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Abstract

An ultrasensitive electrochemical aptasensor famakaycin (KAN) detection
was constructed with a dual-signal amplificatioratggy. The aptasensor achieved
greatly amplified sensitivity due to the excelletectrical conductivity of the ordered
mesoporous carbon-chitosan (OMC-CS)/gold nanopeststreptavidin (AuNPs-SA)
and DNA2 labelled with ferrocene (Fc-DNA2). The ARSSA was used to
immobilize the DNA strand (biotin labelled) withelbiotin-streptavidin system. The
DNAZ2 strand containing the KAN aptamer was labeligth ferrocene to increase the
current signal on the electrode surface when baar€lAN. Some factors that affect
the performance of the aptasensor were optimized, tae proposed aptasensor
provided a wide linear range from 1xf0M to 4x10° M, with a detection limit as
low as 35.69 pM for KAN under the optimized conaits. This aptasensor had
satisfactory electrochemical performance with gosthbility, sensitivity and
reproducibility. Additionally, it also displayed good specificity for KAN without
interference from competitive analogues. Furtheemtire constructed aptasensor was
successfully used to detect KAN in a real milk senhe proposed method for

KAN detection has great potential for the detecbbother antibiotics.

Keywords. Dual-signal amplification strategy; gold nanopdesestreptavidin;

biotin; ferrocene; aptasensor.



42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

Introduction

Kanamycin (KAN) is an important antibiotic derivefiiom Sreptomyces
Kanamyceticus [1-2], which has been extensively used in the tineat of
Gram-positive and Gram-negative bacterial infeionhuman and animal [3]. KAN
residue in food causes serious side effects, sachephrotoxicity, ototoxicity and
antibiotic resistance [4]. To ensure the food satetd quality, the European Union
determined that the maximum residue limit of KANcegtable in milk is 15@g/kg
(257.4 nM) [5]. Accordingly, sufficiently sensitiv@ethods for detection of KAN in
milk are necessary to ensure the safety of prodocteuman consumption and thus
our health. Recently, many analytical methods Heeen used to detect the KAN such
as gas chromatography [6], capillary electropherd§iE) [7], high-performance
liquid chromatography (HPLC) [8], solid-phase egtian (SPE) [9], immunoassays
[10-11], enzyme-linked immunosorbent assay (ELI$E)] and colloidal gold test
strips [13]. However, most of these above-mentionezthods are still limited in
application due to the high turnaround time, expenequipment, complex operation,
and tedious sample pretreatment. Therefore, neesies for sensitive and selective
KAN detection are still desired.

Aptamers are obtained by in vitro screening [14-15jd can bind to target
molecules with high affinity and selectivity fortiicial single-stranded DNA or RNA
molecules [16-18]. Aptamers have attracted enornmdegest in biosensor design due
to advantages like excellent stability, low toxiciand ease of synthesis and

modification [19-21]. In view of the obvious advages of aptamers [22], numerous
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aptasensors have been proposed for use in the faéldlinical diagnosis and food
safety, based on colorimetric [23], electrochemid2l], fluorescence [25],
chemiluminescence [26], and cantilever array [Ztdtion.

To improve the analytical performance of electrooloal biosensor, various
nanomaterials have been used in their fabricat@®+30]. Ordered mesoporous
carbon (OMC) materials have drawn attention duhédr large specific surface area,
good conductivity and good biocompatibility [31-3BJoreover, OMC materials can
provide an excellent microenvironment for biomolesusuch as DNA and proteins
[36], and their high-density edge sites provideimber of favorable sites for electron
transport [37]. However, the film forming abilitfy @ MC materials is poor, and thus
an additional film-forming material such as chitog&S), is required to help form the
film. CS is widely used as an immobilization matdxe to its advantages, such as
low cost, non-toxicity, antibacterial activity, lwompatibility and biodegradability
[38-39]. Gold nanoparticles (AuNPs) are also widesed to construct aptasensors
due to their unique properties, including easeyoflgesis, high conductivity, and easy
control over electrode microenvironment [40-42]eTdold nanoparticles are labelled
with streptavidin, which can bind to biotin with ghi specific affinity (affinity
constant up to 28 mol/L) and have high conductivity. Due to thisimitfy, the method
involving the streptavidin-biotin reaction has beeidely used [43]. The aptamer is
usually labelled with biotin, and then binds witighn affinity to the streptavidin that
is adsorbed to the electrode to immobilize the raptaon the electrode [44]. The

