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Abstract

A nano-composite of DNA/poly(p-aminobenzensulfonic acid) bi-layer modified glassy carbon electrode as a biosensor was fabricated by
electro-deposition method. The DNA layer was electrochemically deposited on the top of electropolymerized layer of poly(p-aminobenzensulfonic
acid) (Pp-ABSA). Scanning electron microscopy, X-ray photoelectron spectroscopy and electrochemical impedance spectrum were used for
characterization. It demonstrated that the deposited Pp-ABSA formed a 2-D fractal patterned nano-structure on the electrode surface, and which
was further covered by a uniform thin DNA layer. Cyclic voltammetry and electrochemical impedance spectrum were used to characterize the
deposition, and demonstrated the conductivity of the Pp-ABSA layer. The biosensor was applied to the detection of dopamine (DA) and uric acid
(UA) in the presence of ascorbic acid (AA). In comparison with DNA and Pp-ABSA single layer modified electrodes, the composite bi-layer
modification provided superior electrocatalytic actively towards the oxidation of DA, UA and AA, and separated the originally overlapped
differential pulse voltammetric signals of UA, DA and AA oxidation at the bare electrode into three well-defined peaks at pH 7 solution. The peak
separation between AA and DA, AA and UA was 176 mV and 312 mV, respectively. In the presence of 1.0 mM AA, the anodic peak current was a
linear function of the concentration of DA in the range 0.19—13 pM. The detection limit was 88 nM DA (s/n=3). The anodic peak current of UA
was also a linear function of concentration in the range 0.4—23 pM with a detection limit of 0.19 uM in the presence of 0.5 mM AA. The superior

sensing ability was attributed to the composite nano-structure. An interaction mechanism was proposed.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Deoxyribonucleic acid (DNA) as an important biological
macromolecule has been paid much attention in the recent
years. It is not only due to the intriguing genetic information of
the molecule but also the possible utilities of its efficient electro-
conductivity of the long chain [1-7], which has been considered
as the function of the rich p-electron of base-stacking along its
double helical backbone. On the other hand, interaction of DNA
with many kinds of bioactive species has been found, which
provided a base for molecular recognition not only for DNA
hybridization but also for sensing of bioactive species [8,9]. The
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interaction of catecholamines with DNA has also been observed
and provided a novel way for fabrication of neurotransmitter
biosensors [10]. Electrochemical sensors based on DNA
recognition have been reported for dopamine (DA), norepi-
nephrine, uric acid (UA) determination in the presence of
ascorbic acid (AA) [11,12]. Electrochemical deposition of DNA
on electrode surfaces has been considered for obtaining a
conductive thin layer of nano-structures and enhancing the
electrode surface area for construction of efficient biosensors
[13—15].

To prevent denature of DNA grafted on electrode surfaces,
nano-composite of DNA could be considered. A DNA/nano-Au
composite has been found for fabrication of biosensors [12]. It
is believed that conducting polymers may offer an efficient way
for DNA grafting [9]. The conducting polymers may be able to
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Fig. 1. Multicycle CV for Pp-ABSA deposition at GCE. Solution: 2.0 mM p-
ABSA+0.1 M pH 7.0 PBS+0.5 M KCI; Scan rate: 100 mV/s.

modulate long-range charge transport through strong interac-
tions with attached DNA molecules [16]. The immobilization of
DNA on conducting polymers has been accomplished mainly
by two approaches involving incorporation of nucleotides into
the polymer matrix during the growth of the conducting
polymer [17-21] and fabrication by immobilizing DNA
molecules on the top of the polymer layer [22—24]. The later
structure can be formed by either direct absorption or covalent
attachment (directly or through a bridging medium) of DNA on
the polymer layer. However, to our best of knowledge, this
stratagem of layer-by-layer modification of DNA and conduct-
ing polymers has never been reported for fabrication of
electrochemical sensors of DA and UA.

