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Abstract

A dual-target electrochemical aptasensor was developed for the simultaneous
detection of multiple antibiotics based on metal ions as signal tracers and
nanocomposites as signal amplification strategy. Metal ions such as Cd** and Pb?*
could generate distinct differential pulse voltammetry (DPV) peaks. When targets
were present, kanamycin (KAN) and streptomycin (STR) as models, the KAN
aptamer (KAP) and STR aptamer (STP) were released from their complementary
strands, with more change of Cd?* and Pb*" corresponding to peak currents. At the

same time, complementary strand of KAP (cKAP) and STP (cSTP) were linked with
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the poly (A) structure (cSTP-PolyA-cKAP) to increase their conformational freedom.
Graphitized multi-walled carbon nanotubes (MWCNTg,) and carbon nanofibers-gold
nanoparticles (CNFs-AuNPs) as a biosensor platform enhanced the surface area to
capture a large amount of cSTP-PolyA-cKAP, thus amplifying the detection response.
Under the optimal conditions, the aptasensor could detect KAN and STR as low as
74.50 pM and 36.45 pM respectively with the range from 0.1 to 100 nM and exhibited
excellent selectively. Moreover, this aptasensor showed promising applications for the

detection of other analytes by changing corresponding aptamers.

Keywords: Multiplexed aptasensor; Simultaneous detection; Metal ions labels;

Multiple antibiotic residues.

1 Introduction

Antibiotics are a type of antimicrobial drug used in animals as growth promoters
and also for the treatment of diseases (Ramezani et al., 2016; Pendela et al., 2009; Yan
et al., 2016). However, when these antibiotics are overused, it will exist residues in
animal derived food products, which can be hazardous for human health (Granja et al.,
2009; Xue et al., 2016). Therefore, it is urgent to develop a kind of sensitive and quick
assay to simultaneously detect multiple antibiotic residues in foods.

Currently, various methods have been reported to achieve the sensitive detection of
antibiotic residues, e.g. LC-MS, TLC, HPLC, ELISA and immunoassays
(Gbylik-Sikorska et al., 2013; Vifas et al., 2007; Gremilogianni et al., 2010; Xu et al.,
2014b; Chen et al., 2008; Feng et al., 2016; Wei et al., 2012; Chen et al., 2013).
However, one of the key aims for developing a detection method is to easily and
rapidly measure the multiplex residues in food samples.

Recently, aptasensor has attracted considerable attention due to a good specificity,
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usability and simplicity in diagnostics and detections (Ferapontova et al., 2008;
Rahman et al., 2009). Aptamer is a short factitious RNA or single-stranded DNA
sequence screened by an in vitro selection technique known as systematic evolution of
ligands by exponential enrichment (Tuerk and Gold, 1990; Zhao et al., 2015), which
specifically recognizes and binds to its pre-selected targets including small molecules,
ions, proteins, and even whole cells (Tombelli et al., 2005; Gopinath et al., 2014;
Ueyama et al., 2002; Evtugyn et al., 2013; Zhao et al., 2015; Cheng et al., 2007).
According to previous reports, a variety of aptamers with high specificity for
antibiotics has been screened and used (Zhou et al., 2013; Ghanbari et al., 2018).

One of the key aims of the simultaneous detection is to fabricate high-sensitive and
distinguishable signal tags. Because the ability to simultaneously generate different
dissolution peaks at different voltages, some metal ions, such as Cd, Pb, and Hg ions,
have attracted considerable attentions for signal source (Feng et al., 2012; Xu et al.,
2014a). Therefore, different aptamers labeled with different metal ions can be
employed for multiple analytes simultaneous detection without interfering with each
other.

For signal amplification, as we all know, nanomaterials play a key role on
improving the electron transfer between aptamer and electrode surface (Janegitz et al.,
2011; Du et al., 2010; Chen et al., 2012; Ansari et al., 2008). With their unique fiber
structure, carbon nanofibers (CNFs) have a range of advantages, such as the high
aspect ratio and good chemical stability (Barranco et al., 2010; Zhu et al., 2015; Su et
al., 2005; Arshad et al., 2011; Moon and Farris, 2009). The long fiber nanostructure of
CNFs makes them have a high specific surface area and helps deposit more gold
nanoparticles (AuNPs). Graphitized multi-walled carbon nanotubes (MWCNT¢,) have
a high charge transfer property so that the current signals of the sensors are amplified
and have a uniform interconnected network structure that enables them to immobilize
more aptamer (Adegbenjo et al., 2017; Xue et al., 2017).

