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Determination of Electrochemical Interaction Between
2-(1H-benzimidazol-2-yl) Phenol and DNA Sequences

Seda Nur Topkaya*” and Arif E. Cetin”

Abstract: A benzimidazole derivate, 2-(1H-benzimidazol-
2-yl) phenol (2-Bip) and its interaction mechanism with
sequence specific DNA was examined with Differential
Pulse Voltammetry (DPV). We, for the first time,
investigated the effect of 2-Bip on sequence specific DNA
with electrochemical methods by evaluating both guanine
and 2-Bip oxidation signal changes. In the study, probe
sequences were immobilized to the surface of the electro-
des and then hybridization was achieved by sending the
complementary target onto the probe modified electro-
des. Following the hybridization, 2-Bip solution was
interacted with probe and hybrid sequences to see the
effect of 2-Bip on different DNA sequences. The binding
constant (K), toxicity (S%) and thermodynamic parame-

ters, i.e., Gibbs free energy (AG®°) of 2-Bip-DNA com-
plexes were evaluated. K was calculated as 5x 10° and the
change in the AG® was found as —32.50 kJmol™, which
are consistent well with the literature. Furthermore, S%
showed that 2-Bip is moderately toxic to single stranded
DNA (ssDNA) and toxic to double stranded DNA
(dsDNA). From our experimental data, we made four
conclusions (i) 2-Bip affects both ssDNA and dsDNA, (ii)
2-Bip interaction mode with DNA could be non-covalent
interactions, (iii) 2-Bip could be used as new DNA
hybridization indicator due to its distinct effects on
ssDNA and dsDNA, (iv) 2-Bip could be used as a drug
molecule for its DNA effect.
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1 Introduction

DNA is a key molecule in replication, transcription,
protein coding and cell integrity as well as in carrying the
genetic information for inheritance and widely used as a
primary pharmacological target to investigate the proper-
ties of drugs [1]. Studies on interaction of DNA with
drugs have been an active field of pharmaceutical
research [2]. Revealing of the underlying mechanisms of
interaction between DNA and drug molecules is essential
for getting information about the rational design of new
types of molecules. Thus, it is necessary to understand the
binding mode and its relevance to drug activity and
toxicity [3].

Small molecules such as drugs, ligands and chemicals
can interact with DNA by covalent and non-covalent
interactions. Covalent interactions (e.g., cis-platin binding
to guanine bases) lead to chemical alterations of DNA
that is irreversible and cause cell death. Non-covalent
interactions are a class of intermolecular forces, which are
relatively weaker than the covalent interactions.

Drug and DNA molecules experience certain modifi-
cations such that DNA conformation is mostly reversible
for non-covalent interactions, which could be divided into
three main groups: electrostatic binding, intercalation and
groove binding (major and minor grooves) [4]. Electro-
static binding occurs due to interaction between the
negatively charged phosphate backbone of DNA and the
positively charged ends of small molecules. Intercalators
are molecules that stack perpendicular to double stranded
(dsDNA) structures through different modes such as Van
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der Waals, hydrogen bonding or hydrophobic interactions
that form a stable DNA-intercalator complex. Another
non-covalent interaction mode, groove binding, involves
hydrogen bonding or Van der Waals interactions of small
molecule with nucleic acid bases through intermolecular
forces in a sequence either dependent or independent
modes. The most biologically found form of DNA is the
B-form that has a characteristic wide-deep major groove
and narrow-deep minor groove, where the latter is with a
higher negative density charge. Intercalation and groove
binding are two most typical modes by which small
molecules bind directly and selectively to dsDNA. As a
sub-group of non-covalent interactions, London disper-
sion forces are found in all molecules. London dispersion
forces are the weakest type of non-covalent interaction.
They are also known as “induced dipole-induced dipole
interactions” and present between all molecules, even the
ones that inherently do not have permanent dipoles.
DNA and small molecules’ interaction can be moni-
tored with many techniques such as molecular modeling
[2f,5], foot-printing [6], Nuclear Magnetic Resonance
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(NMR) [7], Mass Spectrometry (MS) [8], FTIR [9] and
Raman Spectroscopy [10], Capillary Electrophoresis [11]
and Surface Plasmon Resonance (SPR) [12]. Spectro-
scopic techniques are also widely used to monitor drug-
nucleic acid interactions such as UV-Vis [13], fluorescence
[14] and colorimetry [15].