biotin-labelled DNA1 strand binds to tistreptavidin-labelled AuNPs through the



86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

high affinity binding between streptavidin and ImotThe ferrocene-label DNA2

(Fc-DNAZ2) strand containing the KAN aptamer speaifiiy binds to the KAN and

DNAL1 and increases the current signal on the @detsurface. The electrochemical
current signal of ferrocene would increase withiticeease of the KAN concentration.
Here, the functional metal nanoparticles play al doke in providing signal and

recognition target, which makes the detection netlsbep simple and highly

sensitive.

The purpose of this work is to develop a sensitwvel simple method for
detecting KAN in milk. A novel electrochemical apémsor based on ordered
mesoporous carbon-chitosan (OMC-CS), gold nanapestistreptavidin (AUNPs-SA)
and Fc-DNAZ2 strand was designed for selective amdisve detection of KAN. The
OMC-CS and AuNPs-SA nanocomposites form a strongdective pathway for
electron transfer. The DNA2 strand containing th&NKaptamer is labelled with
ferrocene to increase the current signal on thetrelée surface when bound to KAN.
The proposed aptasensor has a lower detectionviithita wide linear range for KAN,
and was successfully applied to milk samples. ®obisst of our knowledge, there has
been no report on aptasensor for KAN detectioménliterature.

Experimental

Reagents and chemicals

The OMC was obtained from Yoshikura nanotechnol@ypy, Ltd. (Nanjing,
China). The AuNPs-SA (20 nm) was purchased fromXRBiological Technology

Co., Ltd. (Xi'an, China). Kanamycin (KAN), tobramggstreptomycin, and neomycin


Administrator
Highlight
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were all obtained from Jingchun Co., Ltd. (Tianjirhina). A long strand of DNA
that contains the KAN aptamer labelled with ferroee (Fc-DNAZ2,
5-ACTTCTCGCAAGATGGGGGTTGAGGCTAAGCCGAATACTCCAGT-F8Y)
and the complementary strand of the long strandDNfA labelled with biotin
(Bio-DNA1, 5'-Bio-ACTGGAGTATTGCGAGAAGT-3") were pwehased from
Sangon Biotechnology (Shanghai, China).
Apparatus

A three-electrode system was used, which consisfean auxiliary electrode
(platinum wire), a reference electrode (Ag/AgCl)daa working glassy carbon
electrode (GCE, D=3 mm), in CHI 660D electrochemizarkstation (Shanghai,
China) for all electrochemical measurements. Thepimmogy of the nanocomposites
was characterized using a Tecnai G2F20S-TWIN trgssam electron microscope
and Sirion 200 field emission scanning electronrascope (FEI, Hillsboro, OR,
USA).
Preparation of OMC-CS

CS was dissolved in 2.0 M acetic acid solution #reh magnetically stirred for
8 h or more to obtain a 0.2% CS solution (4 ml,)wihhe pH was adjusted with a
NaOH solution to pH 5.0. Then, after adding 2 mgodfiC to the above solution it
was sonicated for 1 h until the solution reachedomogeneous stable state. The
obtained highly dispersed solution indicated tlmt ©MC-CS suspension had been
successfully prepared.

Deter mination of dissociation constant (Kd)
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To determine the binding affinity of the selectgdaaner, A fixed concentration
of KAN was incubated with increasing concentratmnKAN aptamer under mild
shaking conditions for 30 min. The unbound KAN ap¢a was removed by two
gentle washes with selection buffer. The dissammtconstant (Kd) value was
calculated by employing the nonlinear regressioalyas using electroanalytical
techniques.
[ 1 1

Al KyAi.[B]

max

where [B] is the concentration of the target (KAM) solution, Kd is the
dissociation constant for the aptamer/KAN bindingjs the variation of the current,
andAimax is the maximum variation obtained correspogdmsaturation.
Construction of the aptasensor

The bared electrode was first polished with Qud® alumina powder and then
washed ultrasonically in ethanol, nitric acid amaible distilled water. The electrodes
were cyclically scanned (-0.1-+1.0 V) and placedOid» M HSO, solution for
activation. Then, 7uL of the CS-OMC suspension was added dropwise timo
electrode surface. After the electrode was driedl. 6f the AUNPs-SA solution was
added onto its surface. Subsequently, the driedifredcelectrode was incubated in
Bio-DNAZ1 for 0.5 h. Afterwards, the electrode wasmersed in 0.5% bovine serum
albumin (BSA) to block non-specific sites. Ultimigtehe solution of Fc-DNA2 and
KAN was added dropwise onto the electrode, whicls ween rinsed with PBS to

remove unbound DNA. The schematic illustration bé taptasensor assembled
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procedure is depicted in Fig. 1.
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Fig. 1. The schematic illustration of the aptasemssembled procedure.

