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Cadmium sulfide (CdS) was combined with chitosan (Chi) and gelatin (Gel) to prepare a CdS-Chi/Gel
modified electrode. Chi exhibits a large positive charge density and was to provide a uniform of CdS
surface. Gel exhibits high mechanical strength and low toxicity toward mammalian cells, and is non-
antigenic biopolymer. CdS-Chi exhibits a lower contact angle than that of bare CdS, indicating that the
hydrophilicity of the sample surface had increased. Electrochemical impedance spectroscopy (EIS) was
used to determine diffusion coefficients and to characterize the electron transfer kinetics during the
redox reactions. The surface morphologies of CdS-Chi and Gel were characterized using scanning electron
microscopy (SEM) and atomic force microscopy (AFM). Differential pulse voltammetry (DPV) was used
to detect the analytes. DPV not only increased the linear range of the electrocatalytic current, but also
lowered the overpotential for oxidation interference in the measurements. The CdS electrode exhibited
a enhanced electrocatalytic activity toward the analytes evaluated in this study. The presence of Gel
enhanced the loading and stability of the electrode. The fabricated electrode was successfully used for
the simultaneous electrochemical oxidation of guanine (G) and adenine (A).

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Deoxyribonucleic acid (DNA) is a well-known natural macro-
molecule that consists of four bases, guanine (G), adenine (A),
thymine (T) and cytosine (C), and is an important biological
molecule that plays a critical role in the storage of genetic infor-
mation and protein biosynthesis [1-4]. Several analytical methods
have been developed to detect DNA bases [5,6]. In recent years,
a variety of new and intriguing techniques have been developed
to overcome the above limitations, such as fluorescence reso-
nance energy transfer [7], surface plasmon resonance (SPR) [8],
optofluidic ring resonators [9], colorimetric assays [10], bipartite
split-luciferase sensors [11], electrochemiluminescence [12,13],
surface enhanced Raman spectroscopy |[14], microchip capil-
lary electrophoresis [15-17], flow injection chemiluminescence
[18,19], ionpairing liquid chromatography [20,21], laser-induced
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fluorescence detection [22,23], and micellar electrokinetic chro-
matography [24,25].

Importantly, electrochemical DNA sensors possess enormous
potential for the, simple, low-cost and on-site detection of contam-
inants for clinical monitoring [26,27]. Electrochemical techniques
have the promising ability to evaluate the DNA methylation state in
arapid, convenient and accurate way [28-32]. The electrocatalytic
oxidation of purine bases has been extensively investigated in the
literature [33-36]. In general, DNA biosensors have emerged as a
promising alternative for microbial detection due to the specificity
of hybridization between probe DNA and the complementary target
sequence [37]. However, the occurrence of non-specific adsorption
during the hybridization process necessitates the development of a
more sensitive and specific DNA biosensor. Electrochemical detec-
tion of pyrimidine bases has rarely been studied. Traditional solid
electrodes often suffer from fouling effects due to the accumu-
lation of oxidized products on the electrode surface, resulting in
poor sensitivity and reproducibility [38,39]. High oxidation poten-
tials cause large background currents in blank solutions, which
severely mask peak currents and adversely affect the detection sen-
sitivity [40,41]. The electrochemical oxidation of pyrimidine bases
is irreversible. It is difficult to obtain accurate oxidation signals
from pyrimidine bases due to their extremely positive oxidation
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Scheme 1. Electrochemical oxidation of guanine (G) and adenine (A) using the CdS-Chi/Gel-modified electrode.

potentials and slow electron transfer kinetics [42,43]. To overcome
these limitations, modified nanomaterial-based electrodes with a
wide potential window, high electrocatalytic activity and excellent
antifouling properties are necessary.