DA and UA are commonly existed in body fluids and
extreme abnormalities of their concentration levels may lead to
several diseases such as Parkinson’s, Alzheimer and gout
[25,26]. Therefore, the detection of their concentration is
important not only for clinical diagnostics but also for
pathological research. A major obstacle in monitoring DA and
UA using electrochemical technique is the influence from the
co-existence of large amount of AA, since AA can also be
oxidized with large overpotentials in the result of current
overlapping at bare electrodes. Recently, various chemical
modification of electrode surface has been used to overcome
this problem by either reducing the overpotential of AA
oxidation or preventing the approach of AA anions to the
electrode surface [27-40].

In the recent years, we have investigated the electro-deposition
of Pp-ABSA and catalytic activities of the Pp-ABSA modified
electrode. This report describes the use of electro-deposited Pp-
ABSA as a matrix for DNA immobilization in order to fabricate
biosensors for the determination of DA and UA simultaneously in

the presence of large amount of AA. A novel biosensor was
obtained, and this sensor not only exhibited strong catalytic
activity toward the oxidation of DA, UA and AA but also
separated their voltammetric responses into three well-defined
peaks with large potential separations in neutral solutions. The
sensor was sensitive with detection limit of 88 nM DA and
0.19 uM UA in the presence of large amount of AA.

2. Experiment
2.1. Chemicals and materials

Calf thymus DNA (ct-DNA, 23000 bp, OD,4¢o/OD5g¢>1.8)
was obtained from Sino-American Biotechnology Co. Dopa-
mine (DA) was purchased from Sigma. P-aminobenzenesulfo-
nic acid (P-ABSA), uric acid (UA) and ascorbic acid (AA) were
from Chemical Reagent Company of Shanghai. These com-
pounds were used as received without further purification. All
other chemicals were of analytical grade. High purity N, and
doubly distilled water were used.

The 0.1 M phosphate buffer solution (PBS) containing 0.5 M
KCI was used as the supporting electrolyte solution. To mimic
biological environments, pH 7.0 was selected unless stated
otherwise. The 0.1 M pH 7.0 PBS+0.5 M KCI solution is
denoted as the solution A.

2.2. Apparatus

Cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) were recorded on a CHI 832 electrochemical analyzer
(Cheng-Hua, Shanghai, China). Electrochemical impedance
spectroscopy (EIS) was conducted on a CHI 660A workstation
(Cheng-Hua, Shanghai, China). All electrochemical experi-
ments were carried out using a three-electrode system consisted
of'a working electrode, a platinum wire auxiliary electrode and a
saturated calomel reference electrode (SCE). A glassy carbon
disk electrode (GCE, 4 mm in diameter) was used as the basal
electrode for surface modification and construction of the
biosensor. Electrochemical solutions were thoroughly deoxy-
genated by N, bubbling before use and maintained N,
atmosphere through out the experiment. All experiments were
carried out at room temperature.

Scanning electron microscopy (SEM) images were obtained
at a JSM-6700F (JEOL) Field Emission Scanning Electron
microanalyser.

X-ray photoelectron spectroscopy (XPS) measurement was
performed on an ESCALAB MK2 spectrometer (VG, UK) with
Mg K-Alpha X-ray radiation source.
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Scheme 1.
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2.3. Preparation of electrodes

Prior to use, the GCE was successively polished with 1.0,
0.3, 0.05 pm alumina slurry, ultrasonic cleaning in ethanol,
water for 5 min each time.

The GCE was dipped into the p-ABSA solution for
electrochemical polymerization and deposition of Pp-ABSA.
The obtained electrode is denoted as Pp-ABSA/GCE in this
report. CV potential cycling was found to have advantages for
the modification, and the CV parameters including the scan rate
(v), the potential range for the cycling, the cycle numbers, the
composition of the deposition solution were optimized as
100 mV/s, in between —0.6 and +1.8 V (vs. SCE), 10 cycles,
2.0 mM p-ABSA/solution A, respectively.

The prepared Pp-ABSA/GCE was cleaned with water,
dipped in a ct-DNA solution for DNA electro-deposition. The
deposition was carried out under constant potential of +1.5 V
for a certain time in 0.1 mg/ml ct-DNA/solution A [12]. It was
found that 30 min deposition is proper for obtaining a high
quality sensing electrode, denoted as DNA/Pp-ABS/GCE. For
comparison, the same deposition was made on a bare GCE to
prepare a DNA modified GCE without the Pp-ABSA interlayer,
denoted as DNA/GCE.

