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Abstract
The human interleukine-2 gene (hIL-2) is detected with a label-free DNA hybridization biosensor using a non-inosine
substituted probe. The sensor relies on the immobilization of a 20-mer antisense single strand oligonucleotide (chIL-2)
related to the human interleukine-2 gene on the pencil graphite electrode (PGE) as a probe. The guanine oxidation
signal was monitored using anodic differential pulse voltammetry (ADPV). The electrochemical pretreatment of the
polished PGE at 1.80 V for 5 min is suggested. Then, 5 min immobilization at 0.50 V was found as the optimum
condition for immobilization of the probe. The electrochemical detection of hybridization between chIL-2 and hIL-2
as a target was accomplished. The selectivity of the biosensor was studied using noncomplementary oligonucleotides.
Diagnostic performance of the biosensor is described and the detection limit is found 36 pg/mL.

Keywords: Interleukine-2 gene, DNA biosensor, Hybridization detection, Pencil graphite electrode, Non-inosine
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1. Introduction

Interleukine-2 (IL-2) was originally isolated from T-cell
culture supernatant that expands and supports T-cells
growth in vitro [1, 2] and consequently promotes immune
response against various infectious agents [3]. IL-2 has been
approved as an anticancer drug and is used for treatment of
melanoma [4] and renal cell carcinoma [5].Commercial IL-2
is produced as a recombinant protein [6 – 8]. Recombinant
IL-2 protein is produced by bacterial cells harboring human
IL-2 encoding DNA. In order to make recombinant IL-2
protein producing bacterial cells, correspondingDNA (IL-2
encoding DNA) is placed into an expression plasmid, which
is a kind of recombinant DNA. Then the IL-2 DNA
harboring plasmid is transferred into bacterial cells. The
cells containing this plasmid are recombinant microorgan-
isms and able to produce IL-2 protein.Moreover, IL-2DNA
has also been used to construct recombinant viruses [9].
Human IL-2 DNA containing recombinant viruses have
been utilized in gene therapy of cancer [10].
Electrochemical DNA and RNA hybridization detection

methods are classified into major two direct and indirect
protocols. Signal transduction induced directly from oxida-
tion of guanine or adenine moieties in DNA strands (label-
free detection) makes the principle of DNA hybridization
detection in direct strategy. While indirect DNA hybrid-
ization detection method is based on incorporation of an

electroactive label. Guanine was reported to be the most
redox active nitrogenous base in DNA strands [11]. On the
basis of literature investigation, the label-free monitoring,
based on guanine moiety oxidation signal of probe or target
on conventional carbon electrodes in electrochemical DNA
biosensor, seems to be a simple, less time consuming and
more applicable strategy in comparisonwith the others [12 –
15]. Recently, electrochemical genosensors for label-free
detection of DNA hybridization are being intensively
developed. Wang et al. [16, 17] described label free electro-
chemical DNA biosensors, which involved the immobiliza-
tion of inosine-substituted (guanine-free) probe onto the
carbon paste electrode (CPE) and pencil lead electrode.
Then the detection of hybridization event was performed
using the appearance of the guanine oxidation signal upon
hybridization with targetDNA in connection with constant-
current chronopotentiometric analysis.Meric et al. used the
changes in the peak heights of guanine and adenine signals
for detection of hybridization at CPE [18]. Label-free
hybridization detection in connection with magnetic sepa-
ration minimized the nonspecific binding effects [19]. The
preparation and performance of carbon-nanotubemodified
glassy carbon electrodes for improved label-free detection
of DNA hybridization is also described [15]. The multiwall
carbon nanotube (MWCNT) modified glassy carbon elec-
trodes were also used byHu and coworkers for the sensitive
determination of adenine and guanine, either as free bases
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or as residues of DNAs [20]. Pedano et al. described the use
of carbonnanotubes paste electrodes (CNTPE)preparedby
dispersion of carbon nanotubes within mineral oil to study
the adsorption and electrooxidation of nucleic acids [21].
Erdem et al. proposed a novel label-free hybridization
genosensor for the specific detection of a sequence related
with salmonella spp based on guanine signal [22]. Another
convenient electrical readout technique is electrochemical
impedance spectroscopy (EIS) which has been shown to be
well suited to hybridization detection between covalently
immobilized DNA-probe monolayers [23 – 25].
In the most above mentioned label free DNA biosensors,