Nanomaterials have emerged a promising class of functional
materials for their versatile roles, in high throughput optoelectronic
devices as well as in the ultrasensitive, direct electrical detection
of biological and chemical species [44,45]. They exhibit unique
optical, electrochemical and catalytic properties, and their small
size allows the miniaturization of the sensor device. In particular,
metal and semiconductor nanoparticles have attracted consid-
erable attention due to their controlled porosities, high loading
volumes, and large surface areas [46-49]. Compared with their thin
film counterparts, nanoparticles possess a larger surface-to-volume
ratio, uni-directional conduction channels, and diameters on the
same size scale as the molecules being detected. These properties
have generated considerable interest in the use of nanoparticles
as bioelectrochemical transducers. Remarkably, the conductance of
nanoparticles is extremely sensitive to small surface perturbations.
Gold, silver or platinum nanoparticles, as well as semiconducting
biosensors [50-52] such as CdS, ZnS or PbS, exhibit excellent bio-
compatibility and are easily conjugated to biological materials [53].
It is evident that, the large surface areas of conductive nanoma-
terials can increase molecule loading and facilitate the reaction
kinetics, thus improving the biocatalytic processes of the biosen-
sor. In addition, efforts have also been made to improve the activity
and stability of immobilized biomolecules using nanostructures.
For example, TiO, nanoparticles and Au nanoparticle modified elec-
trodes have been also used for the electrocatalytic detection of
guanine and adenine [54,55]. Another study presented a label-free
fluorescent method for the measurement of PNK activity using
double-stranded DNA (dsDNA)-templated copper nanoparticles
(CuNPs) as a fluorescent indicator [56]. Recently, various nanobio-
catalytic approaches have gained increasing attention due to their
successful applications in biomolecule stabilization. In light of these
recent advances, we expect that further progress in nanostuctured
biocatalysts will play a critical role in overcoming major obstacles
in biosensor development.

In this study, we exploited the unique properties of CdS
nanoparticles (CdS NPs) for modified electrodes (Scheme 1). Chi-
tosan (Chi) and gelatin (Gel), as simple and readily available
materials, were used to enhance the electrode stability. CdS is an
important material in the development of new varieties of biosen-
sors, Hy-production systems and in vivo power supplies. To develop

a successful electrochemical detection system, high sensitivity, sig-
nal amplification and good selectivity are crucial. DNA has been
extensively used as a versatile material for in the construction of
biosensors due to the simplicity and predictability of its secondary
structure.

2. Experimental
2.1. Materials

Cadmium chloride (CdCl,), thioacetamide (TAA, C;H5NS), chi-
tosan (Chi), gelatin (Gel) guanine (G), adenine (A) and DNA (from
salmon testes) were purchased from Sigma-Aldrich (USA). All other
chemicals were of analytical grade and were used without fur-
ther purification. Phosphate buffered saline (PBS) (pH 7.0, 0.1M
NayHPO4 and 0.1 M NaH,PO4) and acetate buffer (pH 5.0) were
used as the supporting electrolytes. Aqueous solutions were pre-
pared using double-distilled deionized water and then de-aerated
by purging with high purity nitrogen gas for approximately 20 min
prior to performing the electrochemical experiments. In addi-
tion, a continuous flow of nitrogen over the aqueous solution
was maintained during the measurements. Indium tin oxide (ITO)
(7 /cm~2)was purchased from Merck Display Technologies (MDT)
Ltd. (Taiwan).

