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Objective(s): With the increasing incidence of cancer and the dramatic effect of
early detection on treatment and increase patient's life, many efforts have been
devoted to making sensitive diagnosis systems. DNA as a biomarker for diagnosis
of different types of cancers at the early stages of illness has attracted much
attention.

Methods: In this research novel electrochemical biosensor was developed using
titanium phosphate nanoparticles which modified with Pb* and two DNA as
capture probes. Considerable amounts of lead ions were mounted on the surface
of titanium phosphate which produced the electrochemical signal. The surface
of the biosensor electrode was modified by Au nanorods/ g-C,N, composite. The
functional group on the surface of g-C,N,, the chemical composition of tip, the
morphology of composite and elemental composition of the composite were
investigated by Fourier Transform Infrared Spectroscopy, X-Ray Diffraction, Field
Emission Scanning Electron Microscope, Energy Dispersive X-Ray Spectroscopy,
respectively.

Results: The peaks of C, N, and Au were observed in the EDS spectrum. The
presence of Au peaks in the EDS spectrum confirmed the formation of composite
from Au nanorods and g-C,N, sheets. Whit this biosensor detection limit of 20 PM
and the linear range from 0.6 nM to 6.4 nM for target DNA was obtained.

Conclusions: Finally, it seems that Au-nanorods/g-C,N, composite modified
glassy carbon electrode is a good candidate for cancer diagnosis in the early
stages.
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INTRODUCTION

One of the most important researches in
medical science is the cancer study. Largely cancer
affection arises from a mutation in genes. One of the
most common leukemia is Chronic lymphocytic
leukemia (CLL) which in adults causes an increase
in the number of white blood cells called B
lymphocytes in the bone marrow. B lymphocytes
contribute make antibodies to fight disease. The
cancerous cells outspread from the bone marrow
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to blood and can influence the lymph nodes or
liver and spleen. CLL results in low blood counts
and weakens the immune system [1]. The rate of
CLL incidence is increasing [2]. The key features
to determine the therapeutic regime for a patient
are early, efficient and specification detection
of cancer illness [3]. The biosensor as a new and
noninvasive analytical instrument to monitor
genomic mutation provides promising advances
in research about cancer [4]. Using nanomaterials
for the fabrication of biosensors to detect low
cancer cell count increase the surface area for
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Table 1. sequences of target DNA and capture DNA1 and capture DNA2

name sequences
Target DNA 5" -ACGTTATGCGTGCTGGCGCAGGG-3'

Capture DNAL 5" -SH(CH2)e-CCCTGCGCCAGC-3’

Capture DNA2 5'- ACGCATAACGT -Biotin-3'

maximum detection. Gold nanoparticles are good
candidates to prepare biosensors due to they can
supply a stable biomolecules immobilization that
retains their bioactivity [5, 6]. Gold nanomaterials
have biocompatibility, high stability, and simple
preparation. The surface chemistry of gold
nanorods is allowing the linking of various
bifunctional groups like nucleic acid through strong
Au-S bonding. Therefore the Adhesiveness of the
composite film on the electrode surface can be
improved by using Au nanorods [7]. Graphene/Au
nanorods nanocomposite has been synthesized and
used for fabricating NADH and ethanol biosensor
[8]. The sensitive and stable enzyme-free biosensor
with Au nanorods has been constructed [9]. An
ultrasensitive graphene/Au nanorod/polythionine
nanocomposite based electrochemical DNA
biosensor was fabricated for human papillomavirus
detection [10].

Metal-free Graphitic carbon nitride (g-C,N,)
which is a polymer composed of carbon,
nitrogen and some minor hydrogen amount
has attracted great consideration due to its
cheap cost, high thermal and chemical stability.
Graphitic carbon nitride has applications in
various fields such as photocatalytic splitting of
water, photodegradation of organic pollutants
and energy storage. Also, it is a good candidate
to fabricate the electrochemiluminescence
sensor because of its effective, strong and stable
electrochemiluminescence ~ emission.  g-C,)N,
in recent years has been applied for fabricating
biosensor [11,12].

Electrochemical biosensors have gotten much
attention because of convenient operation, rapid
detection, good sensitivity and low cost [13]. They
are appropriate for the development of a cheap and
portable device for diagnoses of disease [14]. To
fabricate DNA based electrochemical biosensor for
detection of special DNA sequence; a probe which
is a single strand nucleic acid is immobilized on the
surface of solid support and coupled with the target
that is specific single-strand DNA in the analyte.
Upon the hybridization of the probe to target,
redox labels make corresponding electrochemical
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signals [4, 15]. Redox labels can have two ways
to interact with DNA: a) intercalative bind to the
hybridized double-strand DNA, b) covalently tags
to DNA strands [15].

