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Abstract

In this research, we have developed lable free DNA biosensors based on modified glassy
carbon electrodes (GCE) with reduced graphene oxide (RGO) and carbon nano tubes
(MWCNTS) for detection of DNA sequences. This paper compares the detection of BRCAL
5382insC mutation using independent glassy carbon electrodes (GCE) modified with RGO and
MWCNTSs. A probe (BRCA1 5382insC mutation detection (sSDNA)) was then immobilized on
the modified electrodes for a specific time. The immobilization of the probe and its hybridization
with the target DNA (Complementary DNA) were performed under optimum conditions using
different electrochemical techniques such as cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS). The proposed biosensors were used for determination of
complementary DNA sequences. The non- modified DNA biosensor (1-pyrenebutyric acid-N-
hydroxysuccinimide ester (PANHS)/GCE), revealed a linear relationship between AR and

logarithm of the complementary target DNA concentration ranging from 1.0x107° mol L™ to
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1.0x10™ mol L™ with a correlation coefficient of 0.992, for DNA biosensors modified with
multi wall carbon nano tubes (MWCNTS) and reduced graphene oxide (RGO) wider linear range
and lower detection limit were obtained. For ssDNA/PANHS/MWCNTs/GCE a linear range
1.0x10"" mol L - 1.0x10™ mol L' with a correlation coefficient of 0.993 and for
ssDNA/PANHS/RGO/GCE a linear range from 1.0x10™® mol L™ to 1.0x10™ mol L* with a
correlation coefficient of 0.985 were obtained. In addition, the mentioned biosensors were
satisfactorily applied for discriminating of complementary sequences from noncomplementary
sequences, so the mentioned biosensors can be used for the detection of BRCAl-associated breast
cancer.

Keywords: 1- pyrenebutyric acid-N- hydroxysuccinimide ester (PANHS); DNA-biosensor;

Immobilization; Breast cancer; Reduced graphene oxide

1. Introduction

For genetic detection of cancers in initial steps and analysis of gene sequences, DNA
biosensors in diagnostic tests are important. Breast cancer is a kind of malignant tumor, which
starts in the cells of the breast. A malignant tumor contains a group of cancer cells that can grow
into circumambient tissues or spread to the other areas of the body. This disease occurs in
women more than men, but men can get it, too. The BRCAL 5382insC mutation increases the
risk of getting breast cancer 10 times and ovarian cancer 20 times, compared with the general
population. Detection of breast cancer like other cancers in the initial stages is so important,
consequently different DNA biosensors based on different detection strategies have been
developed [1-4]. This disease can be detected by different methods [5], among them,
electrochemical biosensors have been improved due to having some advantages such as being

highly sensitive, selective and rapid [6-9].



As known, by development of nanotechnology and nano science, different nanomaterials
have been introduced to improve sensing performance of electrochemical biosensors. For
example, Wang groups [10, 11] have fabricated several electrochemical DNA biosensors based
on nanomaterials. Obviously, nanotechnology has exhibited a main role in electrochemical DNA
diagnostics, and among nanomaterials, graphene is a single atom with two-dimensional sheet of
sp?-bonded carbon. Due to its structure, it has specific attributes such as high mobility of charge
carriers, good biocompatibility, high electrocatalytic property and large specific surface area.
Thus, it can be used in the fabrication of electrochemical biosensors [12-13]. Todays,
electrochemical reduction of graphene oxide (Go) on the electrode surface has been proposed.
Electrochemical reduction of graphene oxide can be achieved with different techniques such as
cyclic voltammetry or potentioststic method [14].

In addition, nanomaterials which have been widely applied as an ideal material to
fabricate electrochemical biosensors, are multi wall Carbon nanotubes (MWCNTS). Recently,
because of owing the properties of each synergistic effect, composite materials based on
MWCNTs and polymers have gained more interest [15, 16]. The first example of
electrochemically assisted covalent modification of carbon was reported by Barbier [17] and
after that many works have been reported about this general approach. These kinds of biosensors
have been improved effectively due to having suitable sensitivity and selectivity.

PANHS (1- pyrenebutyric acid-N- hydroxysuccinimide ester) is one of the linkers which
can be used to fabricate some electrochemical biosensors. PANHS is commonly found in organic
chemistry or biochemistry where it is used as an activating reagent for carboxylic acids. This
material has been used as a scaffold molecule comprising an anchor group and a terminal group.

