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Abstract Poly(vinylferrocenium) (PVF") modified gold
(Au) electrode was developed in this study for the elec-
trochemical sensing of deoxyribonucleic acid (DNA)
hybridization based on the oxidation signals of polymer
and guanine, and also for the electrochemical investigation
of interaction of anticancer drug, mitomycin C (MC) and
DNA immobilized onto PVF" modified Au electrode.
PVF' modified Au electrode was prepared by electrooxi-
dation of poly(vinylferrocene) PVF at +0.7 V versus
Ag/AgCl reference electrode. The polymer modified elec-
trode and DNA immobilized polymer modified electrode
were characterized by X-ray photoelectron (XPS), Fourier
transform infrared-attenuated total reflentance (FTIR-ATR)
and alternating current (AC) impedance spectroscopy. For
application studies, differential pulse voltammetry (DPV)
technique was used.

Keywords Poly(vinylferrocenium) modified electrode -
Electrochemical DNA biosensor - DNA hybridization -
Guanine - DNA—drug interaction - Mitomycin C

1 Introduction

The detection of deoxyribonucleic acid (DNA) is very
important for various applications such as diagnosis of
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infectious diseases, genetic mutations, drug discovery,
environmental science, forensics and food technology
[1, 2]. Biosensors are promising alternative for faster,
cheaper, and simpler DNA analysis [3]. Electrochemical
transducers were commonly used for detection of DNA
[4-7]. Modern electrochemical DNA bioassays provide
remarkable sensitivity, compatibility with modern micro-
fabrication technologies. Inherent miniaturization, low
cost, minimal power requirements, and independence of
sample turbidity are their other advantages [8].

DNA detection rely on methods such as; the intrinsic
electrochemical properties of DNA (the oxidation of purine
bases), accumulation of redox compounds at the DNA-
modified electrode surface, electrochemical amplifications
with nanoparticles and combination of magnetic separation
[9-13]. Electrochemical devices based on DNA-mediated
charge transport chemistry were widely reported [14, 15].
Applications of electroactive polymers received consider-
able recent attention for DNA detection [16, 17]. The use
of polymers offers several advantages in the construction
of DNA biosensors due to their cheapness and simple
production. Polymer films can be deposited on various
types of substrates easily [18].

Electrochemical DNA hybridization biosensors combine
the base-pair recognition of nucleic acid probes with the
advantages of electrochemical methods. They can be used
to differentiate one base mismatch sequences from the
complementary target sequences sensitively. These bio-
sensors also do not require any additional preparation step
[19, 20]. Arora et al. [20] studied DNA hybridization using
polypyrrole-polyvinyl sulfonate modified Pt electrode.
Garnier et al. [21] used electroactive pyrrole-based copoly-
mer, poly[pyrrole-COOH, pyrrole-ODN,,;.] deposited on
Au microelectrode for detecting complementary oligonu-
cleotide (ODN). Electrochemically fabricated polyaniline
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nanowire-modified electrode on glassy carbon electrode for
voltammetric detection of DNA hybridization was exam-
ined using methylene blue (MB) as an indicator by Zhu
et al. [22]. Poly(indole-6-carboxylic acid) was studied to
discriminate one-base mismatched and noncomplementary
oligonucleotide (ODN) sequences [23]. Electrochemical
sensing of DNA hybridization with electroactive ferro-
cene functionalized polypyrrole was reported by Korri-
Youssoufi et al. [24].

The interaction of anticancer drugs with DNA is an
important topic for studies in drug discovery and pharma-
ceutical development processes. Li et al. [25] studied
interaction of echinomycin with guanine on the surface of
glassy carbon electrode. Impedance sensing of specific
DNA anticancer drug, netropsin was investigated using
gold disk electrode [26]. Wang et al. [27] performed
interaction of daunomycin with DNA in solution and at the
surface of carbon paste electrode. The biomolecular bind-
ing behavior of dacarbazine in the presence of nano-
titanium dioxide was studied on glassy carbon electrode by
Song et al. [28]. Electrochemical investigation of interac-
tion between mitomycin C (MC) and DNA was examined
in a novel drug-delivery system using pencil graphite
electrode by Karadeniz et al. [29].