2.2. Apparatus

Water contact angles were measured by the micro syringe
drop method using the CMA110 system. The contact angles were
reported as the averaged value of a minimum of five measure-
ments. Cyclic voltammetry (CV) was performed in using the model
CHI-1205B, and differential pulse voltammetry (DPV) was con-
ducted using a CHI-900 and CHI-410 potentiostat. A conventional
three-electrode cell assembly consisting of an Ag/AgCl refer-
ence electrode and a Pt wire counter electrode were used for
the electrochemical measurements. The working electrode was a
glassy carbon electrode (GCE; area 0.07 cm?2). The potentials were
reported vs. the Ag/AgCl reference electrode. The morphologies
of the films were examined using scanning electron microscopy
(SEM) (Hitachi S-3000H) and atomic force microscopy (AFM) (Being
Nano-Instruments CSPM5000). Electrochemical impedance spec-
troscopy (EIS) measurements were performed using an IM6ex
Zahner instrument (Kroanch, Germany). All experiments were per-
formed at room temperature (~25 °C).
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Fig. 1. (A) Individual suspensions in different solvent conditions: CdS-DMF and CdS-Chi/Gel. (B) Various pastes were dropped onto the ITO surface to form films of CdS-Chi,
CdS-Chi/Gel and CdS-DMF. (C) Contact angles were measured at 25 °C by the micro syringe drop method. Values are reported as the average of at least five measurements.
The contact angles of (a) untreated (CdS-water) and (b) treated (CdS-Chi) samples on ITO were 81.1° and 79.1°, respectively.

2.3. Preparation of CdS-Chi/Gel-modified electrodes

2.3.1. Preparation of CdS NPs

CdS NPs were synthesized according to previous reports, with
some modifications. Briefly, 1.78g of CdCl, and 2g of thioac-
etamide (TAA) were dissolved in 100 mL of deionized water and
continuously stirred for 30 min to allow complete dissolution. The
synthesis of CdS using TAA as the S~ source is described in Eq.
(1). The solution was then transferred to a centrifuge tube and
yielded a yellow precipitate, which was harvested by centrifuga-
tion. To remove any remaining cations or anions, the precipitate
was washed several times using deionized water and ethanol. The
suspension was dried in an oven at 70 °C for 24 h. Finally, the prod-
ucts were calcined at 350°C for 2h for further characterization.

Cd%* + CH3C(S)NHz + Hy0 — CdS(s)+CH3C(O)NH, +2H" (1)

2.3.2. Preparation of Chi, Gel, and DNA solutions

A CdS-Chi solution (7 mg/mL) was prepared from 0.035% Chi in
pH 5.0 acetate buffer and sonicated for 10 min to obtain a homo-
geneous mixture. A 4% CdS-Chi/Gel paste was fabricated from the
CdS-Chi solution using Gel powder and heated to 50°C until full
melting was achieved. The double-stranded (dsDNA) sample was
treated in pH 13 NaOH buffer solution. This extreme pH condition
forced the denaturation of the dsDNA to single-stranded (ssDNA),
ensuring that the bases (A, T, C and G) were exposed.

2.3.3. Preparation of modified electrodes

Prior to modification, the glassy carbon electrode (GCE) was
polished with 0.05wm alumina on Buehler felt pads and then
ultrasonically cleaned for approximately 1 min in water. Finally,
the electrode was washed thoroughly with double-distilled water
and dried at room temperature. A 2 L volume of the CdS-Chi/Gel
paste was dropped onto the polished GCE surface and allowed to
evaporate to dryness for the electrochemical experiments. Prior to
modification, the ITO surfaces were cleaned and ultrasonicated in

an acetone-water mixture for 15min and then dried. The same
volum of CdS-Chi/Gel paste was dropped onto the ITO for subse-
quent morphological characterization.