Due to hydrophobic n system group, PANHS has strong affinity with the base plane of the



carbon sheets and carbon tubes through n-stacking [18], and this material with succinimid ester
group reacts strongly to nucleophilic substitution by amine groups on the proteins [19].

Electrochemical impedance spectroscopy (EIS) is a powerful technique for investigation
of electrode surface to follow detection of immobilized DNA probes and hybridization of
complementary DNA target at the electrode surface. This technique enables researchers to
investigate different properties of interfaces of electrode and solution, so it can be used for
detection of events occurred on the electrode surface. One of the benefits of this technique is
being label-free detection method, which is helpful due to no need to additionally biomolecule
markers, such as fluorescent dyes, enzymes, or other redox labels [20].

Several electrochemical biosensors have been designed for genetic diagnoses in literature
[21, 22]. In our recently works [23-25], some electrochemical DNA biosensors were designed. In
reference [23], fabrication of a modified carbon paste electrode with gold nanoparticles was
investigated for sex determination. In papers [24, 25], a label free biosensor based on a glassy
carbon electrode modified with graphene and gold nanoparticles for detection of breast cancer
and a simple and label-free detection of DNA hybridization on a modified graphene nanosheets
electrode were fabricated, respectively.

In the present paper, we reported new electrochemical biosensors based on modified
glassy  carbon  electrodes  which  named  ssDNA/PANHS/MWCNTs/GCE  and
sSDNA/PANHS/RGO/GCE. Glassy carbon electrode was modified with nano particles of RGO
and MWCNTs which owing some benefits such as using synthesized nano materials of RGO and
MWCNTs and using PANHS provide a suitable base for attaching the DNA strands and
consequently a better hybridization process can occur at the electrode surface. The results

showed that EIS responses versus the concentration of complementary oligonucleotides for



ssDNA/PANHS/RGO/GCE was obtained from 1.0x10™ to 1.0x10 ™ mol L™ with a detection
limit of 3.5x10™° mol L™, linear range and the limit of detection for ssDNA/PANHS/GCE and
SSDNA/PANHS/MWCNTSs/GCE  electrodes were obtained, too. Also, we examined
complementary sequences from noncomplementary sequences under the optimum conditions.

To the best of our knowledge, there are few papers which used PANHS to graft DNA
strands to the surface of electrode [26]. One of the advantages of using PANHS is decreasing the
electrode preparation processes (not necessary to use NHS/EDC (1-ethyl-3-(3-dimethyl amino
propyl) carbo-diimide hydrochloride (EDC), N-hydroxysuccinimide (NHS)) for activation of
carboxylic acid groups). Other advantages of this work are making electrochemical biosensor
without label, using nanomatrials (reduced graphen oxide and carbon nano tubes) to improve
linear range and detection limit. Also, the designed biosensors revealed high stability and
reproducibility for detection of sequences of complementary and noncomplementary of BRCA1
strands. The proposed approach for immobilization of probe DNA and hybridization with target
oligonucleotides is illustrated in Scheme 1.

HERE Scheme. 1

1. Experimental
1.1. Reagents and Apparatus

Specific primers and probes were designed based on GenBank breast cancer database.
Primers were dissolved in water to form 1 mg ml™ stock solution and were kept frozen at -20 °C.
Tween 20 (Polyoxy ethylenesorbitan monolaurate), potassium ferrocyanide, potassium
ferricyanide, graphite, 1- pyrenebutyric acid-N- hydroxysuccinimide ester (PANHS), MWCNTSs,
1-ethyl-3-(3-dimethyl ~ amino  propyl)  carbo-diimide  hydrochloride  (EDC), N-
hydroxysuccinimide (NHS), and other chemical reagents were purchased from commercial
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sources (Merck or Sigma) and were applied in analytical grade. Double distilled water and all
buffers were sterilized by using an autoclave. All solutions were prepared with deionized water
(DI: 18 MQ cm™ resistivity). Graphene oxide (GO) nanosheets were prepared according to the
papers [27, 28]. The sequences of probe and complementary were as follows:

Probe sequence (sSDNA=P1):

5-AAGCGAGCAAGAGAATTCCAG-3'