In this work, PVF" modified gold (Au) electrode was
developed for the electrochemical sensing of DNA based
on the oxidation signals of polymer and guanine and also
for the electrochemical investigation of interaction of MC
and DNA immobilized onto PVF" modified Au electrode.
Characterization of the polymer and DNA immobilized
polymer modified electrodes were studied with X-ray
photoelectron (XPS), Fourier transform infrared-attenuated
total reflentance (FTIR-ATR) and alternating current (AC)
impedance spectroscopy. Differential pulse voltammetry
(DPV) technique was used in sensor application studies.
The DNA hybridization was studied using thiol linked
probe in the presence of target, mismatch (MM) and non-
complementary (NC) sequences. In order to obtain more
sensitive electrochemical signals probe ODN concentration
and target ODN concentration were examined. The inter-
action of MC and DNA immobilized onto polymer modi-
fied electrode was investigated in the presence/absence of
MC. MC concentration and MC interaction time with DNA
were examined to obtain optimum analytical conditions.
AC impedance spectroscopy was also used for monitoring
MC-DNA interaction.

In our previous works, this polymer was used for DNA
hybridization using specific oligonucleotides (ODN5s)
[30-32]. However, in this work, besides different charac-
terization methods, combination of Au electrode and PVF*
was carried out in DNA hybridization sensing technology
for the first time. The electrochemical signal of guanine
was obtained at low potential with enhanced current in this
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work compared to our earlier works [30-32]. Also, to the
best of our knowledge, there is no data in the literature
about the investigation of interaction between MC and
DNA immobilized onto polymer coated electrodes. The
interaction of MC-DNA was monitored easily with a good
sensitivity using this modified electrode.

2 Experimental
2.1 Apparatus

Electrochemical studies were carried out with CH Instru-
ments System, Model 660 B. XPS spectra were recorded on
a SPECS ESCA (Berlin, GERMANY) system with Mg/Al
dual anode using Mg Ko radiation. FTIR-ATR spectra were
performed with Perkin Elmer FT-IR System Spectrum-BX.

A gold (Au) (Aldrich) disc working electrode (area:
7.85 x 1072 cm?), a saturated calomel reference electrode
(SCE) (BAS, USA) and a Pt (Aldrich) counter electrode
were used. Ag/AgCl (Aldrich) reference electrode was used
for the electrooxidation of polymer performed in methylene
chloride. XPS spectra and FTIR-ATR studies were per-
formed with Pt foil (Aldrich) electrode (0.5 cm x 0.5 cm).

2.2 Reagents

NaH,PO4-2H,0, Na,HPO,4-2H,O and NaOH were pur-
chased from Merck. Methylene chloride was obtained from
Riedel-de-Haen. NaClO, was purchased from Sigma-
Aldrich. Vinylferrocene was purchased from Aldrich. 2,2’-
Azo-bis(2-methyl-propionitrile) (AIBN) was Alfa. CHj;
COONa and CH;COOH were purchased from Fluka.

Fish sperm DNA (fsDNA) was obtained from Serva. Calf
thymus double-stranded, single-stranded DNA (ds/ssDNA)
and MC were purchased from Sigma. The 20-23 mer oli-
gonucleotides (ODNs) were purchased as lyophilized
powder from TIB MOLBIOL (Germany). Their base
sequences are given below:

Thiol linked probe: 5'-SH-AATACCACATCATCCAT
ATA

Target: 5'-TATATGGATGATGTGGTATT

Mismatch (MM): 5-TATGTGGATGATGTGGTATT
Noncomplementary (NC) (23-mer): 5'-AATACCTGTA
TTCCTCGCCTGTC

Other chemicals were in analytical reagent grade and
they were supplied from Sigma and Merck.