Nanomaterials due to their unique advantages
have offered modern approaches for low cost and
sensitive detection of biomarkers. For preparing
labels by loading signal tags such as dyes, metal
ions, oligonucleotides, and quantum dots, various
nanomaterials including gold nanoparticles, carbon
nanotubes, magnetic have been used. Recently,
titanium phosphate nanospheres functionalized
with metal ion as the signal tag has been used
in some electrochemical biosensors. Titanium
phosphate can load the appropriate amount of
metal ions and metal ions can be detected directly
through square wave voltammetry (SWV) without
treatment such as metal preconcentration [16-17].

Zap-70, tyrosine kinase protein is essential for
T cell signaling but not found in normal b cells. A
prognostic marker in identifying different forms of
CLLis ZAP-70 in B-cells [4, 18]. Two major types of
CLL with different survival times are distinguished
with DNA analysis.

In this study, a sensitive electrochemical
biosensor based on two DNAs as the target
captures and TiP nanospheres functionalized
with Pb?* (TiP-Pb?**) as a label was made for the
detection of ZAP-70 DNA. The surface of GCE was
modified by Au nanorods/g-C,N, composite. The
electrochemical signal was provided by Pb** ions
which incorporated into the TiP nanospheres.

MATERIALS AND METHODS
Materials

Synthetic biotin-terminated DNA capture,
capture DNA 1 and target sequences employed in
this study (Table 1) were purchased from Bioneer
Corporation (South Korea). All oligonucleotides
were diluted with water and stored as a stock
solution in a freezer. Phosphate buffer saline (PBS)
with different pH values were prepared by mixing
the stock solution of NaH PO, and Na HPO,
.Then the pH was adjusted with NaOH (0.1 M)
and H,PO, (0.1 M). All solutions were prepared
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with Milli-Q water (18MQ cm resistivity) from a
Millipore system. Melamine (C,H_N,), 6-mercapto-
1-hexanol (MCH), chloroauric acid (HAuCl,), poly
(allylamine hydrochloride), bovine serum albumin,
docusate sodium, silver nitrate (AgNO,), Sodium
borohydride (NaBH,) and all other reagents were
prepared from Sigma-Aldrich.

Apparatus

X-ray diffraction patterns (XRD) of the sample
were recorded at room temperature using CuKa
radiation (D8Advance, BRUKER). The infrared
spectrum was obtained on a FT-IR 6300 using
KBr as the reference sample within a wavelength
range of 400 - 4000cm™. The morphology and
nanostructure of the sample were observed by field
emission scanning electron microscopy (FESEM)
of the TESCAN (MIRA3) which equipped with an
energy dispersive X-ray spectrometer (EDS).

All  electrochemical measurements were
performed on a pAutolab IIT (Eco Chemie B.V.)
potentiostat/galvanostat by NOVA 1.8 software.
The utilized three-electrode system contained a
reference electrode (saturated calomel electrode),
an auxiliary electrode (platinum wire) and the
working electrode (modified glassy carbon
electrode with d=4 mm). All the measured
potentials were reported with regards to the
saturated calomel electrode.

Synthesis of g-C N, nanosheets

The bulk g-CN, was synthesized by
polymerization of melamine molecules at high
temperature. Melamine was heated under air
condition at 600°C for 2 hours with a ramp rate of
about 5°C/ min and stay 2h at 600°C for the heating
process. The obtained product was yellow. g-C\N,
nanosheets were obtained by exfoliation of as—
prepared bulk g-C,N, in water. 0.4 g of bulk g-C\N,
power was dispersed in 800 ml of water and the
mixture was ultrasound for 16 h. The unexfoliated
g-C,N, was removed by centrifugation [19, 20].

Synthesis of Au nanorods
Seed-mediated growth methods were used for
the synthesis of gold nanorods [21].

Seed solution

CTAB solution (5 ml, 0.2M) was mixed with 5
ml of 0.0005 HAuCl,, 0.6 ml of cold 0.01 M NaBH,
was added to the stirred solution which resulted in
the formation of a brownish-yellow solution. The
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seed solution was stirred a few minutes and then
kept at 25°C[21].

Growth solution

5ml CTAB (0.2M) was added to 0.2 ml of 0.004
M Ag(NO,) solution at 25°C. Then 5 ml of 0.001 M
HAuCl,. After mixing the solution, 70ul of 0.0788
M ascorbic acid as a reducing agent changes the
color of the solution from yellow to colorless.