Considering the above findings, we developed a multiplexed aptasensor based on
metal ions labels for simultaneous detection of multiple antibiotic residues. Herein,
kanamycin (KAN) and streptomycin (STR) were used as models, and then KAN
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aptamer (KAP) and STR aptamer (STP) were labeled with metal ions to realize
simultaneous detection of KAN and STR. When KAN and STR were present, the
interaction between antibiotic and aptamer led to the dissociation of dsDNA and
resulted in more change of Cd** and Pb*" corresponding to the peak currents. The
complementary strand of KAP (cKAP) and STP (cSTP) were linked with the poly (A)
structure (cSTP-PolyA-cKAP) to increase their conformational freedom. With the
high charge transfer property of CNFs-AuNPs and MWCNTg,, the charge transfer
rate of the aptasensor was obviously promoted. The proposed aptasensor has high
sensitivity, and is reproducible and specific for multiple antibiotics. In addition, the
aptasensor could be better applied for detecting antibiotic residues in real milk
samples.

2 Experimental
2.1 Reagents

Kanamycin sulfate, streptomycin sulfate, tobramycin sulfate, sodium citrate, and
chloroauric acid (HAuCl,) were obtained from Sinopharm Chemical Reagent Co.
CNFs and MWCNT g, were obtained from DeKe-Daolin Co. (Beijing, China). Bovine
serum albumin (BSA) was purchased from BioDev-Tech. Co. (Beijing, China). STP,
5'-NH-GGGGTCTGGTGTTCTGCTTTGTTCTGTCGGGTCGT-3'; KAP, 5-NH,-A
GATGGGGGTTGAGGCTAAGCCGA-3; cKAP and cSTP linked with polyA
structure (cSTP-PolyA-cKAP), 5'-NH,-ACGACCCGACAGAACAAAGCAGAACA
CCAGACCCCAAAAAAAAAATCGGCTTAGCCTCAACCCCCATCT-3' were
synthesized by Sangon Biotechnology (Shanghai, China).

2.2 Apparatus

SPCE was purchased from Zensor R&D Co. (Taiwan, TE100, China).
Electrochemical measurements were carried out on an electrochemical workstation
that was purchased from CH Instruments Co. (CHI 660D, China). The morphologies
of the samples were characterized by a transmission electron microscope (TEM, FEI
Tecnai G2F20S-TWIN, USA) and a scanning electron microscope (SEM, FEI Sirion
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200, USA). Fourier transformation infrared (FT-IR) spectra were recorded using a
FT-IR spectrometer from Thermo Electron Co. (Nicolet 5700, USA).
2.3 Preparation of CNFs-AuNPs

Prior to the preparation of AuNPs, all glassware were cleaned in freshly prepared
aqua regia (HNOg3:HCI, 3:1), then rinsed thoroughly with ultrapure water and dried.
The colloidal gold was prepared by dissolving 1% HAuCl, in H,O with 3.95 mL of 1%
trisodium citrate with vigorous stirring. When the reaction solution changed from
light yellow to wine red, it indicated that the AuNPs had been successfully
synthesized. Boiling was continued for 15 min, and then the solution was stirred until
it cooled to room temperature. The nanoparticles colloidal solution and carbon fiber
(1:1) were mixed to obtain the CNFs-AuNPs solution.

2.4 Labels of the aptamers with metal ions

CdS/KAP and PbS/STP nanochains were prepared as distinguishable signal probes
(Dong et al., 2007). Cd(NOs), (0.2 mM, 100 mL) was added to the KAP solution
acquiring a mixed solution-A and kept at 4 °C for 24 hours. 100 mL 0.2 mM Na,S
(water/ethanol, 1:1) was added to the mixed solution-A acquiring a mixed solution-B
and kept at 4 °C for 24 hours. Then, Cd(NO3), aqueous solution (20 mM, 10 mL) was
added to the mixed solution-B acquiring a mixed solution-C and incubated under 4 °C
for 24 hours. Then, NazS (20 mM, 10 mL) was added to the mixed solution-C and
incubated under 4 °C for 24 hours to obtain CdS/KAP nanochains. In addition,
PbS/STP nanochains were synthesized based on the same abovementioned procedure
except that Cd(NO3), was replaced by Pb(NO3)s.

