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Abstract

In this present work we made a novel, fast, selective and sensitive electrochemical
genobiosensor to detection of EGFR exon 21 point mutation based on two step
electropolymerization of Ni(ll)-oxytetracycline conducting metallopolymer nanoparticles (Ni-
OTC NPs) on the surface of pencil graphite electrode (PGE) which was modified by reduced
graphene oxide/carboxyl functionalized ordered mesoporous carbon (rGO/f-OMC)
nanocomposite. sSDNA capture probe with amine groups at the5’ end which applied as
recognition element was immobilized on the rGO/f-OMC/PGE surface via the strong amide
bond. Ni-OTC metallopolymer NPs were electropolymerized to rGO/ssDNA-OMC/PGE surface
and then hybridization fallows through the peak current change in differential pulse voltammetry
(DPV) using Ni-OTC NPs as a redox label. The biosensor was characterized by field emission

scanning electron microscopy (FE-SEM), X-ray diffraction (XRD), FT-IR spectroscopy, energy



dispersive X-ray spectroscopy (EDX), cyclic voltammetry and Nitrogen adsorption—desorption
analysis. The Ni-OTC current response verified only the complementary sequence indicating a
significant reduction current signal in comparison to single point mismatched and non-
complementary and sequences. Under optimal conditions, the prepared biosensor showed long-
term stability (21 days) with a wide linear range from 0.1 puM to 3 pM with high sensitivity

(0.0188 mA/uM) and low detection limit (120 nM).
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they can be genes or gene products, molecules, specific cells, hormones or enzymes and they can
be assessed in various biological media such as urine, tissues, blood and sputum (Li et al., 2012;
Kumar et al., 2006; Topkaya et al., 20162; Diamandis, 2010). In associated with their own
specific application biomarkers are extremely significant in personalized medicine including
diagnosis, prediction and management of targeted therapies (Ziegler et al., 2012).The
quantitative and qualitative analysis of cancer biomarkers provide the basic information about
the cell differentiation, the tumor on the tissue histogenesis, and cell functionalization which
early detection of primary cancer, prognosis, cancer categorization and therapeutic guidelines
can be possible through these basic information (Li et al., 2012; Finn, 2005; Wang et al., 2005).
Changes to the DNA at the cellular level have seen in all type of cancers and these changes can
be evaluated in the tumor tissue (Ziegler et al., 2012; Tian et al., 2017; Lin et al., 2013; Xu et al.,
2016; Shtivelman et al., 2014). Non-small cell lung carcinoma (NSCLC) with epidermal growth
factor receptor (EGFR) mutations is reported for more than 80% of all lung cancer cases with a
poor prognosis. (Xu et al., 2016; Cancer Genome Atlas Research Network, 2012; Schiller et al.,
2002; Wang et al., 2015; Hirsch and Bunn, 2009; Mok et al., 2009) .In fact, EGFR is a DNA
tumor biomarker by which only the absence or presence of a mutation in a gene is determined
(Ziegler et al., 2012; Xu et al., 2016).Two main usual EGFR gene mutations mostly occurred in
exon 18-21, and exon19 which are a point mutation in exon 21 (L858R), and a 15-bp in-frame
deletion in exon 19 (delE746-A750), respectively. These two mutations, which account for about
90% of cases with EGFR mutations, exhibit the most sensitivity to TKI that leads to
enhancement of the activity of tyrosine kinase (Tian et al., 2017; Takata et al., 2015; Mitsudomi

and Yatabe, 2007). Therefore, it can be said that accurate sensing of EGFR as a cancer



biomarker is of main clinical importance for diagnosis and treatment approaches in NSCLC

(Brenner and Normolle, 2007; Frank and Hargreaves, 2003).

