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In the present study, an impedimetric aptasensor was designed based 
on a glassy carbon modified with nano composite of graphene oxide-
chitosan along with 1-Pyrenebutyric acid–N-hydroxysuccinimide ester 
(Pry) linker to detect tetracycline antibiotic. After the modification of the 
electrode surface, the aptamer strands were immobilized on it, and it was 
then used for determination tetracycline concentration. Under optimum 
conditions, aptamer revealed a linear range of 1.0 × 10-15 - 3.2 × 10-7 with 
a detection limit of 3.2 × 10-16 M for determination of tetracycline. Some 
advantages of this biosensor are being highly selective and sensitive for 
detection of tetracycline, not expensive and easy preparation. Also, this 
designed aptasensor was applied in the real samples of drug and serum 
solutions successfully. Moreover, it can be implied that this creates a basis 
for improvement in graphene oxide-based impedimetric biosensors.

INTRODUCTION
Nowadays, antibiotics have a key role in human 

health. Tetracycline is known as an antibiotic 
which reduces affinity for prokaryotic tRNA by 
strong binding on the 30S ribosomal subunit 
[1,2]. Tetracyclines are a group of broad-spectrum 
antibiotics containing four condensed aromatic 
rings. According to their sources, tetracyclines can 
be divided into two types, and the most commonly 
used tetracyclines are oxytetracycline (OTC), 
doxycycline (DOX), and tetracycline (TET). This 
antibiotic has been used for animals as growth 
promoters [3,4]. Tetracyclines are also found in 
food products, and it is known to be hepatotoxic 
agent [5,6]. 

Up to now, lots of methods have been 
reported by researchers for the detection 
of tetracycline antibiotics in food products, 

pharmaceutical preparations and water [5,7,8]. 
The electrochemical technologies have attracted 
considerable attention due to some advantages 
like ease in operation, high specificity and 
sensitivity, and amenability to automation for 
determination of TET as analyte [7-11]. But these 
sensitive detection techniques for tetracycline 
have some limitations like being time-consuming, 
expensive, and labor intensive.

As known, aptamers are single-stranded RNA 
or DNA oligonucleotides screened from synthetic 
DNA/RNA libraries using SELEX procedure (a 
systematic evolution of ligands by exponential 
enrichment) with high affinity and specific 
recognition to their target [12]. Some advantages 
of aptamers are better target versatility, stronger 
affinity, more stability, and resistant toward 
denaturation and degradation [13,14]. Azadbakht 
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et al. designed an impedimetric aptasensor based 
on functionalized carbon nanotubes and prussian 
blue as labels [15]. 

Attaching biological recognition elements to 
nanomaterials leads to designing novel biosensors. 
Chitosan (Chit) as the most interesting biopolymer 
matrix for the immobilization of biological sensing 
elements due to lots of amino groups, good 
biocompatibility, and provides excellent film-
forming ability and good adhesion acts. But owing 
to its non-conductive property, it is necessary 
to improve its conductivity. To attain this aim, 
many nanomaterials have been incorporated 
such as conducting polymer, metal nanoparticles, 
carbon nano tubes (CNTs) and graphene (GP). 
Among these, GP has been paid more attention 
for its low cost and large active surface area per 
volume ratio [16,17]. 1-Pyrenebutyric acid–N-
hydroxysuccinimide (Pyr) ester as a scaffold 
molecule contains an anchor group and a terminal 
group. The hydrophobic p system group, pyreny 
moiety, has strong affinity with the basal plane 
of GO via p-stacking [18]. The succinimidyl 
ester group is highly reactive to nucleophilic 
substitution by primary and secondary amines 
that exist on protein surface [19]. Because of the 
specific structure of Pyren, it is one of the linkers 
which can be used for fabrication of some electro 
- chemical biosensors [20]. In the present study, 
the impedance method (EIS) was applied for the 
experiments as there is no need to additional 
biomolecule markers; the high sensitive, and is 
capable to separate the surface binding events 
from the solution resistance in spite of lower 
selectivity than some other methods [21,22]. 