3. Results and discussion
3.1. Physical characterization of the CdS-Chi/Gel paste

To investigate the effect of solvents on the stability of the
Chi/Gel electrode coating, a series of materials was prepared from
the mixtures. Chi and Gel, which are commonly used to disperse
nanomaterials, were tested for their ability to disperse the CdS
nanoparticles in order to prepare a stable and sensitive modifying
layer on the GCE surface. Fig. 1(A) displays the individual suspen-
sions in various solvent conditions. A conventional organic solvent,
dimethylformamide (DMF), was used to disperse the CdS. Chi is
a polysaccharide derived from the deacetylation of chitin. It con-
tains primary amino groups with a pK; value of approximately
6.3, as well as a highly positive charge density. Due to its positive
charge, Chi can effectively homogenize mixtures. Compared with
CdS-DMEF, the CdS-Chi/Gel preparation exhibited better dispersion.
Fig. 1(B) depicts modified electrodes prepared from CdS-Chi, CdS-
Chi/Gel and CdS-DMF. The various dispersions were dropped in
4 L aliquots onto ITO surfaces. CdS-Chi and CdS-DMF contained
aggregats and exhibited rough surfaces on the electrode. In con-
trast, the CdS-Chi/Gel-modified electrode was well-dispersed and
smooth. Fig. 1(C) displays the contact angle reports, with the angle
values representing the average of at least five measurements. The
contact angles were measured at 25 °C by the micro syringe drop
method. The contact angle, which is a measure of surface wettabil-
ity, was used to determine the hydrophobicity or hydrophilicity of
the modified surfaces. The (a) untreated (CdS-water)and (b) treated
(CdS-Chi) samples on the ITO surface exhibited contact angles of
81.1° and 79.1°, respectively. These low contact angles indicate that
the samples displayed a hydrophilic surface. Chi is a hydrophilic,
biodegradable [57], non-antigenic biopolymer that exhibits, high
mechanical strength, fast metal complexation, susceptibility to
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Fig. 2. Cyclic voltammograms (CVs) of (a) CdS-Chi-modified, (b) bare, (c) CdS-
Chi/Gel-modified and (d) Gel-modified electrodes in pH 7.0 PBS containing
1x 1073 M [Fe(CN)s 1>~ using a potential range from 0.9 to —0.3V and a scan rate
of 50mVs~'. The inset displays detailed data for the current values and expanded
peak potential separations.

chemical modification [58,59], and a low toxicity toward mam-
malian cells. Our results revealed that CdS-Chi/Gel enabled superior
stability and dispersion compared with the other evaluated sam-
ples; CdS-Chi/Gel was therefore selected for further optimization in
subsequent experiments.

3.2. Electrochemical characterization of the modified electrodes

Each newly-prepared modified electrode was transferred to
pH 7.0 PBS containing 1 x 103 M [Fe(CN)g |3~ for electrochemical
characterization. These optimized pH 7.0 solutions were cho-
sen to improve stability. Cyclic voltammetry was performed at a
50mVs~! scan rate in the potential range of 0.9V to —0.3 V. Fig. 2
displays a comparison of the cyclic voltammograms collected from
the bare electrode and the CdS-Chi, CdS-Chi/Gel and Gel-modified
electrodes. The Gel-modified electrode exhibited a peak current
value and peak potential separation of 6.02 A and 129 mV, respec-
tively. The bare electrode displayed a peak current value and peak
potential separation of 11.15 A and 78 mV, respectively. The solid
state of the gel contributed to the decreased current value and
increased peak potential separation. The CdS-Chi-modified elec-
trode exhibited a peak current value and peak potential separation
of 13.51 pA and 72mV. The current values and expanded peak
potential separations are displayed in the insert. However, by com-
paring the CVs obtained from the CdS-Chi-modified and the bare
electrode, it is evident that the CdS significantly improved the elec-
tron transfer properties of the sensor. Compared with the other
electrodes, the CdS-Chi-modified electrode displayed the high-
est reaction current. Clearly, the CdS exhibited semiconducting
properties. The superior properties of the CdS-Chi/Gel composite
compared with CdS-Chi composite stemmed from its more stable
dispersion on the electrode, as well as the electrostatic interac-
tions between the positively charged Chi and negatively charged
ferricyanide complexes. The CdS-Chi/Gel-modified electrode pro-
vided numerous advantages compared with the bare and CdS-Chi
electrodes.