an inosine- substituted DNA is used as a probe. The main
disadvantage of this kind of probe is the lack of an
electrochemical signal for direct following and optimizing
the probe immobilization conditions (e.g.; effect of elec-
trode activation conditions, probe concentration, immobi-
lization potential and time).
Recently, we had developed an electrochemical DNA

biosensor on the basis of human IL-2 gene using methylene
blue as an electroactive label [26]. Now, we are reporting
development of a label-free DNA hybridization biosensor
using a non-inosine substituted probe such as antisense
strand of human-interleukine-2 (chIL-2). This probe con-
tains only one guanine and seven cytosine bases allowing i)
provide at least a weak electrochemical signal for directly
optimization of probe immobilization conditions and; ii)
obtaining an enhanced electrochemical signal during hy-
bridization with target DNA containing several guanine
bases. It is intended to use the ADPVas monitoring method
and a rigid pencil lead as transducer.

2. Experimental

2.1. Chemicals

The pencil graphite was obtained as pencil lead from
Rotring Co. LTD, Germany (R 505210 N) of type H. Pencil
leads are commonly composed of natural graphite, a
polymeric binder and claywith different percents depending
on desired durability or other physical properties. All leads
had a diameter of 2.0 mm and were used as received. In this
study a 20-mer oligonucleotide corresponding to antisense
strand of human IL-2 gene (chIL-2) was used as the probe
and its complementary (hIL-2) corresponding to sense
strand of human IL-2 was used as the target. Gal4-VP16(F),
Gal4-VP16(R) and His-Tag(R) oligonucleotides were used
as noncomplementary oligonucleotides. All of the oligonu-
cleotides were supplied (as lyophilized powder) from
MWG-Biotech, with the following sequences:

Probe DNA (chIL-2):
5’- CTA AAT TTA GCA CTT CCT CC-3’

Complementary DNA (hIL-2):
5’- GGA GGA AGT GCT AAA TTT AG-3’

Noncomplementary DNAs:

Gal4-VP16(F):
5’- CTC GGT AAC GAT GAA GCT ACT GTC TTC-3’

Gal4-VP16(R):
5’- TCG AAG CTT CCC ACC GTA CTC GTC-3’

His-Tag(R):
5’- TCA GTG GTG ATG GTG ATG GTG C-3’

The stock solutions of the oligonucleotides (100 mg/mL)
were prepared with TE buffer solution (10 mM Tris�HCl,
1 mM EDTA, pH 8.00) and kept frozen. More diluted
solutions of the oligonucleotides were prepared using
0.50 M acetate buffer (pH 4.80) solution containing
20 mM NaCl. Other chemicals were of analytical reagent
grade. The distilled, deionized and sterilized water was used
in all solution preparation. Each measurement consisted of
the immobilization/detection cycle carried out on a fresh
PGE surface. All the experiments were performed at room
temperature in an electrochemical cell.

2.2. Apparatus

Electrochemical experiments were performed using AU-
TOLAB PGSTAT 30 electrochemical analysis system and
GPES 4.7 software package (Eco Chemie. The Nether-
lands). Theutilized three-electrode systemwas composed of
a PGE (surface area of 0.037 cm2) as the working electrode,
a saturated calomel electrode (SCE) as the reference
electrode and a platinum wire as the auxiliary electrode.

2.3. Procedure

2.3.1. Preparation of the Working Electrode

The body of pencil lead was tightly coated with Teflon band.
Electrical contact with the lead was achieved by soldering a
copper wire to the metallic holder of the working electrode.
The pencil lead was fixed vertically and immersed in the
solution in which the contact was only achieved via cross
section of the electrode. The surface was polished on a
weighing paper to a smoothed finish before each use.