2.2.1 The preparation of solutions

Phosphate buffer solution (50 mM PBS, pH: 7.0) contain-
ing 0.1 M NaClO,4 was prepared from NaH,PO,-2H,0O and
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Na,HPO,-2H,0 using triple distilled water. Acetate buffer
solution (50 mM ABS, pH: 4.80) was prepared from
CH3COONa and CH3COOH. DNA, ODN and MC stock
solutions were prepared with ultrapure tri-distilled water
and kept frozen. The diluted solutions of DNA/ODN and
MC were prepared by using PBS containing 20 mM NaCl.

2.3 Supporting electrolytes

Tetra-n-butyl ammonium perchlorate (TBAP) was used as
a supporting electrolyte of the polymer solution, in non-
aqueous medium [30]. PBS and ABS were used as the
supporting electrolytes in aqueous medium.

2.4 Chemical polymerization of vinylferrocene

Poly(vinyferrocene) (PVF) was prepared by the chemical
polymerization of vinylferrocene with AIBN initiator [30].

2.5 Preparation of polymer solution

1.0 mg mL™" PVF polymer solution was prepared in
methylene chloride/TBAP solvent/supporting electrolyte
system.

2.6 Procedure

All the experiments were done at room temperature. Each
test was repeated three times, and the average values were
presented in the histograms with the error bars.

2.6.1 The preparation of poly(vinylferrocenium) (PVF")
modified Au electrode by potential-controlled
coulometry

The PVF™ modified Au electrode was prepared electro-
chemically by electrooxidation at +0.7 V versus Ag/AgCl
reference electrode in PVF solution. 4-0.7 V was set in all
our previous measurements as the optimized potential for
the oxidation of PVF to PVF™. Perchlorate ions (C10,7)
which was in the structure of TBAP inserted into the
polymeric structure as a counter ion [31].

The thicknesses of PVFTCIO,~ films were controlled by
the charge passed during the electroprecipitation. This
charge was considered as an indication of polymeric film
thickness. A charge of 1 x 107> C corresponded to
1.32 x 107 mol of the oxidized PVF per cm? with a dry
thickness of 300 um, and about 3 x 10° layers [32].

Polymer modified electrode was waited in buffer solution
at the given experimental parameter all the time for checking
if the change was due to DNA immobilization or not.

2.6.2 The preparation of DNA immobilized PVF*
modified electrode

The preparation of DNA immobilized electrode was
accomplished by immersing the PVF' modified electrode
into ds/ssDNA solution. ODN immobilized polymer elec-
trodes were prepared dropping the ODN solutions onto the
polymer modified Au electrode surface and kept for 1 h.
For hybridization studies, target, NC and MM ODN solu-
tions were dropped onto the probe immobilized polymer
modified electrode and kept for 1 h. After immobilization
of nucleic acid onto the polymer electrode, the electrode
was washed using buffer solution for 10 s. These condi-
tions were the optimized working conditions according to
our earlier studies [30, 31].

2.6.3 Interaction of MC with dsDNA at PVF' modified
electrode

MC solution was dropped onto the dsDNA immobilized
polymer modified Au electrode and kept for 20 min. After
interaction of MC with DNA at the polymer modified
electrode, the electrode was washed with buffer solution
for 10 s.

2.6.4 Voltammetric transduction

The cyclic voltammograms of the polymer modified and
unmodified Au electrodes were measured between —0.1 V
and 4+1.0 V versus SCE at 100 mV s~' in 50 mM PBS
containing 0.1 M NaClOy,

The oxidation signals of polymer and guanine were
measured by using DPV scanning between +0.0 V and
+1.4 versus SCE at pulse amplitude of 50 mV in ABS.
Oxidation signals of probe immobilized polymer, target,
NC and MM immobilized probe modified polymer were
measured using DPV at the same parameters reported
above.

The electrochemical behavior of dsDNA immobilized
polymer electrode was measured in 50 mM PBS containing
0.1 M NaClOy in the absence/presence of MC by using
DPV scanning between +0.0 V and +1.0 V versus SCE at
pulse amplitude of 50 mV.