Complementary sequence (dSDNA=P1C):
5-GTGAAAGTATCTAGCACTGCTGGAATTCTCTTGCTCGCTT-3'

Noncomplementary sequence (noncom dsDNA=P1nC):
5-TGTGAAAGTATCTAGCACTGTGGGAATTCTCTTGCTCGCT-3'

EIS and electrochemical ~measurements were performed with  Autolab
potentiostat/galvanostat model PGSTAT 302 N (Eco Chemic, Utrecht, Netherlands) and NOVA
1.7 software at laboratory temperature (25+1°C). The applied three-electrode system was
composed of a glassy carbon as a working electrode (surface area of 7.07 mm?), an Ag/AgCl (1.0
mol L™ KCI) reference electrode, and a platinum wire as an auxiliary electrode. The pH
measurements were performed using a Metrohm model 691 pH/mV meter.

2.2 Preparation of nonmodified electrode (dsSDNA/PANHS/GCE)

Before fabrication, the surface of a GCE was polished by 0.05 um alumina slurry to
mirror like, and then the mirror surface of GCE was washed successively with anhydrous alcohol
and water. Then 20 pL of PANHS solution (1 umol L) was dropped on the surface of electrode
overnight in a saturated chamber with DMF vapor. For immobilization of DNA probe to the
electrode surface, 20 pL of DNA probe (ssDNA) solution (1 pmol L™) was pipetted on the

electrode surface for 30 min in a wet chamber with water to fabricate SSDONA/PANHS/GCE. The



prepared electrode was kept in a 0.1% Tween solution at room temperature for 30 min to remove
nonspecific adsorption of DNA probes and also to fill the bare areas of the electrode surface that
have not been covered by DNA probe molecules. The electrode was washed with buffer after
each step and each step was followed using CV and EIS techniques. For hybridization, 100 pL of
complementary DNA (1.0x10™ mol L™) was dropped on the fabricated electrode for 50 min at

30 °C. This electrode was named dsDNA/PANHS/GCE.

2.3. Preparation of modified electrodes
2.3.1 Preparation of dsSDNA /PANHS/MWCNTs/GCE

Before fabrication, like the mentioned electrode, bare GCE was polished. A 20 pL of
homogeneously dispersed solution of multi wall carbon nano tubes (MWCNTS) (0.050 g mL™)
was then pipetted onto the surface of GCE and dried under ambient condition. After that, 20 pL
of PANHS solution (1 pmol L™) was dropped on the surface of electrode for 3 h in a saturated
chamber with DMF vapor. For immobilization of DNA probe on the electrode surface, 10 pL of
DNA probe (ssDNA) solution (1 pmol L™) was dropped on the electrode surface for 30 min in a
wet chamber with water to fabricate SSDNA/PANHS/MWCNTS/GCE. The electrode was then
kept in a 0.1% Tween solution at room temperature for 30 min to remove nonspecific adsorption
of DNA and fill the non-covered areas of SSDNA/PANHS/MWCNTs/GCE by DNA molecules.
For hybridization of sSDNA/PANHS/MWCNTs/GCE, 100 pL of complementary DNA (1.0x10°
> mol L™) was dropped on the fabricated electrode for 50 min at 30 °C. This electrode was

named dsDNA /PANHS/MWCNTSs/GCE.

2.3.2. Preparation of dSSDNA/PANHS/RGO/GCE



First, bare GCE was polished as described for non-modified electrode, then it was
modified with reduced graphene oxide by electrochemical method. In this method, graphene
oxide (GO) on a glassy carbon electrode was reduced at a constant potential of —0.9 V for 40 s
[24] in a PBS (0.1 mol L™, pH=7.4) solution by constant potential colometry (CPC) technique.
The RGO/GCE was washed with double-distilled water, 20 pL of a PANHS solution (1 pmol L
') was then dropped on the surface of electrode for 3 h in a saturated chamber with DMF vapor.
For immobilization of DNA probe to the electrode surface, 10 pL of DNA probe (SSDNA)
solution (1 umol L™) was dropped on the electrode surface for 30 min in a wet chamber with
water to fabricate sSDNA/PANHS/RGO/GCE. To remove nonspecific adsorption of DNA
molecules, the electrode was kept in a 0.1% Tween solution at 30 °C for 30 min. For
hybridization of PANHS/RGO/GCE, 100 pL of complementary DNA (10x10™*® mol L™) was
dropped on the fabricated electrode for 50 min at 30 °C. This electrode was named
dsDNA/PANHS/RGO/GCE, and modification steps were followed by using CV and EIS
techniques, too.