Following the previous studies, [23-27] in 
this research, an electrochemical aptasensor 
was developed for the detection of tetracycline 
based on a modified glassy carbon electrode with 
graphene oxide/chitosan along with the linker 
of 1-Pyrenebutyric acid–N-hydroxy succin imide 
ester (Pyr). Some advantages of this include using 
1-Pyrenebutyric acid–N-hydroxy succin imide 
ester (Pyr) as a linker agent and consequently 
preparing a more suitable platform for aptamer 
immobilization; beside, there is no need to use 
NHS/EDC during the fabrication steps of the 
aptasensor and the application of the constructed 
sensor for real samples. It is noticeable that 
the Apta/Pyr/Chit/GO/GCE aptasensor was 
successfully applied for TET detection in real 
samples of serum and tablet. 

MATERIALS AND METHODS
Chemicals 

All oligonucleotides were prepared from 
Bioneer Company (Korea) and the base sequence 
was as follows:

76 mer, 5’-NH2-CGT ACG GAA TTC GCT AGC CCC 
CCG GCA GGC CAC GGC TTG GGT TGG TCC CAC 
TGC GCG TGG ATC CGA GCT CCA CGT G- 3’ (Mw. 
(23545.6), Tm (98.9 ˚C))[27,28].

Chemical reagents including sodium dihydrogen 
phosphate, disodium hydrogen phosphate, 
1- pyrenebutyric acid-N- hydroxysuccinimide 
ester (Pyr), Tween 20 (Polyoxyethylenesorbitan 
monolaurate), potassium ferrocyanide, potassium 
ferricyanide,  hydrochlorides of tetracycline (TET), 
oxy tetracycline (OTC), doxycycline (DOX), and 
diclofenac sodium salt (DCF), chitosan (Chit), 
graphite and salts for buffer solution contain 
NaCl, MgCl2, KCl, CaCl2 and other chemicals were 
purchased from Merck or Sigma companies in 
analytical grades. 

Instrumentation and Electrochemical Experiments
A potentiostat/galvanostat Autolab model 

PGSTAT 30 (Eco Chemic, Utrecht, Netherlands) 
and a NOVA 1.7 software (25 ± 1 °C) were used 
for the electrochemical measurements. A three-
electrode system containing the Apta/Pyr/Chit/
GO/GCE as a working electrode, an Ag/AgCl (KCl 
1.0 M) as a reference, and a platinum wire as a 
counter electrode was used. Cleaning the surface 
of electrodes was performed using an ultrasound 
cleaner VGT-QTP 1730 in which mechanical-
ultrasonic waves (20-40 KHz) were produced. A 
Metrohm model 691 pH/mV meter was used for 
pH measurements. Charge transfer resistance (Rct) 
and the differential charge transfer resistance (ΔRct) 
were considered as the analytical markers. The 
SEM was performed respectively with a TESCAN 
instrument model VEGA3. The electrochemical 
measurements were tested in a 0.1 M KCl solution 
containing the redox couples of K4Fe(CN)6 (0.5 
mM) and K3Fe(CN)6 (0.5 mM). A binding buffer 
containing 20 mM  tris-HCl (pH = 7.6) with 100 mM 
HCl, 2 mM MgCl2, 5 mM KCl, 1 mM CaCl2  was used 
[29]. The DPV conditions included the potential 
range of 0.05 V to 0.6 V with pulse amplitude of 50 
mV and the scan rate of 100 mVs-1. 

Graphene Oxide /Chitosan Nano Composite 
Preparation

Nanosheets of graphene oxide were prepared 
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by using an improved method [30]. 0.0188 g, 
and 0.00376 g of graphene oxide and chitosan, 
respectively, were weighed and added to 1 mL of 
double-distilled water (the constant percentage 
of 80% w/w was used as the optimal percentage 
of GO in the Chit/GO composite). The prepared 
suspension was placed in an ultrasonic bath for 5 
min, and then the obtained suspension was used 
for the electrode surface modification.

