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Differential pulse voltammetry (DPV) and electrochemical impedance spectroscopy (EIS) were 

employed for development of electrochemical DNA hybridization biosensors based on carbon paste 

electrode (CPE) and multi-wall carbon nanotubes incorporated into carbon paste electrode (CNTPE). 

The sensors rely on immobilization of a 20-mer single stranded oligonucleotide (chIL-2) probe for 
detection of target DNA, as a model. The hybridization event was compared by DPV and EIS. Result 

showed that employment of EIS for detection of hybridization on CNTPE surface was impossible and 
on CPE surface was not beneficial. However, DPV method demonstrated a proper potential for 

detection of hybridization event on the surface of the electrodes. Moreover, CNTPE showed some 
advantages over CPE. Accordingly, further studies including CNTPE electrochemical pretreatment 

effect on probe adsorption, probe immobilization conditions including potential and time as well as 
selectivity of the biosensor were carried out using DPV method and optimum conditions were 

suggested. 

 

 

Keywords: Human interleukine-2 gene; Carbon nanotubes paste electrode; Differential pulse 
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1. INTRODUCTION 

Nucleic acid hybridization has become a fundamental technique in molecular biology for 

detection and analysis of specific DNA sequences. Such analysis plays a significant role in many areas 

including clinical diagnosis, forensic and environmental analysis and monitoring of food quality [1]. 
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DNA biosensors consist of a biological recognition layer, usually single stranded DNA and a 

transducer converting the recognition event into a measurable signal. Optical, piezoelectric or 

electrochemical instruments are often used in DNA biosensors as transducers [2-4]. Electrochemical 

methods, in particular, provide sensitive, cost effective and rapid way of analysis [5, 6]. The detection 

is accomplished by immobilization of single stranded DNA onto electrode surface and hybridization of 

a target DNA sequence present in the sample. The method is very efficient and specific, because DNA 

sensor can detect an analyte even in the presence of a mixture of many different nucleic acid fragments 

[7]. 

Electrochemical detection of DNA hybridization is carried out with two indirect and direct 

methods. Indirect methods are based on the determination of electroactive indicators whose interaction 

and association level with double-stranded and single-stranded DNAs are quite different. Electroactive 

indicators include anticancer agents [8], organic dyes [9] and metal complexes [10]. Direct methods 

are mainly related to the intrinsic electrochemical activity of the nucleobases such as guanine and 

adenine [11]. Direct DNA hybridization detection strategy is also called label-free or indicator-free 

detection.  

Development of DNA electrochemical sensors is highly conditioned by construction of suitable 

working electrodes [12]. Among different kinds of working electrodes, carbon paste electrodes are 

particularly popular [13]. Very often they are modified by some compounds such as carbon nanotubes 

(CNTs) incorporated into the electrode [14]. 

Some years after discovery of fullerenes [15], Iijima [16] reported the synthesis of a new 

carbon material, the carbon nanotubes. Since then, CNTs have received enormous attention due to their 

unique structural, electronic, mechanical, and chemical properties [17].  

The unique electrocatalytic properties of CNTs make them extremely attractive for the task of 

electrochemical sensing. Electrodes modified with CNTs have been employed for detection of 

important biomolecules including cytochrome C, ascorbic acid, NADH, etc. [18]. Wide ranges of 

inorganic and biological molecules can be adsorbed onto nanotubes in the hope of using them as 

highly accurate tiny sensors [18]. CNTs have been recently used as transducers for enhanced electrical 

detection of DNA hybridization [19]. The SP2 hybridization and the outstanding electronic properties 

of nanotube coupled with their specific recognition properties of immobilized system indeed make 

CNTs, as ideal biosensors [20]. 