2.5 Fabrication of the aptasensor

Firstly, the SPCE was cleaned by volt-amperometric cycling during 25 cycles in a
0.5 M H,SO, solution (-1.5 V to +1.5 V, 100 mV/s) (Haddaoui and Raouafi, 2015),
and then was washed with ultrapure water and dried in a stream of nitrogen gas. 10
ML of CNFs-AuNPs solution and 10 pL of MWCNT, suspension were successively
added onto the SPCE surface and dried. Then, 10 pL of cSTP-PolyA-cKAP was
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dropped onto the modified SPCE surface. 10 pL of the mixture solution of CdS-KAP
and PbS-STP was added and incubated for 1.0 h to obtain an aptasensor interface for
KAN and STR detection. Subsequently, to avoid nonspecific adsorption, 1% BSA was
added and incubated for 2 h to block the remaining active sites. The obtained
aptasensor was used to detect different concentrations of KAN and STR. Fig. 1 shows
the preparation process for the aptasensor.

2.6 Detection of KAN and STR with the aptasensor

Differential pulse voltammetry (DPV) and cyclic voltammetry (CV) measurements
were carried out in a compound solution of 0.1 M KCI and 5 mM [Fe(CN)g]*> "
which served as a redox probe. The stripping peaks of Cd** and Pb®* could be clearly
found at ~-0.68 V and ~-0.46 V. The resolved stripping peak signals related to the

KAN and STR concentrations would be respectively measured.
2.7 Pretreatment of milk sample

Several milk samples were obtained from a local market. The samples were
centrifuged for 10 min at 10,000 rpm to remove the interfering substances such as
fat, after which the milk samples were collected by filtrating through a sterile
Millipore membrane (0.22 um). Subsequently, the milk samples were diluted 10
times with PBS (pH 7.5) for the detection by the proposed aptasensor.

3 Results and discussion
3.1 Characterization of the nanomaterials

The characterizations of different nanomaterials are shown in Fig. 2. A number of
bright dots were observed on the highly entangled CNFs, indicating that
CNFs-AuNPs were successfully prepared (Fig. 2, curve a). Fig. S1 show TEM and
SEM images of the CNFs-AuNPs, as well as EDX analysis results of the
elements C and Au. As shown in Fig. S1(c), C was almost completely covered
on the surface and concentrated in the position of CNFs. This is because C was

also the main component of the TEM copper net. Au was concentrated in the
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position of CNFs, which indicated that the Au was distributed on the surface of
the CNFs. In Fig. 2 (b), it could be seen that gold nanoparticles were attached to
the surface of CNFs. The MWCNTg, was highly entangled and exhibited a smoother
morphology and highly ordered graphitic structure (Fig. 2, curve ¢). As shown in Fig.
2 (d), the measured outer diameter of MWCNTg was 40~70 nm and the inner
diameter was approximately 10 nm.

3.2. Fourier transform infrared (FT-IR) spectroscopy

The CNFs-AuNPs and MWCNTg, were further characterized by the FT-IR
absorption spectra (Fig. S2). As shown in Fig. S2 (a), the major peaks were found at
3410, 1580, 1360, and 1070 cm™. These vibrations corresponded to -OH, -C=0, -NO,,
and O-H, respectively. The results indicated that the CNFs-AuNPs can be adsorbed to
the electrode surface via electrostatic interaction. The MWCNTg, exhibited strong
vibration peaks at 3430, 1620, 1410, and 1050 cm * (Fig. S2 (b)). These stretching
vibrations were attributed to -OH, -C=C, -C=N, and -C=0 stretching, respectively.
The results confirmed that MWCNTg; and CNFs-AuNPs could be linked together and
cSTP-PolyA-cKAP was adsorbed to the MWCNTg,/CNFs-AuNPs/SPCE surface by
covalent binding.

3.3 Electrochemical characterization of the modified electrodes

As shown in Fig. 3, CVs were recorded during each immobilization step of the
aptasensor manufacturing process. A pair of good reversible redox peaks was
observed at the bare SPCE (A, curve ), indicating that [Fe(CN)s]*"* had better redox
property. When CNFs-AuNPs modified on the SPCE, the peak current of CV
obviously increased (A, curve b), which indicated that CNFs-AuNPs had excellent
charge transfer property. As shown in Fig. 3 (B), the increased of the peak current in
CNFs-AuNPs/SPCE (B, curve d) was greater than that of CNFs/SPCE (B, curve b)
and AuNPs/SPCE (B, curve c), which confirmed that the charge transfer property of
CNFs-AuNPs was better than that of CNFs or AuNPs. When MWCNTg, with

excellent electrochemical behavior modified the electrode, the peak current further



increased (A, curve c). Because oligonucleotides could generate an insulating layer to
hinder electron transfer, cSTP-PolyA-cKAP, CdS-KAP and PbS-STP were
immobilized onto the electrode surface, and the redox peak currents were significantly
reduced (A, curve d-e). The addition of BSA resulted in a further reduction in current,
since BSA blocked the remaining active sites (A, curve f). The formation of the
KAP-KAN (STP-STR) complex could hinder the electron transfer at the electrode
interface so that the addition of KAN and STR resulted in a further decrease of the
current signal (A, curve g). Briefly, these results demonstrated the sensing interface
had been successfully fabricated.

