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ABSTRACT: 
 
In this study, the impedimetric biosensor of human papillomavirus DNA (HPV DNA) in label free 
approach based on indium oxide nanowires (In2O3 NWs) was fabricated. The fabrication of In2O3 NWs 
was successfully conducted using thermal evaporation method and catalyst free approach. The grown 
NWs had a diameter of about 70 nm to 90 nm and length of several microns. The fabricated electrode was 
able to show high selectivity by changing the relative charge transfer resistance of 80, 60 and 50% for 
complementary, mismatch and non-complementary sequences, respectively. The electrode biosensor was 
stable for up to 6 weeks under the effect of electric field and showed 93% of its initial response sensitivity 
and detected DNA hybridization at very low concentrations in a linear response range from 0.1 pM to 0.1 
μM. The In2O3 NWs showed a detection of limit (LOD) 20 fM. The behavior of negatively charged DNA 
oligonucleotides in a nanostructured array under the influence of electric field brought about NWs in the 
preferred direction with an excellent analytical response. Compared to current biosensors, the designed 
and fabricated biosensor, in a suitable sensing mechanism, was able to optimize response sensitivity and 
stability and also could improve the reproducibility conditions. 
 
Keywords: Biosensor; Papillomavirus; In2O3 Nanowires; Impedance spectroscopy; Label-Free 
Mechanism.  
 
 

1. Introduction: 
 
 Human papilloma virus infection is a type of human papilloma virus (HPV), [1]. Most of the 
human papilloma virus infections are symptom-free and not resolved automatically, [1-4]. In some 
patients, the human papilloma virus infection causes warts or pre-cancerous ulcers, [1]. There are three 
classified categories, comprising about 200 types of papilloma viruses, depending on their role in the 
development of cervical cancer, they are denominated as low-risk, moderate and high-risk categories [2-
8]. The high-risk genetic species of the HPV has a significant role in the engenderment of cervical cancer, 
and this is the third most common cancer in the post-endometrial women and ovarian cancer in the United 
States, [2]. The cancer resulted by HPV infection is one of the leading inducements of fatality worldwide 
and is the second leading cause of cancer depravity among women in developing countries, [2, and 8]. 
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Among the 14 known high-risk species of the human papilloma viruses, two of them, subspecies HPV16 
and HPV18 are the most important high-risk genotypes around the world and they have been monitored 
in 62% of cases related to cervical cancer. About 93% of the cervix related cancers can be prevented, thus 
their diagnosis and recognition are extremely vital, [2]. Due to its low sensitivity and specificity, the 
detection of the HPV via cell culture and serological testing may not be easily detected achievable, [2-4]. 
In contrast, molecular cervical cancer screening techniques including hybrid capture assay tests and 
polymerase chain reaction (PCR) are the efficient techniques for the detection of HPV, [4]. However, the 
mentioned techniques are basically dependent on the DNA sensing of viruses. However, the preparation 
and purification of samples in the mentioned techniques are very challenging and excessively time 
consuming [6-8]. 