[ S T .

Electrochemical assay of KAN

The electrochemical signals of the cyclic voltammpeiCV) and differential
pulse voltammetry (DPV) were all measured in etdgte solution (0.1 M KCI, 5
mM [Fe(CN)]*™®) with scanning potentials of -0.6- +0.1 V and ®0- +0.4 V,
respectively.
Sample preparation

The KAN-free milk was first diluted with PBS (pH5j, then centrifuged for 10
min (10,000 rpm) and allowed to stand for 10 mihe Bupernatant of the milk was
collected and filtered through a 0.2#h sterile Millipore membrane, then the KAN
standard solution was added to the prepared sasgiigions of different KAN

concentrations.
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Results and discussion

Dissociation constant (Kd) measurement

The calculated Kd value obtained of KAN-aptamef0.i843 nM. The aptamer
showed high affinity to KAN, which would enhanceetkensitivity of kanamycin
detection methods.
Characterization of the nanomaterials

The morphologies of the OMC-CS and SA-AuNPs contpesivere examined
using scanning electron microscopy (SEM) and trassion electron microscopy
(TEM), respectively. The image shown in Fig. 2 f(ayeals that the OMC-CS is
composed of numerous uniformly and orderly-distidolurod-like particles. These
particles allow the OMC-CS to possess a high ptr@sid surface area to provide a
better protective microenvironment for the aptaniére SEM image of AuNPs-SA
(Fig. 2 (b)) shows that the AuNPs were separatech feach other in the presence of
streptavidin molecules. The image presented inZ{g) reveals that the AUNPs were
successfully labelled with streptavidin. When biotwas added, AuNPs were

aggregated through high affinity interaction betwesreptavidin and biotin (Fig. 2

(d)).
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Fig. 2. (a) SEM images of OMC-CS; (b) SEM imageSAfAuUNPs; (c) TEM images
of SA-AuNPs+Bio-DNA1; (d) SEM images of SA-AuUNPs-tBDNAL.

Electrochemical characterization of the aptasensor

The formation process of the aptasensor was clesizet using CV (Fig. 3).
Due to the oxidation-reduction reaction on the préle(CN)]*"), the CV of the
bare GCE showed a pair of distinct redox peaksvéw). With the addition of
OMC-CS, the peak current was significantly increladee to the high conductivity of
OMC-CS (curve b). Since the AuUNPs-SA composites his/e excellent conductivity,
the peak current of the AUNPs-SA/OMC-CS/GCE showddgher current after the
addition of the AUNPs-SA composites (curve c). Témults showed that the OMC-CS
and AuNPs-SA composites provided effective electiramsporting ability for this
aptasensor. When  the Bio-DNA1  was immobilized ontathe
AuNPs-SA/OMC-CS/GCE surface, the peak current wgafeeantly reduced due to
the non-conductive nature of oligonucleotides (eud). When the electrode was

soaked in a BSA solution, the current was furtremrdased due to the formation of an

10
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isolating layer of BSA that successfully blockee #dsorption to non-specific sites
(curve e). The amperometric current was increadeehvi-c-DNA2 was added (curve
f). Since the complementary probe (DNA2) was ladzkilith ferrocene, the ferrocene
could approach the electrode surface to exchareggreh and generate high current
when the Fc-DNA2 hybridizes with DNA1 to form a dexx Finally, the
amperometric was current further increased when Kidé$ added (curve g). Since
the combination of aptamer and target made the [BhBin more tightly connected,
making the three level structure of them more fyrmdmbined, making Fc closed to

the electrode surface.