Recently, various techniques have been reported for the detection of cancer biomarkers
including fluorescence immunoassay (Yong et al., 2009; Wu et al., 2002), spectrophotometric or
optical methods (Wang et al., 2009a), radioimmunoassay (Chan et al., 1997), electrochemical
analysis (Prabhulkar et al., 2009; Barton et al., 2008; Tang et al., 2008), capillary electrophoresis
and chromatographic analysis (Yang et al., 2010). Generally optical methods are useful and
reliable for the sensing of many types of disease biomarkers with multiple signals (Vellaisamy et
al., 2018; Wang et al., 2016; Ma et al., 2017; Ying et al., 2017) but among all these methods,
electrochemical approaches are considerably suitable ones, because of their unique features like
fast response, portability, facility, great sensitivity, wide range of detection limit and inexpensive
cost. The assay of cancer biomarkers have been carried out by electrochemical biosensors as an
advantageous analytical method (Tian et al., 2017; Xu et al., 2016; Wang, 2006a;
Chikkaveeraiah et al., 2012). However, wide range cancer biomarkers examination requires the
improvement of highly accurate and sensitive, and fast responding traditional electrochemical
DNA cancer biomarker biosensors (Wang, 2006a). Therefore, associating of electrochemical
biosensors with nanomaterial, such as variety of metal nanoparticles (NPs), reduced graphene
oxide (rGO) and other nanostructured materials offers amplified sensitivity for identification of
cancer biomarkers (Farzin and Shamsipur, 2018; Wang, 2007). In this consideration, ordered
mesoporous carbon (OMC), as a novel carbon nanostructure material, has been widely interested
due to their special properties including chemical and thermal stabilities, high specific surface
area, uniform structural and large pore volume (Luo et al., 2013; Wang et al., 2009b; Joo et al.,

2001). Moreover, investigation proved well-ordered pore structure of OMC make it appropriate
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support to load metal and metallic complex NPs including conducting metallopolymers NPs as
an efficient nanocomposite (Kang et al., 2010; Kazemi and Mohamadi, 2013). Also, the
functionalization or modification of OMC providing the active sites on its surface for chemical
immobilization of DNA and proteins (Vinu et al., 2007). Recently rGO has attracted many
attentions duo to its divers uses in wide ranging from electrode materials to electronic devices for
sensors, fuel cells and transistors because of its distinguished properties, such as large surface
area, extraordinary electron transport rate, excellent electrical and thermal conductivity, tunable
band gap and great mechanical strength. (Song et al., 2016; Zhang et al., 2010; Tan and lee,
2013).

The pencil graphite electrode (PGE) is an important electrode material which can be
used in construction of every type electrochemical biosensors due to its advantages such as
single-use disposable electrode, low cost, low background current and commercial availability
(Ozcan and Sahin, 2010; Rezaei et al., 2015; Rana and Kawde, 2016).

In this study, we have synthesized a nanocomposite consisting of rGO, OMC and Ni-
oxytetracycline (Ni-OTC) conducting metallopolymer NPs as an electroactive label, to fabricate
the electrochemical biomarker biosensor. To the best of our knowledge, the utilization of such
nanocomposite for electrochemical identification point mutation, L858R, of EGFR exon 21 has
not been reported. Herein, single-stranded DNA (ssDNA) was immobilized on PGE modified by
rGO/f-OMC through chemical immobilization. In the next step, Ni NPs were electrodeposited on
DNA-modified PGE and finally OTC was electropolymerized on Ni NPs as metal source to
obtain rGO/f-OMC-DNA/Ni-OTC NPs/PGE. Finally the developed biosensor was characterized

by FE-SEM, EDS, FT-IR and CV techniques.

2. Experimental



2.1. Chemicals and apparatus

rGO was prepared from Neutrino Co. (Iran). Tetraethyl orthosilicate (TEOS), sucrose,
hexadecyltrimethylammonium bromide (CTAB), was from Merck. OTC raw material was from
DarouPakhsh Co. (Iran). Sodium hydroxide, Nickel (IlI) sulfate, sulfuric acid, N-
hydroxysulfosuccinimide (NHS) and 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)
were prepared from Sigma—Aldrich. All the other chemicals were of analytical grade. All the
solutions were prepared with deionized water and deoxygenated by highly pure nitrogen gas for
at least 10 min before experiments. All oligonucleotides were synthesized and purified by
Takapouzist Co. (Tehran, Iran). Single-stranded DNA capture probe (ssSDNA), which is as a
bioreceptor for exon 21 point mutation (L858R), was an amine terminated 15- bases sequence:
NH2- 5 TTT GGC CCG CCC AAA3' . The sequence of 15-bases perfectly complementary
target sSDNA (ssDNA.) for ssDNA capture probe was shown as: 5" TTT GGG CGG GCC
AAA3' . The sequence of 15-bases DNA target with a point mutation ssDNAy, (a T-G
mismatch that indicated by the underline) for sSDNA probe was as fallow: 5 TTT GGG CTG
GCC AAA3' ) and the non-complementary DNA oligonucleotide sequence (sSDNAnc), was
5" CAT ATT TGC CAA CAG3' . Stock solutions stored at 4 °C until use.

