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Abstract- A genosensor was fabricated for detecting a fragment of Apolipoprotein E gene 
(ApoE). The sensor was made of a nanocomposite of reduced graphene oxide (rGO) and 
cerium oxide (CeO2) nanoparticles. For this purpose, surface of a glassy carbon electrode was 
first modified by polyaniline (PANI) and then rGO-CeO2 nanocomposite. It was next 
characterized through scanning electron microscopy, cyclic voltammetry and electrochemical 
impedance spectroscopy. A 23-base oligonucleotide sequences previously reported as a 
fragment of Apolipoprotein E gene (ApoE) which has a point mutation occurred in the 
progression of Alzheimer’s disease was selected as a target molecule. Its ssDNA probe was 
immobilized on the modified surface via a strong interactions between CeO2 nanoparticles 
and the phosphate groups in the ssDNA. Detection of the biosensor signal was performed by 
square wave voltammetry (SWV) and Ru(bpy)3]2+/3+ as an electrochemical probe. In presence 
and absence of the target sequence, the electrochemical probe showed a different behaviour 
on the electrode surface. The developed genosensor could detect the ApoE gene sequence 
high selectively and sensitively, with in a good linear range of 10 fM to 10 nM.       

Keywords- DNA biosensor, Genosensor, Apolipoprotein E gene, Cerium oxide 
nanoparticles, Reduced graphene oxide, Square wave voltammetry  
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1. INTRODUCTION   

Now a day, detecting of a specific DNA sequence can be one of the most interesting 
research areas in molecular biology and biotechnology. Detection of specific sequences of 
human, virus and bacteria genes can be used in various applications such as diagnosis of 
diseases, detection of pathogens, food safety monitoring, environmental and forensic 
research. In recent years, clinical diagnosis using sensor/biosensory systems have developed 
rapidly along with discovery of new genes and their association with diseases [1-5]. 

Single nucleotide polymorphisms (SNPs), DNA sequence variations, is one of the main 
sources of genetic variation in human genome and commonly occur within 1% of a 
population [6]. Development of various genetic diseases such as cystic fibrosis and 
Alzheimer’s disease have been related to SNPs [7–9] Therefore, there is an increasing need 
for inexpensive, simple, rapid and sensitive methods for the detection of disease-related 
SNPs, as a tool for the early diagnosis of diseases and developing personalized medicine [10]. 
Compared to traditional methods (gel electrophoresis and Southern blot), electrochemical 
DNA genosensors can be a replacement method for detection of SNPs because of their 
simplicity, sensitivity, low cost and possibility of miniaturization [11, 12].  

Apolipoprotein E is an important constituent of several plasma lipoproteins. Its encoding 
gene (ApoE) has three isoforms (E2, E3, and E4), which are located on two 
polymorphiccodon sites (112 and 158) of chromosome 19. This protein is involved in 
transport of lipids and repair of injured neurons [13]. Studies have shown that the inheritance 
of SNPs in the ApoE gene is associated with the risk of developing cardiovascular diseases, 
type-III hyper-lipidemia, atherosclerosis and Alzheimer's disease [14-17]. Due to its 
importance, several electrochemical DNA sensors have been developed for the detection of 
ApoE gene mutations [18–22], but the challenge of  developing  novel methods with higher 
sensitivity and yet requiring simpler and less time-consuming application protocols  remains 
unresolved. 

Square wave voltammetry (SWV) is a high sensitive electrochemical technique [23-27] 
by which detection limits of voltammetric determinations can be dramatically improved. 
SWV measures the current while applying rapidly alternating potentials during a staircase 
scan. Furthermore, the application fast Fourier transformation (FFT) [28-30] in combination 
with SWV has proved to lead to excellent sensitivity. FFT-SWV is employed to separate the 
voltammetric and background signals in frequency domains using discrete fast Fourier 
transformation (FFT) method, which can help to digitally filter environmental noises and 
consequently improve the detection limit [31-33]. 

