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Abstract 

A streptomycin-specific aptamer was used as a receptor molecule for ultrasensitive 

quantitation of streptomycin. The glassy carbon (GC) electrode was modified with palladium 

nanoparticles decorated on chitosan-carbon nanotube (PdNPs/CNT/Chi) and aminated 

aptamer against streptomycin. Modification of the sensing interface was characterized by 

scanning electron microscopy (SEM), energy-dispersive X-ray (EDS), wavelength-dispersive 

X-ray spectroscopy (WDX), cyclic voltammetry (CVs), and electrochemical impedance 

spectroscopy (EIS). The methodologies applied for designing the proposed biosensor are 

based on target-induced conformational changes of streptomycin-specific aptamer, leading to 

detectable signal change. Sensing experiments were performed in the streptomycin 

concentration range from 0.1 to 1500 nM in order to evaluate the sensor response as a 

function of streptomycin concentration. Based on the results, the charge transfer resistance 

(Rct) values increased proportionally to enhanced streptomycin content.  The limit of 

detection was found to be as low as 18 pM. The superior selectivity and affinity of aptamer/ 

PdNPs/CNT/Chi modified electrode for streptomycin recognition made it favorable for 

versatile applications such as streptomycin analysis in real samples. 
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1. Introduction 

                 Streptomycin is an aminoglycoside antibiotic mainly active against gram-negative 

bacteria; as a consequence, it has been extensively employed as an antibacterial drug in 

human therapy. Furthermore, owning to particular inhibition activity against above bacteria, 

it has been also utilized as a veterinary drug (especially in bee-keeping) in animal husbandry, 

and crop-preservation agents in agriculture [1, 2]. The bacterial protein synthesis is impaired 

in the presence of streptomycin due to its binding to prokaryotic ribosomes. Serious side 

effects for streptomycin over dosage have been recognized including allergic reactions, 

nephrotoxicity, loss of hearing and toxicity to the kidneys, etc. [3–5].  

                To date, several methods and strategies to assay and quantitative measurement of 

streptomycin have been applied. Immunochemical assays have been considered as an 

attractive method for the quantification of trace amount of targets with high specificity and 

sensitivity. Variety number of immunochemical assays, such as enzyme linked immuno-

sorbent assay (ELISA), fluorescence immunoassay (FIA), and radioimmunoassay (RIA) have 

been reported for as screening tests for target molecules analysis [6-8]. However, their 

applications for assay of antibiotics residues have been restricted due to the cross-reactions 

with other substances in biological sample [9]. Furthermore, generation of antibodies for 

construction of immunochemical assays is time- consuming and costly. Therefore, along with 

these methods, more selective methods such as chromatography have been conventionally 

described for confirmatory analysis. Liquid chromatography-mass spectrometry (LC–MS) as 

a conventional method has been used for detection of streptomycin with high sensitivity, but 

the large amounts of volatile organic solvents used in the mobile phase make this technique 

as an undesirable method to most analysts. Besides, it is labor-intensive and expensive 

procedure [10, 11]. Moreover, high performance liquid chromatography (HPLC) has been 

introduced as high sensitive system for streptomycin detection but needs post-column 

derivatization owing to lack of chromophore group in streptomycin [12, 13]. Thus, 

developing the fast, accurate, reliable and efficient appraisal system for quantification assay 

of streptomycin is desirable for routine analysis. 

                 To figure out many of these challenges, we have turned to the use of aptamers as 

specific recognition element. The sequence of aptamers can be chosen from libraries with up 

to 1015 different nucleotides by a procedure known as systematic evolution of ligands by 

exponential enrichment (SELEX) [14, 15]. Despite consisting of only 4 building blocks 

(nucleotides), the individual aptamers are able to recognize and bind targets with high affinity 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

3 

 

specificity comparable to antibodies because of their ability to adopt unique three-

dimensional structures [16]. Aptamers bear functional features in many cases similar to 

antibodies. In comparison with molecular probes for biomarker recognition and traditional 

antibodies, aptamers possess the intrinsic advantages including low cost, high specificity, low 

molecular weight, excellent thermal stability, easy and reproducible, versatility in application, 

easy manipulation, and lack of immunogenicity and toxicity [17-19]. Therefore, they are 

being used broadly in the miscellaneous field including diagnostics, therapeutics, research, 

separation and bioanalysis fields [20, 21].  