3.4 Optimization of the analytical parameters

To achieve optimal sensing performance, cSTP-PolyA-cKAP concentration, pH,
incubation time, and reaction time were optimized. An important parameter affecting
the DPV response of the aptasensor was the concentration of cSTP-PolyA-cKAP. The
response signal intensity of electrochemical aptasensor depended upon the selective
binding of the KAP-KAN (STP-STR) complex. The concentrations of KAP and STP
should be consistent with the concentration of cSTP-PolyA-cKAP. Thus, DPVs of the
different concentrations of cSTP-PolyA-cKAP were recorded. As shown in Fig. 4 (),
the peak current difference (Al) increased with the increase of cKAP-PolyA-cSTP
concentration, which was almost unchanged after reaching SuM. Therefore, the
cSTP-PolyA-cKAP concentration used in this work was 5 uM. The concentrations of
KAP and STP were also selected at 5 uM depending on the pairing between
oligonucleotides. The immobilization time of cSTP-PolyA-cKAP was also
investigated in Fig. 4 (b). The Al increased rapidly with increasing immobilization
time of cSTP-PolyA-cKAP to 60 min, because more cSTP-PolyA-cKAPs were
attached on electrode. Then the Al growth leveled off because the immobilization
number of cSTP-PolyA-cKAP reached saturation. Consequently, an optimized
immobilization time of 60 min was applied in this experiment. The pH value was
another important factor influencing the performance of the aptasensor, because it

affected the activity of the biomaterials and the structure and properties of the



aptamer. The pH of the prepared aptasensor was optimized by immersing the
aptasensor in different pH electrolytes. From Fig. 4 (c), it could be seen that the Al
reached the maximum at pH 7.5. Therefore, the pH of the test solution was selected at
7.5 in this experiment. The incubation time for the aptamer was also optimized. After
adding the aptamer, the Al of DPV for different incubation times is shown in Fig. 4
(d). The AI increased with the increase of incubation time, and there was almost no
change over 60 min. Thus, the optimal incubation time was chosen as 60 min. To
obtain a higher current response, the reaction time of the detection system was also
optimized. It could be seen in Fig. 4 (e) that the Al of DPV increased with the
extension of the reaction time and remained stable over 40 min, because the
construction of the KAP-KAN (STP-STR) complex on the electrode surface reached
saturation. Thus, 40 min was chosen as the reaction time.

3.5 Feasibility of the aptasensor and amplification performance of

nanocomposites

In the construction of a multiplex electrochemical aptasensor, it is important to
eliminate the cross-reactivity. In order to evaluate the cross-reactivity of the proposed
aptasensor, DPV responses of two analytes were comparied to those in presence of
only one analyte. As shown in Fig. S3 (A), when the incubation solution contained
one kind of analyte (curve a and b), the corresponding target analyte showed a higher
current response, while the other basically did not show a current response. The
results indicated that the detection of KAN and STR would not cause an interfere with
each other. Moreover, the simultaneous addition of KAN and STR resulted in the
simultaneous inrease of the corresponding currents (curve c), indicating that the
cross-reactivity between the two analytes was negligible. The signal amplification
was also confirmed by DPV responses. To verify the signal amplification effect of
MWCNTg, and CNFs-AuNPs, the current responses of the aptasensor were shown in
Fig. S3 (B). The electrochemical signal of KAN+STR/BSA/CdS-KAP+PbS-STP/
cSTP-PolyA-cKAP/MWCNTg,/CNFs-AuNPs/SPCE (curve b) was 4.6 times higher
than that of KAN+STR/BSA/CdS-KAP+PbS-STP/cSTP-PolyA-cKAP/SPCE (curve



a), which was because MWCNTg, and CNFs-AuNPs as signal amplification strategy
could accelerate electron transfer. Therefore, these results verified that the proposed
aptasensor had significantly amplification ability.