Following our research on nanocomposite of reduced graphene oxide (rGO) decorated 
with cerium oxide nanoparticles (CeO2 NPs- rGO) as a suitable platform for immobilization 
of ssDNA sequences [4,34], it was applied for designing a genosensor for  a fragment of 
Apolipoprotein E gene (ApoE). Graphene is composed of single-atom sheet of sp2 carbon 
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atoms and enjoys extremely large surface areas, as well as excellent thermal and electrical 
conductivity [35,36]. The compound has been used as an immobilization platform for ssDNA 
probe considering the non-covalent interaction (ᴨ-ᴨ stacking) between its conjugated 
interface and DNA bases [34,37,38]. In addition, metal or metal oxide nanoparticles like 
CeO2 are particularly attractive in the area of designing sensors and biosensors because of 
their high catalytic activities and biocompatibility [39-43]. Also, it has been found that CeO2 
adsorbs DNA through electrostatic attractions and specifically binds with the phosphate 
groups of DNA backbones [44]. Polyaniline (PANI) is a highly conductive polymer with a 
good environmental stability and biocompatibility and its application in the design of DNA 
biosensors [34, 40, 45]. 

     Here, the platform was used for detection of a 23-base pair long oligonucleotide from 
a fragment of ApoE allele-3 around codon 158, that contained a point mutation (underlined in 
the mismatch (MM) sequence) associated with the development of Alzheimer disease [20, 
46]. The ssDNA probe was immobilized on a cerium oxide-reduced graphene oxide 
nanocomposite /Polyaniline /glassy carbon electrode (rGO-CeO2 NPs/PANI/GCE), and then 
the hybridization process was investigated through monitoring FFT-SW redox current signal 
of [Ru(bpy)3]2+/3+ as an electrochemical probe. Under optimal conditions, the developed 
genosensor showed excellent sensitivity and selectivity toward the detection of the SNP 
related to the Alzheimer's disease.  
 

2. EXPERIMENTAL 

2.1. Instruments 

Electrochemical measurement were performed by a homemade Potentiostat [34], using a 
three electrode system consisting of a working electrode (glassy carbon electrode (GCE) or 
the modified electrode), an Ag/AgCl reference electrode and a platinum wire as a counter 
electrode. Electrochemical impedance measurements were carried out on an AUTOLAB 
PGSTAT 30. Scanning electron microscopy (SEM) measurements were carried out on a 
Zeiss SIGMA VP scanning electron microscope.   
 

2.2. Materials and solutions  

The oligonucleotides were synthesized by Generay Biotech CO., Ltd (Shanghai, China) 
and purchased by a local Company in Tehran. The target sequence is a fragment of the ApoE 
allele-3 around codon 158 [20, 46], containing a point mutation (underlined in the mismatch 
(MM) sequence) associated with the development of Alzheimer's disease with base sequences 
of: 

Probe:  5′-ACCTGCAGAAGCGCCTGGCAGTG-3′       
Target: 5′-CACTGCCAGGCGCTTCTGCAGGT-3′ 
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Mismatch (MM)  : 
5´-CACTGCCAGGCACTT CTGCAGGT-3′                               
Non-Complementary (NC)   : 
5´-GATTAGAGTCCCGCAATTAATCATT-3′  
   
     Stock solutions of all oligonucleotides were prepared in TE buffer (10 mM Tris-HCl, 1 

mM EDTA, pH 8.00) and frozen while stored. More dilute solutions were prepared from this 
solution, using a 10 mM Tris-HCl buffer containing 10 mM of NaCl at pH=7.40. All 
chemical reagents were of analytical grade and deionized water was used in the preparation 
of all solutions. Polyaniline (PANI) was prepared as described previously from purified 
aniline through a sonochemical method [34, 47, 48]. The rGO-CeO2 NPs nanocomposite was 
synthesized by a facile sonochemical method as described in our previous studies [41]. 