            Based on different transduction techniques, various aptasensors have been reported 

such as optical [22], luminescence [23], surface plasmon resonance [24], electrochemical [25] 

and piezoelectric [26] aptasensors. Relying on the promising properties of electrochemical 

detection schemes such as high sensitivity, low cost, inherent simplicity, and miniaturization, 

electrochemical aptamer-based sensors have attracted tremendous attention for biosensing 

[27]. In addition, signal amplification based on biofunctional nanomaterials for the 

fabrication of electrochemical aptasensor is extremely taken into consideration. Among 

different nanomaterials, carbon nanotube (CNT) has been widely used thanks to their 

excellent properties, such as high accessible surface area and electronic conductivity, good 

antifouling, reinforcing properties, biocompatibility and high stability.  Also, noble metal 

nanoparticles including palladium nanoparticles (PdNPs) show novel electrocatalytic 

property, stability and biocompatibility for determination of biomolecule [28]. Chitosan (Chi) 

with amino (NH2) and hydroxyl (OH) groups has a great opportunity to bind with 

biomolecules easily and can be cross-linked with crosslinking agents such as glutaraldehyde 

to prevent dissolution in acidic solutions [29]. Combinations of electrochemical aptasensor 

with different nanomaterials, such as CNT, PdNPs and Chi have been recently used for 

improving the performance of electrochemical sensors [30, 31].   

               In this report, we integrated the individual properties of PdNPs, Chi, CNT, and 

aminated aptamer against streptomycin for construction of high sensitive impedimetric 

aptamer assay for streptomycin detection.  To this end, palladium nanoparticles decorated on 

chitosan-carbon nanotube (PdNPs/Chi/CNT) and streptomycin-aptamer were immobilized 

onto glassy carbon (GC) electrode via drop casting and covalent attachments. It was 

hypothesized that binding of the aptamer with target molecule results in a change of aptamer 

structure from an unstructured single stranded DNA to a three-way stem. The aptamer was 

used for streptomycin assay through electrochemical sensors and the faradaic impedance 

spectroscopy (FIS) was selected as transducer.  
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2. Experimental 

2.1  Chemicals 

              Multi-walled carbon nanotubes with 95% purity, diameters in the range of 10-15 nm, 

and 1 mm length were obtained from Nanolab (Brighton, MA). Acetic acid (CH3COOH), 

nitric acid (HNO3, 60%), sulfuric acid (H2SO4, 97%), potassium chloride (KCl), chitosan, 

potassium ferricyanide (K3Fe(CN)6), and potassium ferrocyanide (K4Fe(CN)6), were all 

bought from Merck (Germany) and Fluka. Palladium(II) chloride (PdCl2), disodium 

phosphate (Na2HPO4), monosodium phosphate (NaH2PO4),streptomycin, and1-Ethyl- 3-(3-

dimethylaminopropyl) carbodiimide hydrochloride (EDC) were prepared from Sigma-

Aldrich. All aqueous solutions were prepared with double-distilled water. A specific 5'-

amine-terminated aptamer against streptomycin with the sequence of 5'-NH2-(CH2)6 TAG 

GGA ATT CGT CGA CGG ATC CGG GGT CTG GTG TTC TGC TTT GTT CTG TCG 

GGT CGT CTG CAG GTC GAC GCA TGC GCC G-3ʹ was adopted according to the 

reported study and used for determination of streptomycin in our experiments  [32]. The 

DNA strand was synthesized and purified via high-performance liquid by Bioneer (South 

Korea) and were stored in nuclease-free water at −20 °C until use. All experiments were 

performed at ambient temperature of 25 ±1 ◦C. 