Electrochemical ~ measurements were performed with AMETEK advanced
electrochemical system (model: PARSTAT 2273), driven with Electrochemistry PowerSuite
Software. A conventional electrochemical 3 electrode system was used for all electrochemical
experiments with an Ag/AgCI electrode (saturated potassium chloride), a PGE (diameter 1 mm)
and a platinum wire as reference, work and counter electrodes respectively. The pencil lead

electrode was fabricated from a .typical HB#2 pencil (Brand name Staedtler, Germany).



X-ray diffraction analysis was obtained using a Philips X’Pert-MP instrument and the
patterns were measured using Cu-Ka radiation. Structural and EDS analyses were conducted
using a scanning electron microscope (VEGA TESCAN SEM). FT-IR spectroscopic analysis
was performed by a FT-IR spectrophotometer (Jasco 680-plus, Tokyo, Japan) in the range of

7000-400 cm* using KBr powder-pressed pills. The ultrasonic water bath (LBS2-FALC) with

time and temperature control was used for the dispersion of nanomaterials. Nitrogen adsorption—
desorption isotherms were measured at 77 ° K by a BELSORP MINI Il instrument (BEL, Japan).

All electroanalytical measurements were carried out at room temperature and in air
pressure.

2.2. Synthesis of carboxylic functionalized OMC (f-OMC)

Mesoporous silica named MCM-41 and sucrose were selected as a template and the carbon
source respectively for OMC preparation. Mesoporous silica MCM-41 was synthesized
according to the procedure described by Cai et al. (2001). Then OMC was prepared according to
the previously reported procedure (Lin et al., 2006).The resultant carbon-silica composite was
boiled after pyrolysis in 1 M NaOH solution dissolved in 50:50 mixture of ethanol and water for
1 h to remove the silica framework. Then the template-free carbon product was filtered, washed
with water, and dried at 100 °C (Kim et al., 2004). Afterwards, the OMC was functionalized with
carboxylic groups through acid treatment to obtain modified surface. For this purpose, the OMC
was modified with concentrated H,SO, for 3 h at 80 °C according to the procedure in literature
(Dong et al., 2010; Zhu et al., 2005).

2.3 Preparation of rGO/f-OMC/PGE
Faber-Castell HB#2 pencil was chosen as working electrode and the wood coverage from the top
2 cm of the pencil was cut using a small teeth saw until the pencil lead was fully exposed and

7



easily can be attached to crocodile clips. Then the other side of graphite pencil was polished and
smoothed with 150-grit sandpaper, before being treated. Afterward, the polished PGE surface
was pretreated in 0.8M NaOH solution by scanning the potential between 1.3 and 1.9 V with a

scan rate of 100 mV s* for 50 cycle (Rana and Kawde, 2016). Then 10 mg of rGO nanosheet

was dispersed in 10 mL of acetone by ultrasonicated bath for 30min. The PGE modified with
rGO nanosheet by dropping the 20 pL of rGO/acetone suspension on the PGE surface by
micropipette and the PG electrode was dried at room temperature. Thereafter the synthesized f-
OMC (10 mg) was dispersed in 10 mL N,N-dimethyl formamide (DMF) and the suspension was
sonicated for 30 min to obtain a homogeneous black mixture. Then 20 uL of the prepared
suspension was dropped on the PGE surface and was dried at room temperature (Kerman et al.,

2002). In this way the rGO/f-OMC/PGE was obtained.

2.4 Fabrication of rGO/ssDNA-OMC/Ni-OTC NPs biosensor

For immobilization of amine-terminate ss DNA capture probe, firstly the carboxyl group of
rGO/f-OMC/PGE must be activated. Therefore, the rGO/f-OMC/PGE was immersed in 50 mM
phosphate buffer solution (pH 7.40) containing 5mM NHS and 2mM EDC for 60 min. The
obtained rGO/OMC-linker/PGE was rinsed with the 50mM phosphate buffer solution (pH 7.40)
at room temperature and then it was inverted. Subsequently10 uL. ssDNA capture probe (5 uM)
was dropped onto the rGO/OMC-linker/PGE surface and amine-terminate sSDNA is covalently
immobilized to the electrode surface via an amide bond and the rGO/ssDNA-OMC/PGE was
constructed. At the end the modified electrode was washed by phosphate buffer solution to
remove unbound ssDNA and it was dried at air overnight (Kerman et al., 2002). In the next step,
to prepare the rGO/ssDNA-OMC/Ni-OTC NPs/PGE, two step electrochemical technique was
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used for electrodeposition of conducting metallopolymer of Ni-OTC NPs on rGO/ssDNA-
OMC/PGE (Vinu et al., 2007). For this purpose, firstly an aqueous solution of 1 M H,SO,
solution containing 0.2 M NiSO,4 was used for electrodeposition of Ni NPs by applying constant
potential at —1.25 V for 300 s (Guo et al., 2015). Finally, electropolymerization of Ni-OTC was
carried out by using successive cyclic voltammetry of the rGO/ssSDNA-OMC/Ni-NPs/PGE in an

alkaline solution of 1X10“* mM of OTC between 0.1 and 0.9 V at scan rate 50 mV s* for at

least 15 cycles. All the fabrication steps of described before are shown in Scheme 1.