To explore interaction mechanisms between drugs or
drug candidates, electrochemical methods can provide
useful information about binding constants and site size in
a rapid, easy and sensitive manner compared to techni-
ques explained above [16].

Benzimidazoles, heterocyclic and aromatic com-
pounds, are formed by the fusion of the benzene and
imidazole ring system. Benzimidazoles could be modified
by adding substituents on different positions of main ring
structure and these modifications can cause notable
changes in the electronic, steric and hydrophobic proper-
ties of the compounds. Benzimidazoles are structurally
similar to purine bases and they can interact with natural
macromolecules such as proteins, enzymes and nucleic
acids [17]. Benzimidazoles and their derivates that differ
in their chemical and physical properties based on type
and position of functional groups have been extensively
studied for their antioxidant, antimicrobial, anticoagulant
and antihypertensive properties [18]. In addition, it has
been also suggested that benzimidazoles are the most
featured heterocycle that have favorable cytotoxic proper-
ties against different types of cancer cell lines [19]. For
instance, 2-substituted benzimidazoles with -chloro or
-carboxyl group at 5-position are reported as potent
anticancer agents [20]. In addition, pyrimidine [21],
pyrazoline [22] and thiazole [23] derivatives have been
extensively investigated for their anticancer effect. Espe-
cially, bis-benzimidazoles (Hoechst-33342 and Hoechst-
33258) are another very important class of benzimidazole
derivates that show DNA topoisomerase I inhibitory
activities.

In this article, we, for the first time, examined electro-
chemical properties of a benzimidazole derivate, 2-(1H-
benzimidazol-2-yl) phenol (2-Bip), and its interaction
mechanism with sequence specific DNA with Differential
Pulse Voltammetry (DPV). There has been no literature
for 2-Bip in connection with single (ssDNA) and double
(dsDNA) stranded DNA'’s with voltammetric techniques.

Our study is the first to investigate the effect of 2-Bip
on the sequence specific DNA with electrochemical
methods. As drugs show their pharmacological activities
with different mechanisms, it is extremely important to
understand the underlying mechanism of their interaction
with DNA, e.g., 2-Bip, a potential drug.

First, redox properties of 2-Bip were analyzed, and
then numerous factors affecting probe immobilization,
target hybridization and drug interaction were optimized.
Our findings were very promising in terms of 2-Bip
binding to ssDNA or dsDNA, that caused notable
changes in current compared to before interaction with
DNA, which clearly demonstrated the effect of 2-Bip on
DNA sequences. Upon the interaction with 2-Bip,
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guanine oxidation signals decreased dramatically. The
signal differences enabled us to distinguish between
ssDNA and dsDNA without using labels by simply
analyzing oxidation signals of DNA guanine bases at
approximately 1.0 V vs. Ag/AgCl. Moreover, 2-Bip oxida-
tion signal was observed at 0.75 V and 2-Bip gives distinct
oxidation signals when interacted with ssDNA and
dsDNA, i.e., it can be used as a new DNA hybridization
indicator. Consequently, 2-Bip interaction mode with
DNA could be non-covalent interaction, and 2-Bip could
be a potential drug molecule thanks to its DNA effect.

2 Experimental
2.1 Instruments

Voltammetric measurements were performed with AU-
TOLAB-PGSTAT 30 electrochemical analysis system.
The three-electrode system is consisted of a Pencil Graph-
ite Electrode (PGE) functioning as the working electrode,
a reference electrode (Ag/AgCl) and a platinum wire
working as the auxiliary electrode.

2.2 Chemicals
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC), N-hydroxysuccinimide (NHS), 2-

(1H- benzimidazole-2-yl)phenol and other chemicals were
used (Sigma Aldrich).

2.3 2-(1H-benzimidazol-2-yl) Phenol

2-Bip was dissolved in Dimethyl sulfoxide (DMSO).
Diluted 2-Bip concentrations were prepared in 0.05 M
phosphate buffer (20 mM NaCl, PBS; pH 7.4). Chemical
structure of 2-(1H-benzimidazol-2-yl) phenol is shown in
Figure 1.

HO

Fig. 1. Chemical structure of 2-(1H-benzimidazol-2-yl) phenol.