Electrochemical impedance spectroscopy is a method of measuring the impedance value of the 

electrode surface during the process of frequency variation. EIS is able to offer various properties of 

interface of the electrode and solution, including the electrode impedance, capacity of the electric 

double layer, and the surface electron transfer resistance (Rct). This technology was used to 

characterize a DNA hybridization sensor to realize sensitive indicator–free detection of the gene 

sequences [21, 22]. Hybridization reaction of DNA on the electrode surface results in changing the Rct 

value upon formation of duplex between probe and target DNA. The quantity of the negative charge on 

the surface of the electrode increases greatly due to hybridization formation and thus further impeding 

of the electron transfer of electrochemical active substances with negative charge such as [Fe(CN)6]
3-/4- 

at the electrode surface is observed. Therefore, the hybridization of DNA could be characterized via 

the Rct enhancement [23]. 
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Recently, we had developed several electrochemical DNA biosensor on the basis of human IL-

2 gene using methylene blue as an electroactive label [24], with label –free method using a non-inosine 

substituted probe [25, 26], IL-2 corresponding oligonucleotide chain adopted for detection of IL-2 

encoding DNA (PCR-amplified sample), [27] and recombinant DNAs (plasmids encoding human IL-

2) [28]. Now, in this paper, we are reporting a carbon nanotubes paste electrode (CNTPE) indicator-

free DNA biosensor for detection of short DNA sequences related to human interleukin-2 gene (hIL-

2). The guanine oxidation signal was monitored using differential pulse voltammetry (DPV). It is 

intended to test the specificity of the sensor using complementary and noncomplementary DNA chains 

for the hybridization event. The surface properties of CPE and CNTPE and hybridization event on 

these surfaces were also investigated by electrochemical impedance spectroscopy. 

 

 

 

 

2. EXPERIMENTAL PART 

2.1. Regents and Material 

Multi-walled carbon nanotubes (CNT) provided by CVD (chemical vapor deposition) method 

with ~95% purity were obtained from Petroleum and Gas Institute of Iran. Further purification was 

accomplished by stirring the CNTs in concentrated sulfuric acid. A 20-mer oligonucleotide 

corresponding to antisense strand of human IL-2 gene (chIL-2) was used as the probe and its 

complementary (hIL-2) corresponding to sense strand of human IL-2 gene was used as target DNA. 

ITS1, ITS4, 16SR and P53 oligonucleotides were used as noncomplementary oligonucleotides. All of 

the oligonucleotides were supplied (as lyophilized powder) by MWG-Biotech company, with the 

following sequences: 

 

Probe DNA (chIL-2): 

5′-CTA AAT TTA GCA CTT CCT CC-3′ 

Complementary DNA (hIL-2): 

5′-GGA GGA AGT GCT AAA TTT AG -3′ 

Noncomplementary DNAs: 

ITS1: 

5′-TCC GTA GGT GAA CCT GCG G-3′ 

ITS4: 

5′-TCC TCC GCT TAT TGA TAT GC-3′ 

16SR: 

5′-TAC CTT GTT AGG ACT TCA CC-3′ 

P53: 

5′-AGT TCT CCA TCC CCA-3′ 
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Stock solution of the oligonucleotides (100 µM) were prepared with TE buffer solution (10 

mM Tris-HCl, 1 mM EDTA, pH 8.00) and kept frozen. More diluted solutions of the oligonucleotides 

were prepared using 0.50 M acetate buffer solution (pH 4.80) containing 20 mM NaCl. Other 

chemicals were of analytical reagent grade. Distilled, deionized and sterilized water was used in all 

solution preparation. Each measurement consisted of immobilization of probe and detection of target 

DNA (immobilization/detection cycle) carried out on a fresh CNTPE surface. All the experiments 

were performed at room temperature in an electrochemical cell. 

 

2.2. Instrumentation 

Electrochemical experiments were performed using AUTOLAB PGSTAT 30 electrochemical 

analysis system and GPES 4.9 software package (Eco Chemie, Netherlands). The utilized three-

electrode system was composed of a CNTPE and CPE (surface area of 0.015 cm
2
) as the working 

electrode, a saturated calomel electrode (SCE) as the reference electrode for DPV and Ag|AgCl|KCl3M 

for EIS methods and a platinum wire as the auxiliary electrode.  

 

2.3. Procedure 

2.3.1. Preparation of the Working Electrode 

The CNTPE was prepared by mixing CNT, graphite powder and high viscosity paraffin 

(density = 0.88 g cm-3) from Fluka in a ratio of 10:60:30% (w/w) in a mortar. Unmodified carbon paste 

electrodes (CPE) were also prepared in a similar way by mixing graphite powder with paraffin oil in a 

ratio of 70:30% (w/w). A portion of the resulting paste was then inserted in the bottom of a glass tube. 