All these electrodes were stored in water after use.

3. Results and discussion
3.1. Characterization of modified electrodes

3.1.1. Electropolymerization and deposition of p-ABSA

The progress of CV deposition of Pp-ABSA on a GCE is
shown in Fig. 1. The multicycle CV curve in 2.0 mM p-ABSA
solution showed 3 major voltammetric peaks at about 0.94 V
(peak 1), —0.05 V (peak 2) and 0.21 V (peak 3). Peak 1 is
attributed to the one-electron oxidation of amino group at p-
ABSA. Peak 2 and 3 can be attributed to the redox reaction of
the deposited Pp-ABSA.

The deposition mechanism can be expressed in Scheme 1.
The p-ABSA was first oxidized to its free radicals at 0.94 V,
which combined together rapidly, forming the head-to-head
dimmer, Pp-ABSA. And the Pp-ABSA have a redox step at a
middle potential (£,,,) of about 0.12 V.

Similar mechanism was also proposed [41]. The p-ABSA
could not fully polymerize to form a head to tail long chain
because of the existence of the sulfonic group at the opposite
position, which plays steric hindrance effect and strong
electron-withdrawing effect for the polymerization [42—44].

3.1.2. Morphology of the modified surfaces

Fig. 2 shows the SEM images of the Pp-ABSA/GCE and
DNA/Pp-ABSA/GCE. It can be seen that the Pp-ABSA
deposited on the GCE surface was assembled to form a pattern
of grass like branches (Fig. 2a). This fractal pattern was
consisted of particles of 50-300 nm in diameter separately
distributed on the electrode surface, which can be seen from the
enlarged image shown in Fig. 2b. The fractal pattern should be
assembled by the surface diffusion of nano-clusters on the

substrate [45], and the patterned distribution of the Pp-ABSA
nano-clusters provided large active surface is advantageous to
electrochemical sensing. After the DNA deposition, this fractal
structure was completely covered by the DNA deposited layer,
as shown in Fig. 2c.

Fig. 2. SEM images of the Pp-ABSA/GCE (a, b), DNA/Pp-ABSA/GCE (c).
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Fig. 3. XPS spectra of S2p (a), N1s (b) and P2p region (c) for Pp-ABSA/GCE
(1), DNA/Pp-ABSA/GCE (2), and the Pp-ABSA/GCE after being ultrasoni-
cated (1-1).

The fractal deposition of Pp-ABSA on the GCE surface
created a two-dimensional nano-structure for the further
fabrication of DNA layer. It can be noted that the fractal
patterns covered only about 20% of the electrode surface, and
further deposited DNA molecules, which may form nano-
netting structures on the surface [13—15], should stick on both
the Pp-ABSA clusters and the remaining bare GCE surface, in
result of a composite of three dimensional structures. Since the
Pp-ABSA dimmer has large conjugation, the aggregated Pp-
ABSA cluster can be expected to have electric conductivity, the
fractal distribution of the Pp-ABSA nano-clusters provided a
nano-electrode array. Thus, the second layer deposition, the
DNA deposition, was conducted on the nano-electrode array of
the polymer. In comparison with normally deposited nano-

particles, the fractal deposition can provide much more “dilute”
deposition. As seen from Fig. 2b, the nano-particles in the
fractal pattern were well separated each other with average
distance much larger than the average size, the advantages of
nano-clectrode array could thus be performed. The fractal
deposition of nano-particles is obviously a useful stratagem for
fabrication of high efficiency electrochemical sensors.

3.1.3. XPS spectra

XPS was used to examine the elemental distribution on the
electrode surfaces. The result is shown in Fig. 3. As shown in
Fig. 3a curve 1, the S,, peak appeared at 168 eV is consistent
with the existence of — SO3 groups in the deposited Pp-ABSA
at the Pp-ABSA/GCE. Since some amine containing com-
pounds could firmly link on the surface of carbon electrodes by
the formation of C—N bound during electrochemical oxidation
[46,47], XPS spectrum was taken after this electrode being
ultrasonicated in ethanol and H,O successively for 10 min each
time. The result is shown in Fig. 3a curve 1-1, no S,, peak
remained there. The disappearance of 167 eV peak after
ultrasonication indicated that the p-ABSA did not attach to the
GCE surface by covalent linkages, but dimerized and attached
to the electrode surface by adsorption.