2.4 Oligonucleotides

HPLC grade DNA oligonucleotides were prepared by
dissolving DNA in three-distilled water. Dilute probe
solutions were prepared in 0.05 M acetate buffer solution
(ACB; pH 4.8) containing 20 mM NaCl. Diluted target
solutions were prepared in 0.5M phosphate buffer
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Scheme 1. Experimental steps: 2-Bip interaction with (A) dsDNA and (B) ssDNA. Conditions: Probe modified PGEs were immersed
into (A) target solution and (B) PBS for 30 min, and later interacted with 2-Bip. (C) DPV measurement by scanning between 0.55 V

and 1.15 V in PBS.

solution (PBS; 7.4) containing 20 mM NaCl. 0.1 M tris
buffer solutions (TBS; pH 8.0) containing 20 mM NaCl
were also used.

The probe length was chosen as 20 bases since long
probes (more than 30 bases) require longer hybridization
duration and causes slow synthesis, while shorter probes
(less than 15 bases) are lack of specificity. DNA base
sequences were chosen as below:

Probe - 5-TTC GGG GTG TAG CGG TCG TC-3" —
65% GC Content

Target — 5-GAC GAC CGC TAC ACC CCG AA-3 -
65% GC Content
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Control - 5-ACC TTC GGC AAA AGC TTC AAT
ACT CCA3' -44% GC Content

2.5 Procedure

The experimental procedure (Scheme 1) for electrochem-
ical detection of DNA interaction with 2-Bip was
composed of following steps:

(i) Pre-treatment of electrodes: PGEs were pre-
treated by applying 1.4V for 30sec. in ACB to create
—COOH groups to enhance the adsorptive accumulation
of DNA oligonucleotides [24].

(ii) Immobilization of probe sequence onto electrode
surface: Three different immobilization methods were
tested to find the best probe immobilization method:
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m Adsorption: Pretreated PGEs were immersed into
5 ug/mL DNA probe solution for 20 min. After probe
immobilization, PGEs were rinsed with ACB.

m Electrostatic attraction: ssDNA was immobilized on
pretreated PGEs by applying +0.50 V potential for
Smin in 5pg/mL dsDNA solution with 200 rpm
stirring. The electrodes were then rinsed with ACB.

m Covalent attachment: Electrodes were immersed into
2mM EDC and 5 mM NHS solution for 1 h. to achieve
covalent surface activation. Then, PGEs were washed
in PBS and immersed in 5 ug/mL DNA for 20 min.
After probe immobilization, PGEs were rinsed with
ACB.

(iii) Hybridization between probe and target sequen-
ces: Probe modified PGEs were dipped into 7 pug/mL
target for 20 min. Electrodes were rinsed with PBS. The
same procedure was also performed with control se-
quence instead of target oligonucleotide.

(iv) DNA oligonucleotide interaction with 2-Bip:
After coating of the electrodes with probe and hybrid
DNA, 15 pug/mL of 2-Bip was interacted with DNA
modified electrodes for 7 min. Then, electrodes were
rinsed with PBS.

(v) Measurement: DPV was used to measure the
changes in guanine oxidation signals and before and after
the 2-Bip for potential ranges from 0.55V to 1.15 V (step
potential: 8 mV, modulation amplitude: 80 mV, scan rate:
50 mV/s).

3 Results and Discussion

In order to understand the interaction mechanism

between drug molecules and DNA, electrochemical

responses of DNA before and after the interaction with

drugs can be used, i.e.,

m A dramatic decrease/increase at the oxidation/reduc-
tion peak current of the drug which selectively binds to
ssDNA or dsDNA,

m A dramatic decrease/increase at oxidation/reduction
peak current of the electroactive DNA bases such as
guanine or adenine,

m Potential shifts to the more positive or negative side by
the intercalation of nucleic acid-binding molecules into
ssDNA or dsDNA.

In this study, we evaluated all these signals explained
above.

In, a voltammogram is shown for the oxidation of 2-
Bip and guanine bases in the same measurement window
by scanning from 0.55V to 1.15 'V to see the effect of pH
on interaction efficiency in ACB, PBS and TBS.

As shown in Figure 2, 2-Bip oxidation signal was
nearly at 0.75 V-0.8 V, whereas guanine signal was at
1.0 V. 2-Bip measured in different pH values showed only
one anodic peak corresponding to the direct oxidation of
amino to nitro groups. The oxidation potential of 2-Bip
shifted to lower potentials with the increase in pH,
indicating that the electrochemical oxidation of 2-Bip was
associated with a proton-transfer process. The highest 2-
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Fig. 2. Voltammogram of oxidation signals of 2-Bip (0.75 V-
0.8 V) and guanine (1.0 V) measured for blank (bare electrode
measured in ACB), 2-Bip, hybrid, and hybrid+2-Bip coated
PGEs measured with DPV in ACB (pH: 4.8), PBS (pH: 7.4) and
TBS (pH: 8.0).