      For human plasma preparation, 1 ml of the blood plasma sample, which obtained 
from Iranian Blood Transfusion, was moved into a centrifuge tube and precipitated its 
proteins by adding 0.5 ml nitric acid (0.1 M). This solution, stirred for one minute. Then, it 
was centrifuged with 5000 rpm for 20 minutes. The upper solution was separated easily by a 
sampler. Then, it was diluted 10-times with measuring buffer (pH=7.4). Finally, ssDNA was 
spiked into the solution and used as a synthetic plasma sample. 

 

2.3. Fabrication of the sensor    

     A GCE was polished with 0.3µm and 0.05 µm alumina powders. Next, the electrode was 
ultrasonically cleaned in a 0.01 M NaOH solution, and finally dried by blowing N2. 7 µl of 
the PANI suspension (0.04 mg/ml) was dropped on the electrode surface and dried using an 
IR lamp. Then, 7 µl of the CeO2-rGO nanocomposite suspension (0.5 mg/ml and 1:2, the 
mass ratio of CeO2:rGO) was dropped on the PANI/GCE surface and dried under the 
radiation by an IR lamp [34]. Immobilization of the ssDNA was achieved by dropping 7µl of 
a 7.5 µM ssDNA solution on the surface of the modified electrode, and rested for 30 min in 
the room temperature. Then, the ssDNA/rGO-CeO2 NPs/PANI/GCE were rinsed with the 
buffer solution for 5 seconds to remove the nonspecific adsorption. The DNA hybridization 
reaction was performed by dropping 7µl of an appropriate concentration of the target DNA 
solution on the ssDNA/rGO-CeO2 NPs/PANI/GCE surface and the reaction mixture was 
maintained for 1 h. Finally, to remove the unhybridized target DNA, the electrode was rinsed 
with the buffer solution for 10 seconds. A schematic of the sensor preparation steps is shown 
in Fig. 1A. 
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Fig. 1. A) Preparation steps of DNA biosensor; B) The FFT-SWV applied potential wave 
form 

 

2.4. Voltammetric measurements  

     To characterize the electrochemical behaviour of the genosensr, three voltammetric 
methods including FFT square wave voltammetry (FFT-SWV), cyclic voltammetry (CV) and 
impedance spectroscopy (EIS) were applied. FFT-SWV voltammetry data collection involves 
sampling potential or current, at predetermined intervals for a required number of samples. In 
this method, the highest frequency that can be reliably applied for current sampling in the 
data collection is assigned by the number of samples taken during one SW cycle. This mainly 
depends on the length of the recording time, the storage capacity and the processing speed of 
the computer. As shown in Fig. 1, the potential exaction step in the FFT-SWV potential 
waveform, contains multiple SW pulse cycles with amplitudes of Esw and frequency of fo, 
were superimposed on a staircase potential function, which was changed by a small potential 
step of ∆E. It was required that the number of sampled currents at each pulse cycle be 
represented by 2n (where n is an integer and greater than 1). The FFT-SWV signal of the 
accumulated [Ru(bpy)3]2+/3+ was measured in a Tris-HCl buffer at pH=7.40. The CV and EIS 
measurements were carried out in 10 mM [Fe(CN)6]3-/4- solution containing 0.1 M KCl [34].   

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of the nanocomposite  

SEM image of the rGO-CeO2 nanocomposite displayed a good distribution of CeO2 
nanoparticles on the rGO surface (Fig. 2), further approving the good combination of 
nanoparticles and the rGO, which effectively prevents the agglomeration of CeO2 

2CeO-rGO 
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nanoparticles [34, 49,50]. Moreover, the CeO2 nanoparticles on the rGO surfaces could act as 
spacers and thus prevent the rGOs from restacking. As a result, the stability of single- or few-
layer exfoliated rGO and the surface area in the nanocomposite both increased in favour of its 
application as a DNA sensor immobilization platform.  

 

 
NPs 2CeO-GOSEM image of r Fig. 2. 