2.3.2. Electrochemical Activation of the PGE

The electrochemical activation of the surface of polished
PGEs was carried out at optimized potential of 1.80 V for
5 min in 0.50 M acetate buffer solution (pH 4.80) containing
20 mM NaCl without stirring.

2.3.3. Immobilization of Probe on the PGE

Following activation of the PGE, the probe was preconcen-
trated on the activated electrode by applying 0.50 V to the
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electrode for 5 min in 0.50 M acetate buffer solution
(pH 4.80) containing 8 mg/L chIL-2 and 20 mM NaCl with
200 rpm stirring. The electrode was then rinsed with
sterilized and deionized water.

2.3.4. Hybridization

The hybridization was performed by dipping the probe-
modified electrode into the 0.50 M acetate buffer solution
containing 12.50 mg/L of target oligonucleotide and 20 mM
NaCl, for 5 min, while the electrode potential was held at
0.50 V. The electrode was then rinsed with sterilized and
deionized water. The same protocol was applied for the
hybridization of probe with noncomplementary sequences.

2.3.5. Voltammetric Measurements

The electrochemical behavior of the electrode surface was
studied using anodic differential pulse voltammetry
(ADPV) in 20 mM Tris-HCl buffer (pH 7.00) solution and
scanning the electrode potential between 0.50 and 1.15 Vat
a pulse amplitude of 50 mV.
The raw data were treated using the Savitzky and Golay

filter (level 2) of the GPES software, followed by the GPES
software moving average baseline correction using a Jpeak
widthK of 0.01. Repetitive measurements were carried out
following renewing the PGE surface by cutting and polish-
ing of the electrode.

3. Results and Discussion

3.1. Preliminary Investigation

Inorder to investigate the electrochemical behavior of chIL-
2 and hIL-2 on the activated PGE, these oligonucleotides
are immobilized separately on the PGE. Figure 1 shows the
ADP voltammograms obtained in 20 mM Tris-HCl buffer
(pH 7.00) for bare activated PGE (curve a), chIL-2 immo-
bilized activated PGE (curve b) and hIL-2 immobilized
activated PGE (curve c). As seen in Figure 1, the guanine
oxidation signal appears in both probe and target immobi-
lized electrodes, but the peak height for hIL-2 (containing 7
guanine) is 1.97� 0.08 mAwhich is about 7 times higher than
that of chIL-2 (containing 1 guanine) 0.28� 0.02 mA. These
results lead us to conclude that: i) the direct following of the
probe immobilization rate on the PGE and subsequently
optimizing the conditions for immobilization of amaximum
amount of the probe on the electrode and ii) the monitoring
of the hybridization event between chIL-2 and its comple-
mentary hIL-2 via enhancement of guanine signal by the
proposed protocol, are possible.

3.2. Optimization of the Experimental Variables

Considering that some experimental variables such as
electrochemical activation conditions of PGE (i.e., activa-

tion potential and activation time), probe immobilization
conditions (i.e., immobilization potential and time) affect
the performance of the hybridization detection biosensor,
special emphasis was given to the optimization of such
experimental variables.

3.2.1. Electrochemical Pretreatment of the PGE

The electrochemical pretreatment is usually required to
activate the surface of the PGE [27], and as the electro-
chemical pretreatment is commonly conducted either at
negative and positive potentials [28], this study was con-
ducted with potentiostatic method. In order to find an
optimum pretreatment potential, the polished PGE was
pretreated at different potentials within a wide range (i.e.
from �2 to 2.5 V), then accumulation of the probe was
conducted as described in Section 2.3.3. On the basis of the
results obtained from the ADP voltammetric response of
the immobilized probe on the electrodes, the electrochem-
ical pretreatment of the PGEat imposed potentials between
�2 and 1.5 Vhas no effect on the activity of the electrode for
immobilization of the probe, but activity of the electrode
improved as the potentials exceeded 1.5 V, until reached to
its maximum value at 1.80 V, and then decreased at more
positive potentials. It should be noticed that at positive
potentials higher than 2 Vand at negative potentials lower
than �1.5 V, the oxidation or reduction of supporting
electrolyte ions or solvent itself produced gaseous products.
But, at this potential range (from �2 to 2.5 V) electrode
damage was not observed.
Similarly, the effect of PGE activation time on the