Impedimetric Aptasensor Construction  
The fabrication of this aptasensor contains the 
following processes: i) polishing the surface 
of the glassy carbon electrode using 0.05 µm 
alumina slurry and washing with anhydrous 
alcohol and water solutions by ultra-sonication 
for 30 min, respectively; ii) the electrode surface 
modification by placing 20 µL homogeneously 
dispersed solution of graphene oxide (0.0188 g 
mL-1) /chitosan (0.0037 g mL-1) nano composite 
on it and drying under ambient condition. iii) the 
creation of linkage between GCE modified surface 
and aptamer oligonucleotide strands using the 
1- pyrenebutyric acid-N- hydroxysuccinimide 
ester (Pyr) solution for 30 min [21]; iv) placing the 
aptamer solution (0.3 µM, 20 µL) on the electrode 
surface for 6 h in a wet chamber to obtain Anti-
TET/Pyr/GO/Chit/GCE. Also, the pretreatment of 
aptamer was performed as follows: i) denaturation 
of aptamer at 90 °C for 10 min, ii) cooling at 4 °C 
for 15 min and iii) placing it at 25̊ C for 5 min. 
This Anti-TET/Pyr/Chit/GO/GCE electrode was 
immersed in ethanolamine for 1 h. 

RESULTS AND DISCUSSION
The Anti-TET /Pyr / Chit / GO / GCE aptasensor 

fabrication 
In the current study, the aptasensor was 

constructed attaching an aptamer to the modified 
glassy carbon electrode with graphene oxide 
nanosheets and chitosan composite. Also, the 
covalent crosslinking for chitosan caused the 
formation of hydrogels with a permanent network 
structure, since irreversible chemical links are 
formed. Then, 20 µL of Pyr solution (1 µmol L-1) was 
dropped on the surface of modified for 30 min. At 
the last step, the selected aptamer containing 76-
base sequences [27] as a target was introduced 
to the Pyr/Chit/GO/GCE surface. Graphene 
oxide nanosheets and chitosan composite were 
applied as an amplifier of peak current changes 
for TET binding due to the unique properties. 
The fabrication steps of the designed aptasensors 
were revealed in Fig. 1.

The Morphology Study of the Designed Aptasensor 
Surface Using SEM Technique

The surface morphology of GCE, GO/GCE and 
Chit/GO/GCE was investigated through scanning 
electron microscopy (SEM) technique. As shown 
in Fig. 2A, the SEM of bare GCE has a surface 
without any prouse compared to the SEM of 
GO/GCE (Fig. 2B), which contains nanosheets of 
graphene oxide with a nest-like porous structure. 
Fig. 2C reveals the SEM of the surface of modified 
glassy carbon with graphene oxide nanosheets 
and chitosan composite (Chit/GO/GCE) containing 
nanosheets of graphene oxide that have sharp 
edges and nanoparticles of chitosan which can 
be resulted in preparation of a large surface area. 
This, consequently, leads to preparing a suitable 
activity toward the aptamer.
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Fig. 1. A schematic representation of Anti-TET/Pyr/ GO/Chit/ GCE aptasensor construction.
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Fig. 2. The SEM images of A) bare GCE, B) GO/GCE and C) Chit/GO/GCE.
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Fig. 3. The obtained CVs for 0.5 mM [Fe(CN)6]3−/4 and 0.1 M KCl at the surface of (a) bare GCE, (b) 
Pyr/Chit/GO/GCE, (c) Anti-TET/Pyr/GO/Chit/GCE (e) TET/Anti-TET/Pyr/GO/Chit/GCE (scan rate 100 

mVs-1). 
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Characterization of the Constructed Aptasensor y 
EIS and CV Techniques

The construction of the aptasensor was tested by 
electrochemical techniques of cyclic voltammetry 
and impedance. Fig. 3 indicates the obtained 
cyclic voltammograms of different electrodes (in 
[Fe(CN)6]

3-/4- solution (0.5 mM) and the scan rate 
of 100 mV s-1). The curves a and b of this figure 
indicate that the peak current (ip) is decreased 
by the modification of GCE with graphene oxide 
nano sheets and chitosan suspension. This can be 
related to the reduction of conductivity because of 
a surface electrode coverage with a composite of 
biomolecule of chitosan and graphene oxide nano 
sheets. As shown in curve c, by addition of Pyr to 
the surface of Chit/GO/GCE, the peak current is 
decreased due to preventing [Fe(CN)6]3−/4− ions 
from reaching to the surface of electrode. After the 
immobilization processes of the aptamer solution 
(0.3 µM) on the surface of Pyr/Chit/GO/GCE, the 
current value is decreased because the effective 
area and active sites for electron transfer is 

reduced (see curve d) [30]. Through TET antibiotic 
to Anti-TET/Pyr/Chit/GO/GCE, the CV response is 
decreased. This phenomenon can be related to the 
interaction of aptamer with TET which can lead to 
blocking the diffusion of [Fe(CN)6]

3-/4- towards the 
surface of electrode (curve e) [28]. 