2.4. BRCAL mutation investigation

To investigate BRCA1 5382insC mutation detection efficiency, the non-modified
electrode (dsDNA /PANHS/GCE) and modified electrodes of dSDNA/PANHS/MWCNTs/GCE
and dsDNA/PANHS/RGO/GCE were fabricated and the hybridization of complementary and
noncomplementary sequences (P1C and P1nC) were followed for every electrode.

3. Result and Discussion
3.1. Characterization of fabricated modified electrode

3.1.1. Characterization by SEM, cyclic voltammetry and EIS techniques



In this experiment, the morphology of bare GCE, MWCNTs and RGO was studied by
SEM (Fig. 1). As shown in Fig. 1A, in SEM image of bare GCE, no considerable amorphous
carbon particles were observed and the surface of bare electrode is smooth but in Fig.1B and Fig.
1C the electrode surfaces are rougher than non-modified glassy carbon electrode, it can mean
that RGO and MWCNTSs act as a nanowire between sample solution and the surface of glassy
carbon electrode. So, the modification of GCE with RGO and MWCNTSs increases the loading
amount of DNA probes that can cause the improvement of immobilization and hybridization
processes.

EIS and CV methods were also used to check the fabrication process of the modified
biosensor (sSDNA/PANHS/RGO/GCE). All experiments were carried out in a solution
containing 0.5 mmol L™ [Fe (CN)e]*™ (1:1) in a 0.1 mol L™ PBS as a redox probe. Fig. 2 shows
the cyclic voltammograms of different electrodes in 0.5 mmol L™ [Fe (CN)s]*"* at a scan rate of
100 mV/s. As shown in this figure, an obvious increase in the peak current (i,) of RGO/GCE
electrode is observed (curves a and b) compared with the CV response of bare GCE. This
enhancement of peak current can be due to the huge surface, high electric transfer kinetics and
excellent conductivity of RGO [29]. By immobilizing probe on the surface of electrode, peak
current decreased and peak potential difference (AEp) enhanced significantly due to repulsion of
[Fe(CN)s* 7] by the negative charged phosphate backbone of probe DNA and preventing
[Fe(CN)s* 7] ions from reaching to the electrode surface ( curve d). By adding complementary
DNA, the negative charge of redox species increases more, which leads to decrease of peak
current. On the other hand, it has been revealed that DNA immobilization and hybridization

could be affected on the current of fabricated electrode surface (Fig.2, curve f) [30].



The similar results were obtained for the other modified electrode
(SSDNA/PANHS/MWCNT/GCE), too. EIS signals for different modification steps were in good
agreement with the obtained results by CV experiments. As shown in Fig. 3, by modification of
bare electrode with RGO, the surface of electrode is improved and due to high conductivity of
RGO and its high surface area, R decreases compared with bare GCE (Fig. 3 curves a and b).
The amount of R, increases by immobilization of DNA probe on the PANHS/RGO/GCE
surface (Fig. 3, curve d). In the last step, hybridization of DNA probe on the RGO modified
electrode (sSDNA/PANHS/RGO/GCE) with complementary DNA enlarged the diameter of the
semicircle of impedance spectrum due to more repulsion between negatively charge of
hybridized DNA and [Fe (CN)s]*™ anions ( Fig. 3, curve f). In addition, hybridization of non-
complementary DNA (P1nC) probe on ssDNA/PANHS/RGO/GCE was examined (curve g). As
shown in this curve, there is no significant change in AR which indicating no hybridization was
occurred. These experiments were done for the other modified electrode with MWCNTSs
(sSDNA/PANHS/MWCNTSs/GCE), while the obtained results had a good agreement with
ssDNA/PANHS/RGO/GCE.