immobilization of the probe was studied using ADPV
measurements of guanine signals following activation of
PGE in different activation periods. The immobilization of
the probe on the electrode was performed according to the
procedure described in Section 2.3.3. The results obtained

Fig. 1. ADPVs of bare activated PGE (curve a), chIL-2 immo-
bilized activated PGE (curve b), hIL-2 immobilized activated
PGE (curve c). Electrochemical activation potential: 1.80 V for
5 min. Oligonucleotide concentrations in accumulation solution:
12.5 mg/L. Other conditions for PGE activation, oligonucleotides
accumulation and voltammetric measurements were as described
in Section 2.3.
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from this study showed that the probe oxidation signal is
increased with increasing the activation time and nearly
leveled off after 10 min. Therefore amoderate time of 5 min
seemed to be sufficient for activation of the PGE surface
in order to immobilize the considerable amount of the
probe.

3.2.2. Probe Immobilization Conditions on the PGE

Oneof the important factors affecting the immobilization of
the probe on the electrode is the imposed potential to the
electrode during the immobilization. The influence of the
imposed potential was investigated on the basis of ADPV
response of the probe. The measurement was performed
following immobilization of the probe on the PGE at
different potentials ranged between �0.80 and 0.80 V. The
results showed that imposing a positive potential to the
PGE, favored the immobilization of the probe on the
electrode and maximum voltammetric signal was observed
at 0.50 V. A potential of 0.50 V was therefore selected for
most subsequent works.
The effect of probe immobilization time on the activated

PGE was investigated. In order to obtain the optimum
immobilization time, immobilization of the chIL-2 probe
was conducted for different time durations. The results
obtained from the voltammetric measurements revealed
that the guanine oxidation signal elevated as the accumu-
lation time increased fromzero to about 5 min and remained
constant between 5 and 10 min. Therefore 5 min was
suggested as optimum time for the immobilization of the
probe on the PGE.

3.2.3. Effect of the Probe Concentration

Figure 2 displays the ADP voltammograms after 5 min
accumulation of chIL-2 at 0.50 V from 0.50 M acetate buffer
(pH 4.80) solution with increasing levels of chIL-2 concen-

trations (0.10–36.60 mM). As illustrated, well defined peaks
over a flat backgroundwere obtained. Inset ofFigure 2 shows
the variation of ADPV signal versus chIL-2 concentration.
As seen in inset, the variation is linear up to 1.36 mM(8 mg/L)
and then levels off for greater concentrations. Therefore
8 mg/L is suggested as a suitable concentration for probe
immobilization at experimental conditions used in this work.

3.3. Hybridization Detection

The hybridization events weremonitored bymeans of ADP
voltammetric response of the probe modified PGE. Gua-
nine oxidation signal on the PGE can be observed at around
0.93 V in 20 mM Tris-HCl buffer solution (pH 7). The
monitoring of the changes in this signal upon duplex
formation between probe and target enables the detection
of hybridization. The duplex formation has two opposed
effects in the magnitude of the probe guanine oxidation
signal. These effects, which are in competition with each
other, are: i) the decrease of electrochemical signals of
probeKs free guanine bases following binding to their
complementary cytosine bases upon hybridization. This is
because of partly availability of guanine bases in the hybrid
form for oxidation [16]. ii) Increase of the electrochemical
signals of guanine bases on the electrode after hybridization
with more guanine containing targets. This problem was
overcome by using of inosine-modified (guanine-free)
probes [16, 19, 29], thus the inosine moiety forms a specific
base-pair bond with cytosine residue [30] and is almost
electroinactive [19, 31]. Indeed, the duplex formation was
detected through the appearance of the target DNAKs
guanine oxidation signal, following hybridization. Themain
disadvantage of this approach is the lack of an electro-
chemical signal of the probe for direct following and
optimizing the probe immobilization conditions (e.g.; effect
of electrode activation conditions, probe concentration,
immobilization potential and time).
Another approach that seems to be useful is to use a probe