Bip oxidation signals were recorded at a basic pH value,
which is TBS. On the other hand, remarkable shifts for
the oxidation signal of guanine after the interaction with
2-Bip were not observed. As opposed to 2-Bip for
guanine, the current magnitudes decrease with pH. This
can be related to low electrostatic repulsion at basic pH.
As the signals of 2-Bip and guanine were moderate in
PBS (close to physiological pH level), the voltammetric
measurements throughout the article were performed in
PBS.

Figure 3A and 3B show the calibration studies for the
electrochemical response. Figure 3A shows the voltammo-
gram of 2-Bip and guanine oxidation signals as a function
of interaction time from 0 to 10 min. As shown in
Figure 3A, the peak currents of guanine decreased with
interaction time. In contrast, the 2-Bip oxidation signal
increased with time due to accumulation and remained
nearly unchanged after 7 min. Thus, 7 min was chosen as
the optimum interaction time for forthcoming studies.

The effect of 2-Bip concentration on biosensor
response was studied for 0 to 10 pg/mL (Figure 3B).
Increasing 2-Bip concentration caused a decrease in the
oxidation peak current of guanine, which corresponds to
2-Bip binding to guanine. The lowest guanine signal was
obtained for 10 ug/mL. On the other hand, there was a
gradual increase of current with 2-Bip concentration.
Maximum decrease at guanine signal and increase at drug
signal was recorded at 10 pg/mL of 2-Bip. Therefore,
15 pg/mL was chosen as the optimum concentration for 2-
Bip.

Immobilization of DNA probe onto surface of the
electrodes to recognize its complementary target via
hybridization is the most important step in the construc-
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Fig. 3. Voltammogram of oxidation signals for 2-Bip (0.75 V) and guanine (1.0 V) measured from 2-Bip and hybrid+2-Bip coated
PGE:s at (A) different interaction times ranging from 0 to10 min., and (B) different concentrations of 2-Bip ranging from 0 to 15 pg/
mL. The corresponding experimental procedure: PGEs pretreatment in ACB, 5 ug/mL probe immobilization, interaction with 7 ug/mL
target for 30 min, rinsing with PBS, interaction with 2-Bip for different conditions and DPV measurement by scanning between 0.55 V

and 1.15 V in PBS.

tion of biosensor. It is crucial to select the optimum
method to ensure the immobilized DNA probes that are
strongly stabilized on the working electrode surface with-
out desorption. Therefore, we used different probe
immobilization methods as adsorption, electrostatic at-
traction and covalent attachment onto the working
electrodes to improve experimental conditions for the
interaction of 2-Bip and DNA.

As one probe immobilization technique, adsorption is
the simplest technique for DNA immobilization and does
not require neither chemical reagents nor complex
modification steps. In this technique, probe sequences are
immobilized onto the working electrodes via passive
adsorption without any specific binding procedure. How-
ever, poor reproducibility and low sensitivity are the main
problems of this technique. In electrostatic attraction
technique, immobilization of DNA probes can be im-
proved and stabilized by applying a positive potential to
the electrodes immersed in probe solution.

In covalent attachment technique, DNA probe is
typically linked with amine groups (NH,) at the end of 3’

Table 1. Decrease of 2-Bip and guanine signals obtained from 2-Bip,
probe, probe +2-Bip, hybrid and hybrid + 2-Bip for different probe
immobilization methods.

Probe 2-Bip Oxidation Guanine Oxidation
Immobilization Signal Decrease (%) Signal Decrease (%)
Method

Probe Hybrid Probe Hybrid
Adsorption 62,8 65,3 34,2 314
Electrostatic 423 77,1 52 8,4
attraction
Covalent 46,7 39,1 32,6 22,0
attachment
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or 5’ to bind covalently to the electrode surface modified
with specific reagents, i.e., NHS and EDC. Unlike
adsorption technique, covalent attachment shows better
stability, higher binding strength and selectivity.