Here Figures1-2-3
3.2. Optimization of experimental conditions
3.2.1. Investigation of immobilization time and Tween incubation time

To investigate the detection ability of DNA biosensor, the immobilization amount of
probe is important. The changes in the charge transfer resistance (AR¢= (Rct)fina— (Ret)initia) Was
adopted as the measurement signal, where (Rcinitiai, IS the R¢: before immobilization step and
(Reo)sinal, 1S Rt after each step in all optimization steps. We examined different times of

immobilization time on the electrode surface from 1 h to 24 h. It was observed that by increasing
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time, AR increases significantly. Anyway, when time is more than about 16 h, AR starts to
level off after 16 h (Fig. 4A), this can be due to the full coverage of the surface of electrode by
the DNA probe after 16 h. Therefore, an immobilization time of 16 h was selected for
experiments, considering the largest AR¢. SSDNA/PANHS/RGO/GCE electrode was incubated
in a solution of 0.1% Tween in different times to remove nonspecifically adsorbed probe
molecules from the surface of electrode. It is possible for Tween to attach to the nonspecific sites
on ssDN/PANHS/RGO/GCE and remove nonspecifically adsorbed DNA molecules from the
fabricated electrode surface. It was observed that AR increased with increasing time between 5
min to 30 min, and then response signal has been stable (Fig. 4B). Therefore, the optimum time
of 30 min was chosen for the incubation of Tween.

3.2.2. Effect of time and temperature of hybridization

The effect of time and temperature on the hybridization process were tested. As shown in
Fig. 4C, hybridization time was changed from 5 min to 1 h while keeping hybridization
temperature and complementary target DNA concentration constant at 25 ° C and 10x10™° mol
L™, respectively. The impedance value of target was as a function of hybridization time. As
shown in Fig. 4C, 50 min was obtained as an optimum hybridization time.

The other parameter for hybridization reaction is temperature of hybridization. The obtained
results indicated that the AR value increased by increasing temperature up to 35 °C and rapidly
decreased with the increase of temperature. Reduction of AR occurs due to removing some
molecules from the electrode surface in higher temperature, so the temperature of 35°C was
selected as the optimum hybridization temperature (Fig. 4D).

Here figure 4
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3.3. Calibration investigation on modified electrode

Fig. 5 shows EIS responses of the fabricated biosensor (sSDNA/PANHS/RGO/GCE)
through the addition of different concentrations of complementary target DNA. According to this
figure, with increasing the concentrations of complementary target DNA, R increases. Inset A
of Fig. 5 reveals the used Randles equivalent circuit for EIS measurements. As known, in this
equivalent circuit, Rs is the electrolyte resistance, Wy, is Warburg impedance resulting from the
ions diffusion, CPE is a constant phase element and R is the electron transfer resistance. We
used the recorded R value for each experimental steps, because electron transfer process

3-/4-

between the redox indicator solution of [Fe(CN)e]°"""and electrode surface has been influenced

by electrode modification and hybridization processes.

The obtained results in Fig. 6A show that for non-modified electrode PANHS/GCE) AR
versus concentration of complementary DNA strands is constituted from 1.0 x 10 mol L™ to
1.0 x 10" mol L™ with a regression equation of AR, =1.278 Log C (mol L™) +23.035 (R?
=0.992). The detection limit based on 3sy (S, Was the relative standard deviation of 10 replicate
measurements of blank - solution) was obtained to be 3.7x10Y mol L™ For
PANHS/MWCNTs/GCE modified electrode, AR for target DNA concentration is evaluated
from 1.0 x 10™" mol L™ to 1.0 x 10" mol L™ with a regression equation of ARy =1.268 Log C
(mol L™) +23.902 (R? =0.993) and the limit of detection (based on 3sy) was obtained to be

3.1x10*® mol L™ (curve B of Fig.6).

Also, for PANHS/RGO/GCE modified electrode, AR via target concentration is made
from 1.0 x 10" mol L™ to 1.0 x 10™° mol L™ with a regression equation of ARy =1.350 Log C
(mol L™) +25.90 (R? =0.985) and the lower detection limit of 3.5x10™ mol L™ was obtained

(curve C of Fig. 6). These results show that using RGO and CNTs as modifiers due to their
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unique properties exhibit high sensitivity. Some characteristics of the proposed electrode
(ssSDNA/PANHS/RGO/GCE) with the wider linear range and lower detection limit were
compared with similar reported electrodes [21, 25, 26, 30-32] in the Table 1. According to this
table, obtained detection limit and linear range in this work for PANHS/RGO/GCE modified

electrode, are comparable and in some cases better than other works.

