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a  b  s  t  r  a  c  t

Nanoparticles  have  been  investigated  as  flagging  tests  for  the sensitive  DNA  recognition  that  can  be
utilized  as  a part  of  field  applications  to defeat  restrictions.  Gold  nanoparticles  (AuNPs)  have  been  widely
utilized due  to its optical  property  and  capacity  to get functionalized  with  a  mixed  bag  of  biomolecules.
This  study  exhibits  the  utilization  of  AuNPs  functionalized  with  single-stranded  oligonucleotide  (AuNP-
oligo  test)  for fast  the identification  of Human  Papillomavirus  (HPV).  This test  is  displayed  on  interdigitated
eywords:
old nanoparticles

nterdigitated electrode sensor
NA detection
olorimetric detection

electrode  sensor  and  supported  by colorimetric  assay.  DNA  conjugated  AuNP  has  optical  property  that
can  be controlled  for the  applications  in diagnostics.  With  its  identification  abilities,  this  methodology
incorporates  minimal  effort,  strong  reagents  and  basic  identification  of HPV.

© 2016  Elsevier  B.V.  All  rights  reserved.
uman Papillomavirus

. Introduction

Development of highly sensitive and selective DNA detection
ethods is extremely important in clinical diagnosis because the
NA is usually present at very low concentrations [1]. Conventional
NA amplification using PCR can provide fast results; unfortu-
ately it requires considerable skill and expensive equipment.
anoparticles have been explored widely as signaling probes for
ltrasensitive DNA detection that can be used in field applica-
ions. Gold nanoparticles (AuNPs) have been extensively used for
iomolecule detection by many research groups mainly because
f optical properties and ability to functionalize with a variety of
iomolecules [2,3]. AuNPs-probe has been integrated in research as
ommon diagnostics and has shown great potential applications.
he colloidal AuNPs are used in the development of several biode-
ection schemes [4]. Protein-coated gold colloids have been used
xtensively in lateral flow immunoassay based analytical tech-
iques.
Human Papillomavirus (HPV) is the most common sexually
ransmitted virus that causes cancer [5]. More than 100 types of
PV strains including high and low-risk types have been identified
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so far. 15 strains of HPV have been identified as placing women  at
high risk of cervical cancer. Cervical cancer infection was stimulated
by high-risk types of Human Papillomavirus (HPV) strains 16, 18,
31 and 45 [6]. HPV 16 is the worst for the development of cervical
cancer followed by 18, 31 and 45. Cervical cancer infections started
when HPV virus in cervix entered cells through micro-abrasions
and infected cells. Several weeks later, the virus replicates and
infections spread through the cells.

Cervical cancer is the second largest cause of cancer-related
death in women worldwide, and it occurs following the persistent
infection, with a specific subset of HPV types [7]. Cervical cancer
is estimated that globally more than 290 million women have an
HPV infection. It can be treated if it detect at the early stage. Infec-
tion with the HPV cause cervical cancer have symptoms such as
vaginal bleeding, contact bleeding, vaginal mass may indicate the
presence of malignancy, moderate pain during sexual intercourse
and vaginal discharge [8]. No effective vaccine or specific thera-
peutic treatment has been reported is available for preventing or
curing the disease caused by HPV strain 16. Diagnostic methods
are required to identify the types correctly and rapidly, to treat HPV
strain virus infection at an early stage. Future developments in early
gene specific detection that cause cancer and chronic disease, offer
the potential technology for improved capabilities over traditional

medical diagnosis, prognosis, and treatment. The identification of
genes associated with specific disease states is rising steadily. Fur-
thermore, classification of diseases based on their unique genetic
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Table 1
DNA sequences for HPV DNA probe oligonucleotide and complementary 24-mer
analyte HPV16A-CMP (AIT Biotech, Singapore).

Name Sequences

HPV DNA probe oligonucleotide 5′- GGG GTC  GGT  GGA CCG GTC
GAT GTA-3′

Complementary 24-mer target HPV16A-CMP 5′-TAC ATC GAC CGG TCC ACC
GAC CCC-3′

HPV16A non-complementary 5′-ATG TAG CTG GCC AGG  TGG
CTG GGG-3′

′
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dentification profiles is increasingly being studied as compared to
raditional methods of disease classification [9].