Functional materials have been a strong candidate to overcome the problems originated from the 
lack of energy and systematic deficiencies [9-11]. The continuous evolution of nanoscience and 
nanotechnology in recent years has led to the production of quasi-one-dimensional structures in a variety 
of different morphologies such as NWs, core shell NWs, nanoribbons, nanotubes, hierarchical 
heterogeneous micro and nanostructures, porous hollow nano-boxes nanosheets, layered 
paraelectric/ferroelectric nanocomposites polymers [12-25], nanorods and nanopores [26-28]. Among the 
various nanostructured materials which have been produced, metal oxides have received special attention 
[29-30]. Metal oxide nanostructures have received a great deal of attention due to their fundamental 
properties and wide application in the manufacture of electronic components [31-34]. Among them, 
In2O3, with an optical gap of about 3.6 eV, has important applications in areas such as window heaters, 
solar cells, gas sensors, [26]. Recently, In2O3 nanostructures have received considerable attention due to 
their new properties and applications in the field of bio-sensing [27], gas sensing [28, 35-38] and nano-
transistors [39]. There has recently been a great deal of interest in the synthesis and research of In2O3 
nanostructures. Some of different In2O3 nanostructures which have been obtained by different methods, 
such as CVD method [36 and 37], pulsed-laser [40], and oxide powder evaporation method [41], were 
applied to small analytes such as streptavidin [42]. 
Indium oxide recently has been used in biosensing and analyte measurements [37]. In some reports, 
indium-based materials were used to HPV detection. Cervical cancer caused by HPV infection was 
investigated by A label free nano-sensing platform [43]. A fast, accurate and early detection platform was 
developed for HPV-16 detection in cost-effective label free DNA based on electrochemical biosensor. A 
low-cost and rapid electrochemical resistive DNA biosensor based on the current relaxation method was 
described [44]. A DNA probe, complementary to the specific human papillomavirus type 16 (HPV-16) 
sequence, was immobilized onto a screen-printed gold electrode. DNA hybridization was detected by 
applying a potential step of 30 mV to the system, composed of an external capacitor and the modified 
electrode DNA/gold, for 750 µs and then relaxed back to the OCP, at which point the voltage and current 
discharging curves are registered for 25 ms. 

Electrochemical impedance spectroscopy (EIS) detection is one of the most promising 
mechanisms in label free bio-sensing especially in DNA detection. The EIS measurement studies the 
dielectric parameters of a biological system in wide frequencies, [45-48]. The EIS has demonstrated to 
provide information on wide basic processes such as surface adsorption, charge transfer, ion exchange 
and diffusion, [45-49]. The EIS provides the fundamental and functional information at the interface 
between the electrode and electrolyte, [45- 47]. The electrochemical impedance measurement system as a 
non-destructive and relatively facile to use detection system has been widely used in the field of label-free 
biosensors that are sensitive to cell culture monitoring, interaction between antibody and antigen [45-51], 
and DNA oligonucleotides hybridization, [46-49]. 
 In this study, the impedimetric biosensor of HPV DNA based on In2O3 NWs was fabricated. In 
this paper, the fabrication of In2O3 NWs using thermal evaporation method in catalyst-free method in a 
horizontal tube furnace was successfully conducted. The fabricated electrode was able to give high 
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selectivity by changing the relative charge transfer resistance for complementary, mismatch and non-
complementary sequences. The electrode biosensor was stable for several weeks under the effect of 
electric field and detected DNA hybridization at very low concentrations. The behavior of negatively 
charged DNA oligonucleotides in a nanostructured array under the influence of electric field brought 
about NWs in the preferred direction with an excellent analytical response. Compared to current 
biosensors, the designed and fabricated biosensor, in a suitable sensing mechanism, was able to optimize 
response sensitivity and stability and also could improve the reproducibility conditions. 
 
 
 
 
2. Experimental section: 
 
2.1. Materials 

 Potassium chloride, K4Fe(CN)6, K3Fe(CN)6, ethanol, HCl, NaCl, EDTA 
(Ethylenediaminetetraacetic acid), and Na3C6H5O7 were purchased from Merck. The PC template was 
obtained from Whatman Co. The Phosphate buffer saline (PBS), Dithiothreitol (D.T.T), NiSO4·6H2O, 
H3BO3, KAu(CN)2, CH2Cl2, 3-aminopropyltriethoxysilane (APES), PVP (polyvinylpyrrolidone) were 
prepared from Sigma Aldrich.  