Here Fig. 5

Here Fig. 6

Here Table 1
3.4. The selectivity and analytical performance of the modified DNA sensor

One of the significant aims of designing new DNA biosensors is recognition of
differences between the targets DNA from others. Achieving this purpose, selectivity of the
designed electrochemical biosensor (sSDNA/PANHS/RGO/GCE with the higher sensitivity than
other fabricated biosensors sSSDNA/PANHS/MWCNT/GCE and ssDNA/PANHS/GCE) was
tested by using prepared modified electrode to hybridize with different kinds of DNA sequences
(target P1C and non-complementary P1nC). The results revealed that after hybridization with
complementary and non-complementary DNA sequences, the proposed electrode has different
EIS responses. With P1C sequence high signal was obtained and for P1nC sequence, a small
change in EIS response was observed. According to Table 2, EIS results show that AR values of
complementary P1C increased more compared with those of non-complementary DNA sequence
P1nC. So, these results can reveal that selectivity of the designed electrodes with two different
modifiers (RGO, MWCNTS) is excellent and it can be offered that the fabricated biosensor
applies in the next works to detect BRCA1 mutation in real samples in the next works.

Here Table 2
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3.5 Repeatability, reproducibility and stability of the DNA sensors

For repeatability investigations (the electrode capability for the generation of a repeatable
response) of the fabricated DNA sensors, hybridization of ssSDNA/PANHS/RGO/GCE were
performed with 1.0x10™® mol L™ target DNA, five times and a relative standard deviation of
3.2% was obtained. Also, repeatability investigations for ssDNA/PANHS/GCE and
sSDNA/PANHS/MWCNT/GCE electrodes were done and the relative standard deviations of
3.0% and 4.2% were obtained. For reproducibility investigations, three independently
sSDNA/PANHS/RGO/GCE were prepared and the fabricated ssDNA/PANHS/RGO/GCE
electrodes were hybridized with 1.0x10™® mol L™ target DNA. The results showed the ARy
values of 6.15, 6.32 and 6.80 KQ with a relative standard deviation of 5.2% (n=3) indicating a
satisfactory reproducibility of this electrochemical biosensor. Also, the mentioned steps were
tested for sSDNA/PANHS/GCE and ssDNA/PANHS/MWCNT/GCE electrodes, and relative
standard deviations of 4.8% and 5.0% were obtained, respectively. In addition, the stability of
the proposed modified electrodes were investigated, too. When the modified electrodes of
sSDNA/PANHS/RGO/GCE, and ssDNA/MWCNT/PANHS/GCE, and non-modified electrode of
ssDNA/PANHS/GCE were stored in a 0.1 mol L™ PBS buffer solutions (pH 7.4) at 4 °C for 5
days, the responses of electrodes were retained about 93%, 91%, 90% of their primary responses
respectively, so the stability of the proposed DNA biosensors are suitable.
4. Conclusion

In this study, we described the fabrication of DNA label-free electrochemical biosensors
for BRCA1 mutation detection, based on PANHS, glassy carbon electrode with two modifiers

(RGO, CNTs) for DNA immobilization and hybridization processes. Under optimum conditions,
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for non-modified electrochemical biosensor (sSDNA/PANHS/GCE) a detection limit of 3.7x10°
" mol L™ and a linear range of 1.0 x 10™*® - 1.0 x 10" mol L™ were obtained, respectively. For
the modified biosensor of ssSDNA/PANHS/MWCNTSs/GCE a linear range of 1.0 x 107" - 1.0 x
10™ mol L™ and a detection limit of 3.1x10™*® mol L™ were estimated. For the electrochemical
biosensor modified with RGO (ssDNA/PANHS/RGO/GCE) a wider linear range (1.0 x 107 -
1.0 x 10™ mol L?) and a lower detection limit of 3.5x10™ mol L™ were obtained by EIS
technique. So, the last electrochemical biosensor, (SSDNA/PANHS/RGO/GCE), has a wider
linear range and lower detection limit compared to non-modified and modified biosensor with
MWCNTSs. Also, ssDNA/PANHS/RGO/GCE biosensor with higher selectivity and sensitivity
than the other proposed biosensors, was successful in detection of BRCA1 mutation and
employed in determination of complementary and non-complementary sequences.
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Table 1 Comparison of analytical performances of several electrochemical DNA sensors