Fig. 4 shows the EIS signals for modification 
steps. Curves a and b in this figure indicates that 
by the modification of the bare glassy carbon 
electrode with graphene oxide nanosheets and 
chitosan, Rct value is enhanced compared to bare 
GCE due to increase in the oxygen groups and non-
conductive property of chitosan at the surface 
of Pyr/Chit/GO/GCE electrode. As indicated in 
curve c, by the addition of Pyr to the surface of 
modified glassy carbon with graphene oxide and 
chitosan, the peak current is decreased. As shown 
in curve d, the semicircle diameter is increased by 
aptamer immobilization on the Pyr/Chit/GO/GCE 
surface which can be related to formation of an 
insulating DNA layer on the electrode surface [30]. 
At last, the interaction of aptamer and TET causes 
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Fig. 4. The impedance (EIS) signals obtained for (a) bare GCE, (b) Pyr/Chit/GO/GCE, (c) Anti-TET /Pyr/GO/Chit/GCE (e) TET/Anti-TET/
Pyr/GO/Chit/GCE electrode, EIS conditions: initial ac potential of 5 mV, the frequency ranges of 10 kHz to 0.1 Hz).
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an increase in the diameter of the semicircle in 
the impedance spectrum as the result of more 
repulsion between negatively charge of Apta/TET 
complex and [Fe(CN)6]

3-/4- anions (see curve e). 
According to the obtained results in Fig. 3 and Fig. 
4, the EIS and CV results have a good agreement, 
which implies that the fabrication of Anti-TET/Pyr/
Chit/GO/GCE aptasensor was done well.

The Experimental Parameters Optimization
The time and concentration of aptamer are 

important factors for sufficient reaction of the 
designed aptasensor (Anti-TET/Pyr/Chit/GO/GCE) 
with target; consequently, they were optimized. 
The change of electron charge transfer resistance 
(ΔRct = (Rct) final – (Rct) initial) was assumed as the 
measurement signal. The aptamer concentration 
was examined from 0.1 to 6 µmol L-1. The results 
show that ∆Rct values are increased from 1 µmol 
L-1 to 3.0 µmol L-1 and after that it will be constant. 
Which is probably due to the saturation of Chit/GO/

GCE surface with aptamer. On the basis of these 
observations (Fig.5A), the concentration of 3.0 
µmol L-1was chosen as an optimum point and was 
applied for the experiments. The immobilization 
time of aptamer on the modified electrode was 
studied, too. The different times of aptamer (3.0 
μ mol L-1) immobilization on the electrode surface 
from 1 h to 15 h was examined. The optimum value 
of 6 h was obtained for the immobilization time of 
aptamer (Fig. 5B). After investigation of influence 
of aptamer concentration and immobilization 
time, another effective parameter (the detection 
time of TET antibiotic) was examined. The results 
indicated that ∆Rct values increased when 10 μL of 
TET (1 × 10-8 mol L-1) was introduced on the surface 
of electrode after 20 min, and then was stabilized 
(see Fig. 5C). It means that after 50 minutes, the 
obtained complex between aptamer and TET was 
saturated on the modified glassy carbon. Thus, 20 
min was selected as the detection time of target 
(TET). 
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Fig. 5. A) Optimization of the influence of anti-TET concentration at 25 °C, B) Effect of immobilization time of anti-TET (3.0 µ mol L-1), 
C) Optimization of influence of TET reaction time.
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The Sensitivity Investigation by Impedance 
Technique (EIS) 

Fig. 6 shows the obtained impedance signals 
which increased through different concentration 
of tetracycline on the Anti-TET/Pyr/GO/Chit/GCE 
surface. Used Randles equivalent circuit for EIS 
measurement is shown in the insertion A of this 
figure. In the present study, the electron transfers 
resistance (Rct) process has occurred between the 
redox indicator solution and electrode surface, 
and Rct can change with variation of target 
concentration. A calibration plot with a regression 
equation of ΔRct = 3.366 Log C (M) + 53.685 (R2 = 
0.992) was obtained. The linear range was from 
1.0 × 10-15 mol L-1 to 1.0 × 10-6.5 mol L-1 (inset B), and 
the detection limit based on 3sbl was calculated to 
be 3.2 × 10-16 mol L-1. 