3.6 Detection of KAN and STR

KAP and STP were labelled with PbS and CdS nanoparticles, and the peak currents
of Pb* and Cd** moved for the sensitive and simultaneous detection of KAN and
STR. As shown in Fig. 5 (A), the peak currents of Pb** and Cd** increased with the
increase of KAN and STR concentration. The calibration curves displayed good linear
relationships in the range from 0.1 to 100 nM with a regression equation of y =
47.8526+15.5440x (R? = 0.9870) for KAN (Fig. 5 (B)), and a regression equation of y
= 46.5104+9.3681x (R? = 0.9768) for STR (Fig. 5 (C)), respectively. The lower
detection limits (LODs) of the aptasensor were calculated to be 74.50 pM for KAN
and 36.45 pM for STR using the formula 3 rb/m, where rb is the standard deviation of
11 parallel measurements of the blank solution (rbxan = 0.38601, rbstr = 0.11382)
and m is the slope of the curve in the linearity range of 0.1-100 nM (mgan = 15.5440,
mstr = 9.3681). The linear ranges and limits of detection of the aptasensor were better
than those of some other methods (Table S1-S2) (Vifas et al., 2007; Xu et al., 2015;
Qin et al.,, 2017; Chen et al., 2015; Zhou et al., 2014; Li et al., 2017; Li et al., 2014b;
Qin et al., 2015; Ye et al., 2008; Xu et al., 2017; Yin et al., 2017) or electrochemical
aptasensors in a single antibiotic measurement already reported (Table S3-S4)
(Ramezani et al., 2016; Zhu et al., 2012; Qin et al., 2015; Liu et al., 2015; Sun et al.,
2014; Li et al., 2014b; Bai et al., 2014; Mishra et al., 2015; Okoth et al., 2012; Zhou et
al., 2013; Yin et al., 2017; Danesh et al., 2015 ). The lower limits of detection could
be considered as follows: (1) CNFs-AuNPs and MWCNTg, as the dual signal
amplification strategies were promoted the electrode transfer rate of the aptasensor;
(2) With an interconnection network structure of a larger specific surface area,
MWCNTg;, enabled them to immobilize the aptamer.

3.7 Specificity, stability and reproducibility of the aptasensor
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Specificity is one of the most important characteristics of an aptasensor. To
investigate the specificity of the aptasensor, some interference experiments were
performed by using the developed aptamer probe to detect KAN and STR in the
presence of other antibiotics, such as gentamicin (G), tobramycin (T), and
oxytetracycline (O). As displayed in Fig. 6 (a-b), even if concentrations of other target
analogs (5 uM) were 100 times higher than those of KAN and STR (0.05 uM), the
current differences due to the interfering substances were less than 7.6% of that
without interferences (n=3). Those results indicated that the interference of high
concentration target analogues was not very large. The low concentration of KAN
(STR) and high concentration of other target analogs were respectively detected to
further investigate the specificity of the aptasensor. As shown in Fig. 6 (c-d), the
amperometric curve current response variations caused by the addition of high
concentration of other target analogs were less than 6.8% for KAN and 8.9% for STR
(n=3). The results showed that this multiplexed aptasensor had a high specificity
because of its high binding specificity and affinity between the aptamers and their
targets.

To investigate the reproducibility of the fabricated aptasensor, a fresh batch of five
aptasensors were prepared and used to detect the mixture of KAN and STR. The
relative standard deviations (RSDs) of the measurements were 3.16% for KAN and
4.84% for STR (n=5), which indicated that the designed electrochemical aptasensor in
this study was precise and reproducible.

The aptasensor was stored in PBS (pH 7.5) at 4 °C to estimate the stability of the
aptasensor. The average response current of the five aptasensors against KAN and
STR solution decreased 8.67% and 9.51% after four weeks of storage (n=5), which
indicated that the fabricated aptasensor had excellent stability. The stability of the
aptasensor could be attributed to good stability of MWCNTg, and AuNPs-CNFs and
stability of the connection between aptamers and MWCNTg;.

3.8 Real sample analysis

The KAN and STR in milk samples were detected to achieve the feasibility study
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of the aptasensor practical application. The milk sample was centrifuged (10,000 rpm,
10 min) and filtered through a sterile Millipore membrane (0.22 um). Then,
antibiotics (KAN and STR) at different concentrations were added to the filtered milk
samples diluted 10 times with PBS (pH 7.5). The analytical results of the milk
samples are shown in Table S5 and S6, and the recoveries were 92.51% to 108.95%
for KAN and 91.75% to 106.36% for STR (n=3), and RSDs were in the ranges of
3.2-6.7% for KAN and 2.7%-5.3% for STR (n=3). Thus, it indicated that the
aptasensor provided a promising application to detect multiple antibiotics in milk
samples.

