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ABSTRACT: In this study, a new probe based on immobilization of amino linked oligonucleotide (NH,-linked DNA) on poly(glycidyl
methacrylate-co-vinylferrocene)-coated Pt electrode was fabricated for the electrochemical detection of PTEN gene from human pros-
tate tissues. The experimental parameters such as DNA immobilization time, DNA concentration, and target concentration were opti-
mized. The selectivity of the NH,-linked DNA probe was assessed with mismatch (MM) and noncomplementary (NC) sequences.
The applicability of the NH,-linked DNA probe to the PCR amplified samples correspond to PTEN gene from prostate tissues was
evaluated. The immobilization of DNA on the copolymer was confirmed by FTIR, AFM, CV and DPV analysis. The PCR products
were also identified by using agarose gel electrophoresis. The prepared probe indicated a linear range (10-100 ug mL™") with a detec-
tion limit (4.7 ug mL™") and a good selectivity of the NH,-linked DNA probe toward target DNA sequence. © 2014 Wiley Periodicals,

Inc. J. Appl. Polym. Sci. 2014, 131, 40638.
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INTRODUCTION

PTEN, a unique tumor suppressor gene, (also known as MMACI
or TEP1) has recently been isolated from chromosome 10g23.3."
This gene inactivates many different types of cancers including gli-
oma, melanoma, and carcinoma of the endometrium, kidney, pros-
tate, breast, and lung.” The activity of PTEN is related to its ability
to dephosphorylate phosphoproteins or phospholipids and nega-
tively regulate the activity of the phosphatidylinositol 3-kinase
pathway. Loss of PTEN activity as a tumor suppressor gene
increases the cell proliferation and the tumor angiogenesis, thus,
decreases apoptosis.” There are some reports on PTEN gene muta-
tion and protein expression in many tumor types such as lung,
breast cancer and prostate cancer.*® One of the cancer types, pros-
tate cancer is classified as the most commonly diagnosed cancer
among the men. The current prognostic tools such as preoperative
prostate specific antigen (PSA) levels and histological Gleason grad-
ing of biopsy specimens are not available to determine risk stratify
of individual patients with prostate cancer at early stages of the dis-
ease.” The prostate cancer model by PTEN has been described for
diagnosis in the initiation of prostate cancer with prostatic intraepi-
thelial neoplasia (PIN), followed by progression to invasive adeno-
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carcinoma, and subsequent metastasis.*"'" Identification of specific
DNA sequence related to any disease will enable the development
of new methods. The detection of specific DNA squence is a basis
to the diagnosis and the treatment of various diseases as well as
many applications in genetics, pathology, criminology, pharmaco-
genetics, and food safety.'"'? In molecular diagnostic researches
based on the analysis of DNA sequence, a variety of the detection
methods such as fluorescent,” electrophoresis,'* electrochemilumi-
necence,'>'® quartz crystal microbalance,'” electrochemical imped-
ance spectroscopy,®' voltammetry*' > have been developed.
Compared with the other methods, the electrochemical detection
of DNA provides an advantage due to high sensitivity, low cost,
rapid, portability, and compatibility with micro-fabrication tech-
nology.”® The effective features of the electrochemical methods
allows widely for improving a great variety of DNA biosensors. In
the literature, some techniques for the electrochemical detection of
the DNA hybridization have been reported. The hybridization can
be detected directly,®” by using a redox indicator,”®*
tor,”**! enzyme,*® nanoparticle,”® or supporting materia

intercala-
13435

In this study, to identify PTEN gene in prostate tissue, we
developed a selective DNA biosensor for the detection of PTEN
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Monomer VFc in copolymer
Copolymer feed ratio M, (GPC)? MM, (mol %)°
P(GMAg>-co-VFcg) 75/25 42,000 3.7 8
P(GMAg7-co-VFc43) 50/50 11,000 2.8 13
P(GMAgs-co-VFc1s) 25/75 3,000 1.7 i1

Temperature: 65°C, bulk, polymerization time: 24 h.