Viral detection using specific biomarker and serological meth-
ds with specific anti-HPV antibodies are two types of common
etection techniques for the diagnosis of HPV viral infections. Sero-

ogical tests allow the identification of IgG and IgM antibodies to
he HPV strain 16 virus [10]. However, sufficient production of
ntibodies needs 5 days after the onset of illness. Besides that,
he serological test suffered from cross-reaction with another HPV
train due to non-specific antigenic determination by polyclonal
ntibodies. Currently, virological techniques combined with Poly-
erase Chain Reaction (PCR) for amplification of specific genes are

referred as they are more selective, low-risk contamination and
horter assay time compared to the serological techniques [11].
he detection includes stained agarose gel electrophoresis for the
isualization of PCR product, however it is time consuming and haz-
rdous. With arising of nanotechnology in current technology, the
dvance of nanobiosensor is replacing such conventional approach.

Nanobiosensor based nucleic acid hybridization have recently
een developed for inexpensive and rapid detection of DNA
olecules‘[12]. Cancer diagnostic devices which are inexpensive,

ortable and field ready with high specificity and sensitivity, play
ignificant roles because of cost-effective and compact medical sys-
em are needed to diagnose large populations suffering from cancer.
nterdigitated electrode (IDE) sensor as microfabricated device is
mployed to overcome all these limitations faced by serological
nd virological methods. This electrical based nanobiosensor inte-
rated with biomolecule probes to allow the detection of change in
harges when HPV DNA target binds onto the immobilized probe.
ue to low fluid volume consumption and high surface to volume

atio, IDE sensor proved to be highly sensitive, capable for direct
nd specific detection of large species suffering from the cancer. Its
ast response time, low detection limit and elimination of labeling

ethod make this type of detection device different from previous
etections.

To make real application possible with clinical samples, the tar-
et DNA sequence would be longer as genome sequences. Due to
imitation of length of clinical target sample, little has been known
n detection of long sequence of DNA by nanobiosensor [13]. HPV
ontains virion that has a double-stranded, circular DNA genome
f approximately 7900 bp, and is divided into three regions, viz.,
he non-coding long control region (LCR, ∼1 kb), the protein coding
arly (E, ∼4 kb) and late (L, ∼3 kb) regions [14]. The viral genome
ncodes six early (E1, E2, E4, E5, E6 and E7) and two  late (L1 and
2) proteins.

A specific fragment from E6 region (24 bp) was  chosen for this
tudy. Functionalization of carefully selected DNA probe sequence
n the AuNP based IDE surface enables the hybridization between
PV 16 DNA probe and the target sequence, and thus HPV will be
etected. Hybridization with a complementary sequence of DNA
ould accumulate charges on the surface of the AuNP based IDE

ontributed by the sequence. Changes in charge upon hybridization
nduce increasements in resistance and lower the current voltage

hich constitutes the basis of detection mechanism. This study
nvestigate the feasibility of HPV on AuNP based IDE nanobiosensor
ffering low fluid volumes consumption, high-throughput analysis,
eal response time, simple detection and better process control,
igh surface to volume ratio, ultra high sensitive and selective,
eusable, compact system, cost effective device and simple diag-
osis [15]. All HPV tests currently in use are rely on the detection
f viral nucleic acids because HPV cannot be cultured [11]. In the
resent study, AuNP-functionalized oligonucleotide probe based
DE nanobiosensor for detection of cervical cancer using deoxyri-
onucleic acid (DNA) hybridization for highly sensitive and fast
esponse time of HPV was employed for designing a nano diagnostic
HPV16A single mismatch 5 -TAC ATC GAC CGG TGC ACC
GAC CCC-3′

tool. Further, the obtained results were supported by colorimetric
assay.

2. Materials and methods

2.1. Reagents

Single-stranded 24 mer synthetic oligonucleotide probe
designed from Human Papillomavirus (HPV) for the identifica-
tion of target DNA HPV 16 (Accession No: A18875.1). Gold
nanoparticle (AuNP) was  obtained from Sigma-Aldrich, USA. The
sequence of 24-mer probe oligonucleotide, complementary, and
non-complementary target oligonucleotides are followed as in
Table 1.The 24 mer  probe was used as a model system for immobi-
lization, while the complementary 24 mer  strand was used as target
analyte. Lyophilized DNA samples were reconstituted and diluted
in deionized distilled water (ddH2O) to the desired concentrations
prior to use.