Electrochemical impedance spectra (EIS) can provide infor-
mation about the impedance changes at the electrode surface for
each modification step and be used to monitor the entire electrode
modification process. The EIS contained semicircular and linear
components. The semicircle parameters corresponded to the elec-
tron transfer resistance (R¢t) and the double layer capacity (Cy;)
of the modified electrode. The semicircular component at higher

Fig. 3. Electrochemical impedance spectra (EIS) of (a) CdS-Chi-modified, (b) Bare,
(c) CdS-Chi/Gel-modified and (d) Gel-modified electrodes in pH 7.0 PBS containing
5x 1073 M [Fe(CN)s]3/~%. Amplitude =5 mV.

frequencies was related to the electron transfer limited process,
with the diameter equivalent to R.. A plot of the real (Z') and
imaginary (Z”) components produced a semicircular Nyquist plot.
From the shape of the impedance spectrum, the electron-transfer
kinetics and diffusion characteristics can be extracted. The linear
component at lower frequencies corresponded to the diffusion
process. This type of impedance spectrum is characteristic of a
surface-modified electrode in which electron transfer is slow and
the impedance is controlled by the interfacial electron transfer
at high frequencies. Fig. 3 displays the EIS results for the various
modified electrodes in the presence pH 7.0 PBS with an equimolar
quantity of 5mM [Fe(CN)g]3~/4~. The Faradaic impedance spectra
are presented as Nyquist plots (Z” vs. Z') for the bare electrode
and the CdS-Chi-, CdS-Chi/Gel- and Gel-modified electrodes. The
CdS-Chi electrode exhibited a nearly straight line (curve a) with a
very small depressed semicircle arc (Re =290 (Z'/€2)), representing
the characteristics of a diffusion limited electron-transfer process
on the electrode surface. The bare (curve b) and Gel-modified
(curve d) electrodes exhibited a depressed semicircular arc with
an interfacial resistance due to the electrostatic repulsion between
the charged surface and the probe molecule [Fe(CN)g]3~/4~. This
depressed semicircular arc (Rct=2550 (Z'/2)) revealed that the
Gel-modified electrode exhibited the highest electron transfer
resistance. The R of the CdS-Chi/Gel-modified (curve c) electrodes
was 1140 (Z'/2). The inset displays the equivalent circuit (Randles
model) used to fit the Nyquist diagrams. This circuit contains
a distributed element which can only be approximated by an
infinite series of simple electrical elements. The error values for
the corresponding semicircles ranged from 5% to 7%.

The increase in R¢ value occurred due to the embeddeding of the
CdS in the Gel. These results were in close agreement with those of
previous CV studies.

3.3. Morphological characterization of CdS-Chi/Gel-modified
electrodes

Prior to modification, the ITO surfaces were cleaned and ultra-
sonicated in an acetone-water mixture for 15 min and then dried.
Subsequently, CdS-Chi, Gel and CdS-Chi/Gel films wrer prepared on
the ITO and characterized by SEM. From Fig. 4(A-C), significant
morphological differences among the films can be observed. The
top views of the nano-structures (A) on the ITO electrode surface
reveal uniformly deposited and homogeneously dispersed CdS-Chi
on the electrode. The CdS-Chi/Gel-modified electrode in (C) dis-
played a Gel coating over the entire CdS surface. A comparison of
the CdS-Chi (A) and CdS-Chi/Gel (C) electrodes revealed, that these
morphological differences could be attributed to the increase in
the deposition of Gel, which created plateaus rather than beads and
completely covered the CdS.Itis evident that the CdS was immersed
in the Gel.
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Fig. 4. SEM images of (A) CdS-Chi, (B) Gel and (C) CdS-Chi/Gel on an ITO electrode.