2.2 Analyte preparation  
The surface modification for HPV DNA probes immobilization on the Au-decorated nanowires 

(gold coated for FESEM imaging intendency) was performed in a sterilized clean room. Immobilization 
of thiolated oligonucleotides probe initially was performed after DNA preparation by DTT. PBS (6 μL) 
(pH~4.5) containing 100 μM single-stranded DNA probe was transported on the electrode, (modified 
nanowires) for 12 h. After DNA drop on the electrode surface, for removing some of the unabsorbed 
DNA oligonucleotides, the electrode system was submerged into 4mM 6- mercapto-1-hexanol for 1hr and 
then cleansed by PBS and DDW. For hybridization of SS-DNA probe with DNA target, first the probe 
electrode was submerged in PBS solution in pH~ 7.5, in concentration of 15 μM SS-DNA target for 6 hr. 
It is important to note; target was part of the DNA sequence of the HPV and it was a complementary 
strand to the DNA probe. Finally, the sensing part of setup was cleansed with DDW and dried with argon 
gas in suitable flow. The buffers used in this work were as follows: DNA immobilization buffer: buffer 
Tris-EDTA (TE, 10 mM Tris–HCl, 1 mM EDTA, pH 8.0), hybridization buffer: 2× saline sodium citrate 
(SSC, 300 mM NaCl, 20 mM Na3C6H5O7, pH 7.0). Electrolyte solution was 0.2 M KCl solution 
containing 2 mM K4Fe(CN)6/K3Fe(CN)6 (1:1). All solutions were prepared in deionized water (DI water). 
25-mer ss-DNA sequence with HS-(CH2)6-modification at the 5′-end with HPLC purification (as HPV 16 
probe) and all target oligonucleotides with BIO-RP purification were provided. Stock solutions (100 μM) 
of the DNA sequences were prepared with sterile distilled water (SD water) and stored at a refrigerator at 
-20 °C. Specificity of the oligonucleotide sequences were investigated with Basic Local Alignment 
Search Tool (BLAST) [5]. The used oligonucleotides sequences were listed in table 1. 
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2.3 NWs fabrication 
 
 In this experiment, the used source was indium oxide powder. In this work, there was no catalyst. 
A number of P-type silicon substrates, which are immersed in ethanol alcohol solution for 20 minutes, 
were distilled twice in water solution for about 20 minutes. The amount of used powder was about 0.025 
gr put in the alumina boat in the hot zone of the tube. The working process of the coating was followed; 
first the inside chamber was vacuumed by a rotary pump up to the allowable limit, a pressure of 10-3 
mbar. When the pressure reached to this level, the furnace temperature was raised to about 900 °C. Then 
argon gas was entered the chamber as a carrier gas in an alumina tube with a flow rate of 25 Sccm. The 
duration of the deposition was about 2 hours. Finally, a white layer was settled on the substrates. The 
structural and crystalline properties of the samples were analyzed using XRD analyzer system by XRD 
device manufactured by Siemens Model 500D- (λ = 0.15419 nm, CuKα) and surface properties were 
analyzed by FESEM analyzer by FESEM device (200FEG) made by Hitachi. A schematic illustration of 
this deposition process is shown in Fig. 1. 
 
2.4. Electrochemical impedance spectroscopy measurements 
 
 Electrochemical impedance spectroscopy (EIS) measurements were conducted by a (PG 
STAT302N) automatic potentiostat equipped with a frequency response analyzer module (FRA32); 
(Autolab, Metrom, The Netherlands), associated with an electrochemical cell in a three-electrode system 
which Ag/AgCl was as reference, Pt as counter, and In2O3 electrode as a working electrode. To plot 
Nyquist diagrams, Tecplot 360 software was used along with the computational fluid dynamic formats 
(CFD). EIS measurements were performed in the frequency range of 0.01-100 kHz and the disturbance 
potential was +10 mV. Measurements were performed under OCP conditions related to bias voltage. All 
EIS measurements were performed 3 times. 
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Fig. 1. Thermal evaporation furnace; Indium oxide deposition in the presence of argon gas, 