200

100 -

Current/pA
o

-100 -

-200
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1.0 08 06 04 02 00 -02 -04 -06
E/N
Fig. 3. CV: (a) bare GCE, (b) OMC-CS/GCE, (c) SANRS/OMC-CS/GCE, (d)
Bio-DNA1/SA-AuNPs/OMC-CS/GCE, (e) BSA/Bio-DNA1/SAUNPs/OMC-CS/GCE, (f)

Fc-DNA2/BSA/Bio-DNA1/SA-AUNPs/OMC-CS/GCE, (g) KANG-DNA2/BSA/Bio-DNA1/

SA-AuNPs/OMC-CS/GCE.
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Optimization the perfor mance of aptasensor

In order to achieve a satisfactory detection pemtorce, the effect of several
factors, including the DNAL1 concentration, DNA2 centration, pH value of the
working solution and incubation time, were inveatey and optimized. As shown in
Fig. 4 (a-b), DNA1 and DNAZ2 at different concenimas were selected to examine
the effect of the aptamer concentration on theetursignal. As anticipated, the
current difference/Al) was increased with the increase of the conceatraf either
DNAL1 or DNA2, and theAl reached the maximum value at a DNA concentratibn
20 uM. Thus, 20uM was the optimal concentration of DNA1 or DNA2 dder the
aptasensor fabrication. The effect of pH on thesgrsor response was also studied
with a different pH electrolyte solution (6.0-7.8)he Al initially increased and then
decreased with the increase of the pH value, amandiximumAl value was obtained
at pH 7.5 (Fig. 4 (c)). Thus, 7.5 was selectechasoH of the electrolyte solution used
in the construction of the aptasensor. The incobdime during the functionalization
was also investigated with the aim of achieving aast fdetection. A series of
BSA/Bio-DNA1/AuNPs-SA/OMC-CS/GCE were incubated &, 80, 100, 110, 120,
130, 140 and 160 min. As shown in Fig. 4 (d), tictva sites for KAN binding
appear to have reached saturation after 120 mitheas increased with time until it
became stable after 120 min. Therefore, the optin@ibation time of 120 min was

chosen for subsequent experiments.

12
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Fig. 4. Effect of experimental conditions: (a) tencentration of DNA1, (b) the
concentration of DNA2, (c) pH of the electrolytdwgimn, (d) the incubation time of DNA1.

In order to gain an insight into the influence lo¢ interaction between the four
test conditions on the detection performance ofapiasensor, a combination of the
results of single factor test with those of the dyatic orthogonal rotation test was
used to optimize the experimental conditions. Toded independent variables(X
X2, X3, X4) and uncoded variables {X inhibition time/min, % = pH of the bottom,
X3 = concentration of DNALM and X, = concentration of DNAZM) with their
variation levels are shown in Table S1. The arreragés of the test and response

results are shown in Table S2.

Table S1 Test factors and levels.

Levels of variatio

Independent variables

-2 -1 0 1 2
X4 = inhibition time/min 80 100 120 140 160
X, = pH of the bottom 6.9 7.2 7.5 7.8 8.1
X3= concentration of 10 15 20 25 30

X4=concentration of 10 15 20 25 30

13



245 Table S2 Quadratic orthogonal rotation combinatiesign and response.

Independent variable coded Response
Assay Current
Xy Xy X3 X4 _
differenceflA
1 1 1 1 1 30.77
2 1 1 1 -1 30.54
3 1 1 -1 1 30.02
4 1 1 -1 -1 28.87
5 1 -1 1 1 29.43
6 1 -1 1 -1 31.29
7 1 -1 -1 1 27.60
8 1 -1 -1 -1 26.10
9 -1 1 1 1 27.23
10 -1 1 1 -1 26.97
11 -1 1 -1 1 26.59
12 -1 1 -1 4 25.90
13 -1 -1 1 1 13.04
14 -1 -1 -1 12.47
15 -1 -1 -1 1 12.89
16 -1 -1 -1 -1 12.21
17 2 0 0 12.50
18 2 0 0 37.48
19 0 2 0 0 15.17
20 0 -2 0 0 23.52
21 0 0 2 0 37.69
22 0 0 2 0 40.50
23 0 0 0 2 35.97
24 0 0 0 -2 38.40
25 0 0 0 0 44.37
26 0 0 0 0 47.79
27 0 0 0 0 46.26
28 0 0 0 0 44.88
29 0 0 0 0 48.40
30 0 0 0 0 45.96
31 0 0 0 0 50.46
32 0 0 0 0 46.88
33 0 0 0 0 48.94
34 0 0 0 0 46.52
35 0 0 0 0 47.24
36 0 0 0 0 45.69
246 The response surfaces of the test results are simokig. 5. These results reveal