The electrical connection was implemented by a copper wire lead fitted into the glass tube. The surface 

of the resulting paste electrodes were smoothed on a weighing paper and rinsed carefully with distilled 

water. 

 

2.3.2. Electrochemical Activation of the CNTPE and CPE 

The polished electrode was pretreated at optimized potential of 1.80 V vs. SCE for 5 min for 

electrochemical activation of electrode surface. Pretreatment was carried out in 0.50 M acetate buffer 

solution (pH 4.80) containing 20 mM of NaCl without stirring. 

 

2.3.3. Immobilization of Probe on the CNTPE and CPE 

For immobilization of probe on CPE and CNTPE, following activation, the working electrode 

was immersed in 0.50 M acetate buffer solution (pH 4.8) containing 1µM probe and 20 mM of NaCl. 

After that, 0.5 V potential vs. SCE was applied to the electrode for 5 min into the stirred solution (with 

200 rpm) at room temperature. Then, the electrode was rinsed with sterilized and deionized water. 
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2.3.4. Hybridization 

Hybridization reaction was conducted by immersing the probe captured electrode into a stirred 

hybridization solution (0.5 M acetate buffer pH 4.8) containing 3 µM of target oligonucleotide and 20 

mM of NaCl, for 5 min, while the electrode potential was held at 0.50 V vs. SCE. The electrode was 

washed with sterilized and deionized water to remove the non-hybridized DNA. For hybridization of 

probe with noncomplementary sequences, the same strategy was carried out. 

 

2.3.5. Voltammetric Measurements 

Electrochemical investigation was carried out using DPV in 20 mM of Tris-HCl buffer (pH 

7.00) solution and scanning the electrode potential between 0.50 and 1.15 V vs. SCE at pulse 

amplitude of 50 mV. 

The raw data were treated using the Savitzky and Golay filter (level 2) of GPES software, 

followed by the GPES software moving average baseline correction using a “peak width” of 0.01. 

Repetitive measurements were carried out following renewing the electrode surface by cutting and 

polishing of the electrode. 

 

2.3.6. Impedance measurement 

Surface of the CPE and CNTPE and hybridization event were studied by electrochemical 

impedance spectroscopy. Impedance measurements were performed in phosphate buffer solution (pH 

7.00) containing 1.0 mM K4Fe(CN)6 / K3Fe(CN)6 as a redox couple at a potential of 0.22 V (vs. 

Ag|AgCl|KCl3M). The data are represented in the complex plane; Nyquist plots (Z″ vs. Z′, Z″ = 

imaginary impedance and Z′ = real impedance). The respective semicircle diameter corresponds to the 

charge transfer resistance, Rct , the values of which were calculated using the fitting program of 

AUTOLAB (FRA, version 4.9). The impedance spectra are fitted to a Randles equivalent electrical 

circuit for CPE and CNTPE with / without the immobilized DNA, including a solution resistance, Rs, a 

constant phase element (CPE), the charge transfer resistance, Rct, and Warburg impedance, ZW. From 

the regression, the charge transfer resistance was obtained. 

 
 

 

3. RESULTS AND DISCUSSION 

3.1. Preliminary Investigation 

The barrier properties of surface of CPE and CNTPE were investigated using electrochemical 

impedance spectroscopy. Each of the spectra is composed of a semicircle part in a high frequency 

region and a linear part in a low frequency region, corresponding to the electron transfer process and 

the diffusion process, respectively. The diameter of the semicircle represents the charge transfer 

resistance at the electrode surface (Rct). The linear part in impedance spectra represents Warburg 
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impedance (ZW) [29]. Nyquist diagrams of [Fe(CN)6]
3-/4-

 at different electrodes are illustrated in Fig. 1. 