The Sensitivity Study by Voltammetry Technique 
(DPV) 

To study the sensitivity of the constructed 

aptasensor, the differential pulse voltammetry 
(DPV) technique was applied, too. The peak 
currents of [Fe(CN)6]

3-/4- versus potential values 
for different concentrations of antibiotic target 
were obtained (Fig. s1). The plotting of calculated 
ΔI versus different concentrations of tetracycline 
antibiotic on the surface of the designed 
aptasensor revealed a regression equation of 
ΔI = 0.0857 Log C (M) +1.2239 (R2 =0.9947). The 
linear range of 1.0 × 10-13 mol L-1 to 3.2 × 10-8 mol 
L-1 and the detection limit of 3.1 × 10-14 mol L-1 

(based on 3sb) were obtained. Table 1 indicates the 
comparison of the Anti-TET/ Pyr / Chit / GO/ GCE 
aptasensor with other reported electrochemical 
aptasensors [27,29,31-34]. Based on Table 1, the 
constructed aptasensor has a low detection limit 
and wide linear range.

The Effect of Interference Species on the Designed 
Aptasensor 
After sensitivity study of the fabricated aptasensor, 
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Fig. 6. The obtained Nyquist plots of Anti-TET/Pyr/GO/Chit/GCE aptasensor before and after hybridization with various TET concen-
trations (n=5). Inset A: the used equivalent circuit for impedance data (while R1, W, CPE, R2 (Rct) parameters are the electrolyte resis-
tance, Warburg impedance, a constant phase element and the electron transfer resistance, respectively), Inset B: the dependence 

of ΔRct versus the concentration of TET.
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it was essential to test its selectivity. To attain 
this aim, the effect of possible interferences on 
the detection of TET was examined. To perform 
the selectivity of the designed aptasensor, 
different antibiotics of oxytetracycline (OTC), and 
doxycycline (DOX) which have a similar structure 
with tetracycline and pain killer of diclofenac (DCF) 
with a different structure were tested. According 
to the obtained observations, only the tetracycline 
antibiotic reveals a high ∆Rct (4.2 KΩ), and other 
drugs indicate a lower ∆Rct compared to TET 
antibiotic. The obtained ∆Rct for OTC, DOX and DCF 
were obtained 0.80, 0.50 and 0.10 kΩ, respectively 
(Fig. 7). It is noticeable that DCF with its non-
similar structure shows the lowest ∆Rct value (0.1 
K) compared to other tested samples. Hence, due 
to these results, the fabricated aptasensor reveals 
a good selectivity for detection of tetracycline 
antibiotic.

Reproducibility and Stability of the Fabricated 
Aptasensor 

Obviously, the ability of the designed sensor 
for denerating a reproducible surface is defined 
by reproducibility. For the reproducibility test of 

the Anti-TET/Pyr/GO/Chit/GCE aptasensor, four 
separated aptasensors were constructed in a 
day through similar conditions using impedance 
technique (EIS). The observations indicated a 
relative standard deviation of 4.05% (n=4) for 
ΔRct while ΔRct is (Rct) after interaction-(Rct) before interaction. 
The second parameter to be tested, was the 
aptasensor stability. The stability of the Anti-TET/
Pyr/GO/Chit/GCE aptasensor was investigated in 
three days. The fabricated aptasensor was stored 
in PBS (0.1 M, pH=7.4) at 4 °C.  After three days 
the Anti-TET/Pyr/GO/Chit/GCE aptasensor was 
used for TET detection (1.0 × 10-8 mol L-1). The 
results revealed that the ΔRct obtained about 91% 
of its initial response. According to these results, 
the reproducibility and stability of Anti-TET/Pyr/
GO/Chit/GCE aptasensor can be reported to be 
suitable.

Analytical Figure of Merit 
Due to the importance role of the designed 

aptasensor for determination of TET antibiotic 
in real sample, the fabricated aptasensor was 
tested in the drug and serum solutions. For the 
preparation of TET sample solution, the purchased 

Aptasensor Detection technique Linear range 

(M) 

Detection Limit (M) Ref. 