 

3.2. Electrochemical behaviour of the sensor 

Fig. 3A displays the CVs of different modified electrodes in a 10 mM [Fe(CN)6]3-/4- 
solution, also containing 0.1 M of KCl, at 100 mVs-1. A pair of redox peaks is observed in the 
case of the bare GCE at anodic (Epa) and cathodic (Epc) potentials of 0.6 V and 0.8 V, 
respectively (curve a). After the modification of electrode surface, the peak current of 
[Fe(CN)6]3-/4- notably increased as compared to those of the corresponding bare GCE but the 
peak to peak potential separation (ΔEp) decreased slightly (curve b), indicating a better 
electron transfer rate at the electrode surface due to the large surface area and excellent 
electrical conductivity of nanocomposite film. After immobilizing the ssDNA probe on the 
modified electrode, the peak current largely decreased and ∆Ep increased (curve c). This 
could be attributed to the limited diffusion of [Fe(CN)6]3-/4- toward the negatively charged 
phosphate backbone of ssDNA on the electrode surface. After hybridization, the peak 
currents further decreased and ∆Ep increased (curve d), which could be easily explained by 
enhancement of the negative charge on electrode surface after hybridization. 

      The electrochemical characteristic of the modified electrode surfaces was further 
investigated by EIS. In this method, the diameter of the semicircle of the Nyquist diagram 
correlates with the electron-transfer resistance (Ret), which determines the electron transfer 
kinetics at the electrode surface. As shown in Fig. 3B, the bare GCE gave rise to Ret value of 
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about 290 Ω (curve a). After the modification of the electrode, the Ret dramatically decreased 
to 105 Ω (curve b), indicating an improvement of electron transfer rate of [Fe(CN)6]3-/4- by 
the (CeO2-rGO)/PANI film.  

 

 
Fig. 3. (A) CVs of 10mM [Fe(CN)6]3-/4- containing 0.1M KCl at (a) bare GCE (b) rGO-CeO2 
NPs/PANI/GCE (c) ssDNA /rGO-CeO2 NPs/PANI/GCE (d) ssDNA/CeO2-rGO/PANI/GCE 
hybridized with 1×10-8M target DNA  (B) Nyquist diagrams of 10mM [Fe(CN)6]3-/4- 
containing 0.1M KCl at (a) bare GCE (b) rGO-CeO2 NPs/PANI/GCE (c) ssDNA/rGO-CeO2 
NPs/PANI/GCE (d) ssDNA/rGO-CeO2 NPs/PANI/GCE hybridized with 1×10-8M target 
DNA   

 
The interfacial Ret was increased to about 280 Ω with the immobilization of ssDNA probe 

on electrode surface (curve c) due to negatively charged phosphate backbone of ssDNA, 
which is repulsive to anionic electrochemical probes like [Fe(CN)6]3-/4-.After hybridization, 
the Ret value further increased to about 410 Ω, which was indicated more negative charges at 
electrode surface that would make the interfacial electron transfer even more difficult [34]. 
The results were in good agreement with those obtained by CV measurements. 
 
3.3. Analytical performance of the genosensor 
      The FFT-SWV signals of the [Ru(bpy)3]2+/3+ accumulated at the surface of the electrode 
modified with the single-stranded DNA probe, before and after the hybridization process (ΔI)  
were recorded as the response signal of genosensor. The signal of the biosensor after 
hybridization with target DNA significantly decreased.  In the absence of the target sequence, 
Ru(bpy)32+ is oxidized to Ru(bpy)33+ on the electrode surface. The guanine bases of ssDNA 
are then reduced Ru(bpy)33+ to regenerate Ru(bpy)32+ forming a catalytic cycle [34]. After 
hybridization, the guanine bases in the double helix structure are less available to 
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[Ru(bpy)3]2+/3+. Therefore, the catalytic reaction is inhibited and the peak current decreases 
[51-53]. The observed peak shift in potential after hybridization might be attributed to the 
more difficult oxidation of [Ru(bpy)3]2+/3+ at the electrode surface with higher resistance. 
Thus, the oxidation of [Ru(bpy)3]2+/3+ after hybridization occurs in more positive potentials. 