Curve (a) of this figure represents impedance spectrum at carbon paste electrode modified with carbon 

nanotubes without any purification. Figure 1b and 1c show impedance spectrum at carbon paste 

electrode and modified carbon paste electrode with purified CNT, respectively. As shown in this 

figure, the diameter of the semicircle, indicating the corresponding, Rct, are 13.43 × 10
3
 Ω, 8.75 × 10

3
 

Ω and 3.13 × 10
3
 Ω for diagrams a, b and c, respectively. Data comparison clearly shows that charge 

transfer resistance decreased when carbon paste is mixed with 10% CNT stirred in concentrated 

sulfuric acid. This difference implies that the pretreatment of CNT with concentrated sulfuric acid for 

further purification had significant favorable effect on the electrode response. This observation is in 

accordant with the results reported by other groups indicating that CNT treatment removes metal ions 

from the nanotube surface which maybe present after their preparation [30]. Furthermore, CNT 

treatment causes segmentation, carboxylation and opening of terminus [31] and tips of the carbon 

nanotubes and making them ready to use [32]. 

 

 
Figure 1. Impedance spectra at modified CPE with impure CNT (a), CPE (b) and CNTPE (modified 

CPE with purified CNT) (c) in the presence of 1 mM [Fe(CN)6]
3-/4- (1:1) in phosphate buffer (pH 7.00). 

 

 

 
Figure 2. Impedance spectra at (a) CPE before activation, (b) CNTPE before activation, (c) CPE after 

activation and (d) CNTPE after activation. 
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Figure 2 shows the impedance spectra at CPE and CNTPE (modified CPE with purified CNT) 

before (Fig. 2a and b) and after activation of the electrode surface at potential of 1.8 V vs. SCE for 5 

min (Fig. 2c and 2d). Comparison of curves a and c of figure 2 indicates that charge transfer resistance 

decreased from Rct = 8.75 × 103 Ω for 2a to Rct = 1.71 × 103 Ω for 2c after electrochemical activation 

of CPE. Figure 2d shows Nyquist diagram at activated CNTPE. It is noticeable that following 

electrochemically activation of CNTPE surface, charge transfer resistance, semicircle part of 

impedance diagram, was eliminate and diagram comprises of only linear part (Warburg impedance), 

meaning that the charge transfer resistance becomes unimportant in relation to Zw [33]. Because, the 

surface of CNTPE becomes very electroactive after electrochemical activation and does not repulsive 

interaction (electrostatic and steric) exist between the redox marker ions and the electrode surface. This 

linear part of Nyqyst diagram (Warburg impedance, Zw,) didn't change after probe immobilization and 

hybridization on the activated CNTPE. Therefore, electrochemical impedance spectroscopy is not 

suggested as a proper method to study of DNA hybridization event. 

 

 

 
 

 
 

 

Figure 3. (A) Impedance spectra at (a) activated CPE, (b) after immobilization of hIL-2 probe, and (c) 

after hybridization. (B) Semicircle part of Fig. 3A: (a) activated CPE, (b) after immobilization of hIL-2 

probe, and (c) after hybridization.  
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Figure 4. (A) Cyclic voltammograms of bare activated CNTPE (a) and hIL-2 immobilized onto 

activated CNTPE (b). (B) Differential pulse voltammograms of bare activated CPE and CNTPE (a), 
hIL-2 immobilized at activated CPE (b) and hIL-2 immobilized at activated CNTPE (c). (C) DPVs of 

bare activated electrode (a), chIL-2 accumulated onto activated CNTPE (b) and hIL-2 accumulated 
onto activated CNTPE (c). Electrochemical activation potential was 1.80 V vs. SCE for 5 min and 

oligonucleotide concentrations in accumulation solution was 1 µM. Other conditions for electrode 

activation such as oligonucleotides accumulation and voltammetric measurements were as described in 

Section 2.3. 