2Polystyrene standards were used to determine M,, and M,,/M,, of the copolymer.
>Mole fraction of VFc in the copolymer was determined by UV-Vis spectrophotometer using different concentrations of ferrocene solutions in THF as

the standard solutions.

gene using poly(glycidyl methacrylate-co-vinylferrocene) having
pendant epoxy and ferrocene groups. Previously, this copolymer
was employed as a polymeric mediator for the construction of
biosensor based on tyrosinase,® glucose oxidase,”” galactose
oxidase,”® horseradish perosidase®® enzymes. The DNA detection
was carried out monitoring the change in the oxidation signal
of the modified copolymer before and after the hybridization
without using any redox indicator. The effect of DNA immobili-
zation time, target concentration and DNA concentration on
the current response of the biosensing system were examined by
using CV and DPV techniques. In addition, the proposed probe
was applied to the electrochemical analysis of PTEN gene in
PCR samples obtained from prostate tissues.

EXPERIMENTAL

Reagents

Glycidyl methacrylate (GMA, 97%) and vinylferrocene(VFc,
97%) were purchased from Sigma (St. Louis, MO). GMA was
purified by distillation under reduced pressure. a,’-azobisisobu-
tyronitrile (AIBN, 98%) (Sigma, St. Louis, MO) was purified by
recrystallization from methanol. Dichloromethane (99%) was
obtained from Merck (Darmstadt, Germany). The 20-mer oligo-
nucleotide (ODN) was purchased from Metabion International
AG (Germany). The following base sequences were designed from
PTEN gene sequence in human (Accession number: AF143313).

Amino linked probe: 5'-NH,-TACGGTAAGCCAAAAAATGA
Target: 5 TCATTTTTTGGCTTACCGTA

Mismatch (MM): 5TCATTTTTTGGCTTACAGTA
Noncomplementary (NC): 5’ GAAAAGAAAGCTTTCCCCACTA

Calf thymus DNA(CT-DNA) was used for the preparation of
the probe in the optimization studies. CT-DNA was purchased
from Sigma (St. Louis, MO). CT-DNA stock solution (1 mg
mL™") was prepared with ultrapure water and kept frozen
(—=20°C). The diluted solutions of CT-DNA and ODN were
prepared by using phosphate buffer solution (PBS) (0.01M, pH
7). All other chemicals were of analytical grade and ultrapure
water (Millipore Milli-Q Plus water purification system) was
used for preparing all of the solutions.

Apparatus and Instrumentations

All electrochemical measurements were performed with a CHI-
660C electrochemical workstation (CH Instruments Co., USA).
A conventional three electrode system was used with platinum
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electrode (area: 0.0314 cm?) as working electrode, a platinum
wire as auxiliary electrode and an Ag/AgCl (3M KCI) electrode
as reference electrode. Prior to each experiment, Pt electrode
was polished with 0.05 ym alumina powder, and then ultrasoni-
cated in deionized water. IR spectra were recorded on a Perkin-
Elmer spectrum 100 FTIR spectrometer (ATR)(Perkin-Elmer
Inc,, USA). Atomic force microscopy (AFM) images were
obtained by using Veeco diCaliber AFM(Veeco Inc., CA). The
average molecular weights and the molecular weight distribu-
tions of the copolymer was determined on an Agilent 1100
GPC Instrument (Agilent Tech., USA) consisting of a pump, a
refractive index detector and two Waters Styragel columns and
using THF as eluent at a flow rate of 0.5 mL min~' at 23 C.
"HNMR spectra was recorded in CDCl; solution on a Varian
UNITY INOVA 500 MHz spectrometer. UV—vis was recorded
using 1-cm path length cuvettes on Shimadzu 2001UV.

Synthesis of P(GMA-co-VFc)

P(GMA-co-VFc) was prepared by conventional free-radical
copolymerization GMA and VFc monomers initiated by o,o'-azo-
bisisobutyronitrile (AIBN) as reported previously.”® GMA (1.40
g, 9 mmol), VFc (0.690 g, 3 mmol), and AIBN (10 mg, 0.5% of
total weight of monomers) were put in a Pyrex tube. The reaction
mixture was degassed by gently purging with oxygen-free argon
for 10 min. After the tube was tightly sealed, it was immersed
into an oil bath previously thermostated to 65 C and stirred 24 h.
After the completion of the reaction, the copolymer was precipi-
tated from methanol and was filtered. The product was dried
under reduced pressure until a constant weight. The copolymer-
ization conditions and the composition data of P(GMA-co-VFc)
prepared in this study were given in Table I.