Figure 4 (A: adsorption, B: electrostatic attraction, C:
covalent attachment) shows different probe immobiliza-
tion methods by measuring signals of 2-Bip and guanine.
Decrease rate of 2-Bip and guanine oxidation signals were
shown in Table 1.

As shown in the figure, guanine signals of probe were
higher than hybrid since the oxidation is more difficult in
the closed form (hybrid structure) compared to open one
(probe structure). The obstacle in the transfer of electrons
from the inside of rigid dsDNA to the electrode surface is
much troublesome compared to flexible ssDNA where
the bases are in closer proximity to the electrode surface,
leading to higher peak currents in ssDNA. Our results
demonstrate that complementary target could form a
hybrid structure with the probe, resulting in a significant
decrease in the magnitude of the guanine signal due to
the hybridization. When 2-Bip was interacted with probe
and hybrid, the anodic peak current of both 2-Bip and
guanine decreased for all methods.

Signal decrease (%) is defined as (Lyerore—lasier)/Ibetore) X
100, where I and I, are DPV current signals of 2-
Bip and guanine measured before and after the inter-
action with each other, respectively. An oxidation signal
decrease was nearly ~60% and ~30% for 2-Bip and
guanine, respectively for adsorption method (Figure 4A).
Guanine signal decrease was nearly 5.2 % and 8.4 % for
probe and hybrid respectively for electrostatic attraction
method (Figure 4B) that indicates nearly no interaction
presents with DNA and 2-Bip, while 2-Bip signal dramat-
ically decreases (~40 % for probe and ~70 % for hybrid).
This is due to the higher accumulated amount of 2-Bip
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Fig. 4. Voltammogram of oxidation signals of 2-Bip (0.75 V) and
guanine (1.0 V) measured for 2-Bip, probe, probe + 2-Bip, hybrid
and hybrid +2-Bip coated PGEs for (A) adsorption, (B) electro-
static binding and (C) covalent attachment methods with DPV.
The corresponding experimental procedure: PGEs pretreatment,
5 ug/mL probe immobilization, interaction with 7 ug/mL target
for 30 min., rinsing with PBS, interaction with 15 pg/mL 2-Bip for
7 min., and DPV measurement by scanning between 0.55V and
1.15V in PBS.

increased the decrease of its oxidation. Higher accumu-
lation of 2-Bip onto electrode is because of less accumu-
lation of DNA onto the electrode surface with electro-
static binding. In covalent attachment (Figure 4C),
oxidation signal decrease was nearly ~40% and ~30%

www.electroanalysis.wiley-vch.de

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

ELECTROANALYSIS
> 2-Bip blank
—2-Bip

44 probe
_— 2 = = = probe + 2-Bip
) Guanine D
~ 3 = = = hybrid + 2-Bip
E control
E = = = control + 2-Bip
- 24
-
]

14

0 L} T T T

06 07 08 09 1.0 LI
Potential (V)

Fig. 5. Voltammogram of oxidation signals of 2-Bip (0.75 V) and
guanine (1.0 V) measured for 2-Bip, probe+2-Bip, hybrid+2-
Bip and control+2-Bip coated PGEs with DPV under the
optimum conditions.

for 2-Bip and guanine, respectively. These results indi-
cated that adsorption technique was more desirable for
probe immobilization compared to electrostatic attraction
and covalent attachment techniques.

According to these observations, it seems that the
decrease of peak current of 2-Bip after interaction with
dsDNA is not caused by the intercalation of 2-Bip to the
bulk, slowly diffusing dsDNA, which results in consid-
erable decrease in the expected current. However, similar
results were obtained with ssDNA that explain the
interaction mode can not be intercalation because ssDNA
contains only one chain, which does not allow 2-Bip to
accumulate into DNA.

In Figure 5, the interaction of 2-Bip with probe, hybrid
and control sequences were shown under optimum
conditions. Control sequences were also used to deter-
mine the selectivity of the constructed biosensor, i.e.,
probe and control signals were close as they were not
hybridized with each other. Current signals of probe,
hybrid and control dramatically decreased after the
interaction with 2-Bip, while their decreasing amount was
different. There was no measurable shift in the oxidation
peak potential for guanine upon the interaction with 2-
Bip. On the other hand, 2-Bip oxidation signal decreased
in amplitude and shifted along the potential axis after the
interaction with probe, hybrid and control sequences.