2.5. Hybridization with complementary target sSSDNA

sSDNA target hybridization that is joining two complementary strands of DNA to form a
double-stranded molecule, with the sSDNA capture probe immobilized on the PGE modified
surface was considered by immersing rGO/ssDNA-OMC/Ni-OTC NPs/PGE in 100 pL of 50
mM phosphate buffer solution (pH 7.0) containing different concentrations of ssDNA target for
60 min at 37 °C. The investigation of one-base mismatch ssDNA interactions was also studied
by incubated the modified PGE in 100 pL of 50 mM phosphate buffer solution (pH 7.0)
containing specified amount of one-base mismatch ssDNA. Finally, the obtained PG electrode
should be rinsed with the PBS buffer and doubly distilled water to remove unhybridized sSDNA

targets.

2.6 Electrochemical detection

Cyclic voltammetry was used as an effective technique for characterization of developed
sSDNA biosensor in 1.0mM Ks3Fe(CN)s/K4sFe(CN)g (1:1) mixture containing 0.1 M KCI.
Differential pulse voltammetry (DPV) and amperometry techniques were applied for the
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detection of hybridization via the change in electrochemical response of Ni-OTC NPs as
electrochemical active label. The DPV parameters were adjusted as follows: pulse amplitude 25

mV, pulse width 50 ms and scan rate 10 mVs ™.

3. Results and discussion

3.1 Characteristics of rGO/ssDNA-OMC/Ni-OTC NPs modified electrode

The crystalline structure of the MCM-41 silica particles was deduced from the XRD
pattern, as shown in Fig. Sla. Two Bragg peaks which can be indexed as (100) and (110) are
related to MCM-41 (Cai et al., 2001). Fig. S1b demonstrates the XRD pattern of the OMC and
the existence of low-angle peak confirming the crystalline mesoporous carbon synthesized from
MCM-41 (Lin et al., 2006). Morphology of the prepared OMC deposited on rGO/PGE surface
was characterized using FE-SEM images as shown in Fig. S1c. As can be seen, porous carbon
particles kept the crystal and isolated segment morphologies after removal of the MCM-41 as
template and they are well dispersed on rGO/PGE surface (Li et al., 2014). N, adsorption—
desorption isotherms for prepared OMC are demonstrated in Fig. S1d. After removal of silica
template, prepared OMC exhibits a type IV isotherm with a sharp capillary condensation steps
which imply to uniformity and ordered of mesoporous network. Also for the prepared OMC the
capillary condensation step happens at a relative pressure of about 0.4, which is in accordance
with other similar works which were previously reported (Gierszal et al., 2008). This results
indicate as-synthesized OMC shows porosity with a narrow size distribution. The pore size
distribution was calculated by BJH method using adsorption brunch (Fig. S1d, inset). According

to BJH results, pores major size of prepared OMC was appeared 4.1 nm in diameter. Finally
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specific surface area of prepared OMC was calculated about 926.56 m?/g using the BET method
and total pore volume was 1.31 cm®/g (Die et al., 2010).

XRD pattern of the Ni nanoparticles is demonstrated at Figs. 1a. Diffraction peaks at about
45° (111), 52° (200), 78° (220) and 94° (311) are corresponding to face centered cubic crystal
structure (fcc) of Ni NPs without any noticeable traces of any impurity which electrodeposited
on rGO/f-OMC/PGE (Gopalan et al., 2010). These diffraction peaks are in agreement with the
Joint Committee on Powder Diffraction Standards cards (JCPDS) nos. 04-0850.

Fig. 1b is FE-SEM image of the modified rGO/OMC/PGE surface after Ni NPs
electrodeposition. As can be seen in this figure, electrodeposited Ni NPs on the rGO/OMC/PGE
surface have a uniform and condensed distribution in the range 25-50 nm in diameter. The
electrodeposition of Ni NPs was accompanied with the formation and growth of bubbles on the
work electrode surface that it may be related to simultaneous hydrogen reduction. It can be said
this process affects on diffusion and reaction mechanism of Ni** ions on electrode surface and
leads to compacted morphology and distribution of Ni nanoparticles (Guo et al., 2015).