DNA Immobilization and Hybridization

The copolymer film was prepared by the drop-coating method
on the surface of Pt electrode with 5 pL of 1 mg mL™'
P(GMA-co-VFc) solution in dichloromethane and dried in air
at room temperature. The copolymer-coated Pt electro-
de(P(GMA-co-VFc)/Pt) was immersed in 0.01M PBS (pH 7) for
1 h, and then kept in 200 ug mL™" NH,-linked DNA solution
for the DNA immobilization for 6 h at 4°C. Finally, NH,-linked
DNA probe was washed lightly with 0.01M PBS for 10 s to
remove the unbound DNA prior to use. The preparation of
NH,-linked DNA probe was schematically shown in Scheme 1.
After the immobilization of NH,-linked DNA on P(GMA-co-
VEc)/Pt electrode, the hybridization with target was performed
by immersing the probe into 100 ug mL™' target solution for
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Scheme 1. Schematic illustration of fabrication of NH,-linked DNA
probe. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

30 min. The hybridization with MM (100 ug mL™") and NC
(100 pg mL™") was carried out using the same procedure as
described above. In the hybridization studies with PCR samples
amplified DNA from human prostate tissues, the denaturation
of PCR products was occurred at 95°C for 8 min and 0°C for 5
min.*’ In the optimization studies, the immobilization of CT-
DNA(Calf thymus DNA) on P(GMA-co-VFc)/Pt was carried out
using the same procedure above.

Electrochemical Measurements

The oxidation signal of the copolymer before and after the
hybridization was measured in 0.1M PBS containing 0.1M
NaClO, by cyclic voltammetry(CV) between —0.1—1.0 V at a
scan rate of 50 mV s~ . Also, the electrochemical behavior of
NH,-linked DNA probe in the presence and the absence of target
was investigated by using differential pulse voltammetry (DPV)
between —0.1—1.0 V with amplitude of 50 mV. Similarly, CV and
DPV techniques were used for the electrochemical behavior of
CT-DNA immobilized P(GMA-co-VFc)/Pt electrode.

DNA Extraction from Prostate Tissue

Paraffin-embedded prostate tissue specimens were derived from
the Faculty of Medicine at Necmettin Erbakan University, Tur-
key. DNA extracted from the paraffin blocks was carried out
according to the procedure described by Vural et al.*!

PCR Amplification of PTEN Gene

PCR(polymerase chain reaction) was performed using 100 ng of
genomic DNA extracted from prostate tissue and specific primer
according to the procedure described by Vural et al*!
5 TGACCACCTTTTATTACTCCA-3’ (forward) and
5'TACGGTAAGCCAAAAAATGA-3’ (reverse) were used as pri-
mers (I mM each) in a 25 puL PCR mix containing 5 uL
10XPCR, Taq buffer (pH 8.8), 2 mmol L™ MgCl,, and 10 mmol
L™' of each dNTP (dGTP, dATP, dTTP, dCTP), 0.5 mmol L™ " of
each primer, and 0.3 U DreamTaq polymerase (Advanced Bio-
technologies, Fermantase Life Science). Amplifications were per-
formed using an automatic thermocycler (Biorad company,
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Germany) as follows: initial denaturation at 94°C for 4 min,
denaturation at 94°C for 15 s, annealing at 60°C for 30 s, exten-
sion at 72°C for 15 s followed by 10 cycles and denaturation at
94°C for 15 s, annealing at 58°C for 20 s, extension at 72°C for
15 followed by 20 cycles, end step at 72°C for 3 min final exten-
sion. The PCR products were separated by gel electrophoresis sys-
tem (Biorad Company, Germany) in a 2% agarose solution
containing ethidium bromide and were imaged on Quantum ST4
UV transsimilator(Vilber Lourmat, France).

RESULTS AND DISCUSSION

The detection of DNA based on the electrochemical behavior of
the supporting material arising from redox couple has been suc-
cessfully applied to the process of the immobilized electro-
des.?>*>*  Additionally, another method used for the DNA
detection is based on monitoring the change in the current
response of the electroactive materials such as Co(bpy)33+44 and
Fe(CN)¢> 4451 with the hybridization of the target DNA
squence to the DNA probe. For this reason, we used a redox
copolymer (poly(glycidyl methacrylate-co-vinylferroce-
ne)(P(GMA-co-VEc)) containing pendant epoxy and ferrocene
moieties as a supporting material for DNA detection. The epoxy
and ferrocene moieties of P(GMA-co-VFEc) were employed for
direct immobilization of DNA and electron transfer mediator in
the fabrication of DNA biosensor, respectively. Thus, the electro-
chemical detection was carried out by measuring the oxidation
signals of VFc unit in the structure of the copolymer without the
need to any electroactive material.