The limit of detection (LOD) was found as
42 umolL™'. The repeatability was calculated from the
relative standard deviation (RSD) as 3.4 %, 4.9 %, 6.4 %
and 7.6 % for probe, hybrid, control, probe +2-Bip and
hybrid + 2-Bip, respectively (n=5).

In addition, binding constant (DNA +Small Mole-
cule&>DNA-Small Molecule) was calculated from the
equation below [25]:

lOg (1 / [DNA] ) = lOgK + IOg (Ibefore ) / (Ibefore - Iafter) (1)
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where K is the apparent binding constant, Iy is the
peak current of the compound before interaction (pA),
and Ly, is the peak current of the compound in the
presence of DNA (uA).

In this experiment, concentration of 2-Bip were kept
constant while varying the concentration of ssDNA for
DPV measurements. According to Equation 1, expected
binding constant of 2-Bip to ssDNA was found as 5x10°,
which coincides well with other molecules in literature
[3a,26]. For instance, the binding constants of molecules
that bound to DNA is between 10*-10° M, which is very
constituent with our results [27]. The calculated K value
indicated that the complexes formed at the physiological
pH level were stable such that there was a very strong
interaction of 2-Bip with ssDNA and dsDNA. The change
in the Gibbs free energy (AG®) was calculated since it
accounts for the stability of the complexes with the
following equation:

AG" = ~R.T.InK @)

Using Equation 2, AG°® was found as —32.50 kJmol™".
This AG® value proved that the interaction process was
spontaneous and favorable. Toxicity effect of 2-Bip on
DNA was calculated with the following equation [28]:

S% : (S./S,).100 )

S% refers to the percentage of the guanine peak
height change, S, is the magnitude of the guanine peak
after the interaction with sample and S is the magnitude
of the guanine peak after the interaction with blank
solution. S% value was calculated as 60 % for probe and
37 % for hybrid, which means 2-Bip is moderately toxic to
ssDNA and toxic to dsDNA (sample with S% > 85 is non-
toxic, S% between 50 and 85 is moderately toxic, and S%
<50 is toxic).

In drug-DNA interaction studies, redox properties of
drug molecules are investigated since the drug molecules
give oxidation or reduction peaks, i.e., it is possible to
determine hybridization using these signals that belongs
to a drug. Electrochemical based hybridization indicators
are widely used to detect DNA hybridization events and
usually electroactive compounds with small molecular
weight and different affinities for ssDNA and dsDNA.
For instance; transition metal complexes, i.e., ligands or
cationic metal complexes (Ruthenium (II), Copper (II),
Cadmium(II) and Cobalt (II) complexes), have been
widely used as electrochemical hybridization indicators or
electroactive markers of DNA [29]. Especially, Ruthe-
nium complexes are having great attention for their
capability for selective binding DNA through intercala-
tion [30]. Despite their wide usage, these redox metal
complexes molecules generally covalently conjugated with
polymers for the attachment of metal complexes probes
to nucleobases. These additional step could time consum-
ing and requires an extra experimental step. Additionally,
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Meldola Blue, a widely used DNA hybridization agent, is
toxic.

Our findings demonstrate that 2-Bip can be used as a
new electrochemical indicator, which is able to detect
hybridization of probe and hybrid both via 2-Bip and
guanine oxidation signal changes at the same time.
Monitoring the hybridization with alternative hybridiza-
tion indicators such as Meldola’s blue, Methylene blue or
phenanthroline derivatives is critical for the sequences
not containing guanine bases. 2-Bip behaves like a hybrid-
ization indicator due to its distinct electrochemical
behavior to different strands of DNA.

4 Conclusion

The development of fast and accurate methods for the
detection of interaction between potential drug molecules
with DNA is extremely important. In this study, a label-
free electrochemical method for the detection of 2-Bip
and its interaction with ssDNA and dsDNA was devel-
oped via a biosensor system with voltammetric techni-
ques. The oxidation signals of 2-Bip and guanine were
used to determine the possible interaction of 2-Bip with
DNA. The presented voltammetric platform possesses the
advantages of short analysis time, low cost and simplicity.
DPV also provides lower signal-to-noise ratio compared
to steady state techniques. Further investigations such as
quantum mechanical calculations for conformational anal-
ysis, molecular docking calculations, foot-printing and
affinity cleavage and molecular dynamics simulation of 2-
Bip with DNA are planned for future developments of
the electrochemical sensor platform.
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