The FT-IR spectra of f-OMC (curve a) and sSDNA-OMC (curve b) are represented in Fig.

S2. A strong peak about at 1730 cm™ in FT-IR spectrum, (curve a), is assigned to the carboxyl
group stretching vibration of f-OMC. The bands emerged at about 1669 cm™ in curve b due to

the presence of amide Il which is indicated amine-terminate sSSDNA capture probe covalently
attached to f-OMC (Shoja et al., 2016a). The region from 818 cm™ to 1285 cm™ is attributed to
stretching vibrations of DNA phosphate groups (Ede et al., 2015). Vibration bands of N-H, C-H
and C=0 stretching in the DNA bases were appeared at the 1547, 2934 and 1743 cm™
respectively (Radhakrishnan et al., 2013). These vibration frequencies prove the chemical

immobilization of ssSDNA on rGO/f-OMC nanocomposite.

11



Electrochemical polymerization of OTC ligand was carried out by applying consecutive
cyclic potential scan technique in the absence of dissolved Ni ions in alkaline solution of OTC
which leads to the formation of isolated Ni-OTC NPs. on rGO/ssDNA-OMC/Ni NPs/PGE.
Successive cyclic voltammograms of the rGO/ssDNA-OMC/Ni NPs/PGE in 0.5 M NaOH

solution containing 1xX10™* M of OTC are presented in Fig. 3Sa which displays progressive

increase in Faradaic peak current intensities about 0.4 V vs. Ag/AgCl with every scanned cycle
in this voltammograms. This process is corresponded to Ni (1I/111) redox reaction in the polymer
texture (Kazemi and Mohamadi, 2013). Increasing in anodic and cathodic peak currents
continued gradually with increasing scan number for up to 18 cycles and then the peak current
remained stable. Therefor the 18 cycles were selected as the applied number of
electropolymerization cycles.

The chemical structure of OTC and the very possibly structure of the Ni-OTC complex

are illustrated in Fig. 2a. OTC has a special conjugated structure including an amid group and a3
unsaturated ketone form. It can be said that conductivity of the Ni-OTC NPs results from
possible overlapping between Ni orbitals and OTC conjugated structure (Kazemi and Mohamadi,
2013; Amin et al., 2017). Fig. 2b depicts the structure and morphology of Ni-OTC NPs using
FE-SEM image. As it is clear, Fig. 2b verified formation of Ni-OTC uniform nanostructure film
that consisted of Ni-OTC NPs, with average size about 58-95 nm, by electropolymerization of
OTC ligand in the absence of dissolved Ni ions in NaOH solution. The EDS spectrum revealed
that the surface of rGO/ssDNA-OMC/Ni-OTC NPs/PGE contained C, N, O, P and Ni elements
with 36.66, 6.42, 33.99, 10.14 and 12.79 wt. %, respectively (Fig. S3b). The existence of P is

individually related to sSSDNA probe.
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3.2. Electrochemical behavior of the modified electrodes

Cyclic voltammetry is an efficient technique for electrochemical investigation of developed
DNA biosensor. In this regard, electron transfer rate and reversibility are two significant
electrochemical parameters that are related to the peak height and separation, respectively.
Investigating of peak height and separation were done by studying cyclic voltammograms of
different modified electrodes in 0.1 M KCI solution, containing 5.0 mM Ks[Fe(CN)e] at scan rate

of 100 mVs . The results showed that peaks current intensity and potential peak separations for