 

 

Figure 3A shows the impedance spectra of activated CPE before immobilization of probe 

(curve a), after immobilization of chil-2 probe (curve b) and after hybridization with complementary 

DNA (curve c). The high frequency section of these curves show an arc with a given diameter of 1.71 

× 103 Ω, 2.72 × 103 Ω, 3.69 × 103 Ω for curves a, b and c, respectively. Figure 3B shows the difference 

between semicircle parts of impedance spectra in Fig. 3A with more clarity. It is noticeable that the 

radius of the semicircular part of the spectrum increases slightly after probe immobilization and 



Int. J. Electrochem. Sci., Vol. 4, 2009 

  
1444

hybridization. The increasing of the diameter of semicircle reflects the increase in the interfacial 

charge transfer resistance. This is the result of the negative charge of the DNA on the electrode surface 

decreasing the electron transfer of [Fe(CN)6]
3-/4- marker ion due to electrostatic repulsion. The charge 

transfer or diameter of semicircular part of the impedance diagram did not clearly increased after probe 

immobilization and hybridization in the surface of carbon paste electrode compared with other solid 

electrode such as gold electrode. Because, the surface of the CPE is very porous and probably DNA is 

trapped in the groves of the surface and less repulsive interactions take place between marker ions and 

oligonucleotides. These results suggest that detection of DNA hybridization event in the surface of 

CPE is not beneficial. 

The electrochemical behavior of CNTPE was initially investigated by cyclic voltammetry (CV) 

and DPV for comparing the oxidation signal of guanine, selecting a simple and sensitive 

electrochemical technique. The cyclic voltammograms of activated bare CNTPE and hIL-2 

immobilized activated CNTPE obtained after about 5 min accumulation of hIL-2 at 0.5 V vs. SCE in a 

1.0 µM hIL-2 solution into the 20 mM of Tris-HCl buffer solution (pH 7.00) at scan rate of potential 

50 mVs-1  are shown in Fig. 4A. Figure 4B shows the DPV response of activated bare CNTPE (a), hIL-

2 immobilized activated CPE (b) and CNTPE (c). Compression of DPV response of hIL-2 

immobilized at the surface of activated CPE and CNTPE shows that the guanine oxidation signal 

elevated almost 2-fold when CNT was introduced into the CPE; i.e. in CNTPE. The enhanced current 

values can be attributed to high local density of electronic states in CNT [34]. This observation 

demonstrated promising potential of CNTPE in increasing guanine signal. Having observed this 

potential, CNTPE was selected for future experiments. 

Before characterization of the system, the electrochemical behavior of chIL-2 and hIL-2 on the 

CNTPE were investigated separately. These oligonucleotides were immobilized alone on the electrode. 

Figure 4C shows differential pulse voltammograms obtained for bare activated CNTPE (a), chIL-2 

immobilized activated CNTPE (b) and hIL-2 immobilized activated CNTPE (c). As seen in this figure, 

the peak height of guanine oxidation for hIL-2 (containing 7 guanine) is 0.655 µA ± 0.02, which is 

about 7 times higher than that of chIL-2 (containing 1 guanine) 0.094 µA ± 0.01. Accordingly chIL-2 

was selected as the probe for this study.  

 

3.2 Optimization of the Experimental Variables 

Various parameters such as activation potential, activation time and probe immobilization 

conditions affecting guanine differential pulse voltammetric signal at the CNTPE were examined and 

optimized.  

 

3.2.1. Influence of Electrochemical Pretreatment of CNTPE 

3.2.1.1. Effect of Activation Potential 

Electrochemical pretreatment is usually required for activation of the working electrode surface 

[35]. Electrochemical pretreatment is commonly conducted either at negative or positive potentials 
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[26]. In this study, potentiostatic method was used for activation of the electrode surface. In order to 

find an optimum activation potential, the polished CNTPE was activated at different potentials within a 

wide voltage range (i.e., from -2.0 to 2.5 V vs. SCE) and accumulation of chIL-2 was conducted as 

described in section 2.3.3. Figure 5A shows the DPV response of chIL-2 immobilized on the activated 

CNTPE as a probe at imposed potential ranging between -2.0 and 2.5 V vs. SCE. As seen in this 

figure, activity of the electrode improved when potentials exceeded from 1.0 V vs. SCE until reached 

to its maximum value at 1.80 V vs. SCE and then decreased at more positive potentials. When 

potential was higher than 2.0 V vs. SCE or lower than -1.5 V vs. SCE, the oxidation or reduction of 

supporting electrolyte ions or solvent itself was occurred. In voltages higher than 2.0 V vs. SCE, 

gaseous products were observed significantly at the surface of working electrode that could damage 

CPE and CNTPE. 