2.6.5 Impedance measurements

AC impedance measurements were carried out at the
open-circuit value; +0.4 V and the frequency was varied
over the range 10°-1072 Hz with amplitude of 5 mV in
PBS.
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3 Results and discussion
3.1 XPS spectra

Figure la—c shows the wide energy range of XPS spectra
of the polymer modified, ssDNA immobilized polymer
modified and dsDNA immobilized polymer modified
electrodes, respectively. The main peaks were assigned to

C, O, Cl and Fe elements and data indicated that these
elements existed on the PVFTClO,~ film (Fig. 1a). Simi-
larly, the main peaks for C, O, P and N, indicated that these
elements existed on the ss/dsSDNA immobilized polymer
film. The existence of P and N peaks on the XPS spectra of
ss/dsDNA immobilized polymer film proved the immobi-
lization of DNA onto the polymer film (Fig. 1b, c). Thus, it
was concluded that ss/dsDNA could be immobilized onto

Fig. 1 XPS spectra of (A) 12
a polymer modified electrode,
b ssDNA immobilized polymer
modified electrode after
immersion into 2500 pg mL ™"
ssDNA solution, ¢ dsDNA
immobilized polymer modified
electrode after immersion into
2500 ug mL™' dsDNA solution

10

4™

-

Intensity [kCps]
-]

Fe 2p3/2

ol

.J
Cl2p

01s N1is C1s P2pSi

| | I A

700

600 500 400 300 200
Binding Energy [eV], Al

8000
7000
6000
5000
4000
3000 l
2000
1000 [Nais

' Intensity [Cps]

o

o

Fe2p3/2 O1s N1s

A

Cis ci2p Pzrm

1000

900 800 700 600 500 400 300 200

Binding Energy [eV], Al

8000
7000
6000
5000
4000

Intensity [Cps]

3000
2000
1000 | Na1s

AT

Fe2p3/2 O1s N1s C1s ci2p

1000

@ Springer

900 800 700 600 500 400 300 200

Binding Energy [eV], Al



J Appl Electrochem (2010) 40:2039-2050

2043

the polymer modified electrode [33]. It was also found that,
the interaction of polymer with dsDNA was better than the
interaction of polymer with ssDNA (4.6% N, 2.2% P for
dsDNA immobilized polymer electrode; 3.3% N, 2.0% P
for ssDNA immobilized polymer electrode) [30].

3.2 FTIR-ATR spectroscopy

FTIR-ATR spectra of polymer film and dsDNA immobi-
lized polymer film are given in Fig. 2a and b, respectively.
The peaks in the spectrum of PVFTCIO,~ that appeared
about 623 and 1093 cm ™' were attributed to C10,~ ion in

Fig. 2 FTIR-ATR spectra of
a polymer modified electrode,
b dsDNA immobilized polymer
modified electrode. Other 120
conditions are same in Fig. 1
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the polymer structure. The intensity of the peaks that
belong to ClO,  decreased due to the anion exchange
occurred between counter anion and negatively charged
biomolecule (Fig. 2b) [34]. According to the FTIR-ATR
spectra of polymer film and dsDNA immobilized polymer
film (respectively, shown in Fig. 2a, b), the peak at around
957.14 cm™! can be attributed to ferrocene [35].

3.3 AC impedance spectroscopy

AC impedance spectroscopy was also used to identify and
differentiate the immobilization of ss/dsDNA on the
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Fig. 3 AC impedance spectra of (i) polymer modified electrode, (ii)
ssDNA immobilized polymer modified electrode, (iii) dsDNA
immobilized polymer modified electrode. AC measurement: at the
open-circuit value; +0.4 V between 10% and 1072 Hz frequency range
with amplitude of 5 mV in PBS. Other conditions are same in Fig. 1

polymer modified electrode. The semicircle portion at
higher frequencies correspond to the charge-transfer lim-
ited process and linear portion seen at lower frequencies
may be ascribed to the diffusion process in the Nyquist
plot of impedance spectra [36]. The diameter of the
semicircle represents the charge-transfer resistance (R.,) at
the electrode surface [37]. Figure 3 shows the impedance
spectra of polymer modified electrode, ssDNA immobi-
lized polymer modified electrode and dsDNA immobilized
polymer electrode in PBS, respectively. There was an
increase at the R.; values after DNA immobilization onto
the surface of the polymer modified electrode. This result
indicated the enhanced resistance to the charge-transfer
occured at the electrode surface. These results were in a
good agreement with the results obtained by XPS and
FTIR-ATR studies.