  
3. Results and discussion  
3. 1. Structural and surface analysis:  
 
 Fig. 2 shows the FESEM image of the fabricated samples. In this image, as can be seen, there are 
NWs with a diameter of 70 nm to 90 nm and a length of several microns. In such methods, the growth 
mechanism is usually called VS. In some methods associated with catalyst, it is clear that the catalytic 
nanoparticles are clearly visible at the end of the needle nanostructure. But there is no such thing in these 
NWs. The NWs have been grown in an uncontrollable direction due to the lack of catalysts. It can be seen 
that the needle like structures began to grow strongly from any point that causes to grow NWs in 
intertwined and intangible design. In this method, nucleation sites were created due to the use of VS 
mechanism by indium oxide vapor particles. This method does not require an external catalyst. The 
indium oxide atoms themselves provide these nucleation sites in a very interesting way and form these 
structures. The HRTEM and TEM measurements of an In2O3 NW have been shown in Fig. 2D. In Fig. 2D 
the growth direction is coincided with the In2O3 NWs. The crystallographic plane of In2O3 for cubic 
crystal lattice by the inter-planar spacing of 0.512 nm related to the (200) crystallographic plane was 
validated in Fig. 2D. The growth direction of fabricated were oriented to [111], [28, 36-37]. 
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Fig. 2. The FESEM image of indium oxide NWs. The scale for A): 5 µm, B): 3µm and C): 1µm, D) the HRTEM and TEM 
image of In2O3 NW.   

 
 Fig. 3 shows the XRD analysis of the fabricated NWs. Interestingly, the formation of highly 
crystalline nanostructures occurs in one direction. It turns out that the formation of indium oxide 
structures is mainly significant in this regard. The absence of a catalyst can be attributed to the creation of 
related structures in an uncontrollable direction. The nanostructures created in this experiment are 
crystallized along a length that is completely arbitrary and random. According to the reference [36-37, 
52], the cellular constant of these nanostructures is a = 1.012o nm according to JCPDS No. 6-0416. 
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Fig. 3. Spectrum of indium oxide NWs by XRD analysis 

  
3.2. Growth mechanism  

      
There are two models to describe the growth mechanism of one-dimensional materials. The model 
associated with this section is a common torsional growth mechanism that emphasizes the existence of a 
rotational dislocation, which extends parallel to the axis of the wire or rod [26]. In this model, the plate 
rotates perpendicular to the dislocation line, causing the growth step to act as a low-energy site [26]. 
When the growth of NWs is achieved through direct condensation of the vapor phase without the use of a 
catalyst, the growth method used is called vapor-solid (VS) [26]. This method is sometimes called self-
catalyst. In the past, this growth process was thought to be due to network defects, but when the NW was 
observed to be defective, this explanation was no longer acceptable. Another surprising effect recorded in 
this method is that the NW growth rate is higher than the computational density of the vapor phase. This 
can be interpreted as the plates in the NW structure absorbing the molecules that are later dispersed on the 
main growth surfaces of the wire. The VS process occurs in many non-catalytic growth processes. 
According to the information obtained from a series of relatively complete theoretical and experimental 
works, it has been shown that the minimization of surface free energy causes the growth of VS [26]. At 
high temperatures, the precursor material evaporates and then condenses directly on the substrate in the 
low temperature range. When the condensation process takes place, the molecules that are first condensed 
form catalytic granules, which act as nucleation sites [26]. As a result, they enable direct growth to 
minimize the surface energy that dominates the growth process. In other words, when indium oxide vapor 
particles are generated in the said conditions in a very hot region, they are transported by the carrier gas, 
which is argon gas, and land on the silicon substrate at a lower temperature [26]. These particles 
themselves cause the process of nucleation, adsorption and growth of NWs using the torsional growth 
process. In this type of growth, the NWs are bent and twisted, which is a good place to absorb molecules 
or clusters of vapor, which ultimately leads to one-dimensional growth of indium oxide NWs. 
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3.3. Sensory analysis 
The sensing measurements were conducted in several tests such as; selectivity, response, stability, 

reproducibility, calculating the calibration curves and Randels equivalent circuit parameters. Fig. 4 shows 
the schematic image of DNA immobilization and hybridization on the NW surface. As shown in Fig. 4, 
the immobilization process could be materialized on the NW surface. For target hybridization which is 
coupling the single strand (probe) with complementary strand, the signal response would bring about the 
more charge carriers in the electrolyte. Uniform and continuous deposition of oligonucleotides on the 
NWs surface is a main parameter for DNA sensing. For non-complementary and mismatch sequences, the 
weak signal would be sensed. In weak hybridization, the response recording process would be conducted 
in low concentration of the charge carriers.  
 