247  that with the increase of the pH value, the respausrent initially increased and then

14
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decreased, the maximuni occurred at pH 7.5. Meanwhile, with the increas¢he
concentration of DNA1 and DNA2, th&l of response also initially increased and
tended to be stable up to the concentration ofM0This might be due to the limited
electrode area leading to excessive accumulatioDNA, which thus hinders the
electron transfer of the electrode surface. In taadi when the incubation time of
DNAL1 exceeded 120 min, th&l decreased slightly, but the basic trend was amos
stable. Overall, the test results did not changmpared to the single condition

control.
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Fig. 5. Response surface of parameter optimizati@nthogonal experiment.
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Electrochemical detection of KAN

Under optimal conditions, a series of KAN standaalutions at different
concentrations were studied by DPV to investigate dnalytical capabilities of the
developed aptasensor. KAN can bind the aptamer gher affinity, and the part
strand of DNA1 and Fc-DNAZ2 that are complementaryt ttan hybridize to it. The
results revealed that as the concentrations of ke Fc-DNAZ2 increased, a larger
surface area of the ferrocene became exposed. Teigeak current detected by
DPV gradually increased with the increase of theceatration of KAN (Fig. 6). In
the range from 100 pM to @M, the linear analysis of KAN generated the followi
equation: y =-13.6661+8.1338x, and a correlaticgffcment of 0.9893. The detection
limit was determined to be 35.69 pM (S/N = 3), whis much lower than the
concentration the European Union determined to laximum KAN maximum
acceptable contamination level (257.4 nM) in mif. [Compared to the previously
reported methods [45-51], the method developed iseseiperior with respect to its

detection limit, and it is rapid and facile (Talile

16
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Fig. 6. DPV responses to different concentratidi§AN (1x10° to 1x10° M), the inset
describes calibration curve for KAN detection.

Table 1 Comparison with other KAN detection methods

Detection method Linear range Limit of References
(nM) detection (nM)
Colorimetry 85.83-103.00 45 [42]
) 5-100
Colorimetry 100-2x18 4 [43]
Fluorescence 2-60 0.612 [44]
Spectrophotometric 1-500 1 [45]
ELISA - 1.76 [46]
Photoelectrochemical aptasensor 1-230 0.2 [47]
Electrochemical aptasensor 1-1%10 0.87 [48]
Electrochemical aptasensor 0.1-1000 0.03569 Thik wo

Specificity, stability, reproducibility and regeneration of the aptasensor

Selectivity is one of the important factarbich had been tested in this work to
evaluate the performance of the developed bioseAs&AN solution of 100 nM,
containing 10uM of other antibiotics (streptomycin (STR), gentami (GEN),
neomycin (NEO), tobramycin (TOB) and oxytetracyelifOTT)) as interferents

substances, was analyzed using the aptasensdneanesults are shown in Fig. 7. The

17
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results reveal that the current change in the poesef these interferents was less
than 4.3%, which indicated that the aptasensorahgsod specificity for KAN and

interference resistance to other antibiotics.

30

25+

20 +

15+

Al/uA

10 ~

Antibiotic

Fig. 7. Selectivity assessment of the aptasengeN:kanamycin, TOB: tobramycin, GEN:
gentamicin, OTT: oxytetracycline, NEO: neomycin RS Btreptomycin and TET: tetracycline.

Reproducibility is another important factor in aggasor performance. To
evaluate reproducibility, five aptasensors werepgred in the same way for the
detection of KAN. The calculated percent relatitendard deviation (RSD) was
3.82%, indicating that the aptasensor-based asshg lyood reproducibility.

To test the stability of the aptasensor, five etetds were prepared and stored at
4 11 and then used to detect KAN. The results of théNKdetection analysis revealed
that the measurement of the same concentratioeassd only 5.61% after four-week
storage of the aptamer, which indicated that thasgmsor had a good stability. This

might be due to the stability of the DNA-aptamed ahe high affinity between

18
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streptavidin and biotin.