Detection 1 1
DNA sensor Linear range (Mol L™) Detection Limit (mol L™) Reference
technique
DNA/PICA/GCE CcVv 3.34x10°-10.6x10” 1.0x107 [21]
GNs/GCE EIS 1.0x10%°-1.0x10™* 7.1x10% [25]
GR-PBA/Au SPR 1.0x10%°-1.0x10™* 38x10%® [26]
MWCNTSs/GCE Y 2.0x100-5.0x10°® 1.0x10*° [30]
DNA/AUNP/cys/PGA DPV 0.09x107°- 4.8x10° 0.042x10° [31]
DNA/polyaniline/GCE DPV 22.5x10-2.25x10™*2 1.0x10™2 [32]
DNA/PANHS/RGO/GCE EIS 1.0x108-1.0x10™° 3.5x10™° This work

(PICA): poly (indole-5-carboxylic acid)

GNs: graphene nano sheets

(GR): graphene

(PBA): pyrenebutyric acid

(AuNP/cys/PGA): Gold nanoparticles / Cysteamine/ Poly glutamic acid)
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Table 2 Comparison of ARct values of hybridization process for complementary and

noncomplementary sequences at different fabricated electrodes (n=5)

The name of electrode Complementary Noncomplementary
ARH(KQ) ARHKQ)
ssDNA/PANHS/RGO/GCE 6.10 (+0.22) 0.45(+0.10)
sSDNA/PANHS/MWCNT/GCE 4.80 (£0.20) 0.48 (£0.13)
ssDNA/PANHS /GCE 4.55 (+0.11) 0.40 (+0.12)
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Caption of figures:

Schem. 1 Schematic representation of the modified electrochemical biosensor based on PANHS,
nanomaterials of RGO and MWCNTs and GCE as a platform.

Fig. 1 SEM images of (A) bare GCE, (B) CNTs/GCE, (C) RGO/GCE

Fig. 2 Cyclic voltammograms of electrode in 0.5 mmol L™ [Fe(CN)s]*"* and 0.1 mol L KCI for
the modification steps of (a) GCE, (b) PANHS/GCE, (¢) RGO/PANHS/GCE, (d)
ssDNA/RGO/PANHS/GCE (e) dsSDNA/RGO/PANHS/GCE. (p1)=ssDNA, (p1C) = dsDNA

Fig. 3 Electrochemical Impedence Spectroscopy (EIS) obtained for 0.5 mmol L™ [Fe(CN)e]**
ina 0.1 mol L™ PBS at (a) GCE, (b) RGO/GCE, (c) PANHS/RGO/ GCE, (d) ) sSDNA/PANHS
/RGO /GCE (e) Tween/ssDNA/PANHS/RGO/GCE (f) dsDNA/Tween/PANHS/RGO/GCE (g)
Noncom-DNA/Tween/PANHS/RGO/GCE. EIS conditions: ac potential 5 mV, frequency range
10 kHz to 0.1 Hz and (p1) =ssDNA, (p1c) = dsDNA, (p1nC) = noncomplementary dsDNA

Fig. 4 The optimization of (A) immobilization time (B) Tween incubation time (C) the time of
hybridization (D) the temperature of hybridization

Fig. 5 Nyquist diagrams recorded at ssSDNA immobilized and after hybridization with its

complementary with different concentrations, Inset A: The applied equivalent circuit for

impedance data in the presence of redox couples

Fig. 6 Plots of the dependence of AR versus the different concentrations of target for (A)

sSDNA /PANHS/GCE, (B) ssDNA/MWCNTs/PANHS/GCE, (C) ssDNA/RGO/PANHS/GCE
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Highlights:

We have designed and characterized a new electrochemical biosensor based on glassy

carbon electrode (GCE) with these advantages:
1-Using RGO and MWCNTSs as modifiers with their unique properties
2- Decreasing electrode preparation by using PANHS without need to use EDC/NHS for
activation of carboxylic acid groups
3- A low detection limit of 3.5x10"® M was obtained for target DNA at
ssSDNA/PANHS/RGO/GCE
4- Comparison of linear range and detection limit for non-modified and modified biosensor
with RGO and MWCNTSs
5- High sensitivity and selectivity for detection of complementary and non-complementary
sequences of BRCA1 5382

6- High stability and repeatability of the designed electrochemical biosensor

31