GO/GCE EIS 1.0 × 10-13-1.0 × 10-5 2.9 × 10-14 [27] 

GCE DPV 1.0 × 10-8-5.0 × 10-5 5.0 × 10-9 [29] 

SPGE dc A 1.0 × 10-6-5.0 × 10-4 0.96 × 10-6 [32] 

PB-CS-GA DPV 1.0 × 10-9-1.0 × 10-2 3.2 × 10-10 [33] 

GE EIS 5.0 × 10-8-5.0 × 10-5 1.0 × 10-9 [34] 

Microplate ELAA 3.16 × 10-8-3.16 × 10-4 2.1 × 10-8 [35] 

Pyr/GO/Chit 

/GCE 

EIS 1.0 × 10-15 - 3.2 × 10-7 3.2 × 10-16 This research 

Screen-printed gold electrode: SPGE, dc amperometry: dc A, PB-chitosan-glutar aldehyde: (PB-CS-GA), GE: gold electrode, Differential pulse 

voltammetry: DPV, Enzyme-Linked Aptamer Assay: ELAA, Graphene oxide: GO, Glassy carbon electrode: GCE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The analytical performances of Anti-TET/ Pyr/ GO /Chit/GCE aptasensor compared to some reported aptasensors.
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tetracycline tablets were ground (tablets of TET 
were prepared from local source). After grinding, 
98 mg of the obtained powder was weighed 
and dissolved in 100 mL of PBS (pH = 7.6). The 
concentration of prepared solution was calculated 
using the labeled weight percent. To obtain 
different TET concentrations (1.0 × 10-12 mol L-1, 
1.0 × 10-10 mol L-1), the initial prepared solution 
was diluted towards the TET calibration range. 
At last, Anti-TET/Pyr/GO/Chit/GCE electrode was 
tested for calculation of the concentration of TET 
(0.95 (±0.02) ×10-12 and1.08 (±0.02) ×10-10). The 

results revealed that the calculated t values of 
2.4 and 2.3 are less than tabulated t value of 4.3 
(the confidence level of 95%) which indicates a 
high potential of the fabricated aptasensor for TET 
determination in the drug sample (tablet solution) 
[35]. Also, the applicability of the constructed 
aptasensor was tested in the serum sample. To 
obtain this purpose, the serum solution was diluted 
with PBS and then two concentration of TET (1.0 × 
10-11 mol L-1 and 1.0 × 10-7 mol L-1) were spiked to 
serum solutions, individually. Anti- TET/Pyr/GO/
Chit/GCE aptasensor was used for detection of 
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Fig. 7. Specificity test using the Anti-TCs/Pry/Chit/GO/GC aptasensor responses to different targets (1 µM) of TCs, OTC, DOX and DCF, 
inset: chemical structures of tetracycline (TCs), oxytetracycline (OTC), doxycycline (DOX), and diclofenac (DCF), (n=3). 

 

 

Spiked value 

(M) 

Found value 

(M) 

Recovery (%) 

1.0 × 10-11 11-0.97 (± 0.04) × 10  97 

1.0 × 10-7 0.98 (± 0.03) × 10-7 98 

 

Table 2. Antibiotic (TET) concentration determination in serum solution by the proposed method. (n=3)
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the mentioned TET concentrations by using DPV 
technique. The obtained recovery percentages in 
Table 2 show that the proposed aptasensor has a 
suitable applicability for TET detection in serum 
solutions as well as drug sample.

CONCLUSION
In the present study, the fabrication of an 

aptasensor for tetracycline antibiotic detection 
based on a glassy carbon modified with graphene 
oxide nanosheets / chitosan composite and Pyr as 
a linker, is introduced. After the optimization of 
experimental conditions, a wide dynamic range 
and a low detection limit of 3.2 × 10-16 mol L-1 for 
detection of TET were obtained by impedance 
(EIS) technique. Some advantages of this designed 
aptasensor are the modification of electrode 
surface using composite of graphene oxide 
nanosheets and chitosan; using pyren as a linker 
that leads to a decreasing in electrode preparation, 
its good sensitivity, suitable selectivity, stability, and 
applicability for tetracycline antibiotic detection in 
real samples (tablet and serum solutions).  
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