The XPS of Pp-ABSA/GCE showed also a characteristic
N1s band at 400.45 eV (Fig. 3b), which is consistent with the
formation of — N=N-bond in the dimer.

The spectrum of the DNA/p-ABSA/GCE was different from
that of the p-ABSA/GCE, as shown in Fig. 3c. The existence of
P,, band at 133.7 ¢V demonstrated the deposition of DNA on
the electrode.

3.1.4. Electrochemical characterization of modified electrodes

The prepared DNA/Pp-ABSA/GCE, Pp-ABSA/GCE,
DNA/GCE were characterized by CV of Ru(NH;);" cations
and Fe(CN);~ anions in comparison with a bare GCE. The
Ru(NH;);" gave a redox peaks at about —0.18 V vs. SCE at
these electrodes. However, the cathodic peak current of Ru
(NH;):" at three modified electrode was higher than at bare
GCE, indicating a negatively charged modified layer that
could attract the positively charged species.
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Fig. 4. EIS spectra of the DNA/Pp-ABSA/GCE (1), the Pp-ABSA/GCE (2), the
DNA/GCE (3) and a bare GCE (4) in 10 mM Fe(CN); + 10 mM Fe(CN)¢ .
Inset: the equivalent circuit.
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Table 1
EIS data of GCE, Pp-ABSA/GCE, DNA/GCE and DNA/Pp-ABSA/GCE in
10 mM Fe(CN)z 4~

Electrode R/ @ B(Sem 28" s/(Qcm’s ) R/Q

GCE 822 0.776  3.00e— 5 188 180

Pp-ABSA/GCE  16.2 0.620 5.00e— 4 143 132

DNA/GCE 16.4 0.757 2.00e— 4 136 225

DNA/Pp-ABSA/ 18.2 0.737 2.00e— 4 136 169
GCE

The redox reaction of Fe(CN) appeared at a middle
potential (£,,) of 0.270 V at GCE, however, which is shifted to
0.290 V at the three modified electrodes, indicating an
interaction between the Fe(CN)z /*~ and the DNA and Pp-
ABSA layers. In addition, both the cathodic and anodic peak
currents increased to about two times at three modified
electrode, indicating the effective surface area of these electrode
was enlarged by two-fold due to the conductive Pp-ABAS and
DNA modified layers.

The modified electrodes were further evaluated by EIS in
10 mM Fe(CN); " solution in comparison with a bare GCE.
The EIS spectra were obtained shown in Fig. 4, which were
fitted by digital simulation based on the equivalent circuit
(inset). Considering the complexity of the modified structure, a
constant phase angle element (CPE) was used for construction
of the equivalent circuit. The total impedence of the equivalent
circuit, Zi,), can be expressed as Zyym=Rso1t 1/(1/Zcppt+1/
(Rt Z,,)), where Zcpp= [B(/'a))(p]f Li=(- )2, wis the angular
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Fig. 6. Plot of anodic (1) and cathodic (2) peak current of 50 mM DA (a) and
50 mM UA (b) versus the scan rate at DNA/Pp-ABSA/GCE.

frequency, B and & (0<®=1) are frequency dependent
constants [19], and Z,=s(1—j)/w"?, where s is a constant
related to Warburg impedance. Thus, Ry, @, B, s and R, five
parameters can be obtained from the fitting, which are
summarized in Table 1.

It can be seen from Table 1 that the R of all electrodes are
less than 20 (), thus minimal potential error would be generated
for currents in pA scale. The R, the electron transfer resistance,
is characteristic for evaluation of the electron transfer rate
constant. The R value was reduced to about 2/3 by the surface
modification of Pp-ABSA layer on GCE. The R value was
reduced to about 3/4 at the DNA/Pp-ABSA/GCE in comparison
with that at the DNA/GCE. Thus demonstrated the conductivity
of the surface modified Pp-ABSA nano-particles.