The surface morphologies of the electrodes were also examined
using AFM. The AFM results provided comprehensive information
about the surface morphology of the nanostructures on the ITO
surface. The AFM images were collected over 3200 nm x 3200 nm
and 4000 nm x 4000 nm surface areas and used to determine the
roughness average (sa), an expression of the surface roughness or
texture that is typically used to describe a polished or machined
metal surface and the arithmetic average value of the departure
(peaks and valleys) of the surface profile from the center-line
through the sampling length. In addition, the CdS-Chi, Gel and
CdS-Chi/Gel films on the ITO electrode were characterized using
AFM. From Fig. 5(A-C), it is apparent that there are morphological
differences among the films. The top views of the nanostructures
(A) reveal uniformly deposited and homogeneously dispersed
CdS-Chi on the electrode. Nanostructures were present with an
average height of 33.4nm. The roughness average (sa) for the
CdS-Chi was 14.9nm and the root mean square roughness was
19.2 nm. The grain size analysis revealed an average size of 110 nm.
The Gel-modified electrode in (B) exhibited a smooth surface with a
roughness average (sa) and root mean square roughness of 4.44 nm

Fig. 5. AFM images of (A) CdS-Chi, (B) Gel and (C) CdS-Chi/Gel on an ITO electrode.

and 5.62 nm, respectively. The average height and diameter were
26.9nm and 28.2 nm, respectively. Fig. 5(C) displays an image of
the CdS-Chi/Gel, which exhibited a roughness average (sa) and
root mean square roughness of 1.13 nm and 1.54 nm, respectively.
The average height and diameter were 4.18 nm and 31.5nm,
respectively. Comparing the CdS-Chi (A) and CdS-Chi/Gel (C) elec-
trodes revealed, a smaller CdS particle size in the presence of Gel
indicating the role of the Gel in the dispersion of the nanoparticles.

3.4. Electrocatalytic reaction of DNA bases at CdS-Chi/Gel
modified electrode

The differential pulse voltammetry (DPV) was performed in
the presence of different concentrations of guanine and adenine
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Fig. 6. Differential pulse voltammetry (DPV) measurements of (A) guanine and (B)
adenine at a CdS-Chi/Gel-modified electrode in 0.1 M PBS (pH 7.0) containing varying
concentrations (a-g) of the analytes, using a potential range from —0.4 to 1.2V and
a scan rate of 50 mV s~1. The calibration curves for the analytes, are nearly linear for
the concentration ranges shown in the inset.

at a CdS-Chi/Gel-modified electrode in 0.1 M PBS (pH 7.0) over a
potential range of —0.4V to 1.2V using a scan rate of 50mVs~!, as
depicted in Fig. 6(A and B). The DPV values were recorded at a con-
stant time interval of 2 min, with nitrogen purging performed prior
to the start of each experiment. Fig. 6(A) depicts the CdS-Chi/Gel-
modified electrode in the presence of varying concentrations (a-g)
of guanine. Interestingly, the peak currents for guanine increased
linearly with increasing of guanine concentration. As a result, the
calibration curves for guanine, were nearly linear over a wide range
of concentrations, as shown in the inset. From this calibration plot,
the linear concentration range was 9.9 x 10-7 M to 8.9 x 106 M.
The inset reveals that the lower and upper bounds for the detection
limit of guanine were 9.9 x 10~7 M and 3.28 x 10> M, respectively.
The electrocatalytic activity exhibited a redox couple at 0.86V
[60]. Fig. 6(B) displays the DPV results for varying concentrations
(a-g) of adenine at CdS-Chi/Gel-modified electrode. The reaction
current for adenine increased linearly with increasing analyte
concentration. The calibration curve for adenine, which was nearly
linear over a wide range of concentrations, is displayed in the
inset. From this calibration plot, a linear response was observed
over a concentration range from 9.9 x 107 to 2.34x 107> M.
The inset reveals that the lower and upper limits of detection
for adenine were 9.9 x 107 M and 6.89 x 10~> M, respectively.
The electrocatalytic activity exhibited a redox couple at 1.01V
[60]. This peak current response occurred due to the reaction
mechanism of guanine and adenine oxidation. Compared with the
bare electrode (curve a’) over the same concentration range of
guanine and adenine, the CdS-Chi/Gel modified electrode exhibited
a redox couple and a higher peak current response to the DNA
bases. The DPV measurements revealed an increase in the linear

Fig. 7. Differential pulse voltammetry (DPV) measurements of varying concentra-
tions of (A) guanine with adenine and (B) a real DNA sample (from salmon testes) at
a CdS-Chi/Gel-modified electrode in 0.1 M PBS (pH 7.0) using a potential range from
—0.4 to 1.4V and a scan rate of 50mVs~'.

concentration range of the electrocatalytic current as well as lower
overpotential for oxidation or reduction interference.