2.2  Instruments and apparatus 

                 All Electrochemical experiments were carried out on a computer controlled 

Autolab potentiostat/galvanostat (PGSTAT204, Eco-Chemie, the Netherlands). The 

experimental conditions were controlled with NOVA 1.8 and Frequency Response Analyzer 

(FRA) software. A conventional three-electrode electrochemical cell with a modified glassy 

carbon (GC) electrode  as working electrode, a platinum foil as auxiliary electrode, and a 

saturated Ag/AgCl electrode as reference electrode were employed throughout the 

experiments. The morphology of nanocomposite, size and distribution of nanoparticles were 

investigated using the scanning electron microscopy microscope (SEM, X-30 Philips 

instrument). Moreover, the energy-dispersive X-ray spectroscopy (EDS) and wavelength-

dispersive X-ray (WDX) spectroscopy were utilized by a Vega-Tescan electron microscope. 

Differential pulse voltammetry (DPV) signals were recorded in 0.1M PBS containing 5.0 mM 

K3[Fe(CN)6]/K4[Fe(CN)6] (1:1)  within the potential range from -0.3 to 0.7 V under a 

modulation amplitude of 0.05V, a pulse width of 0.05 s, sample width of 0.0167s  and step 

potential of 0.001 mV. The electrochemical behavior of modified electrode was also assessed 

by recording the electrochemical impedance spectroscopy (EIS) response in 0.1M PBS and 

5.0 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) solution in the frequency range from 0.1 Hz and 100 
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kHz with 5 mV as signal amplitude and 0.2 V bias potential. All cyclic voltammetries (CVs) 

measurement were performed in the presence of K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) 5.0 mM  and 

0.1 M PBS by sweeping the potential between -0.8 V and + 0.8 V at 50 mV s-1. 

 

 

2.3  Electrode modification 

             Before each electrochemical experiment, GC electrode was polished with 0.3, and 

0.05 mm alumina slurry in sequence, rinsed thoroughly with doubly distilled water between 

each polishing step, sonicated in 1:1 HNO3/ethanol and doubly distilled water, and dried at 

room temperature. The construction processes of the modified electrode are described as 

following proceedings. The proper amount of chitosan flakes was dissolved in acetic acid 

solution (2% (v/v), 2 mL). 5.0 mg CNT were dispersed in 2.0 ml of 2% chitosan medium and 

solution gently sonicated until homogenous suspension was obtained. GC electrode was 

modified by a drop of 6 µL CNT/chitosan dispersion. The modified electrode allowed to dry 

for 15 min (the resulting electrode is called CNT/Chi/GC electrode). PdNPs/CNT/Chi 

platform were easily fabricated by a potentiostatic method [33]. To this end, the CNT/Chi/GC 

electrode was immersed in 0.5 M H2SO4solution containing 0.01 M PdCl2. Pd+2 adsorbed on 

the CNT/Chi film were changed into PdNPs without any additives in a simple one-step 

procedure using an applied potential of -0.3 V within 300 s at room temperature for 400 s at –

0.2 V.   

 

2.4   Preparation of aptamer/CNT/Chi/PdNPs modified electrode 

               Once the PdNPs/CNT/Chi layer was dried, it was allowed to react with 

glutaraldehyde solution for 2 s. After the electrodeposition processes, the modified sensing 

layer were gently washed in water and air-dried at room temperature. The last step of sensing 

interface fabrication was aptamer adherence.  The strand DNA sequence was immobilized at 

the surface of modified electrode by incubating the electrode with mixed solution of 1 mM 

