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human papillomavirus (HPV) 18 was developed due to Polymerase Chain Reaction
(PCR) and sequencing as conventional methods take several weeks to complete. The
surface modification technique using APTES has been used in this study as a linker with
the specificHPV 18 DNA probe. The electrode surface was functionalized with the 30
mer DNA probes based on the HPV 18 virus sequence. HPV18 probe was attached
covalentlyon the glass substrate using gold microelectrode IDE pattern. Moreover, this
technique can allow the immobilization of DNA on the surface of the interdigitated
electrodes. Then, the utility of the method isdemonstrated by immobilizing probe DNA
on the surface and detecting target DNA spedfic for the HPV via inte rdigitated
electrode biosensor. Inour perception, this surface modification method can enables
high-performance sensing for DNA immobilization to the target (analyte) DNA.
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1. Introduction

Human Papillomavirus (HPV) 18 is the second most variant infection of cervical cancer after HPV
16 [1-3]. HPV 18 is the most aggressive one compared to other variant types [4]. HPV is the most
common virus that will spread when the person have been through sexual contact [5]. About 80% of
HPV virus occurred in most of countries which causes 260 000 deaths every year [6]. There are more
than 100 types of HPV virus than have been discovered so far and some types can cause health
problems including genital warts and cancer [7,8]. About 15 types of HPV virus has been discovered
which can cause higher risk cervical cancer to women. The other types of HPV are responsible for
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non-genital warts, which are not sexually transmitted. There are two categories of HPV types that
can sexually transmit. Firstly, is low-risk HPV. It will not cause cancer but can cause the skin wart
which is known as condylomata acuminate around the genitals and anus. Mostly, high-risk HPV
infection occurred without any symptoms and the development of cervical cancer take 1-2 years.

HPV 18 is the second most carcinogenic HPV type after HPV 16. HPV 18 is known as a higher
proportion of cervical adenocarcinomas (ADC) which is about 37% compared with squamous cell
carcinomas (SCC) which is about 12% [9]. Most of the HPV 18 are asymptomatic and capable to avoid
clearance by the immune system [10,11]. Thus, the early detection method for HPV 18 DNA is
necessaryto develop in order to prevent the cancer for people [12]. Usually, the HPV virus are related
to the women that have sexual behavior such as like to change sexual partner which have the high
risk to getinfected by cervical cancer [13].

The IDE was composed of two connections on tracks on the glass substrate [14]. The
configuration of this IDE which is to enhance the sensitivity and detection limits. There are many
types of IDE have developed nowadays as shown in Figure 1. These IDEs offer several advantages,
such as working with low volumes of sample and avoiding tedious polishing of solid electrodes. The
IDE configuration typically enhances sensitivity and detection limits. They are suitable for
decentralized assays, to develop specific biosensors and other electrochemical studies. IDE also low
cost, ease of fabrication process and have excellent sensitivity which widely used in biological and
chemical sensor. Besides that, this IDE have a lot of advantages in sensing application. This is because
its electrodes are rigidly fixed on the substrate which can enables highly reproducible, facile
application and well-quantified electrical stimulation. Furthermore, IDE also can be easily fabricated
by the researcher and only need low voltage to create the electrical field strength. Currently, the IDE
Nano biosensor has been developed in order to detect the cervical cancer using deoxyribonucleic
acid (DNA) hybridization [15,16] The nanoscale IDE has been created to investigate the miniature and
sensitive affinity biosensors.

(a) (b) o

NDS NDS

Fig. 1. The diagram shows the types of Interdigitated Electrode
(IDE): (a) Interdigitated Gold Electrodes over glass substrate. (b)
Gold interdigitated electrodes over transparent flexible plastic
substrate. DropSens interdigitated electrodes (IDEs) are
composed of two interdigitated electrodes with two connection
tracks, on a glass substrate.

2. Methodology

The IDE dimensions for band gaps are 200um [17]. The glass substrate dimensions for IDE is 22.8
mm (length) x 7.6 mm (wide) x H 1 mm (height). The IDE have been purchased from Dropsens
(http://www.dropsens.com/en/interdigitated electrodes.html).  3-Aminopropyl triethoxysilane
(APTES; CoH23NOsSi) which was the organosilane have been acquired from Sigma—Aldrich
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(http://www.sigmaaldrich.com/malaysia). The active site surface will be covered with amino groups
from APTES. The biomarker using probe DNA HPV 18 (Accession No.: A18875.1) were identified by
modified at 5’ end carboxylic group single-stranded 30 mer synthetic probe designed from HPV 18
strain full genomic. The design oligomers were synthesized from AIT Biotech, Singapore
(http://www.aitbiotech.com). The sequence of 30-mer oligonucleotide probe, complementary
(positive strand), non-complementary and mismatch oligonucleotides are showed in Table 1.