In the end, 12yl of the seed solution was added
to the growth solution at 27-30°C. The temperature
of the medium was kept at 27-30° C [21].

Synthesis of Pb** functionalized TiP nanospheres

For synthesis TiP nanoparticles, 5g of docusate
sodium salt (AOT) was dissolved into 32ml of
ethanol and to get a turbid solution, H,PO, (6 ml)
was added. A mixture of 1.75g tetrabutyl titanate
with 32 ml ethanol was dropped quickly. The
mixture was stirred at 80° C for 6 h. To remove
the residual phosphoric acid and surfactant, the
product was washed with ethanol and water several
times. Then 1 ml of (40mg.ml") the colloid mixture
of TiP nanospheres was dispersed into 30 ml of
Pb(NO,), aqueous solution (10 Mm) and stirred
at 50° C for 1 day. The hybrid nanospheres were
obtained by centrifugation and rinsed with water
several times. A mixture of TiP-pb?* in water (20
mg.ml') was prepared. Next, 2 ml of TiP-pb*
hybrid was interspersed into 2 ml of polyallylamine
hydrochloride aqueous solution and sonicated for
20 min. after this stage, the hybrid was washed
with deionized water and dispersed into 2 ml of
glutaraldehyde and sonicated for 5 min. then,
the hybrid was washed with DI and PBS three
times. 600pL of streptavidin protein solution
(0.01 mg.mL") was added into the product. This
dispersion was shaken for 6h. the product was
separated by centrifugation and was rinsed with
PBS several times and suspended in 8 mL of tris
buffer.

Modification of GCE with Au nanorods/g-C N,
composite

Firstly, to obtain a mirror-like surface of
electrode, the bare GCE was completely polished
with a alumina-water slurry on a smooth polishing
cloth. To remove the alumina residual particles,
GCE was sonicated for 5 min in distilled deionized
water and dried under nitrogen gas. The mixtures of
g-C,N, (1.0 mg/mL in H20) and the GNR (100 mg/
mL in H20) were prepared separately. Before use,
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Fig.1. FTIR spectrum of g-C,N,

this mixture was exposed to mild ultra-sonication
for 5 min. Thereafter 4.0 uL of the g-c4n3 solution
was applied on the surface of the bare GCE and
kept in isolating container until completely dried.
Then, 4.0 pL of the GNR solution was also applied
at the surface of the g-C\N, -modified GCE and
kept isolated in a high-humidity container. After
stabilization of GNR on the surface of g-C N, sheets,
5 pL of buffer solution containing capture DNA1
(100 nM) applied to the modified GCE surface
and incubated in a high-humidity container for 2
h at room temperature. SH group of capture DNA1
attached to the GNR surface. Then the electrode
was washed with a washing solution and was
incubated in the 6-mercapto-1-hexanol solution
for 5 min. This electrode was washed with distilled
water to remove the loose adsorbed materials.

DNA  hybridization assay and measurement
procedure

For accomplishment DNA hybridization assay,
the GNR/ g-C,N, composite modified electrode
was incubated with 12 puL of mixture containing
5 pl of target DNA (different concentration or
control samples), 5 puL of capture DNA2 (10Mm),
1uL of T4DNA ligase (1000 UpL") and 1 pL of
TBS for 4h at 37 ° C to complete the reaction of
hybridization. In the following, the electrode was
washed with TBS three times. Next modified GCE
was incubated with 10 pL TiP-Pb?* - streptavidin
solution at 37 °C. To remove nonspecifically
bound conjugates, the electrode was rinsed with
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TBS containing %1 bovine serum albumin. The
electrochemical measurement was performed in 3
mL of acetate buffer (pH 4.6, 0.2 M) [19].

RESULTS AND DISCUSSION
Characterization

The chemical functional groups on the surface
of g-C,N, nanosheets with the high surface area
were investigated by FTIR spectrum. The FTIR
spectrum of g-C\N, is displayed in Fig.1. The broad
absorption peak at 3100-3300 cm! can be attributed
to two sources: the stretching modes of secondary
and primary amines and intermolecular hydrogen
bonding interactions between amine groups [22].
The bands at 1200-1600 cm™ are characteristic of
C-N-C stretching vibrations in aromatic carbon
nitride heterocycles [23, 24]. The sharp absorption
peak centered at 808 cm™ was related to the out of
plane bending vibrations of triazine cycles [25].