EDC and 10 µL amine functionalized streptomycin-aptamer prepared in phosphate buffer 

solution. The oligonucleotide was covalently attached to the aldehyde groups coming from 

the glutaraldehyde layer immobilized at the electrode surface. Finally, the developed 

aptasensor (hereafter denoted as aptamer/PdNPs/CNT/Chi) was thoroughly rinsed with 

ultrapure water in order to remove unbound aptamers. Every step in the construction of 

aptasensor was verified by electrochemical characterization using CV and EIS. To make a 

comparison between applicability and functionality of different sensing layer, Chi/GC, 

CNT/Chi/GC were also prepared. For this purpose, electrodeposition process of chitosan was 
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performed by immersing the GC and CNT/GC electrodes into a 0.2% (W/V) chitosan 

solution and applying the potential pulses of -2.5 V for 300 s [34]. 

 

2.5  EIS Measurements of Surfaces 

               In order to evaluate aptamer- streptomycin interactions, the designed aptasensor was 

treated with various content of streptomycin as a target molecule for 30 min. In the 

subsequent step, the Rct value of modified electrode was recorded in the solution containing 

5.0 mM [Fe(CN)6]
3-/4- and 0.1M PBS, as mentioned in the preceding section. The surface 

modification scheme and streptomycin mechanism quantification are shown in Fig. 1. As 

shown in Fig. 1, incubation the sensing interface with streptomycin caused a dramatic 

increase of Rct value to about 780 Ω, whereas when the aptasensor was incubated with 

solution without streptomycin, the minimal charge transfer resistance was achieved (102 Ω). 

This phenomenon can be ascribed to streptomycin capture on aptamer-functionalized 

surfaces. In fact, streptomycin was caught by affinity binding to the surface-linked aptasensor 

and the analyte-induced increment of the impedance was employed to determine 

streptomycin. Owning to steric hindrance caused by formation of streptomycin-aptamer at the 

sensing platform, the electron transfer of [Fe(CN)6]
3-/4-probe precluded, resulting in the 

measurable increased Rct value.  

 

3. Results and discussion  

3.1 Characterization of sensing interface 

                Scanning electron microscope (SEM) is used to reveal the size, morphology and 

structure of prepared products. Also the elemental analysis was performed by energy-

dispersive X-ray spectroscopy (EDS). SEM micrographs analyze of bare GC (A), CNT/GC 

(B), CNT/Chi/GC (C), and PdNPs/CNT/Chi/GC (D) electrodes are shown in Fig. 2. It can be 

clearly observed that the CNT/Chi composite has a flake structure, while the spaghetti-like 

CNT are spread out in the chitosan matrix (magnification in Fig. 2C). As illustrated in 

Fig.2C, great amount of Chi grafted onto the whole CNT surface. When the CNT/Chi was 

decorated with PdNPs, the composite covered with the spherical PdNPs (Fig. 2D), verifying 

that the PdNPs/CNT/Chi had been successfully synthesized. The quantitative analyses of 

these spectra were carried out by using EDS analysis. The presence of Pd, C, O, and N 

elements in the PdNPs/CNT/Chi/GC are proved by using EDS signal. As can be obviously 

seen from Fig. S1A, the EDS spectra PdNPs/CNT/Chi nanocomposite exhibit peaks 

characteristic of the Pd element, evidencing that the Pd element existence in the electrode 

surface. The WDX images give further evidences for presence of the Pd, C, O, and N in the 
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nanocomposite. WDX images represented the distribution of Pd, C, O, and N (Fig. S1B-S1E, 

respectively). 