3.4 Electrochemical studies

The cyclic voltammogram (CV) of PVFTCIO,~ film in
PBS containing 0.1 M NaClO, is presented in Fig. 4a-i.
The oxidation of PVF to PVF" was observed at +0.38 V
and the reduction of PVF™ to PVF was measured as
40.22 V versus SCE. These peaks are assigned to ferro-
cenium/ferrocene redox couple [30-32]. The cyclic vol-
tammetric behavior of unmodifed Au electrode is also
given in Fig. 4a-ii.

After characterization of PVF" coated surfaces, their
applications in DNA biosensor technology were investi-
gated using Au electrodes. Firstly, DNA hybridization was
performed on thiol linked ODN immobilized polymer
modified electrode in the presence of target, mismatch
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(MM) and noncomplementary (NC) sequences. Then, the
electrochemical investigation of interaction of MC and
DNA immobilized onto PVF™ modified Au electrode was
explored.

Figure 4b and ¢ shows the DPVs of PVF"CIO,~ and
ss/dsDNA immobilized PVFTClO,~ modified electrodes
in PBS containing 0.1 M NaClO, and ABS, respectively.
The oxidation peak of the polymer was observed at
+0.34 V by using PBS (pH = 7.0) (Fig. 4b-i). After
ss/dsDNA immobilization, a significant decrease in the
oxidation peak current of the polymer was observed
similar to earlier results [19, 30-32, 38, 39]. A small peak
was observed at about +0.92 V, which reflected the
oxidation signal of guanine in the DPV of ssDNA
immobilized polymer modified electrode (Fig. 4b-ii).
There was also a small peak observed at about +0.91 V,
which reflected the oxidation signal of guanine in the
DPV of dsDNA immobilized polymer modified electrode
(Fig. 4b-iii) [40].

The oxidation peak of the polymer was obtained at
4+0.38 V in ABS (pH = 4.8) (Fig. 4c-i). The peaks at
+0.98 V in the DPV of dsDNA immobilized polymer
modified electrode (Fig. 4c-iii) and +1.01 V in the DPV
of ssDNA immobilized polymer modified electrode
(Fig. 4c-ii)) in ABS were assigned to the electroactive
DNA base, guanine. The DPV of unmodified Au electrode
is also given in Fig. 4c-iv. There was a interaction of DNA
biomolecule with positively charged matrix at both pH
values.

3.4.1 DNA hybridization on PVF" modified Au electrode

DNA hybridization was carried out using this biosensing
method. Firstly, the effect of thiol linked ODN concen-
tration on the oxidation signals of polymer was studied in
various ODN concentration from 12.5 to 200 pg mL™".
The oxidation peak current decreased gradually and then
levelled off, when the concentration of ODN was
175 pg mL™" (Fig. 5a). The optimum immobilization
concentration for 20-mer thiol linked ODN was found as
175 pg mL™". The DPVs at three different concentrations
of thiol linked ODN are shown in Fig. 5b.

The changes in the oxidation peak current of the poly-
mer were monitored before and after DNA hybridization in
the presence of thiol linked probe alone and the hybrid-
ization between probe and target/NC/MM sequences
(Fig. 6a-i, ii, iii, iv, respectively). The polymer signal
decreased as a result of DNA hybridization between probe
and its complementary sequence (target) (Fig. 6a-i, ii). Due
to the specific binding of thiol linked probe with its com-
plementary (target) at the polymer electrode, there was a
significant decrease around 53.7% at polymer signal in the
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NC, or probe and MM similar to the results obtained in the
literature (Fig. 6a-iii, iv) [37-39]. In addition, the selec-
tivity of the modified electrode was tested in a mixture of
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Fig. 5 a The effect of thiol ( A) 9
linked ODN in various 8 -

concentrations on the response
of polymer. b DPVs of 7
(i) 25 pg mL™" thiol linked
ODN, (ii) 75 pg mL™" thiol
linked ODN, (iii) 150 pg mL™" 54
thiol linked ODN. Other

conditions are same in Fig. 4
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target, NC and MM. When the probe encountered its
complementary sequence (target) in the mixture, the cur-
rent signal due to the polymer decreased parallel to the
results above (not shown). According to all these data, the
possibility for nonspecific adsorption at the surface of
the polymer modified electrode was sufficiently low.