FTIR, "HNMR, and UV Analysis

The immobilization of DNA on the copolymer was confirmed
by FTIR spectroscopy comparing the spectra of structures
before and after the immobilization process [Figure 1(I)] The
strong sharp peak at 1724 cm ™' comes from vibrations of car-
bonyl bonds of the copolymer.”® Ferrocene ring absorptions at
998 and 1106 cm™ ' indicate that the unsubstituted ferrocene
ring is unaffected by the copolymerization reactions.’® The
symmetric ring stretching frequency of the epoxy ring in the
copolymer structure occurs around 906 cm”'.® After the
immobilization of CT-DNA on the copolymer, a new peak in
the spectrum of DNA immobilized on the copolymer appears
at 1037 cm™ ' which is attributable to phosphate backbone of
the oligonucleotide. It is also observed that there are new
small peaks at 1629, 1586 in the spectrum of DNA immobi-
lized on the copolymer which are assigned to C=N stretching
vibrations of DNA bases.>*” The peak at 1552 cm ™' is related
to the C—N and C—C stretching vibration modes of the
purine ring.**

The composition analysis was performed at 440 nm (attributed
to the ferrocenyl moiety). UV-Vis spectrum of the copolymer is
shown in Figure 1(II). The copolymer shows two characteristic
absorption peaks at 335 nm and 440 nm resulting from the
ring MO-MO* transition and the d-d* transitions, respectively.

The chemical structure of the copolymer was also characterized
by "HNMR spectroscopic method. The "HNMR spectrum of pol-
y(GMAy,-co-VFcg) obtained from a comonomer mixture with a
feed ratio of [GMA]/[VFc] =1.15 is shown in Figure 1(III).
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Figure 1. (I) FTIR spectra of P(GMA-co-VFc)(a) and CT-DNA immobilized P(GMA-co-VFc)(b), (II) UV-vis spectrum and (IIT) "H-NMR spectrum of

P(GMA-co-VFc).

The chemical shift assignments of the copolymers were based on
those obtained for GMA and VFc monomers.

AFM Analysis

Atomic force microscopy(AFM) imaging technique is used to
image DNA, which plays an important role in molecular biol-
ogy, with high accuracy.**® Thus, after the immobilization of
DNA, we was examined the topographical analysis of CT-DNA
immobilized on P(GMA-co-VFc) using AFM. The images were
shown two- and three-dimensionally in Figure 2. In analyzing
the results of AFM, the immobilization of DNA on the copoly-
mer can be seen clearly in Figure 2(c) (including image with a
scan area of 5 X 5 um?). The DNA width of AFM images in
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Figure 2(a,b) (3D and 2D images with a scan area of 1 X 1
um?) is about 10 nm, which is larger than the known molecular
width of DNA due to the size of the probe tip used.”’ The
results obtained from the AFM images show that it is possible
to immobilize DNA molecules on the copolymer-coated Pt
electrode.

Optimization Studies

Figure 3 shows CVs of P(GMA-co-VFc)/Pt and CT-DNA
immobilized P(GMA-co-VFc)/Pt electrode at potential range of
—0.1—1.0 V at scan rate of 50 mV s~ ' in 0.1M PBS contain-
ing 0.1M NaClO,. The oxidation of VFc unit was recorded at
+0.37 'V, corresponding to the reversible one electron

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40638
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Figure 2. AFM images of CT-DNA immobilized on P(GMA-co-VFc). (a and b) three- and two-dimensional view with a scan area of 1 X 1 umz, (c) two-
dimensional view with a scan area of 5 X 5 um?. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

reduction of VFc™ with a peak potential of +0.14 V, which
was assigned to the ferrocenium/ferrocene (Fc*/Fc) couple
[Figure 3(I)]. The oxidation and the reduction peak currents
of CT-DNA immobilized P(GMA-co-VFc)/Pt electrode
decreased as compared with that of P(GMA-co-VFc)/Pt elec-
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Figure 3. CVs of P(GMA-co-VFc)/Pt(I) and CT-DNA immobilized
P(GMA-co-VFc)/Pt(Il) in 0.1M PBS containing 0.1M NaClO, at scan rate
of 50 mV s~ . Inset: DPVs of P(GMA-co-VFEc)/Pt(I) and CT-DNA immo-
bilized P(GMA-co-VFc)/Pt(II) in 0.1M PBS containing 0.1M NaClO, at
amplitude of 50 mV. CT-DNA concentration: 700 ug mL™', immobiliza-