 

3.2 Optimum concentration of streptomycin-aptamer 

               In the first set of experiments, the relationship between aptamer concentration and 

the changes of Rct value intensity (∆Rct) was explored. The sensing interfaces were prepared 

by immobilization aptamer concentrations ranging from 0.5 to 10 µM at the surface of 

PdNFs/CNT/Chi/GC electrode. The Rct values of each device without incubation in the 

streptomycin solution were also served as control experiments. All modified aptasensors were 

then challenged with the same concentration of streptomycin and the electrochemical 

response of all aptasensors recorded in the solution containing 5.0 mM [Fe(CN)6]
3-/4- and 

0.1M PBS  after treating with the streptomycin were obtained. Based on the Fig.3, the ∆Rct 

were observed to increase with aptamer concentration up to 5 µM and then decrease as the 

rise of aptamer concentration. This phenomenon could be related to the inactivation of some 

aptamers due to undesirable interactions between aptamers in the vicinity of each other such 

as cross hybridization [35]. Taking all above explanation into account, 5 µM was chosen as 

optimized aptamer concentration throughout experiments. 

 

3.3 Optimum pH value 

               To examine the influence of the pH on the properties of designed aptasensor, the 

incubation solution containing equal amount of streptomycin in different pH values were 

served. The electrochemical signal of aptasensor before and after incubation in the solution 

containing constant amount of streptomycin in different pH values were monitored.  Based on 

the Fig. 4, the ∆Rct obviously increase by increasing pH value from 4 to 7. With further 

increase of the pH value, the variation of electrochemical signal was attenuated. So the pH 

value of 7 was chosen for prepration of incubation solution in subsequent experiments. This 

phenomenon can be ascribed to this fact that in the strong acidic and alkaline solutions 

disadjust the aptamer-target complex formation, decrease the affinity between aptamer and 

the target molecules, and also influence the folding of aptamer. 

 

3.4  Optimum incubation time of streptomycin 

            Reaction time between streptomycin and aptamer on the PdNPs/CNT/Chi/GC 

interface was also optimized for different lengths of time using DPV technique (Fig. 5). ∆I 

recorded for aptamer/PdNPs/CNT/Chi/GC electrode before and after incubation the 

aptasensor in the solution containing 50 nM streptomycin for various incubation times.  By 
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taking the ∆I value into consideration, it can be clearly concluded that the change of current 

response value increased with increasing the interaction time from 5 min to 30 min and then 

reaches a plateau in 40 min.  This behavior can be interpreted in terms of the formation of a 

tertiary structure of aptamer-target cells at 30 min. Thus, 30 min of incubation was chosen for 

the further experiments. 

 

3.5  Electrochemical behavior of aptasensor 

          In order to trace the construction operations of the aptasensor, the CV and EIS were 

served as effectual methods to probe the interfacial properties of a modified electrode in 

different steps. Fig. 6A depicts the CVs of 5.0 mM [Fe(CN)6]
3-/4- redox couple in 0.1M PBS 

at scan rate of 50 mV s-1 on the bare GC, Chi/GC, CNT/Chi/GC, PdNP/CNT/Chi/GC, and 

aptamer/PdNP/CNT/Chi/GC electrodes. As can be seen in Fig 6A and 6B, the anodic peak 

current of the bare GC electrode was 521 µA and the ∆Ep was estimated to be about 210 mV. 

By electrodeposition the GC electrode with chitosan the peak current of [Fe(CN)6]
3-/4- redox 

probe notably decreased with increase in ∆Ep, which demonstrates that the electron transfer 

kinetics were restricted. After immobilization the CNT/Chi at the surface of bare GC 

electrode, the CV curve indicated a considerable increase in the peak current of [Fe(CN)6]
3-/4- 

compared with Chi/GC electrode, which can be associated with the improvement of electron 

transfer. Also the electrochemical redox reversibility of [Fe(CN)6]
3-/4- redox couple at 