4 Conclusions

A selective, sensitive multiplexed electrochemical aptasensor was developed for
simultaneous detection of multiple antibiotic residues, with KAN and STR as the
models, based on MWCNTg and CNFs-AuNPs nanocomposites as amplification
strategy and Cd** and Pb*" as signal tracers. Notably, Cd** and Pb** produced
distinguishable DPV peaks at differential electric voltage to realize simultaneous
detection of multiple antibiotics. The signal amplification of MWCNTg, and
CNFs-AuNPs nanocomposites modified aptasensor was about 4.6 times compared
with the absence of nanocomposites. The proposed aptasensor provided a promising
application to the detection of multiple antibiotics in real milk samples. Furthermore,
this work can be employed to detect other antibiotics by substituting of the
appropriate aptamer, which provides a platform for the rapid and sensitive detection
of multiplex antibiotics.
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Figure Captions

Fig. 1. Schematic illustration of the preparation process for the aptasensor.

Fig. 2. TEM images: (a-b) CNFs-AuNPs; (c-d) MWCNTg;.

Fig. 3. CV: (A) (a bare SPCE, (b) CNFs-AuNPs/SPCE, (c)
MWCNTg,/CNFs-AuNPs/SPCE, (d) cSTP-PolyA-cKAP/MWCNTg,/
CNFs-AuNPs/SPCE, (e) CdS-KAP+PbS-STP/cSTP-PolyA-cKAP/MWCNTg,/
CNFs-AuNPs/SPCE, ® BSA/CdS-KAP+PbS-STP/cSTP-PolyA-cKAP/
MWCNTg/CNFs-AuNPS/SPCE, (g) KAN+STR/BSA/CdAS-KAP+PbS-STP/
cSTP-PolyA-cKAP/MWCNTs/CNFs-AuNPs/SPCE. (B) (a) bare SPCE, (b)
CNFs/SPCE, (c) AUNPs/SPCE, (d): CNFs-AuNPs/SPCE.

Fig. 4. The influence of (a) cSTP-PolyA-cKAP concentration, (b) cSTP-PolyA-cKAP
immobilization time, (c) pH of working, (d) incubation time, (e) reaction time.
Error bars indicate the standard deviations (n = 3).

Fig. 5. (a) Simultaneous determination of different concentrations of KAN and STR,
(b) calibration curve of KAN, (c) calibration curve of STR. Error bars are the
standard deviations across three repetitive measurements, and data are fit using
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linear regression.
Fig. 6. Selectivity assessment of the aptasensor. K : kanamycin, S : streptomycin , G:
gentamicin, O: oxytetracycline and T: tobramycin. Error bars represent the

standard deviations of three independent measurements.

Supplementary material

Fig. S1. (a) TEM image of CNFs-AuNPs; (b) SEM image of CNFs-AuNPs; EDX
maps shown for (c) C, (d) Au distribution across the sample.

Fig. S2. The FT-IR transmission spectroscopy of (a) MWCNTg,; (b) CNFs-AuNPs.
Fig. S3. (A) DPV responses of (a) 0 nM KAN and 0.1 nM STR solution; (b) 0.1 nM
KAN and 0 nM STR solution; (c) 0.1 ng/mL KAN and 0.1 nM STR in the aptasensor.
(B) DPV responses of (a) KAN+STR/BSA/CdS-KAP+PbS-STP/cSTP-PloyA-cKAP/
SPCE; (b) KAN+STR/BSA/CdS-KAP+PbS-STP/cSTP-PloyA-cKAP/MWCNTg,/
CNFs-AuNPs/SPCE.

Table S1 Comparison with other KAN detection methods

Table S2 Comparison with other STR detection methods

Table S3 Comparison of various KAN electrochemical aptasensors

Table S4 Comparison of various STR electrochemical aptasensors

Table S5 Determination and recovery results of KAN in spiked milk samples

Table S6 Determination and recovery results of STR in spiked milk samples
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Highlights
1) A multiplexed aptasensor based on metal ions labels has been used for
simultaneous detection of multiple antibiotic residues.
2) CNFs-AuNPs and MWCNTg, nanocomposites as signal amplification strategies are

presented.
3) The aptasensor is successfully used for detecting multiple antibiotic residues in

real milk samples.
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