2.2. IDE fabrication

The IDE nanosensor was fabricated on a silicon-on-insulator
(SOI) wafer with a 145 nm buried oxide layer [16]. Silicon wafer
was used as a main substrate in order to form silicon dioxide (SiO2)
as an insulation layer of an electrical device. Schematic diagram
of fabrication process flowchart is shown in Fig. 1. The wafer was
cleaned using buffered oxide etchant (BOE) to remove native oxide
which had been naturally grow on it. Growth of SiO2 (b) using
wet oxidation process provides thicker insulation layer and shorter
time consuming compared to dry oxidation process [17]. In order
to transfer pattern from a mask on a wafer, photoresist was spin-
coated on the growth SiO2 wafer using spin-coater. Photoresist is a
light-sensitive material used to form a patterned coating on a sur-
face. By using deep ultraviolet lithography, a 50 nm silicon layer
was patterned and etched when UV-light was  exposed on the pho-
toresist (c), pattern from chrome mask was  directly transfer onto
the photoresist. After development process, aluminum metal was
deposited (e) using sputter-coater and acetone was  used to strip
the unwanted photoresist (f).

2.3. Probe design

A 24 mer  oligonucleotide (5′-GGG GTC GGT GGA CCG GTC GAT
GTA-3′) was  designed as the probe using NCBI BLAST nucleotide
search tool based on the E6 gene region. The probe sequence was
checked for any possible homology and share sequences with any
non-HPV species. Moreover, the melting temperature of the probe
was ensured to be within a narrow range using oligo software. Then,

the probe sequence was  checked for potential self-dimer and for-
mation of secondary structures using mfold software (http://mfold.
rna.albany.edu).

http://mfold.rna.albany.edu
http://mfold.rna.albany.edu
http://mfold.rna.albany.edu
http://mfold.rna.albany.edu
http://mfold.rna.albany.edu
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Fig. 2. Agarose gel showing comparison of genomic DNA of HPV extraction by using
QIAamp® DNA Mini and Blood Mini Handbook [18] with PCR product from multiple
sequence of HPV and single band of PCR product. Negative control without template
from HPV DNA genomic was used for confirmation of successful amplification by
using PCR. Lane 1: FlashGel DNA Marker 100 bp- 4 bp. Lane 2: Multiple sequence
HPV  PCR product (H00892). Lane 3: HPV PCR product. Lane 4: Negative control
Fig. 1. Schematic diag

.4. AuNP-probe hybridization assay

To optimize the condition of hybridization and the best obser-
ation of color changes, various amounts of AuNP-probe and NaCl
ere mixed to obtain the best color changes. The oligonucleotide

arget (5′-TAC ATC GAC CGG TCC ACC GAC CCC-3′), that is a part
f E6 gene region and complement with HPV probe sequence was
esigned.

.5. Genomic DNA extraction

The genomic DNA was isolated from the HPV virus using
IAamp® DNA Mini and Blood Mini Handbook [18]. DNA extraction

rom clinical samples was performed using a QIAamp® DNA Mini
nd Blood Mini Handbook and purification kit and stored at −20 ◦C
ntil use. The amount of genomic DNA was determined using a
V–vis spectrophotometer.

.6. Analysis of complementation on interdigitated electrode
IDE) sensor

AuNP was deposited on the sensing of the IDE sensor. One micro-
olar of probe DNA in deionized distilled water was  applied in the

ctive area and incubated for 2 h in a moist environment at room
emperature. After incubation, excess DNA probe were rinsed free
rom the surface by washing the device thrice (5 min  each) with
dH2O. IDE device were ready for electrical measurement after

mmobilization.
After immobilization of the HPV 16 DNA probe, AuNP based IDE

urrent were measured by probing the two terminals, source (S)
nd drain (D). IDE substrate device was being able to be moni-
ored the current flowing to the drain as well as to the substrate
hen the source electrode voltage was swept. A single sweep of

oltage was supplied to the source of terminal in intervals of 0.05 V
ith a compliance set at 100 mA.  Current was simultaneously mea-

ured and displayed in the form of a current-voltage (I–V graph).
ybridization measurements are taken using current-voltage (I–V)
haracterization (KEITHLEY, 6487) to determine the change in cur-
ent flow for the AuNP based IDE active area before and after DNA
ybridization.