 

 

 
 

 

Figure 5. Variations of DPV signal of the immobilized hIL-2 on the activated CNTPE vs. activation 

potentials (A) and activation times (B). The concentration of hIL-2 in solution was 1 µM, other 

conditions for CNTPE activation, hIL-2 immobilization and DPV measurements as described in 
section 2.3. 
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3.2.1.2. Effect of Activation Time 

In order to optimize activation time of the working electrode, different activation time periods 

were used. The accumulation of chIL-2 on the electrode was performed according to the procedure 

described in section 2.3.3. Figure 5B displays the DPV response of chIL-2 versus activation time. As 

seen in this figure, the chIL-2 signal was increased with increasing the activation time and nearly 

leveled off after 10 min. These results demonstrated that about 5 min is adequate and optimum time for 

activation of the CNTPE surface in order to accumulate almost maximum amount of chIL-2 probe. 

 

 
Figure 6. The variations of DPV response of immobilized hIL-2 oligonucleotide on the activated 

CNTPE vs. immobilization potential (A) and immobilization time (B). The concentration of hIL-2 was 

1µM and other conditions as described in section 2.3. 

 

3.2.2. Immobilization Conditions of Probe on the CNTPE 

3.2.2.1. Effect of Immobilization Potential 

Considering that adsorption and immobilization of the probe on the electrode surface is very 

important for DNA biosensors function, and on the other hand, accumulation of DNA probes is 
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influenced by the imposed potential to the electrode during the accumulation, the influence of imposed 

potential on the electrochemical behavior of chIL-2 was investigated using DPV. For this, we studied 

the imposed potentials ranging between -0.80 and 0.8 V vs. SCE (Fig. 6A). As shown in the figure, the 

potential around 0.50 V vs. SCE was obviously favorable for obtaining the maximum peak current for 

oxidation of guanine. Therefore, potential of 0.50 V vs. SCE was selected as optimum immobilization 

potential. 

 

3.2.2.2. Effect of Immobilization Time 

 The effect of immobilization time of the probe on the activated CNTPE was studied using 

DPV. Figure 6B shows DPV signal of chIL-2 versus the immobilization time. As can be seen, the 

amount of adsorbed DNA rises with increasing adsorption time and starts to saturate at approximately 

300s. Accordingly, all further experiments were carried out with an immobilization time of 300 s. 

 

3.3. Electrochemical Detection of Hybridization  

Electrochemical detection of DNA hybridization was monitored by differential pulse 

voltammetry. Once immobilization of the probe on the activated CNTPE was achieved, the electrode 

was immersed in target DNA solution as described in section 2.3.4. Having formed DNA duplex chain, 

two opposed events in relation with magnitude of the probe guanine oxidation signal take place. These 

events which are in competition with each other include: I) the electrochemical signal of the probe’s 

free guanine bases is decreased upon hybridization with complementary cytosine bases on the target 

DNA. This is because of less availability of guanine bases in the hybrid form for oxidation [36]. II) 

The electrochemical signal of guanine bases is increased due to increase of the number of total guanine 

bases in double-stranded DNA in comparison to single-stranded-DNA. This problem is solved by 

using inosine-modified (guanine-free) probes [36-38]. This is because, although inosine moiety forms 

a specific base-pair bond with cytosine residue [39], but is almost electroinactive [37, 40]. Indeed, the 

duplex formation is detected through the appearance of the target DNA’s guanine oxidation signal, 

following hybridization. The main disadvantage of this approach is the lack of an electrochemical 

signal of the probe for direct follow up probe’s signal and optimizing its immobilization conditions. 

One of the beneficial strategies is to use a probe which contains preferably only one or few 

guanine bases with several cytosines. Importance of the presence of only one guanine base relies on 

possibility of probe immobilization monitoring and consequently possibility of optimization of probe 

immobilization on the electrode [24, 25, 41]. Several cytosine bases in the probe are useful for 

hybridization with target DNA that contains several guanine bases. On the basis of this approach 

guanine oxidation signal remarkably increases after hybridization of probe with DNA target and 

therefore, can be easily recorded. Short DNA sequences related to human IL-2 gene (chIL-2) used in 

this study was designed according to this strategy. 