 
3.3.1. Detection of target DNA sequence  
     The FFT-SWV signals of the [Ru(bpy)3]2+/3+ accumulated at the surface of electrode 
modified with the single-stranded DNA probe, before and after the hybridization were also 
used to evaluate the analytical performance of the DNA genosensor. For this purpose, the 
ssDNA/rGO-CeO2 NPs/PANI/GCE were hybridized with different concentrations of the 
target DNA.  

 
Fig. 4. (A) FFT-SWV of 20 µM [Ru(bpy)3]2+/3+ recorded at (a) ssDNA/CeO2 NPs-
rGO/PANI/GCE and after hybridization with different concentration of target sequence (M) 
(b) 1×10-15 (c) 1×10-14 (d)1×10-13 (e)1×10-12 (f)1×10-11 (g)1×10-10 (h)1×10-9 (I)1×10-8 (B) 
Calibration curve, the plot of ΔI versus logarithm of target DNA concentration (M) 
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As shown in Fig. 4A the peak current of [Ru(bpy)3]2+/3+decreases with increasing of the 
concentration of the target DNA from 1 fM to 10 nM. The inset of Fig. 4B shows that the 
response signal (ΔI) exhibited a good linear correlation with the logarithm of the 
concentration of the target DNA in the range of 10 fM to 10 nM, with a regression equation 
of ΔI=2.9674 log C+52.892 [ΔI (µA), C (M)] and R2=0.992. The detection limit was obtained 
to be 1 fM based on 3σ, where σ is the standard deviation of blank solution for n=5 and 
RSD=4%. The high sensitivity and wide dynamic range of the genosensor could be attributed 
to enhancement of the S/N ratio using FFT-SWV approach, as well as the strong interactions 
of the nanocomposite film and DNA sequences. 
 
3.3.2. Selectivity of the genosensor 
     The FFT-SWV signal of the [Ru(bpy)3]2+/3+ accumulated at the modified electrode surface 
was used for the detection of DNA sequences and the results were shown in Fig. 5. A 
maximum peak current of 45 µA was obtained for the ssDNA probe/rGO-CeO2 
NPs/PANI/GCE (curve a). This could be attributed to the catalytic oxidation of 
[Ru(bpy)3]2+/3+ by the guanine bases of ssDNA. A decrease of about 26 µA was observed 
after hybridizing the target DNA (curve b). The lower accessibility of guanine bases of 
hybrid DNA may account for the decreased current response of the double-stranded DNA 
[34,53,54]. As control experiments, the hybridization reactions of ssDNA probe/rGO-CeO2 
NPs/PANI/GCE with non-complementary and single base mismatch sequences were 
investigated.  

The hybridization of ssDNA/rGO-CeO2 NPs/PANI/GCE with non-complementary 
DNA only led to a slight decrease in the peak current (43.3 µA, curve c) while, the peak 
current for the hybridization reaction with single base mismatch sequence was 34.4 µA 
(curve d). The RSD of five replicate measurements was 4.6%. As a result, the genosensor 
was considered to a high selectivity toward detection of ApoE gene SNP, and it was decided 
as being applicable to discriminate the ssDNA, dsDNA and single base mismatch sequences 
very well. 
 
3.3.3. Stability and reproducibility of the genosensor 
     The stability of the genosensor is an effective parameter for monitoring the target DNA. 
To evaluate this parameter, ssDNA/rGO-CeO2 NPs/PANI/GCEs were immersed in Tris-HCl 
buffers, pH=7.4 for 60 min. Then, the FFT-SWV signals of the electrodes toward 
[Ru(bpy)3]2+/3+ were recorded. The response signal was found to decrease by 4%.  
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Fig. 5. FFT SWs of 20 µM [Ru(bpy)3]2+/3+ recorded at (a) ssDNA/rGO-CeO2 
NPs/PANI/GCE (b) ssDNA/rGO-CeO2 NPs/PANI/GCE hybridized with target DNA (c) the 
electrode hybridized with non-complementary DNA and (d) the electrode hybridized with 
one-base mismatch DNA (concentration of sequences: 1×10-8 M). 
 