3.5. Electrocatalytic reaction of real DNA sample at
CdS-Chi/Gel-modified electrode

Fig. 7(A) displays the DPV results from the CdS-Chi/Gel-modified
electrode in 0.1 M PBS (pH 7.0) using a potential range of —0.4V
to 1.4V and a scan rate of 50mVs~! for the catalytic reduction
of guanine and adenine. The catalytic current response is directly
proportional to the concentrations of guanine and adenine in the
system. The electrocatalytic activity exhibited a redox couple at
0.9V and 1.2 V. The lower and upper limits of detection for guanine
in the presence of adenine were 9.9 x 10-7 M and 1.38 x 107> M,
respectively. DNA samples (from salmon testes) were treated in a
pH 13 NaOH buffer solution (1 mg/mL). These extreme pH condi-
tions facilitated the dsDNA denaturation to ssDNA, ensuring that
all of the DNA bases were exposed. Using the same conditions, the
electrocatalytic activity of the CdS-Chi/Gel-modified electrode was
evaluated in the presence of varying volumes (L) of the DNA sam-
ple. Volumes of the DNA sample varying from 10 wL to 220 pL were
added toa 10 mL volume of ablank buffer solution (pH 13). The elec-
trocatalytic activity redox couple shifted to 0.62 V and 0.88 V at pH
13. These results verified that the CdS-Chi/Gel-modified electrode
was capable of producing an electrocatalytic response to real DNA
samples. Overall, the CdS-Chi/Gel-modified electrode was stable
and was successfully used for the electrocatalytic oxidation of gua-
nine and adenine. More specifically, the enhanced electrocatalytic
activity of the CdS-Chi/Gel-modified electrode can be attributed to
the higher peak current of the CdS. Gel was found to promote the
stability of the modified electrode (Fig. 8).
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Fig. 8. Different scan rates of the CdS-Chi/Gel-modified electrode in 0.1 M PBS (pH
7.0) from 10 to 600 mVs~'.

4. Conclusions

The high stability and facile preparation of CdS-Chi/Gel-modified
electrodes make them promising candidates for construction of
simple electrochemical biosensors for the detection of DNA bases.
Repetitive redox cycling experiments were performed to determine
the stability of CdS-Chi/Gel-modified films in 0.1 M PBS (pH 7.0).
This investigation revealed that after 100 continuous scan cycles
with a scan rate of 0.1Vs~1, the peak heights of the cyclic voltam-
mograms decreased less than 5%. The CdS-Chi/Gel-modified film
maintained its initial activity for more than three weeks when
stored in 0.1 M PBS (pH 7.0). A decrease of 8% was observed in the
current response of the electrode after 20 days. We demonstrated
the successful application of the CdS-Chi/Gel-modified electrode
to the measurement of guanine (G) and adenine (A). Compared
with the CdS-Chi-modified and bare electrodes, the CdS-Chi/Gel-
modified electrode exhibited the highest electrocatalytic activity.
The contact angle, a measure of the surface wettability, was used
to determine the hydrophilicity of the CdS-Chi surface. SEM and
AFM studies revealed morphological differences among the CdS-
Chi-, Gel- and CdS-Chi/Gel-modified electrodes. Differential pulse
voltammetry (DPV) measurements provided qualitative and quan-
titative characterization of the CdS-Chi/Gel electrode, even at physi-
ologically relevant conditions. Therefore, this work establishes and
demonstrates a simple and novel approach for the development of
a biosensor based on transparent electrodes or ITO electrodes. This
feature enables clinical applications for this real time biosensor.
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