Figure 7 displays the DPV at activated CNTPE (A) and CPE (B) following immobilization of 

chIL-2 as the probe (a), and after hybridization with hIL-2 as target DNA (f). As shown in this figure, 
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the guanine signal of the probe-complementary DNA hybrid was 0.26 µA for CNTPE and 0.11 µA for 

CPE which are more than 2-fold higher than those of probe alone. 

 

 
Figure 7. DPVs of chIL-2 modified CNTPE (A) and chIL-2 modified CPE (B) before hybridization 

(a) and after hybridization with: hIL-2 target oligonucleotide (3 µM) (f); after hybridization with 3 µM 

noncomplementary oligonucleotides P53 (b), 16SR (c), ITS4 (d) and ITS1 (e). Probe concentration in 

accumulation solution was 1.0 µM. Experimental conditions were as cited in Fig.4 and described in 
section 2.3.  
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Figure 8. Differential pulse voltammograms of chIL-2 modified activated CNTPE before 

hybridization (a), after hybridization with hIL-2 target in a sample containing: (b) only hIL-2 

oligonucleotide, (c) both hIL-2 and ITS4 (d) both hIL-2 and ITS1. Experimental conditions were as 

cited in Fig. 7. 

 

3.4. Selectivity Study  

The selectivity of hybridization detection of the proposed DNA sensor to the target was studied 

via performance of some hybridization experiments with noncomplementary oligonucleotides. For this 

purpose four different oligonucleotides P53, 16SR, ITS4 and ITS1 containing 1, 3, 3 and 7 free 

guanine bases, respectively, were selected as noncomplementary DNAs (Fig. 7b, c, d and e). As shown 

in this figure, the interaction between these noncomplementary oligonucleotides and chIL-2 modified 

activated CNTPE did not lead to a significant increase in the guanine oxidation signal because 

hybridization of the probe with the DNAs did not carry out entirely. However, guanine signal 

increased slightly that may be attributed to the negligible adsorption of the noncomplementary 

oligonucleotides to some free sites present on the activated CNTPE or due to short and non-complete 

hybridization between the probe and non-complementary DNAs. This slight increasing is ordered with 

their guanine base numbers.  

The DNA sensor selectivity was also investigated in samples containing both complementary 

(hIL-2) and noncomplementary sequences. Figure 8 displays the DPV for probe modified activated 

CNTPE before hybridization (a) and after hybridization with hIL-2 (b), in binary mixture of hIL-2 and 

ITS4 (c), in binary mixture of hIL-2 and ITS1 (d). As illustrated, the interactions between hIL-2 and 

ITS1 or ITS4 in the mixture solution have less effect on the hybridization event between probe and 

hIL-2 target. However guanine signal decreases slightly, probably because of partial hybridizations 
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occurred between the probe and non-complementary DNAs and also between target and 

noncomplementary oligonucleotides in their mixture solution. These interactions give rise to a slight 

decrease in availability and hybridization between target DNA and immobilized probe. 

The results of selectivity study revealed that only complementary hIL-2 as the target DNA can 

form an effective duplex with chIL-2 as the probe and consequently causes a significant increase in 

guanine oxidation signal. 

 

 

 

4. CONCLUSIONS 

Carbon paste electrodes possess advantages of ease of preparation and easy renewable of 

surface. The results suggest a label–free DNA hybridization biosensor based on activated CNTPE 

using differential pulse voltammetry. This study demonstrated that CNTPE had some advantages over 

CPE.  Utilization of carbon nanotubes as incorporated particles into a carbon paste electrode improves 

the electrochemical signal of this biosensing procedure. The enhanced current values can be attributed 

to the high local density of the electronic states in CNT. The proposed biosensor eliminates time 

consuming external indicator accumulation and selectively responses to the target complementary 

DNA. The hybridization event on CPE surface by EIS was not clearly detected and on CNTPE surface 

was not possible. 
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