which: i) contains only one guanine group, allowing
optimization of probe immobilization on the electrode
taking advantage of its guanine oxidation signal and; ii)
contains several cytosine bases capable of hybridization
with multiguanine containing target. On the basis of this
strategy an enhanced signal can be obtained upon the
hybridization of the probe with target DNA containing
guanine bases. This approach is available by selecting a 20-
mer antisense single strand oligonucleotide related to
human IL-2 gene as the probe (chIL-2).
Figure 3 shows the ADP voltammograms for probe

modified activated PGE before hybridization (curve a)
and after hybridization performed in hIL-2 solution con-
taining 12.5 mg/L (2 mM)oligonucleotide (curve b).As seen
in Figure 3, a significant increase in the guanine signal
(906.3� 62.1 nA) observed following hybridization of the
target with the probe. It is concluded that the rise in the
magnitude of the voltammetric signal represents the extent
of the hybridization events at the electrode surface.

Fig. 2. ADPVs of chIL-2 modified activated PGE using various
chIL-2 concentrations: a) 0.10, b) 0.25, c) 0.68, d) 1.36, e) 2.12, f)
5.58, g) 11.5, h) 36.6 mM. Inset: Variation of ADP voltammetric
signal versus chIL-2 solution concentration. Experimental con-
ditions were as cited in Figure 1 and described in Section 2.3.
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3.4. Selectivity Study

Some hybridization experiments with noncomplementary
oligonucleotides were carried out to assess whether the
suggested DNA sensor responds selectively via hybridiza-
tion to the target. For this purpose three different oligonu-
cleotides Gal4-VP 16 (R), Gal4-VP 16 (F) and His-Tag (R)
containing 4, 6 and 10 free guanine bases, respectively, were
subjected.As seen inFigure 3, the interaction between these
noncomplementary oligonucleotides and immobilized
probe did not lead to a significant increase in the guanine
oxidation signal due to the absence of hybridization and the
signals were nearly equal to that of the probe (curve a).
However, a slight increase was observed for the guanine
signal that may be attributed to the negligible adsorption of
the noncomplementary oligonucleotides to some free sites
present on thePGE.Note that, this slight increase is ordered
with their guanine base numbers (i.e., 4, 6 and 10 related to
Gal4-VP 16 (R), Gal4-VP 16 (F) and His-Tag (R),
respectively). This assumption was verified by immobiliza-
tion of the three noncomplementary oligonucleotides from
their 12.5 mg/L solutions at the same experimental condi-
tions as described for chIL-2 immobilization on the bare
activated PGE and then by recording of the corresponding
ADP voltammograms. The peak current for the three
oligonucleotides were obtained as 1.07� 0.14, 1.61� 0.20
and 2.75� 0.30 mA for Gal4-VP 16 (F), Gal4-VP 16 (R) and
His-Tag (R) respectively. These results showed that the
guanine oxidation signal is ranked according to the guanine
base number as follows:

His-Tag (R)>Gal4-VP 16 (F)>Gal4-VP 16 (R)