To characterize the crystalline structure of the
TiP, The XRD pattern of TiP was obtained (Fig.2).
All peaks from the X-ray diffraction pattern clearly
match with rhombohedral TiPO,,, Titanium
phosphate, (JCPDS card 39-0004). Observed
peaks at 20.6°, 24.15° 29.2°, 32.4°, and 36.4° are
corresponded to (104), (113), (024), (116) and
(030) miller indices, respectively. The crystallite
size of Ti PO, was calculated from Scherrer's
equation(eq.1) and was found about 41.22 nm.

094
D= 1
Pcosb ()
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Fig.3. FESEM of Au nanorods /g-C,N, nanocomposite

Where D is crystallite size, A is the wavelength of
Co ka radiation, p is the full width of half maximum
of main intensity peak and 0 is the brag's angle.

Field emission Scanning Electron Microscope
(SEM) image was prepared from Au nanorods
/g-C,N, nanocomposite (Fig.3). SEM image confirms
the nanoscale dimensions of this composite. The
elemental composition of Au nanorods / g-C\N,
composite was analyzed with EDS as depicted in
Fig.4. The peaks of C, N, and Au were observed
in the EDS spectrum. The presence of Au peaks
in the EDS spectrum confirmed the formation of
composite from Au nanorods and g-C,N, sheets.
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After the synthesis of hybrid pb* functionalized
TiP nanospheres, polyallylamine hydrochloride
was added and covalently bound to phosphate
groups of TiP nanospheres and amine groups of
polyallylamine hydrochloride. Then glutaraldehyde
was used as crosslinking agents to attach
Istreptavidin protein on the surface of the TiP
nanosphere.

Sensor performance

Au  nanorods /g-CN, composite was
immobilized on a surface of the glassy carbon
electrode (GCE). Then S terminated DNA capturel
was attached to Au nanorods /g-C\N, with Au-S
bonds. DNA capturel and DNA capture 2 own 12
and 11 bases, respectively that are complementary
to the target DNA. If the target exists in the
sample, the sandwich structure is formed. Then
streptavidin on the surface of TiP-Pb** hybrids
is attached to biotin which connected to DNA
capture 2. 6-mercapto-1-hexanol was used to block
nonspecific sites on the surface of electrode. Fig.5
indicates the schematic of the modified electrode
and sandwich structure of analyte and probes.

The quantification of target DNA is performed
by measurement the electrochemical current
responses of Pb*". To electrochemical detection
of target DNA, Square Wave Voltammetry
(SWYV) is an effective and sensitive method.
Voltage scanning was done from -0.7 to -0.1 V
with pulse amplitude 25 mV, pulse frequency
15 Hz, and quiet time 2 s. The electrochemical
responses were recorded at —0.41 V for the
quantitative valuation of target DNA. Different
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Fig.6. SWV of the modified electrode with different
concentration of target DNA

concentrations of target DNA (6.4, 5, 4, 3, 1.8,
1.2, 1, 0.8, 0.6 nM) were measured to obtain a
relation between the concentration of target
DNA and electrochemical signal (current). Fig .6
depicts the SWV of the modified electrode with
increasing the concentration of target DNA.

The amount of current from SWV revealed
proper linear correlation versus target DNA
concentrations in the range from 0.6 nM to 6.4
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nM and with a detection limit of 20 pM. The linear
equation of the most fitted straight line of current
vs concentration of target DNA was obtained by
Microsoft office Excel. The obtained equation was
y=4.6489x-0.2325, which y is the current (pA) and
x is the concentration of target DNA. The regression
correlation coeflicient (R?) was calculated for this
line about 0.9956.

The precision of the method was assessed by the
evaluation of samples for five replicate measurements.
The RSDs% (relative standard deviations) were 3.2, 1.6
and 1.6 for 10, 20, and 30nM target DNA, respectively.

CONCLUSION

Fabrication of new biosensor for accurate
detection of CLL in the early stages is quite useful.
Zap-70 DNA as a prognostic factor in CLL has
been confirmed. The surface of GCE was modified
with Au nanorods/g-C3N4 composite. Then two
complementary strands of Zap-70 DNA as a probe
and Pb**modified TiP nanoparticles as a signal unit
were used for fabricating this biosensor. There was
a linear relationship between the concentration of
Zap-70 DNA and the SWV peak currents in the
from 0.6 nM to 6.4 nM .The detection limit of 20
PM was obtained. This biosensor is a selective and
sensitive biosensor for the detection of Zap-70
DNA as a biomarker of CLL.

y=4.6489 x-0.2325

30 4 2
R“=0.9956

Current /(i A)

Concentration /(nM)
Fig.7. calibration curve of Aunanorods/g-C,N, modified GCE electrode in different concentration of target DNA
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