[Fe (CN)g]> /[Fe (CN)e]* redox at rGO/f-OMC/PGE (curve b) were higher and smaller than
PGE (curve a), respectively, indicating faster electron transfer rate and more reversibility for
modified rGO/f-OMC/PGE (Fig. 3). Moreover, this remarkable response toward [Fe
(CN)s]* /[Fe (CN)e]* redox at rGO/f-OMC/PGE surface may be corresponded to increasing
mass transfer and accelerating the electron transfer rate caused by large pore volume, large
effective surface area, proper electrically conductive and large density of carboxyl group or edge
plane sites of rGO/f-OMC surface nanocomposite (Luo et al., 2012). When Ni-OTC NPs were
formed on rGO/f-OMC/PGE, redox peak current and reversibility for [Fe (CN)s]* /[Fe (CN)s]*
reaction considerably increased (curve c). It can be concluded that Ni-OTC NPs have an
electrocatalytic effect, preparing more active sites for the electrooxidation of [Fe (CN)e]* /[Fe
(CN)g]*". Also the well-defined anodic and cathodic peaks appeared at about 0.66 and 0.51 V
(curve c) are due to redox reaction of the Ni(Ill)/Ni(Il) couple at the rGO/f-OMC/Ni-OTC
NPs/PG electrode surface (Shoja et al., 2016b). After immobilization of sSSDNA capture probe on
the modified PGE, the rGO/ssDNA-OMC/Ni-OTC NPs/PGE (curve d) exhibited less
reversibility than the other modified electrodes (curve b, ¢) which was related to the electrostatic
repulsion between the negatively charged ss DNA capture probe and [Fe (CN)s]* /[Fe (CN)s]*".
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Furthermore the redox peak of Ni (I11)/Ni (I11) was not observed at rGO/ssSDNA-OMC/Ni-OTC
NPs/PGE. It can be due to the interaction between Ni-OTC NPs and ssDNA capture probe which
causes the shielding of the Ni (I11)/Ni (1) redox peak. Also this result confirms ssDNA capture
probe immobilized on modified PGE by rGO/f-OMC nanocomposite. For more electrochemical
investigation, cyclic voltammograms of rGO/f-OMC/Ni-OTC NPs/PGE and rGO/ssDNA-
OMCI/NIi-OTC NPs/PGE were obtained at scan rates ranging from 10 to 100 mV/s in 5.0 mM
Ks[Fe (CN)g] solution which are shown in Fig. S4a and Fig. S4b, respectively. Anodic peak
currents were increased in a linear relationship with the square root of scan rates for both
electrodes (Fig. 4). This illustrates that the process of [Fe (CN)s]’ /[Fe (CN)g]* redox is mainly
diffusion controlled at the surface of both rGO/f-OMC/Ni-OTC NPs/PGE and rGO/ssDNA-

OMCI/Ni-OTC NPs/PGE.

3.3. Hybridization, selectivity and detection of L858R mutation

Hybridization of sSDNA capture probe with ssSDNA; was monitored using DPV technique
by applying rGO/f-OMC/Ni-OTC NPs/PGE as working electrode in which Ni-OTC NPs are as
electroactive label. Fig. 5a presents DPV voltammograms of different rGO/f-OMC/Ni-OTC
NPs/PGE, without ssDNA capture probe (curve a) and with (curve b), after hybridization with
sSDNA (curve ¢) and after hybridization with, sSSDNAw (curve d) in NaOH (0.1 M). As is shown
in Fig. 5b, rGO/f-OMC/Ni-OTC NPs/PGE displayed considerable response relating to the
electrocatalytic activity of Ni-OTC NPs as redox label. By immobilization of ssDNA capture
probe, rGO/ssDNA-OMC/Ni-OTC NPs/PGE, the electrochemical signal of Ni-OTC NPs was
decreased owing to probable interaction between Ni-OTC NPs and free DNA bases. After

hybridization with complementary target, electrochemical response of biosensor diminished

14



significantly due to strong interaction of Ni-OTC NPs with base pairs in helix DNA. In order to
more investigate the selectivity of prepared DNA biosensor, responsibility of biosensor studied
at presence of other highly potential interferences such as sSDNAnc and duplex DNA. According
to the results influence of sSDNAnc and duplex DNA on the developed DNA biosensor response
to detection of ssSDNA. was very negligible.

According to these results the most probable mechanism for redox process of electrode

modified by Ni-OTC NPs can be expressed as follows:

[Ni(11)-OTC] + OH™ — [Ni(Il)-OTC (OH)]” (1)
[Ni (I)(OH)-OTC]™ +20H™ —s [Ni(I11)(0)(OH)-OTC]*™ +H,0 + ¢~ )

It is clearly electrostatic repulsion between the negatively charged hydroxyl ions (OH") and both
of ssDNA capture probe and helix DNA, disrupted the redox process of Ni-OTC NPs. Therefore
in the presence of sSDNA and helix DNA intensity current of Ni-OTC redox decreased.

At the end, control experiment was done via expose of rGO/ssDNA-OMC/Ni-OTC
NPs/PGE to the one-base mismatch oligonucleotide. The results illustrated the remarkable
response of Ni-OTC metallopolymer NPs was gained from rGO/f-OMC/Ni-OTC NPs/PGE and
the weakest signal was corresponded to full hybridization of rGO/ssDNA-OMC/Ni-OTC

NPs/PGE with ssDNA..