 
Fig. 4. the schematic image of DNA immobilization and hybridization on the NW surface 

 
 

electrode 3O2for In measurement3.3.1. Selectivity   

Fig. 5 shows the EIS spectrum (Nyquist curve Z' vs. Z") using redox ions for the oligonucleotide-
modified electrode. The Randles parameters; Rct, CPE and RS show the charge transfer resistance, the 
constant phase element at the interface between the electrode and the electrolyte, and the electrolyte 
resistance due to the uncompensated resistance to the solution associated with the internal resistance of 
the electrode and the resistance of the connections and wires, respectively. The ZW (Warburg Impedance) 
resistance to the release of ferro/ferri ions in the electrode/electrolyte interfaces and in fact originates 
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from the redox couple diffusion and the electrode at low frequencies [53]. Results are obtained after three 
different independent tests for probe, complementary, mismatch and non-complementary DNA targets. 
All experiments were measured at a concentration of 1 μM. Fig. 5 indicates the selectivity of the surface 
of an In2O3 electrode with ss-DNA, complementary, non-complementary, and mismatch oligonucleotides. 
In Fig. 5, the EIS impedance spectra for the electrode modified with the ss-DNA probe and their 
hybridization for biosensors were investigated. As shown in Fig. 5, due to the compatibility and 
correlation of In2O3 NWs with DNA targets, the diameter of the impedance semicircles of the In2O3 
electrode increased sharply in the presence of complementary oligonucleotides that show the reduction of 
the electrical conductivity of the In2O3 electrode system. Fig. 5 shows that the In2O3 modified electrode 
has significant DNA sensing capabilities. The corresponding charge transfer resistance (Rct) for dsDNA-
In2O3 and ssDNA-In2O3 electrodes are 5618 and 1806 ohms, respectively. The diameter of the single-
stranded DNA hybridization circle stabilized on the In2O3 substrate with the complementary target strand 
increased compared to the non-complementary hybridization. The diameter of the probe hybridization 
semicircle compared to non-complementary hybridization increased with the target hybridization. This 
means that the charge transfer resistance enhanced with the formation of the complementary double layer 
and the change is around the value of ∆Rct = 3812 Ω. Due to the electrostatic repulsion interactions, EIS 
measurements using non-complementary oligonucleotides indicate faster charge transfer kinetics and 
reduced resistance than the complementary single strand. However, in comparison to the immobilized 
complementary DNA strand, Nyquist plots show an enhancement in resistance when the non-
complementary and single strand with a different base were used. Compared to probes, the electrostatic 
repulsion between the ferro/ferri redox couples and In2O3 increases the charge transfer resistance. Also, 
the slope of the Warburg linear region for the complementary strand due to changes in the amount of 
penetration resistance of the charged species was reduced. By forming the double-stranded DNA, 
enhancement of the penetration resistance of charged species into the interface layer has increased the 
Warburg's impedance. Therefore, it causes that the mass transfer regime changes. 
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Fig. 5. The EIS impedance spectra for probes, complementary target, mismatch and non-complementary DNA 
oligonucleotides at 1 μM. The electrolyte solution; 0.2 M KCl solution containing 2 mM K4Fe(CN)6/K3Fe(CN)6 (1:1). 
Impedance spectra using AC modulation from +10 mV in the frequency range of 0.01 Hz to 100 kHz with DC bias without 
changes due to open circuit potential. 