Further, the ssDNA/rGO-CeO2 NPs/PANI/GCEs were stored in a refrigerator at 4 ⁰C for 24 h 
and 1 week periods and then subjected to identical tests. The response signals were found to 
decrease 5 and 10%, respectively. This was attributed to the loss of the immobilized ssDNA 
on the electrode surfaces. 
 
3.3.4. Real sample analysis 
      The proposed genosensor applicability in real sample analysis was studied by use of 
different concentration of ssDNA which was prepared with 100-times diluted plasma through 
standard addition method. The results showed that the designed genosensor can work well in 
laboratory condition and plasma sample matrix with RSD% less than 4.8 and the calibration 
curve of this analysis has displayed a good linear correlation between the response signal (∆I) 
and logarithm of target DNA concentration in the range of 1.0× 10-11 to 8.0×10-11 M with 
determination coefficient of 0.987. 
 
4. CONCLUSION 
     A FFT-SWV electrochemical DNA genosensor based on rGO-CeO2 nanoparticles and 
polyaniline modified glass carbon electrode was fabricated for a selective and sensitive 
detection of ApoE gene SNP, related to the progression of Alzheimer disease. The 
modification of the electrode surface with rGO-CeO2 NPs/PANI provided a large surface area 
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that made it suitable for use as an ssDNA immobilization platform. The genosensor used the 
strong interactions of the CeO2 NPs with the backbone phosphate groups of the ssDNA, and 
revealed a high sensitivity during FFT-SWV measurements. The genosensor provided a wide 
linear response range from 10 fM to 10 nM and a detection limit of 1 fM, and proved as being 
applicable to the detection of target DNA in real samples. 
 

Acknowledgements 

The authors gratefully acknowledge the University of Tehran for the financial support of 
this work.  
 

REFERENCES 

[1] Y. Saylan, Ö. Erdem, S. Ünal, and A. Denizli, Biosensors 9 (2019) 65.    
[2] N. Mohammadian, and F. Faridbod, Sens. Actuators, B Chem. 275 (2018) 432. 
[3] R. Singha, M. D. Mukherjeed, G. Sumanaa, R. K. Gupta, S. Soode, and B.D. Malhotra, 

Sens. Actuators, B Chem. 197 (2014) 385. 
[4] M. Eskandari, and F. Faridbod, New J. Chem. 42 (2018) 15655. 
[5] M. Darestani-Farahani, F. Faridbod, and M.R. Ganjali, Talanta 190 (2018) 140. 
[6] W.Y.S. Wang, B. J. Barratt, D. G. Clayton, and J. Todd, Nat. Rev. Genet. 6 (2005) 109. 
[7] M. Drumm, and M.N. Konstan, Engl. J. Med. 353 (2005) 1443. 
[8] D. Roses, M.W. Lutz, H. Amrine-Madsen, M. Saunders, D. G. Crenshaw, S. S. 

Sundseth, M. J. Huentelman, K. Welsh-Bohmer, and E.M. Reiman, Pharmacogenomics 
J.  10 (2010) 375. 

[9] J. Taylor, E. Choi, C. Foster, and S. Chanock, Trends Mol. Med. 7 (2001) 507. 
[10] A. Chakravarti, Nature 409 (2001) 822.  
[11] T. G. Drummond, M.G. Hill, and J.K. Barton, Nat. Biotechnol. 21 (2003) 1192. 
[12] K. J. Odenthal, and J. J. Gooding, Analyst 132 (2007) 603. 
[13] G. De Bellis, G. Salani, S. Panigone, F. Betti, L. Invernizzi, and M. Luzzana, Clin. 