CNTs/Chi/GC  electrode was better than that at Chi/GC surface. The value of anodic current 

signal of [Fe(CN)6]
3-/4-  revealed the significant increase after electrodeposition of PdNPs at 

the surface of  CNT/Chi/GC electrode, verifying the promotion of electron transfer capability 

between sensing platform and [Fe(CN)6]
3-/4- probe.  The PdNPs/CNT/Chi nanocomposite not 

only has been served for current signal promotion but also employed for aptamers 

immobilization. The utilizing of chitosan in the nanocomposite structure was mainly for the 

attachment of the streptomycin aptamers on the sensing interface through the covalent 

bonding interaction between the amino groups on the chitosan and the aldehyde groups in 

glutaraldehyde. The aptamer immobilization was performed by interaction the aldehyde 

groups at the other end of glutaraldehyde with the NH2 terminus of aptamer.  Although 

aptamer has been introduced to be absorbed on the surface of CNT via π- π interaction, 

herein, the amino groups on nanocomposite could help the aptamer loaded on the surface of 

the modified electrode mainly via the strong covalent bonds rather than the π- π interaction 

[36]. Obviously, the strong amide bonds have been known to be superior to π- π weak 

interaction. The real reason to use covalent bonds here over π- π interaction should be better 

interaction between aptamer and streptomycin. When π- π interaction is used for anchoring, 
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single stranded DNA will be lying flat on CNT surface which will limit its recognition with 

target molecule. The CVs response of PdNPs/CNT/Chi/GC electrode after aptamer 

attachments was also recorded. As can be seen clearly, the peak current of [Fe(CN)6]
3-/4-  

redox couple decreased obviously, indicating that the diffusion of [Fe(CN)6]
3-/4-  to the 

electrode surface has been prevented.  

             Also, the electrochemical properties of a bare GC electrode and those after each step 

of modification, including coating with Chi, CNT/Chi, PdNPs/CNT/Chi, and 

aptamer/PdNPs/CNT/Chi were studied using EIS method. Faradaic impedance spectra were 

recorded as a Nyquist plot and data were adjusted to a Randles equivalent circuit. According 

to Fig.S2 the Rct value for different step of modification processes was found to be in the 

order of Chi/GC ˃ aptamer/PdNP/CNT/Chi/GC ˃  CNT/Chi/GC ˃ bare GC˃  

PdNPs/CNT/Chi/GC. The EIS measurement results were consistent with those obtained from 

the CV measurements and clearly confirmed fabrication of the aptasensor. 

 

3.6  Analytical performance 

            To evaluate the applicability of aptamer/PdNPs/CNT/Chi electrode for the accurate 

quantification of target molecule, the EIS Nyquist signal of modified electrode was recorded 

at various concentrations of streptomycin under optimal experimental conditions.  The results 

indicate that as the concentration of the target molecule increases, the Rct value progressively 

increases (Fig. 7A). The increasing of charge transfer resistance is ascribable to the particular 

interaction between aptamer and streptomycin. The semicircle diameter of the Nyquist plot 

reaches a plateau by increasing the concentration of the streptomycin to 2500 nM. This is 

attributed to the occupation of all the aptamer sites on the sensing layer by the target 

molecule.  The calibration curve was constructed by plotting the aptasensor response versus 

the concentrations of the streptomycin as shown in Fig. 7B. The calibration curve showed 

linear relationship over the range from 0.1 – 1500 nM, showing a correlation coefficient of 

0.995.  The limit of detection (LOD) was calculated to be as low as 18 pM based on 3σ/b, 

where σ is the standard deviation of the blank samples and b is the slope of the calibration 

curve. The comparison results of the analytical performance of our constructed aptasensor 

with some other detection methods are given in Table. 1. Based on tabulated results, the 

analytical parameters for aptamer/PdNPs/CNT/Chi aptasensor are comparable to or better 

than the results reported for streptomycin determination at the surface of other modified 

electrodes [37 - 43]. 

 

3.7 Real sample analysis 
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           To verify the compatibility of our device with biological fluids, the constructed sensor 

was used to measure streptomycin in milk containing a mixture of many different proteins 

and other interfering materials.  Milk is considered as one of the most important regulated 

products in food analysis due to the risk of having veterinary medicine residue. Therefore, 

introducing the method for streptomycin assay in milk has received considerable attention.  