electrode 3O23.3.2. EIS response for In 

The sensitivity of the In2O3 electrode response was examined in the presence of virus DNA. This 
study was performed by testing the response of the fabricated biosensor to different concentrations of 
complementary target oligonucleotides. The sensitivity of the biosensor response to complementary 
sequences for In2O3 was measured from 0.1 pM to 0.1 µM (Fig. 6). No satisfied response was recorded 
for concentrations less than 1 μM. The In2O3 electrode was able to respond to 0.1 pM. The amount of 
charge transfer resistance increased with increasing target DNA concentration of complementary. The 
strands of DNA molecules form a self-assembling single-layer on the electrode surface due to the strong 
covalent bond of thiol to gold [54]. Changes in charge transfer resistance have occurred due to 
conformational changes that occurred during DNA hybridization [54]. As the concentration of 
electroactive ions increases, the charge transfer resistance decreases. On the other hand, the enhancement 
of the concentration of complementary DNA led to an increase in charge transfer resistance due to the 
formation of compressed and aggregative layer. In fact, electrostatic interaction and spatial inhibition 
between ferro-ferri species and DNA phosphate group prevent ions from reaching the electrode surface 
and create a higher potential barrier for electron transfer of these species [54]. Also, the diffusion control 
zone has the lowest slope in the case of complementary filaments with higher concentration, which in turn 
is related to the more complete composition formed in the presence of complementary filaments at higher 
concentrations, which has the lowest possibility of mass transfer. However, it provides a self-aggregating 
monolayer on the surface of thiol-plated gold electrode [54]. 
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Fig. 6. EIS response measurements for In2O3 electrode. Biosensor sensitivity to complementary sequences measured for In2O3 
from 0.1 pM to 0.1 µM. the electrolyte solution 0.2 M KCl including 2 mM K4Fe(CN)6/K3Fe(CN)6 (1: 1). Impedance spectra 
using AC modulation from + 10 mV in the frequency range of 0.01 Hz to 100 kHz with DC bias without changes due to open 
circuit potential 

3.3.3. The stability test for fabricated In2O3 electrode 

 The stability of the In2O3 electrode was investigated by storing biosensors in the freezer at 4°C 
after 6 weeks, and the results showed a maximum response for In2O3 (at a concentration of 1 μM), and the 
In2O3 biosensor was able to obtain 93% of its initial responses, (Fig. 7). This showed that the In2O3 
biosensor response has long-term stability. 

 
Fig. 7. Stability of In2O3 electrode by storage in freezer at 4°C after 6 weeks (blue curve). Results of response to the 
complementary target (at a concentration of 1 μM). Recovery of 93% of the initial sensor response. Electrolyte solution; 0.2 M 
KCl solution containing 2 mM K4Fe(CN)6/K3Fe(CN)6 (1: 1). Impedance spectra using AC modulation from + 10 mV in the 
frequency range of 0.01 Hz to 100 kHz with DC bias without changes due to open circuit potential. 

 

3.3.4. Calibration curves for In2O3 electrode 

 Fig. 8 shows the calibration curve for the In2O3 biosensor. Fig. 8 shows that changes in charge 
transfer resistance indicates a linear relationship with the logarithm scale of the concentration of 
complementary DNA sequences in the range of 0.1 pM to 0.1 µM at the In2O3 electrode (Fig. 8, blue 
line). The information diagram clearly shows a high sensitivity of the In2O3 electrode response to the state 
without applying electrical potential. A detection limit of 20 fM was obtained for the In2O3 electrode [2]. 
It was estimated Y = Sb + 3σb where Sb is the signal of blank and σb is the standard deviation of blank. 
The ability of the biosensor was tested by storing the biosensor in the freezer at 4°C for 6 weeks, Fig. 8 
(red line). The results showed that the biosensor was able to maintain a maximum of 93% of its initial 
response after 6 weeks. This indicates that the impedimetric biosensor responses have been long-term 
stable. 
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Fig. 8. Calibration curve for In2O3 biosensor (blue line). Calculation of sensor stability after 6 weeks of maintenance (red line) 
 
3.3.5. Reproducibility for In2O3 electrode 

 The reproducibility of the In2O3 biosensor in DNA sensors was evaluated after calculating the data 
materialized by three independent electrodes fixed at a concentration of 1 μM. Relative standard deviation 
(RSD) values for In2O3 were 0.62, 3.26 and 5.96% for non-complementary, mismatch and 
complementary targets, respectively. RSD values of less than 9% indicated that the In2O3 electrode had 
more acceptable biosensor detection than previous reports and have good accuracy for detecting and 
measuring HPV16 DNA [55, and 24 56].  