Chem. 43 (1997) 1321. 
[14] G. Q. Daley, and M. Cargill, Trends Cardiovasc. Med. 11 (2001) 60. 
[15] D. Seripa, G. D’Onofrio, F. Panza, L. Cascavilla, C. Masullo, and A. Pilotto, 

Rejuvenation Res. 14 (2011) 491. 
[16] A. J. Lusis, A. M. Fogelman, and G. C. Fonarow, Circulation 110 (2004) 1868. 
[17] V. V. Giau, E. Bagyinszky, S. S. A. An, and S. Y. Kim, Neuropsychiatr Dis Treat. 11 

(2015) 1723.  
[18] A. Bonanni, A. Ambrosi, and M. Pumera, Chemistry 18 (2012) 1668. 
[19] X. R. Cheng, B. Y. H. Hau, T. Endo, and K. Kerman, Biosens. Bioelectron. 53 (2014) 

513. 



Anal. Bioanal. Electrochem., Vol. 11, No. 11, 2019, 1625-1637                                         1636 

[20] G. Marrazza, G. Chiti, M. Mascini, and M. Anichini, Clin. Chem., 46 (2000) 31. 
[21] K. Guo, X. Li, and H.B. Kraatz, Biosens. Bioelectron. 27 (2011) 187. 
[22] M.U. Ahmed, K. Idegami, M. Chikae, K. Kerman, P. Chaumpluk, S. Yamamura, and E. 

Tamiya, Analyst 132 (2007) 431. 
[23] Y. Hao, B. Zhou, F. Wang, J. Li, L. Deng, and Y. N. Liu, Biosens. Bioelectron. 52 

(2014) 422. 
[24] V. Arabali, M. Ebrahimi, S. Gheibi, F. Khaleghi, M. Bijad, A. Rudbaraki, M. 

Abbasghorbani, and M.R. Ganjali, Food Anal. Methods 9 (2016) 1763. 
[25] S. Jampasa, W. Wonsawat, N. Rodthongkum, W. Siangproh, P. Yanatatsaneejit, T. 

Vilaivan, and O. Chailapakul, Biosens. Bioelectron. 54 (2014) 428. 
[26] F. Karimi, M. Bijad, M. Farsi, A. Vahid, H. Asari-Bami, Y. Wen, and M.R. Ganjali, 

Curr. Anal. Chem. 15 (2019) 172. 
[27] P. Norouzi, B. Larijani, M.R. Ganjali, and F. Faridbod, Int. J. Electrochem. Sci. 7 

(2012) 10414. 
[28] P. Norouzi, M. R. Ganjali, S. Shirvani-Arani, and A. Mohammadi, J. Pharm. Sci. 57 

(2014) 679. 
[29] V. K. Gupta, P. Norouzi, H. Ganjali, F. Faridbod, and M. R. Ganjali, Electrochim. Acta, 

100 (2013) 29. 
[30] P. Norouzi, V. K. Gupta, F. Faridbod, M. Pirali-Hamedani, B. Larijani, and M. R. 

Ganjali, Anal. Chem., 83 (2011) 1564. 
[31] P. Norouzi, B. Larijani, M. R. Ganjali, and F. Faridbod, Int. J. Electrochem. Sci. 7 

(2012) 10414. 
[32] P. Norouzi, B. Larijani, F. Faridbod, M. R. Ganjali, Int. J. Environ. Res. 9 (2015) 101. 
[33] P. Norouzi, V. K. Gupta, B. Larijani, S. Rasoolipour, F. Faridbod, and M. R. Ganjali, 

Talanta 131 (2015) 577. 
[34] S. Jafari, F. Faridbod, P. Norouzi, A. S. Dezfuli, D. Ajloo, F. Mohammadipanah, and 

M. R. Ganjali, Anal. Chim. Acta 895 (2015) 80. 
[35] T. Kuila, S. Bose, P. Khanra, A. K. Mishra, N. H. Kim, and J. H. Lee, Biosens. 