-0.2

tion time: 5 h. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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trode [Figure 3(II)]. This result may be attributed to blocking
of the electroactive sites of VFc® by CT-DNA during the
immobilization of CT-DNA on P(GMA-co-VFc)/Pt electrode.
The electrochemical behavior of P(GMA-co-VFc)/Pt and CT-
DNA immobilized P(GMA-co-VFc)/Pt electrodes was also
investigated by using DPV between —0.1—1.0 V with ampli-
tude of 50 mV in 0.1 M PBS containing 0.1M NaClO, (inset
of Figure 3). The oxidation peak of P(GMA-co-VFc)/Pt was
observed at +0.32 V. The oxidation peak current of the CT-
DNA immobilized P(GMA-co-VFc)/Pt electrode decreased after
the immobilization of CT-DNA on P(GMA-co-VFc)/Pt elec-
trode. The results were similar to the results obtained from
the CV of the immobilized electrode.

The effect of the percentage of VFc on the current response
of the probe was examined. For this, the copolymers of
VFc with GMA at different monomer ratios were synthe-
sized by conventional free radical polymerization method.
The copolymerization conditions and the composition data
of the copolymers were given in Table I. Then, CT-DNA
immobilized electrode was prepared using the copolymers
with different percent VFc (8, 13, and 15%). For the DNA
immobilization step, P(GMA-co-VFc)/Pt electrodes were
immersed in 200 ug mL~' CT-DNA solution for 6 h at
4°C. According to the result of CV experiments, the
decrease in the current response of the CT-DNA immobi-
lized P(GMA-co-VFc)/Pt electrodes were found to be 6.9%
for P(GMAg,-co-VFcg), 15.1% for P(GMAg;-co-VFc;3), and
16.2% for P(GMAgs-co-VFc;s) when the response of the
copolymer-coated electrode was taken as 100%. This result
revealed that the peak current of the CT-DNA immobilized
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Figure 4. CVs of P(GMA-co-VFc)/Pt and CT-DNA immobilized P(GMA-
co-VFc)/Pt prepared at the immobilization time of 2, 6, and 9 h. Scan rate:
50 mV s~ '. CT-DNA concentration: 500 ug mL™". [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]

P(GMA-co-VFc)/Pt electrode decreased with the increase of
percentage of VFc in the structure of the copolymer due to
the increase of the amount of immobilized CT-DNA.

The amount of CT-DNA on the copolymer surface depends on
the immobilization time of DNA and the concentration of the
DNA solution used during immobilization process.”>***”>* The
effect of immobilization time on the peak current of the modi-
fied electrode was also tested at different immobilization time
of 2-9 h. The CV peaks of this study are shown in Figure 4.
With increasing immobilization time, the peak current of the
CT-DNA immobilized P(GMA-co-VFc)/Pt electrode decreased
slowly due to the increase in the amount of CT-DNA loading
on the polymer-modified electrode.
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To investigate the effect of the DNA concentration on the
response of biosensor, the CT-DNA immobilized P(GMA-co-
VEc)/Pt electrode were prepared with the CT-DNA concentra-
tions varying between 150 and 2200 ug mL™'. Figure 5(a,b)
present the CV and DPV results obtained for the CT-DNA
immobilized P(GMA-co-VFc)/Pt electrodes prepared with the
different concentrations of CT-DNA. Compared with P(GMA-
co-VEc)/Pt electrode, the oxidation signals of the CT-DNA
immobilized P(GMA-co-VFc)/Pt gradually decreased, which is
extremely important for a sensor application. It indicates that
the binding amount of CT-DNA on P(GMA-co-VEc)/Pt elec-
trode increased with increasing of the CT-DNA concentration.
Inset of Figure 5(b) shows the change in the oxidation signals
of the CT-DNA immobilized P(GMA-co-VFc)/Pt electrode as a
function of CT-DNA concentration used for immobilization.
The oxidation peak current of CT-DNA immobilized P(GMA-
co-VFc)/Pt electrode showed a linear relationship in the CT-
DNA concentration range of 150-1400 ug mL ™' (R* =0.9832).
When the concentration of CT-DNA was higher than 1400 ug
mL~", the oxidation peak current did not change appreciably
because of the saturation value of P(GMA-co-VFc) structure at
this concentration value.*