The effect of target concentration on the oxidation sig-
nals of polymer and guanine was also studied in various
target concentration from 12.5 to 125 pg mL~'. The
polymer signal decreased gradually and then levelled off,
when the concentration of target was increased to
75 ng mL ™" (Fig. 6b shown with P). However, the guanine
oxidation signal increased and then levelled off (Fig. 6b
shown with G). The optimum immobilization concen-
tration for 20-mer thiol linked ODN was found as
75 ng mL™'. The DPVs at three different concentrations of
target ODN are shown in Fig. 6¢c. The peaks at about
+0.90 V were attributed to guanine oxidation [41]. As seen
from this figure, oxidation of guanine enhanced with
increasing target concentration. It is also clear that oxida-
tion potential of guanine shifted with increasing target
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concentration. This result indicated more interaction of
DNA with Fe(II/IIT) redox couple which showed electro-
catalytic effect [41].

This electrochemical method for DNA hybridization
showed a good selectivity and high sensitivity. The level of
nonspecific immobilization on these polymer modified
electrode was sufficiently low. It was easy to distinquish
DNA hybridization.

3.4.2 MC-DNA interaction at the surface of PVF '
modified Au electrode

DPVs of dsDNA immobilized polymer modified Au elec-
trode before (Fig. 6a-i) and after interaction with
10 ug mL~" (Fig. 7a-ii) and 25 ug mL~" (Fig. 7a-iii) MC
are given in Fig. 7. Oxidation peak current of guanine at
+0.92 V decreased after the interaction process between

to the binding of MC to DNA by shielding of oxidizable
group of guanine [13]. The oxidation peak current of the
polymer increased due to the interaction of MC with
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Fig. 6 a DPVs showing the (A) o L
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dsDNA immobilized onto the polymer modified Au
electrode.

The effects of experimental parameters, such as MC
concentration and MC interaction time with dsSDNA were
also studied to find the optimum analytical conditions. In

07 086 05 04 03 0.2 0.1 0
E/V

order to investigate the effect of MC concentration on the
response of this biosensing system, dsDNA immobilized
PVFTClO,~ coated electrodes were interacted with MC in
various concentrations. In Fig. 8a, the changes at the
magnitude of guanine oxidation signals are presented in the
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Fig. 7 DPVs of dsDNA
immobilized polymer modified
Au electrode (a, b) (i) before
MC interaction, (ii) after
interaction with 10 pg mL™"
MC, (iii) after interaction with
25 pg mL™' MC in PBS
containing 0.1 M NaClO4. DPV
measurement: at 50 mV pulse

Current (i)

s40000OC0o,
< °

amplitude between 0 V and o (i) -
+1.2 V (1000 pg mL~"' dsDNA . (i) oo
concentration, 20 min
interaction time of MC). Other ]
conditions are same in Fig. 4 ] I 20 pA
T
1.2 1.0

(B) :
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] - (i) -
_: (ﬁi)non

LI e e B e e

————
1.20 1.10

absence and presence of the interaction of 10, 25, 50 and
75 ug mL™' MC with dsDNA immobilized polymer
modified Au electrode. A gradual decrease of the guanine
oxidation signal was observed after the interaction of MC
with dsDNA. After 50 ug mL~' MC concentration value
the decrease at the guanine peak current remained almost
constant. The optimum concentration of MC was then
chosen as 50 pg mL~' for this study using dsDNA
immobilized PVFTCl0,~ modified Au electrode. After the
interaction of MC, a decrease of 35% was obtained at
guanine oxidation signal which was a comparable
decreasing value compared to earlier reports [13, 42, 43].