Bioelectron. 26 (2011) 4637. 
[36] M. Pumera, Chem. Soc. Rev. 39 (2010) 4146. 
[37] T. Yang, Q. Li, X. Li, X. Wang, M. Du, and K. Jiao, Biosens. Bioelectron. 42 (2013) 

415. 
[38] Z. Xu, B. R. Meher, D. Eustache, and Y.  Wang, J. Mol. Graph. Model. 47 (2014) 8. 
[39] K. J. Feng, Y. H. Yang, Z. J. Wang, J. H. Jiang, G. L. Shen, and R.Q. Yu, Talanta 70 

(2006) 561. 
[40] L. Wang, E. Hua, M. Liang, C. Ma, Z. Liu, S. Sheng, M. Liu, G. Xie, and W. Feng, 

Biosens. Bioelectron. 51 (2014) 201. 



Anal. Bioanal. Electrochem., Vol. 11, No. 11, 2019, 1625-1637                                         1637 

[41] A. S. Dezfuli, M. R. Ganjali, P. Norouzi, and F. Faridbod, J. Mater. Chem. B 3 (2015) 
2362. 

[42] P. Norouzi, F. Faridbod, E. Nasli-Esfahani, B. Larijani, and M. R. Ganjali, Int. J. 
Electrochem. Sci. 5 (2010) 1008. 

[43] C. Esmaeili, P. Norouzi, M. S. Zar, M. Eskandari, F. Faridbod, and M. R. Ganjali, J. 
Electrochem. Soc. 166 (2019) B1630. 

[44] R. Pautler, E. Y. Kelly, P. J. J. Huang, J. Cao, B. Liu, and J. Liu, ACS Appl. Mater. 
Interfaces 5 (2013) 6820. 

[45] M. Du, T. Yang, X. Li, and K. Jiao, Talanta 88 (2012) 439. 
[46] M. D. Adams, J. C. Venter, E. W. Myers, P. W. Li, R. J. Mural, G. G. Sutton, H. O. 

Smith, M. Yandell, C. A. Evans, and R. A. Holt, Science 291 (2001) 1304. 
[47] X. Jing, Y. Wang, D. Wu, and J. Qiang, Ultrason. Sonochem. 14 (2007) 75. 
[48] S. Bhadra, D. Khastgir, N. K. Singha, J. H. Lee, Prog. Polym. Sci. 34 (2009) 783. 
[49] Z. Ji, X. Shen, M. Li, H. Zhou, G. Zhu, and K. Chen, Nanotechnology 24 (2013) 

115603. 
[50] M. Srivastava, A. K. Das, P. Khanra, M. E. Uddin, N. H. Kim, and J. H. Lee, J. Mater. 

Chem. A 1 (2013) 9792. 
[51] S. Zhang, Y. Ding, and H. Wei, Molecules 19 (2014) 11933. 
[52] A. Erdem, K. Kerman, B. Meric, and M. Ozsoz, Electroanalysis, 13 (2001) 219.  
[53] D. Johnston, J. Am. Chem. Soc. 117 (1995) 893.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © 2019 by CEE (Center of Excellence in Electrochemistry) 

ANALYTICAL & BIOANALYTICAL ELECTROCHEMISTRY (http://www.abechem.com) 

Reproduction is permitted for noncommercial purposes. 

http://www.abechem.com/

	Fig. 3. (A) CVs of 10mM [Fe(CN)6]3-/4- containing 0.1M KCl at (a) bare GCE (b) rGO-CeO2 NPs/PANI/GCE (c) ssDNA /rGO-CeO2 NPs/PANI/GCE (d) ssDNA/CeO2-rGO/PANI/GCE hybridized with 1×10-8M target DNA  (B) Nyquist diagrams of 10mM [Fe(CN)6]3-/4- containin...
	3.3. Analytical performance of the genosensor
	3.3.1. Detection of target DNA sequence
	3.3.2. Selectivity of the genosensor
	3.3.3. Stability and reproducibility of the genosensor