Hybridization Studies

Amino linked 20-mer oligonucleotid was used as model DNA
to investigate the applicability of the biosensor to the PCR sam-
ples. Amino linked oligonucleotid (NH,-linked DNA) was
immobilized on the copolymer film by immersing the modified
Pt electrode in NH,-linked DNA solution for 6 h at 4°C
(defined as NH,-linked DNA probe). First, the change in the
oxidation peak current of the probe prepared with the different
concentrations (25-800 ug mL™') of NH,-linked DNA was
examined. As shown in Figure 6, the DPV peak current of the
NH,-linked DNA probe was found to decrease with the concen-
tration of NH,-linked DNA and then, remained constant after a
concentration of 600 ug mL™'. The oxidation signal of the
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Figure 5. (a) CVs of P(GMA-co-VFc)/Pt and CT-DNA immobilized P(GMA-co-VFc)/Pt prepared with CT-DNA concentration of 300, 500, 900, and 1400
ug mL ™" Scan rate: 50 mV s~ . Immobilization time: 6 h. (b) DPVs of P(GMA-co-VFc)/Pt and CT-DNA immobilized P(GMA-co-VFc)/Pt prepared with
CT-DNA concentration of 300, 500, 900, and 1400 ug mL ™% Amplitude: 50 mV. Immobilization time: 6 h. Inset of b: The effect of different concentration of
CT-DNA on the response of the biosensor. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 6. DPVs of P(GMA-co-VFc)/Pt and NH,-linked DNA probe pre-
pared with NH,-linked DNA concentration of 200, 300, 400, 500, 600,
and 800 ug mL™'. Amplitude: 50 mV. Immobilization time: 6 h. Inset:
The effect of different concentration of NH,-linked DNA on the response
of the biosensor. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

NH,-linked DNA probe was linear with the concentration of
NH,-linked DNA from 25 to 400 ug mL™' with a correlation
coefficient of 0.9923 (inset of Figure 6). The DPVs of the NH,-
linked DNA probe exhibit a decrease of peak current and an
increase in the peak potential separation of the NH,-linked
DNA probe because the DNA molecules on the copolymer film
provide a barrier for the electron transfer of the redox couple at
the electrode.””™’

The recognition of the different DNA sequences such as noncom-
plementary (NC) and mismatch (MM) using the NH,-linked
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DNA probe as well as the hybridization with the target sequence
was examined by following the oxidation peak current of the
modified electrode. The peak current decrease of about 1.30 yA
(i.e., a current decrease of 54%) was observed after the hybridiza-
tion of the NH,-linked DNA probe with the target DNA sequence
[Figure 7(a)]. To evaluate the selectivity of the biosensor, the con-
trol experiments for DNA hybridization were performed using a
concentration of 100 ug mL ™' noncomplementary (NC) and 100
ug mL ™' mismatch (MM) DNA sequences [Figure 7(a,b)]. The
concentration of target was 100 ug mL™" for the studies related
to NC and MM DNA sequences below. No or a negligible change
in the peak current was observed on the NH,-linked DNA probe,
indicating that the NH,-linked DNA probe was highly selective
toward target DNA sequence. In the same time, this result con-
firmed that NC and MM DNA sequences could not hybridize
with the NH,-linked DNA probe. The analytical performance of
the NH,-linked DNA probe was further explored by using differ-
ent concentrations (10200 ug mL™") of the target sequence for
the hybridization. As expected, the results for DPV experiments
showed that the oxidation peak current of the NH,-linked DNA
probe decreased with increasing of the concentration of the target
sequence as a result of the hybridization between the NH,-linked
DNA probe and its target sequence. Inset of Figure 7 shows the
change in the oxidation currents of the probe as a function of the
target concentration. The statistical analysis of the calibration
curve of the NH,-linked DNA probe gave the regression equation
y=—0.0171x+ 2.8051 with a correlation coefficient of 0.9817,
where y is the current (1A) and x is the target concentration (ug
mL™1). The detection limit [at the signal-to-noise ratio of 3 (S/
N = 3)] achieved with the NH,-linked DNA probe was calculated
to be 4.7 ug mL L. The relative standard deviation (RSD) was
estimated 4.41% for three successive determinations of a 75 ug
mL ™! target concentration, showing high regeneration and repro-
ducibility of the developed DNA biosensor.