The effect of interaction time of MC with dsDNA
immobilized onto polymer modified Au electrode on
guanine oxidation signal was studied to find the optimum
interaction time of MC and dsDNA. A gradual decrease of
guanine oxidation signal was observed with increasing
interaction time of MC by using polymer modified Au
electrode (Fig. 8b). After 20 min interaction time of MC
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no appreciable change was obtained in the oxidation peak
current of guanine. A series of three repetitive DPV mea-
surements of the interaction at 50 ug mL~"' concentration
level of MC with dsDNA immobilized onto the polymer
modified Au electrode in 20 min of MC interaction time
resulted in reproducible results such as a mean response of
1053 nA with a relative standard deviation of 34.5 (n = 3).
The detection limit estimated from S/N = 3 corresponded
to 90 ng mL ™" for MC using dsDNA immobilized polymer
modified Au electrode. The polymer modified Au electrode
for MC-DNA interaction showed a linearity (R2 = 0.973)
to MC in a high concentration range of 10 to 50 pg mL™".

AC impedance spectroscopy was also used to differen-
tiate PVFTClO,~ modified Au electrode, dsDNA immo-
bilized PVFTCIO,~ modified Au electrode and dsDNA
immobilized PVFTCIO,~ modified Au electrode after
interaction with 50 pg mL™' MC (Fig. 9-i, ii, iii, respec-
tively). R, value decreased after interaction of dsDNA
immobilized onto polymer Au electrode with MC due to
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Fig. 8 a The effect of MC concentration on the response of guanine
oxidation signal using dsDNA immobilized polymer modified Au
electrode. b The effect of interaction time of MC with dsDNA
immobilized onto polymer modified Au electrode on guanine
oxidation signal. Other conditions are same in Figs. 4 and 7

the binding of MC to DNA (Fig. 9-ii to iii) [13]. These
results were found in a good agreement with the results
obtained by using DPV techniques.

These results showed that PVF" modified Au electrode
could be used for the effective detection of DNA-MC
interaction. The detection limit estimated for MC using
dsDNA immobilized polymer modified Au electrode has

comparability to early MC-DNA interaction studies [42].
The modified Au electrode provided a high concentration
range of MC with a good linearity.

4 Conclusions

The characterization of polymer modified electrodes and
their applications in DNA hybridization and drug-DNA
interaction at Au electrode were investigated in this work.
Detection of DNA hybridization was performed with a
good selectivity and high sensitivity. The level of non-
specific immobilization on this polymer modified electrode
was sufficiently low. The enhanced guanine signal was
obtained at lower potentials when compared with our ear-
lier results [30-32]. This DNA sensing method based on
PVFCIO,~ modified Au electrode provided comparable
results with other DNA detection techniques based on
polymer electrodes [9, 37, 44-48]. The redox polymer,
PVF*ClO,~ provided an appropriate interface for the
development of electrochemical DNA biosensor. There
was no need for an extra redox indicator to monitor the
electrochemical behavior of polymer electrode and DNA
immobilized polymer electrode.

To the best of our knowledge, for the first time in the
literature DNA immobilized polymer modified Au elec-
trode was used for the electrochemical investigation of the
interaction of the anticancer drug MC with DNA. The
redox polymer, PVFTCIO,” provided an appropriate
interface for this purpose with the advantage of cheap, easy
and fast preparation. Compared with other drug-DNA
interaction techniques based on electrochemistry [25-29,
42, 43], these polymer electrodes can provide simple
detection scheme for drug-DNA interaction with a satis-
factory detection limit in a linear dynamic range.

Fig. 9 Impedance spectra of 7.0 4 : L . . L : +
(i) polymer modified Au ] [
electrode, (ii) dSDNA 6.0 ] ° F
immobilized polymer modified o i
Au electrode after immersing 50 ] L
into 1000 pg mL~" dsDNA _ ] ° [
solution, (iii) dsSDNA $ 10 ] o b
immobilized polymer modified w1 ° r
Au electrode after interaction = ] o
with 50 pg mL~" MC in PBS Z 307 L° s
containing 0.1 M NaClO,. Other & ] °
conditions are same in Figs. 4 t207 * * # F
and 7 ] & "
i
T T T T T T T T T T T T T T T T T T T T T
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