achieved by tuning the assembly of
Fc-apt. Following this principle, the proof-of-concept ratiometric elec-
trochemical aptasensors with different sensitivities were successfully
fabricated, and the aptasensor with the highest sensitivity showed wide
linear range and relatively low LOD with superior reproductivity and
stability toward AFB1 analysis. In addition, such a sensing platform
displayed the satisfactory applicability for the analysis of peanut
sample. More importantly, the proposed ratiometric electrochemical
aptasensor is versatile to survey other mycotoxins in the field of agri-
culture interactions by simply replacing the corresponding DNA.
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