3.4. Optimization of hybridization condition for analytical application
It is clear that immobilized ssDNA capture probe surface concentration and hybridization
time can affect the biosensor performance. Both of these parameters were optimized by

following current changes of modified electrode in NaOH 0.1 M using DPV technique. At first,
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optimum surface concentration of sSDNA capture probe was obtained by detection of minimum
anodic current of rGO/ssDNA-OMC/Ni-OTC NPs/PGE at different concentration of
immobilized ssDNA capture probe and specific sSSDNA. concentration (5 uM). As can be seen
from Fig. S5a, electrochemical response of the work electrode decreased with increasing SSDNA
capture probe concentration from 0.5 pM to 5 puM and then increased as the ssDNA capture
probe concentration went higher than 5 uM. This result is mostly due to the steric effect and
repulsive electrostatic that increase with enhancement ssSDNA capture probe concentration
(Peterson et al., 2001). Afterward owing of determination optimum time hybridization and its
influence on biosensor response, anodic peak current of biosensor was investigated for
rGO/ssDNA-OMC/Ni-OTC NPs/PGE at 5 uM of immobilized sSDNA capture probe and defined
SSDNA. (5 uM) at different hybridization time (Fig. S5b). The results showed most hybridization
reaction happened at 60 min because the response of biosensor decreased as the time
hybridization increased from 15 min to 60 min and then it stayed approximately unchanged.
Therefor 5 pM and 60 min choose as optimal condition for hybridization and subsequent

experiments were done under the optimum condition at 37 °C.

3.5. Sensitivity and calibration curve at different concentrations of SSDNA target
Chronoamperometry technique was applied for examining sensitivity of the developed
DNA biosensor in this study. The chronoamperograms obtained by measurement modified
biosensor response at different concentrations of complementary ssDNA. in the range of 0.1 uM
to 3 uM under optimized condition. As expected, with increasing concentration of ssDNA., the
measured current at 0.2 s is decreased and then for each chronoamperometry curve, output

current decays with time according to Cottrell equation (Fig. 6) (Choudhary et al., 2015; Wang,
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2006b). Fig. S6 shows the respective calibration curve of rGO/sSDNA-OMC/Ni-OTC NPs/PGE
with correlation coefficients of 0.998 (for n=9). Linear regression equation between peak current
and the ssDNA. concentration was obtained as; 1 (mA) = —0.0188x C (uM) + 0.0577 mA and
using three times the standard deviation of the blank (background) signal, detection limit was
calculated 120 nM. Table 1 shows a comparison between performances of some previously
reported electrochemical DNA biosensor and our modified DNA biosensor in this work. A wide
linear range, the good linear response to the ssDNA target concentration (R*= 0.998) and very
high sensitivity (0.0188 mA/uM) of proposed electrochemical DNA biosensor in this study can
be comparable previously reported works. Therefore, it can be said, the prepared DNA biosensor
possessed an excellent sensitivity that results from synergistic effect between rGO sheets and f-
OMC which provides not only high effective surface area for the immobilization of Ni-OTC
nanostructure metallopolymer but also active sites for ssSDNA chemical immobilization.
Moreover, compared to other DNA biosensors in which metal complexes are used as an
electroactive label for monitoring of DNA hybridization (Noorbakhsha and Salimi, 2011;
Miodek et al., 2016), the usage of Ni-OTC NPs in construction of biosensors as an electroactive
label is very simple, low cost and efficient method via electrochemical deposition and there is no

need for complicated synthesis steps.

3.6. Stability and repeatability of electrochemical biosensor

The stability of electrochemical DNA biosensor was measured by evaluation of the
biosensor  response for a period of 3 weeks under its storage at
4 °C in PBS 50 mM (pH = 7.0). The developed DNA biosensor retains 70% of maximum initial

current response at the first day of fabrication after 2 weeks and finally the current response of
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the biosensor decreased to 65% of its original response after 3 weeks. This shows that the present
DNA biosensor has good stability. Furthermore, this DNA biosensor shows approximately the
same response after 5 successive hybridization in a constant concentration of target DNA (5 uM)
and relative standard deviations (RSD) was calculated 3.7% indicating good repeatability for the

produced biosensor in this work.