The extracted DNA from HPV strain 16 was first denatured into
ingle stranded DNA by heating in thermoshaker for 2 min  and then

uench to stop the reaction in ice for 5 min. One microliters of this
ingle-stranded DNA was then applied in active area of IDE and
ncubated for 15 min. Excess DNA was rinsed free from the surface
y washing the chip.

PCR reaction (without template). Lane 5: Genomic DNA extraction from Human
Papillomavirus (HPV).
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Fig. 3. Agarose gel showing probe hybridization. Hybridization of probe with target
DNA. Lane 1: probe. Lane 2: Hybridization with DNA. Lane 3: Hybridization with
n
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Fig. 4. UV–vis spectra of the respective samples of 30 nm AuNP with probe in red
line and combination of AuNP + probe + HPV16 DNA probe in blue line. Figure inset
displays the colour changes. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 5. Complementation on IDE sensor. After complementation with the target, the
on-complementary DNA.

. Results and discussions

.1. AuNP-HPV probe characterization assay

Total DNA from virus can be purified from whole blood, plasma,
erum, buffy coat, bone marrow, body fluids, lymphocytes, cul-
ured cells, tissue, and forensic specimens [19,20]. In this study,
otal DNA from HPV 16 was isolated from serum plasma. AuNP-
PV oligo probe assay was  optimized for visual detection using 24
er  complementary sequences.
Agarose gel showing comparison of genomic DNA of HPV extrac-

ion by using QIAamp® DNA Mini and Blood Mini Handbook [18]
ith PCR product from multiple sequence of HPV and single band of

CR product (Fig. 2). Negative control without template from HPV
NA genomic was used for confirmation of successful amplification
y using PCR. The expected size of the genomic DNA from HPV is
.9 kb [21].

Complementary DNA after hybridization with the probe was
eparated by gel electrophoresis (Fig. 3). The decrease in migra-
ion of the complex was observed with increase by hybridization
f the complementary DNA in the sample (Lane 2) when compared

o the migration of probe (Lane 1) and the negative control (Lane
) which is hybridization of HPV probe with non-complementary
NA.
probe DNA will be removed from the AuNP and the spectrum back to the original
position.

Hybridization was  revealed by shift in band with lower elec-
trophoretic mobility. This in fact acts as an evidence for duplex
formation of the oligonucleotide to the probe. In turn the hybridiza-
tion was  evident from the mobility shift proportionate to the
concentration of the complementary DNA.

Color change from red to purple was observed upon adding com-
plementary DNA. Unhybridized AuNP-oligo probe has stability and
tends to form dispersion even after addition of NaCl. Addition of
non-complementary DNA also exhibited dispersion upon addition
of NaCl. Visual change in color of the solution from red to purple
was noticed with target DNA. This preliminary test infact to con-
firm that the AuNP-oligo probe hybridization with the target DNA
present in test sample.
Hybridization of AuNP-HPV oligo probe with the HPV 16 target
DNA formed double stranded DNA that destabilizes the AuNPs with
NaCl and shows the purple colour (Fig. 4). However, in the absence
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f complementary DNA strand, the AuNP- oligo probes does not
nd the solution remains red.

The absorbance of AuNP was showed at wavelength around
50 nm,  and it was relying upon their absorbance [22]. UV–vis spec-
ra of the respective samples of 30 nm AuNP with probe is shown
n red line and combination of AuNP-probe and HPV16 DNA target
s shown in blue line. This concept with colour changes has been
escribed before and matches here [23,24].

The above obtained result from DNA complementation was  fur-
her confirmed on IDE is shown in Fig. 5. The bare IDE substrate gave
he basic spectrum and there was a drastic change upon adding the
robe and it was back to the original position upon complementa-
ion. This is due to detachment of probe DNA from GNP. The control

ismatch DNA sequence shows the reduction with the signal but
ot to the level of target DNA.

In this paper, a sensitive and fast DNA detection technique based
n the single stranded oligonucleotide test was demonstrated on
DE. This AuNP-oligo test system was also shown with the iden-
ification of HPV from its genomic DNA. UV–vis spectroscopic
xaminations offer a proof for the development of AuNP-probe
ligo test. To exhibit the importance of the technique for clinical
iagnostics, extensive validation needs to be performed. With the
urrent methods, the recognition of presence of HPV could be per-
ormed with good sensitivity and specificity within the turnaround
ime of 30 min. A complementation to the currently available meth-
ds for HPV detection [25].
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