The lyophilized DNA samples were reconstituted and diluted in distilled water before using it. The
30 mer probe was utilized for immobilization and 30 mer complementary strands as a target for
hybridization. The E6 region of HPV 18 nucleotide gene sequence used to design the probe in this
study was gotten from previously reported complete, coding sequences (CDS) in GenBank database.
The whole genomic sequence can be found in GenBank
(http://www.ncbi.nlm.nih.gov/nuccore/K02718.1). The different pH buffer solutions were
purchased from Sigma Aldrich (http://www.sigmaaldrich.com/malaysia).

Table 1
DNA sequences for HPV18

Oligonucleotide Sequences

HPV DNA probe
oligonucleotide
Target 30-mer HPV18A-
CMP
Non-complementary 30-
mer HPV18A-NCMP
Mismatch 30-mer
HPV18A-MISMATCH

5’AGTGAATTCTTCGAACACTTCACTGCAAGA3’

5'TCTTGCAGTGAAGTGTTCGAAGAATTCACT3’

5’AGAACGTCACTTCACAAGCTTCTTAAGTGA3’

5'TCTTGCAGTGAAGAGTTCGAAGAATTCACT3’

Silanization of IDE using APTES Silanization was the process that covered the surface of the device
with organo-functional molecules (chloro or alkoxysilane). The APTES was used as a surface
modification or silanization since the deoxyribonucleic acid (DNA) cannot directly bond with the
device surface. Besides that, APTES also provide a linker or molecular binding with the specific HPV
18 DNA probe for bio functionalized. The silanization is one of the techniques that are suitable and
can be used in biomedical application. When APTES undergo dilution, the IDE surface will be change
into hydrophobic surface as shown in Fig 3. 12uL of APTES (100%) will be diluted with 32uL of
deionized distilled water (ddH20) to form APTES (24%). The APTES was utilized as a medium to
immobilize the DNA probe on the active area of the device. The volume (1uL) of 24% of APTES was
dropped on the IDE surface for 15 min of silanization incubation time and then, the electrical
measurement was being done.

Before performing the actual experiment, the function of the interdigitated electrode (IDE) was
measured with various pH buffer solutions which are pH1-pH6 for acidic solution and pH8-pH12 for
alkaline solution. The different pH buffer solutions were purchased from Sigma Aldrich
(http://www.sigmaaldrich.com/malaysia). The pH characterization must be performed to stabilize
the devices for detection of immobilization and hybridization of HPV18 DNA that caused cervical
cancer. Then, the electrical test was taken with various pH solutions to observe the response of the
device with different pH value. The IDE device was cleaned by using deionized distilled water (ddH20)
and dried it before pH characterization started. The device’s electrical response was obtained for
bare IDE. Then, 1uL of 24% APTES (3-Aminopropyl triethoxysilane) was dropped onto the active area
of the IDE surface for 15 minutes and performed the electrical response. After that, 1uL of each
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various pH buffer solution was dropped onto the active area of IDE surface and the |-V measurement
was performed. Before changing the testing solution, the device surface must be cleaned by using
ddH20. The current-voltage (I-V) measurement were performed by using two-point probe with
KEITHLEY 6847 Picoammeter and KEITHLEY 2450 Sourcemeter.

The amine terminated functional group in APTES was binding with the 5’end with the carboxyl
group (COOH) on the DNA probe for immobilization. The dilution of 10uM of probe DNA was
performed by using formula shown in Equation 1,

M1V1= M2V (1)

where M1 = the concentration in molarity (moles/Liters) of the concentrated probe solution, V1= the
volume of the concentrated probe solution, M2 = the concentration in molarity of the dilute probe
solution, and V2 =the volume of the dilute solution.

Hybridization was the process immobilization of probe DNA to its complementary which is target
and form double strand DNA. This process was performed in the room temperature. Hybridization
was started when the immobilization of probe DNA started. Before the hybridization process were
performed, the HPV DNA analyte which were target, non-complementary and mismatch will be
diluted with deionized distilled water to get appropriate concentrations.

The volume (1pL) of 10uM of target DNA was dropped onto the active area of IDE surface for
hybridization process. Then, the IDE device was dried and incubated for 15 minutes. The length of
the target DNA same with the probe DNA which was 24 mer. Keithley 2450 Sourcemeter was used to
measure the electrical characterization of the IDE. The electrode was rinsed with distilled water.

Through hybridization, the IDE electrode was heated to a specified temperature. This was
followed by a gentle washing with the 0.01M of NaOH solution to denature the sample for 5 minutes.
After that, the same step as before was performed using either non-complementary oligonucleotide
sequence or mismatch oligonucleotide sequence during hybridization step.