The commercial milk sample with 5.0% fat was procured from local market. Combination of 

several sample pre-treatment techniques such as centrifugation, filtration, and dilution of milk 

with PBS was carried out for real sample analysis. In brief, the milk samples were centri-

fuged at 6000 rpm for 25 min at room temperature and filtered with 0.22 mm filter and 

diluted with PBS with the proportional of 1:50. In the sequence steps, streptomycin standard 

solutions were spiked into the diluted milk to have the streptomycin content of 2.5, 5.0, 8.0 

and 10.0 nM. Based on the results, the recovery in the range of 93.6 – 102.2 % was 

calculated. 

 

3.8  Specificity of the electrochemical aptasensor 

             To better characterize specificity of the electrochemical aptasensor, the 

functionalized surfaces were challenged with some common interferences. Experiments 

aimed at challenging surfaces with various interfering species with 1000-fold higher 

concentration than the streptomycin content. Surfaces containing DNA streptomycin aptamer 

were first shown to be specific for binding streptomycin antibiotic and were subsequently 

used for capture of analogous compounds as interferences. The high selectivity of the 

aptamer was apparent from Fig. 8. As shown in Fig. 8, the variation of charge transfer 

resistance value were negligible by the addition of interferences including glucose, ascorbic 

acid, tetracycline,  penicillin, and  amoxicillin, compared with ∆Rct caused by streptomycin 

addition.   So, a dramatic variation of binding affinity is observed because none of the 

analogous compounds examined were able to induced conformational changes of 

streptomycin-specific aptamer even at µM concentrations. 

 

3.9   Stability and reproducibility of the aptasensor 

            The stability of the electrochemical aptasensor is a crucial factor in practical 

applications. The stability of our electrochemical aptasensor was investigated in a solution of 

5.0 mM [Fe(CN)6]
3-/4- and 0.1M PBS, by recording consecutive CVs from -0.8 V and + 0.8 V 

vs. Ag/AgCl reference electrode at 50 mV s-1. As demonstrated in Fig. 9, the unchanged 

redox peaks of [Fe(CN)6]
3-/4- after 25 cycles suggest that aptamer/PdNPs/CNT/Chi sensor is 

strongly stable. The long term stability of proposed aptasensor was evaluated by storing the 
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sensor at 4 °C. According to the results, after 3 weeks just 6.4 % decrease in its initial activity 

was observed, stating good stability of the aptamer/PdNPs/CNTs/Chi sensor.  

            The reproducibility of this analytical approach for the detection of 10 nM 

streptomycin was investigated by recording the EIS response of four electrodes in a solution 

of 0.1M PBS containing 5.0 mM [Fe(CN)6]
3-/4-. The summarized results were given in Table 

S1. According to results, acceptable relative standard deviations (RSD) of the prepared 

aptasensors responses were obtained 3.7%, which indicated that high reproducibility of 

sensor.  

 

4 Conclusion  

              The goal of the present paper was to fabricate and characterize functionalized 

surfaces for capture of streptomycin. Our experiments show that surfaces functionalized with 

aptamers can be considered as effective interface in capturing streptomycin. This strategy 

was introduced based on using PdNPs/CNT/Chi nanocomposite as a signal amplifier and 

target-induced conformational change in the streptomycin aptamer structure. The 

PdNPs/CNT/Chi interface not only has been used for current signal amplification but also 

served for streptomycin-aptamers immobilization via the covalent bonding between amino 

groups on the chitosan and aldehyde groups of linker. Owning to the larger surface area of 

employed nanocomposite and abundant –NH2 groups in nanocomposite, a large numbers of 

streptomycin-aptamers were captured on sensor interface, thus amplifying the detection 

signal was observed.  Under the optimum condition, the charge transfer resistance of 

aptasensor linearly increased by the addition of streptomycin in concentration ranges of 0.1–

1500 nM and the estimated detection limit was found to be 18 pM.  The described protocol 

has several attractive advantages including simplicity, fast response, efficient sensitivity, high 

selectivity, and  no requirement for a specific label. 
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Figure caption 

 

Fig.1 Schematic representation of different steps of aptasensor fabrication. 