The selectivity of the biosensor was also studied in samples
containing both complementary (hIL-2) and noncomple-
mentary sequences. Figure 4 shows the ADPV for probe-
modified activated PGE before hybridization (curve a) and
after hybridization: i) in 12.5 mg/L hIL-2 solution (curve b),
ii) in binary mixture solution of hIL-2 and Gal4-VP 16 (R)
(curve c) and, iii) in binary mixture solution of hIL-2 and
His-Tag (R) (curve d). Figure 4 illustrates that the inter-
action between hIL-2 and His-Tag (R) or Gal-VP 16 (R) in
the mixture solution has less effect on the hybridization
event between probe and hIL-2 target. However a slight
decrease observed for guanine signal may be attributed to
partially hybridization occurring between target and non-
complementary oligonucleotides in their mixture solution.
This interaction gives rise to a slight decrease of target
availability during hybridization with the immobilized
probe.
On the basis of the results obtained from the selectivity

study, only hIL-2 could form a double strand DNA on the
probe modified activated PGE and consequently causes a
significant increase in the guanine oxidation signal.

3.5. Diagnostic Performance of the Sensor

The guanine signal on the probe modified PGE in the
presence of target is increased with increasing the target
concentration and leveled off at ca. 2 mM (Figs. 5 and 6).
Thus, at this concentration the entire available probe
immobilized on the electrode surface was involved in
hybridization event. Similar effect was reported previously
[17, 32, 33].As seen in inset of Figure 6, the calibration graph
is linear between 10 – 250 nMwith correlation coefficient of
0.999.The relative standard deviation over three indepen-

Fig. 3. ADPVs of chIL-2 modified PGE before hybridization (a)
and after hybridization with: hIL-2 target oligonucleotide
(12.5 mg/L) (b); after hybridization with noncomplementary
oligonucleotides (12.5 mg/L): c) Gal4-VP 16 (R), d) Gal4-VP 16
(F), e) His-Tag (R) . Probe concentration in accumulation
solution: 8 mg/L. Experimental conditions were as cited in
Figure 1 and described in Section 2.3.

Fig. 4. ADPVs of the chIL-2 modified PGE before hybridization
a), after hybridization with hIL-2 target in a sample containing: b)
only hIL-2 oligonucleotide, c) both hIL-2 and Gal4-VP 16 (R),
and d) both hIL-2 and His-Tag (R). Experimental conditions were
as cited in Figure 3.
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dently probe modified electrodes measured at 12.5 mg/L of
hIL-2 was 2.8% indicating a remarkable reproducibility of
the detection method. The detection limit was about
5.78 nM (36 pg/mL). Longer hybridization times are expect-
ed to further lower the detection limit. Such detection limit
compares favorably with those reported for the other label-
free (guanine-based) electrochemical hybridization detec-
tions, e.g., 40 pg/mL [15].
The similar hybridization experiments were carried out in

the presence of noncomplementary oligonucleotides: Gal4-
VP 16 (F), Gal4-VP 16 (R) andHis-Tag (R). Figure 7 shows
a histogram representing the guanine oxidation signal of (a)
immobilized probe before hybridization, after hybridization
(b) with hIL-2 and (c) with His-Tag (R) in the same
concentration range 10 – 250 nM. As seen in Figure 7, the
increase in guanine signal of probe-modified PGE after
interaction with His-Tag (R) and other noncomplementary
oligonucleotides (results are not shown)was found very low.
These findings led us to conclude that the present DNA
biosensor successfully distinguishes between complemen-
tary and noncomplementary oligonucleotides.

4. Conclusions

Development of a label-free DNA hybridization biosensor
using a non-inosine substituted probe such as antisense
strand of human-interleukine-2 (chIL-2) and renewable
PGE is possible.As the probe contains only one guanine and
seven cytosine bases, it allows: i) providing at least a
detectable electrochemical signal for direct optimizing the
probe immobilization conditions and; ii) obtaining an
enhanced electrochemical signal during hybridization with
target DNA containing numerous guanine bases. This
strategy eliminates the time consuming external indicator
accumulation as well as obviates the electrode surface
regeneration step. The proposed DNA biosensor in this
work could be utilized for detection of IL-2 DNA as PCR
products and recombinant plasmids containing human IL-2
encodingDNA.Reports fromour laboratory are in progress
towards these directions.
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