3. Results
3.1 Silane Layer Characterization

There are five functional group of silanes which are 3-aminipropyltriethoxysilane (APTES), 3-
aminoprophyltrimethoxysilane (APTMS), N-(2-aminoethyl)-3-aminoprophyltrimethoxysilane
(AEAPTMS) and N-(6-aminohexyl) aminomethyltriethoxysilane (AHAMTES) that can used to form the
stable amine-functionalized IDE substrates [18], [19]. But in this experiment, APTES was been used
for silanization process because can form covalent bond with carboxylic modified end probe [20],
[21]. APTES was relatively well to do for handling because it had moderate reactivity. Three
hydrolysable ethoxy groups ensure a robust anchoring of the silane to the IDE surface. This process
was called as surface silanization. This process has been performed in the room temperature. When
the silanization process has been done, the hydrophobic condition on the substrate surface was
appeared since we used the glass substrate. The end group of the surface functionalized with NH»,
SH, COOH, NHS ester or epoxide is commonly used for covalent immobilization with the
biomolecules. Aminosilanes were widely used as coupling agents because of their bifunctional
nature. The APTES has the end group which is amine group that can enable the conjugation of the
biomolecules on the IDE substrate (Fig 4). The carboxylic group modified DNA probe was forming
covalent bond with the NH2 group from APTES molecule that known as amide bond [22]. Then, Si-O
group which is the other end group of APTES will be reacting with the glass substrate of IDE.
Furthermore, the glass substrate can control the surface reactivity from passive to active. The amino
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group (NH2) of APTES must be align away from the IDE surface in order to capture the higher number
of biomolecules which DNA probe in this study.

3.1.1 Detection limits of the HPV on IDEs

The test configuration for this experiment is in Table 1. Nevertheless, for the experiment at
Reynolds number of 2x10°, the angle of attack was limited to a = 23° only.

By referring to the Fig. 2, it represents the |-V curves obtained from measuring the I-V
characteristic HPV18. The bottom curve which the black line indicates the I-V characteristic of a bare
IDE device which show a very low resistance that prove no APTES, probe or any analyte target have
not been added onto the active area of IDE surface. Then, the red line represents the |-V curve for
surface modification by using APTES. Next, the blue lines which represent the |-V curve that
containing the APTES and probe for immobilization process. After that, the purple, green and blue-
black line represents the |-V curves for analyte DNA for hybridization process. The curve for
immobilization has higher value compared to the hybridization process. This is because due to the
negativity of single-strand of DNA charge during immobilization process. Thus, the current flow will
be increased due to the negative charge. When hybridization process occurs, the net changes
between complementary nucleotide will induced the current flow.
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Fig. 2. The |-V characteristic of Interdigitated

Electrode (IDE)

Based on optimization, carboxyl-probe HPV DNA which is 10uM has been introduced onto the
active area of IDE surface in order to test the efficiency of different concentration of DNA target.
Then, different HPV18 DNA target concentrations have been prepared which are 10uM, 10nM, 10pM
and 10fM by a serial dilution using DI water. The volume 1uL of sample was taken from each
concentration to test the range of detection by calculating the current. Fig. 3 showed the current
measured on the biosensor with different concentration of HPV 18 DNA target by using Keithley 2450
Sourcemeter. When the current of the biosensor decrease, it showed that the hybridization process
has been occurred due to the higher negative charge which comes from the attached DNA. It means
the resistance will be increased in the space charge region resists the device’s current to flow.
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Fig.3. The currentresponseto target DNA hybridized

on the 10uM of HPV 18 DNA

The carboxyl modified probe biosensor has current which is 1.6x10® A at 1V. This is the
requirement to setup a quantitative DNA sensoras it will not damage the DNA. These results showed
that the concentration of HPV target DNA and the output current were highly related. The output
currents were inversely proportional to the HPV target DNA concentration due to the electrostatic
interaction between the probe and its target DNA which can affects the properties of the electrical
measurement and also electrons transfer kinetics. Then, the current peak was formed a linear
relationship with target concentrations over the range between 10uM and 10fM with the current
value at 9.8x107 A to 3.8x10”7 A (Fig. 4). This will show all the analyte DNA concentration have high
current sensitivity towards 10uM probe DNA, showing that more changes in charge transfer of DNA
target on the sensor. Thus, it proves that our sourcemeter is more sensitive; a detection limit of 10fM
can be achieved. Each detection takes lesserthat 30 minutes to get a steady output current.
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Fig. 3. Different concentrations (10uM to 10fM) of analyte DNA
were tested. It showed different concentrations of HPV analyte
DNA, have been detected using IDE nanobiosensorin order to
determine the lowest concentration that can be detected. In
interdigitated electrode the active area is larger enough to be
disturbed by 1 V. Error bars represent the standard deviation of
triplicate determinations of three independent repeated
experiments (n=3).
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4. Conclusions

The most important issue in development of high-performance biosensor is the biomolecule
immobilization. The correct technique for immobilization also will lead to high performance
biosensor. In order to produce uniform immobilization of DNA molecules, the current strategy of
silane formation with (3-aminopropyl) triethoxysilane (APTES) has been used to modify the IDE
substrate surface with stable layer of thin silane. The optimized silane layer favored will formed a
uniform highly dense layer of DNA biomolecules on the substrate surface. Then, the samples were
characterized for electrical properties in each step of surface modification and biomolecular
immobilization by using two-point probe with Keithley 6847 Picoammeter and Keithley 2450
Sourcemeter. It is demonstrated that this picoammeter-DNA biosensor was detected as low as 10 fM
of HPV analyte ssDNA, with high specificity and reproducibility. Further, the success of this spatial
arrangement for DNA immobilization can be implemented in other sensors.
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