 
3.3.6. Randels equivalent circuit parameters 

 The parameters of the Randles electric field elements obtained from the simulation of the 
impedance spectrum of the In2O3 electrode are shown in Table 2. EIS measurements were consistent with 
the circuit elements. It can be said that the changes caused by the application of the field are quite 
noticeable. According to the conditions obtained, the higher sensitivity of the electrode can be achieved 
by fitting. 

  
Electrode 3O2). Summary of Randels Equivalent Circuit Parameters for In2Table (  

Sample  (Ω)SR )µF 6-10(CPE   N  (Ω)ctR (%)RSD    )5-10(WZ   
SS-DNA  34 326 0.82 1806 1.37  8.93 
dS-DNA  108 183  0.89 5618   2.16 3.11  

 

3.3.7. The Comparison  
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In order to compare the quantification and qualification of the fabricated DNA biosensor, the 
performance of the several recently published works are summarized in Table 3. The results in Table 3 
also showed that the electrochemical response of the In2O3 electrode shows satisfied performance and has 
better response. The experimental results reported in this study evidently demonstrate the effects of In2O3 
electrode structure on the improvement of DNA sensor detection sensitivity. 

 
Table 3. the comparison of the quantification and qualification of the fabricated HPV DNA biosensors. 

Biosensor Electrode Method Concentration 
Range 

LOD REF. 

biosensor based 
on labeled 

pyrrolidinyl 
peptide 

screen-printed 
carbon 

electrodes 

SWV 0.02–12 μM 4 nM [57] 

DNA biosensor 
for HPV 16 

Gold electrode DPV 18–250 nM 18 nM [58] 

Biosensor for 
short DNA 
Sequences  

Screen-printed 
gold electrodes 

SWV 0–770 pM 0.308 
pM 

[6] 

papilloma virus 
DNA biosensor 
using SWCNT  

Single walled 
carbon 

nanotube  

EIS 1aM-1μM 1 aM 
(Atto 

molar) 

[4] 

DNA biosensor 
to identify a 
target gene 

cloned into a 
plasmid 

Pencil 
graphite 
electrode 

DPV 5.36-670 nM 2 nM [59] 

a pencil 
graphite (lead) 

electrode (PGE) 
for the detection 

of HPV 

Pencil 
graphite 
electrode 

SWV 185 –7700 nM 185 
nM 

[60] 

An 
amperometric 

sensor for 
papillomavirus 

Carbon nano-
onion modified 
glassy carbon 

Amperometry 0–20 nM 0.5 nM [61] 

Impedimetric 
biosensor to 

detect 
papillomavirus 

In2O3 NWs EIS 0.1 pM to 0.1 μM 20 fM This 
work 

 
 
 
4. Conclusion: 

A DNA biosensor was developed to detect human papillomavirus based on indium oxide NWs in 
asymptomatic mechanisms and electrochemical impedance measurements, as well as in accordance with 
the Randles equivalent circuit. The indium oxide NWs were successfully performed in a horizontal tube 
furnace using thermal evaporation method without the use of catalysts. The ss-DNA single-stranded DNA 
probe was covalently immobilized on the surface of the In2O3 NWs electrode by the thiol agent. The 
In2O3 electrode biosensor detected HPV DNA hybridization at very low concentrations in a linear 
response range from 0.1 pM to 0.1 μM. In2O3 electrode biosensor was able to achieve a diagnostic limit 
of 20 fM. In2O3 electrode was able to make a strong differentiation between complementary, non-
complementary and mismatch DNA sequences and was able to obtain high selectivity by changing the 
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relative charge transfer resistance of 80, 60 and 50% for complementary, mismatch and non-
complementary sequences, respectively. The In2O3 electrode biosensor was stable for up to 6 weeks and 
showed 93% of its initial detection response. 
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