To evaluate the regenerability of the aptasenser,aptasensor that have been
used for the detection of KAN was immersed into lgcige-hydrochloric acid
solution (0.2 M, pH 2.0) for 1 min to break theaper-KAN linkage. Afterwards, the
aptasensors were prepared for the detection of KA&INowing the detection of KAN,
the aptamer-KAN complex was again immersed into glyeine-hydrochloric acid
solution. After five regeneration cycles, the catreesponse of the aptasensor
retained about 90.41% of its original response e/afwith a RSD of 4.06%),
indicating that this aptasensor has a good regbifieya
KAN detection in milk

To study the applicability and precision of the eleped aptasensor with real
samples, different concentrations of KAN were ditgcby the standard addition
methods in biological fluid (milk) samples contaigivarious interfering substances
and their recoveries were calculated. The milk damyas centrifuged to remove
interfering substances, such as fat. The centiifggaditions were optimized by
guadratic orthogonal rotation experiments. The ga¢gented in Table S3 shows the
level of the experimental factors, and that in €l4 shows the experimental
arrangements and results. The results presenteid.irs1 show the response surfaces
of the centrifugal conditions, the optimal centgél speed was 10000 r/min, the
optimal centrifugal time and standing time wereldlimin. The aptasensor was used
to analyze the recorded response signals. As tteegsi@wn in Table 2 reveals, the

recoveries ranged from 92.86 to 104.91% with a R&I@ss than 5.04%. Thus, the
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320 proposed aptasensor recognized the target withdatgctively and reliability even in
321  a complex biological environment like milk.

322 Table S3 Experimental factors level coding.

Levels of viriation

Independent variables

-1.682 -1 0 1 1.682
X4 = centrifugal 8320 900 1000 1100 1168
X2 = centrifugal time/min 5 7 10 13 15
X3 = standing time/min 5 7 10 13 15
323 Table S4 Experimental arrangements and results.
Independent variable coded Response
Assay Current
X1 X2
differencefiA
1 1 1 1 50.47
2 1 1 -1 49.68
3 1 -1 1 48.59
4 1 -1 -1 47.07
5 -1 1 1 25.28
6 -1 1 -1 24.34
7 -1 -1 1 24.07
8 -1 -1 -1 23.13
9 1.682 0 0 50.89
10 -1.682 0 0 24.23
11 0 1.682 0 51.18
12 0 -1.682 0 26.06
13 0 0 1.682 51.20
14 0 0 -1.682 40.86
15 0 0 0 50.16
16 0 0 0 51.30
17 0 0 0 50.40
18 0 0 0 50.92
19 0 0 0 49.47
20 0 0 0 50.45

324
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326 Fig. S1. Response surface of sample processingtmorsdorthogonal experiment.
327 Table 2 Recovery and RSD of KAN in spiked milk séasp
Milk found(uM) Added{M) Total foundtM) Recovery (%) RSD (%, n=3)

No detected 0.00000 0.00000 . .

No detected 0.00500 0.00474 94.80 3.36

No detected 0.01000 0.01032 103.20 5.04

No detected 0.05000 0.04643 92.86 3.26

No detected 0.10000 0.10491 104.91 2.10

No detected 0.50000 0.52138 104.276 4.35
328
329 Conclusions
330 In this study, a novel aptasensor for the quantgadetection of KAN based on
331 OMC-CS and AuNPs-SA was successfully fabricatece DMC-CS and AuNPs-SA
332 nanocomposite not only greatly enhanced the qyaotitmmobilized biomolecules,
333  such as the aptamers, but also significantly imgdothe amperometric signal of the
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350
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aptasensor. The designed aptasensor showed a@a@tdydow detection limit (35.69
pM) and a wide linear response range (I¥1Dx10° M). The developed aptasensor
showed good repeatability, specificity, reprodudipiand a long-term stability of up
to four weeks. The aptasensor was successfullyegpfadr KAN detection with high a
recovery ranging from 92.86 to 104.91% in compleal rmilk samples. It is
anticipated that the application of the developgthsensor could be further extended
to simple and real-time detection of other antilogt
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Highlights

1) An ultrasensitive electrochemical aptasensor for kanamycin (KAN) detection was
constructed with a dual-signal amplification strategy.
2) DNA strand (biotin labelled) was immobilized with the biotin-streptavidin system.

3) This aptasensor shows good analytical performancein KAN analysis.