0.0
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Figure 7. (a) CVs of P(GMA-co-VFc)/Pt and the hybridization between NH,-linked DNA probe and target(100 ug mL™"), MM(100 ug mL 1), NC(100
ug mL ') and PCR-samples. Scan rate: 50 mV s~ '. Immobilization time: 6 h. Hybridization time: 30 min. (b) DPVs of P(GMA-co-VFc)/Pt and the
hybridization between NH,-linked DNA probe and target(100 ug mL 1), MM(100 ug mL 1), NC(100 ug mL ") and PCR-samples. Amplitude: 50 mV
s~ '. Immobilization time: 6 h. Inset of b: The effect of different concentration of target on the response of the biosensor. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

Maﬁ‘%},& WWW.MATERIALSVIEWS.COM
1

40638 (7 of 9)

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40638



http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

367bp —

Figure 8. Agarose gel analysis of PCR samples. Lane 1: DNA marker, Lane
2: negative control, Lane 3: PCR sample-1, Lane 4: PCR sample-2.

To test the real applicability of our DNA biosensor, the hybrid-
ization between the NH,-linked DNA probe and the target
DNA sequences which are present in the PCR-amplified samples
correspond to PTEN gene from human prostate tissues was
determined by using the CV and DPV techniques in 0.1M PBS
containing 0.1M NaClO,. It was observed in Figure 7(a,b) that
the oxidation peak currents of the NH,-linked DNA probe
hybridized with the PCR amplified samples decreased as com-
pared with the NH,-linked DNA probe. The decrease in the
peak current reflects the extent of the hybridization formation
at the probe. When the NH,-linked DNA probe with the PCR
amplified samples was hybridized, it was observed that the
decrease in the peak current is 49% for PCR sample-1 and 52%
for PCR sample-2 as compared with the NH,-linked DNA
probe. The concentrations of PTEN gene in the PCR samples
were calculated to be 88.60 ug mL™' for PCR sample-1 and
93.28 ug mL~' for PCR sample-2 from the regression equation
for the hybridization. In the detection of the PCR amplified
samples, the results similar to that of target sequence were
obtained, indicating that the method was also effective in deter-
mining long chain target DNA.*® As a result, we can state
clearly that the probe prepared using NH,-linked oligonucleo-
tide has a good selectivity toward both the target and the PCR-
amplified samples obtained from prostate tissues.

The amplifications of DNA samples performed by PCR tech-
nique were also identified by using agarose gel electrophoresis.
The electrophoresis method for the separation of PCR products
was carried out in a 2% agarose gel in 1XTAE buffer (45 mM
Tris, 1 mM EDTA, pH 8), stained with ethidium bromide. In
the agarose gel analysis, as shown in Figure 8, PCR products
from human prostate tissues which were used to be real samples
to detect PTEN gene were amplified as 367 bp.

CONCLUSIONS

In conclusion, we was developed a selective DNA probe for the
detection of PTEN gene obtained from prostate tissues using a
redox copolymer [poly(glycidyl methacrylate-co-vinylferrocene)]
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as a supporting material. The DNA detection is based on moni-
toring the change in the current response of the modified
copolymer before and after the hybridization by using CV and
DPV techniques. Thus, the prepared DNA biosensor eliminates
the need for an extra redox indicator used to monitor the cur-
rent response in some of the DNA biosensors because the
copolymer itself can directly provides a response after the
hybridization. The biosensor indicated a linear range (10-100
pg mL™") with a detection limit (4.7 ug mL™') and a good
selectivity toward target DNA sequence in the hybridization
study carried out with target, MM, NC sequences. Also, the
results of the real samples indicated that the biosensor is useful
for the detection of PTEN gene in the PCR products amplified
from prostate tissues. In addition, considering the compatibility
of P(GMA-co-VFc) film as a supporting material, the proposed
DNA probe can be a good example for design of new bio-
electrochemical applications.
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