 

Fig. 2 Typical SEM micrographs analyze of bare GC (A), CNT/GC (B), CNT/Chi/GC(C), 

and PdNPs /CNT/Chi/GC (D). 

 

Fig. 3  The variation of charge transfer resistance of aptasensor before and after incubation in 

the solution containing streptomycin (∆Rct ) versus aptamer concentration. 

 

Fig. 4  The variation of charge transfer resistance of aptasensor before and after incubation in 

the solution containing streptomycin (∆Rct ) in different pH values. 

 

Fig. 5  The variation of current value for aptamer/PdNPs/CNT/Chi/GC electrode before and 

after incubation in the solution containing streptomycin (∆I) for various incubation times. 

 

Fig. 6 (A) CVs for bare GC, Chi/GC, CNT/Chi/GC, PdNP/CNT/Chi/GC, and 

aptamer/PdNP/CNT/Chi/GC electrodes recorded in 0.1 M PBS containing 5.0 mM 

[Fe(CN)6]
3-/4-. (B) The variation of current value for different electrodes.  

 

 

Fig. 7 (A) Nyquist plots for aptamer/PdNPs/CNT/Chi/GC electrode recorded in solution 

containing 5.0 mM [Fe(CN)6]
3-/4- and 0.1M PBS after incubation with different concentration 

of streptomycin: 0, 0.1, 1, 10, 100, 200, 300, 450, 600, 800 and 1500 nM. (B) Plots of Rct vs. 

streptomycin concentrations. 

 

Fig. 8   EIS responses of prepared aptasensor before (curve a) and after (curve  b) being 

incubated in the solution containing 200 µM glucose, ascorbic acid, tetracycline,  penicillin,  

amoxicillin, and 200 nM streptomycin recorded in solution containing 5.0 mM [Fe(CN)6]
3-/4- 

and 0.1M PBS.  

 

Fig. 9  Stability of the modified electrode tested by 25 repetitive potential sweeps at a scan 

rate of the 50 mV s-1 in the solution containing 5.0 mM [Fe(CN)6]
3-/4- and 0.1M PBS. 
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          Table 1 Comparison between analytical performance of this method and other reported 
techniques for detection of streptomycin. 

 
 

 

 

1: Graphen 
2: Porous carbon nanorods 
3: Glassy carbon electrod 
4: Differential Pulse Voltammetry 
5: Single walled carbon nanohorns 
6: Indium tin oxide 
7: Photoelectrochemical 
8: Thiol modified gold quartz crystal 
9: Flow injection analysis-electrochemical quartz crystal nanobalance 
10: Molecularly imprinted polymer 
11: Complementary strand 
12:N-bromosuccinimide 
13: Chemiluminescence 
14: Electrochemical impedance spectroscopy 

Electrode and sensor Technique LOD Linear range 
 

Refs
. 

GR1-Fe3O4-
AuNPs/PCNR2/GCE3 

DPV4 
 

48.0 pM 85.0 pM - 343 nM [37] 

Aptamer/CdTe-
SWCNHs5/ITO6 

PEC7 33.0 pM 0.10 -50.0 nM  [38] 

TGQC8 surface 
 
 

FIA-EQCN9 0.51 nM   0.51 – 85.0  nM [39]  

MIP10-based sensor - 17.1 pM 85.0 pM - 34.3 nM [40] 

Aptamer/AuNPs surface Colorimetric - 0.20 – 12.0 µM [41] 
 

Aptamer/Cs dsDNA11 Fluorescence 47.6 nM ( Up to 2000 nM [42] 
 

NBS12/ eosin  CL13 3.80 nM 13.7 nM – 1.71 µM [43] 

This work EIS14 18.0 pM 0.10  - 1500 nM - 
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Fig. 5 
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