4. Conclusion

In summary, a sensitive electrochemical DNA biosensor based on rGO/f-OMC/Ni-OTC
NPs/PGE for identification point mutation, L858R, of EGFR exon 21 was successfully
constructed. rGO and f-OMC were deposited onto electrode surface respectively to improve
electrical conductivity and electrochemical effective surface area. Amine functionalized ssDNA
capture probe immobilized on PGE was modified by rGO/f-OMC/PGE via amid bond formation
and then Ni-OTC metallopolymer NPs were formed on rGO/ssDNA-OMC/PGE as redox label in
two step electrochemical procedure. Under the optimized condition, the present electrochemical
DNA biosensor showed excellent sensitivity to hybridization of ssDNA target (0.0188 mA/uM)
with good linear response (R* = 0.998) in wide concentration range and low detection limit (120
nM). This DNA biosensor possessed an inexpensive fabrication method, satisfactory stability
and reproducibility. Modified rGO/f-OMC/Ni-OTC NPs/PGE is only suitable for the application
in alkaline solution but it has potential utilization in the fabrication of other electrochemical

DNA biosensor and even electrochemical immunosensor.
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Figure captions:

Scheme 1. Fabrication steps of the rGO/ssDNA-OMC/Ni NPs/PGE DNA electrochemical

biosensor.

Figure 1. (a) XRD pattern of the Ni nanoparticles and (b) FE-SEM image of Ni nanoparticles
electrodeposited on rGO/f-OMC/PGE.

Figure 2. (a) The chemical structure of the very possibly structure of the Ni-OTC complex and

(b) FE-SEM image of Ni-OTC nanoparticles

Figure 3. CVs of (a) bare PGE , (b) rGO/f-OMC/PGE, (c) rGO/f-OMC/Ni-OTC NPs/PGE and
(d) rGO/ssDNA-OMC/Ni-OTC NPs/PGE in 0.1 M KCI solution containing 5.0 mM
K3[Fe(CN)¢] at a scan rate of 100 mV/s.

Figure 4. The fitted I,2 (anodic peak current) versus the square root of the scan rates for CVs of
rGO/f-OMC/Ni-OTC/PGE and rGO/ssDNA-OMC/Ni-OTC NPs/PGE in 0.1M KCI solution
containing 5.0 mM Ks[Fe (CN)g].

Figure 5. (a) DPV voltammograms of rGO/f-OMC/Ni-OTC NPs/PGE (curve a), rGO/ssDNA-
OMCI/NIi-OTC NPs/PGE (curve b), after hybridization with DNA( target (curve c) and after
hybridization with sequences containing one-base mismatch target DNAw (curve d) in NaOH
0.1 M, (b) responsibility of various electrodes. The error bar represents the standard deviation

of threemeasurements.

Figure 6. Amperometric response of modified electrode in NaOH 0.1 M upon increasing the

concentration of sSDNA target in the range of 0.1 uM to 3 uM under optimized condition.
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Table 1. Comparison between of our developed DNA biosensor performance for detection EGFR

exon21 mutation with some various methods previously reported.

Methods/Materials Linear range Detection Sensitivity Reference
(M) limit
(nM)
GSPE/PANI/Au NPs 2.0x107"t0 1.0x10~* 0.1 0.988 uA/mM  Saberi et al., 2013
N-G/Au NPs/GCE 1.0x10™" to 1.0x10~’ 3.12x107° 26.91 pA/M Chenetal., 2016
Au NPs/PANI/CS- 1.0x10™t0 1.0x10°° 2.11x10°3 2433 pA/pM  Wang et al., 2014
GS/GCE
NiOx NPs/GCE 4.0x10 0 1.0x10°® 6.8x107 20.8 nA/nM Noorbakhsha and
Salimi., 2011
rGO/ss DNA-OMC/Ni- 1.0x10 "t0 3.0x10°° 120 0.0188 mA/uM This work

OTC NPs/PGE

Highlights

First report on EGFR exon 21 L858R mutation identification by novel DNA
electrochemical biosensor.

Modified ssDNA capture probe chemically immobilized at pencil graphite electrode
modified with reduced graphene oxide /functionalized ordered mesoporous carbon/Ni-
oxytetracycline  metallopolymer  nanoparticles in  which  Ni-oxytetracycline
metallopolymer nanoparticles are as an electroactive label.

Detection electrochemical signals exhibited linearity with complementary target DNA in
the range of 0.1 UM to 3 uM under optimized condition.

Characterization of developed electrochemical biosensor was done by FE-SEM, XRD,
EDX, FT-IR, BET and CV. The response of proposed biosensor was investigated by
differential pulse voltammetry and potentiostatic amperometry techniques

The designed electrochemical biosensor showed good sensitivity, high reproducibility,
repeatability, selectivity and stability.
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