3.2. Electrochemical behavior of DA, UA and AA

3.2.1. CVs of DA and UA

The preliminary study showed that the DNA/Pp-ABSA/GCE
had a significant electrocatalytic activity toward the oxidation
reactions of DA and UA. The CV curves of these compounds at
different electrodes are presented in Fig. 5.

As shown in Fig. 5a, DA presented a drawn out CV peaks
with a small anodic peak at about 0.40 V and a small re-
reduction peak at about 0.05 V at GCE (curve 1). However, a
couple of well behaved CV peaks at 0.210 and 0.195 V
appeared at the Pp-ABSA/GCE. About 4-fold anodic peak
current was obtained in comparison with that at GCE (curve 2).
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The 190 mV negative potential shift indicates the catalytic
activity of the electrode, and the current increase can be
attributed mainly to a surface accumulation ability of the two-
dimensional dimer clusters modified layer. The DNA/GCE also
catalyzed the oxidation of DA, giving the oxidation peak at
0.210 V, however, with only 3-fold peak current (curve 3). This
is not surprising since DA can be accumulated on DNA before
electrochemical oxidation [12]. However, the DNA/Pp-ABSA/
GCE gave the oxidation peak at also 0.21 V but with about 20-
fold peak current (curve 4). This peak current is about 3 times
larger than the addition of the peak current at the DNA/GCE and
the peak current at the Pp-ABSA/GCE, indicating the existence
of some kinds of interactions between the Pp-ABSA layer and
the DNA layer for the DA oxidation. The extra current
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enhancement is possibly due to an enhancement of the
efficiency of electron transfer for the DNA confined DA
molecules, since the electronic conductive Pp-ABSA clusters
may provided better electric connections between the DNA
chains and the GCE surface. Certainly, the re-reduction peak at
0.20 V appeared at the Pp-ABSA/GCE, which is only 10 mV
apart from the anodic peak, showing typical phenomena for a
surface conformed redox reaction.

Fig. 5b shows the CV for UA oxidation. As seen from curve
1, UA gives a broad oxidation peak at about 0.5 V at GCE.
However, a sharp peak appeared at 0.35, 0.36 and 0.36 V at Pp-
ABSA/GCE, DNA/GCE and DNA/Pp-ABSA/GCE, respec-
tively (curve 2—4), showing all the three electrodes had strong
electrocatalytic activity toward the UA oxidation. And, 3-fold
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Fig. 8. DPV curves in 0.1 M PBS containing 50>M DA, 50>M UA and
1.0 mM AA at the DNA/Pp-ABSA/GCE (1), the DNA/GCE (2), the Pp-ABSA/
GCE (3), and a bare GCE (4). DPV: Scan rate: 20 mV/s; Amplitude: 50 mV;
Pulse width: 50 ms; Pulse period: 200 ms.

peak current at the Pp-ABSA/GCE, and about 10-fold increase
at both the DNA/GCE and the DNA/Pp-ABSA/GCE were
observed in comparison with that at GCE. The current
sensitivity was almost the same for the later two electrodes,
the existence of the Pp-ABSA clusters seemed to not play a
significant role in the UA oxidation, indicating a different
interaction mode for UA and DNA.

3.2.2. The effect of scan rate

The effect of scan rate on the peak current of DA and UA at
the DNA/Pp-ABSA/GCE were investigated. The results are
shown in Fig. 6. As shown in Fig. 6a, the peak current (i, ipc)
of DA was linearly proportional to the scan rate up to 200 mV/s,
ipa=1.05+0.104v (nA, mV/s, R=0.9994), which is expected
for the redox reaction of surface adsorbed species. The 7,/
ratio remained almost equal to unity if the switching potential is
not far from the peak. However, as shown in Fig. 6b, the 7,, of
UA at DNA/Pp-ABSA/GCE was proportional to the square root
of scan rate over the range of 20-200 mV/s, i,,=—7.373+
2.823v% (uA, mV/s, R=0.9955), suggesting a diffusion
controlled process.

3.2.3. The effect of pH

For DA and UA determination, the pH effect on DPV signals
at the DNA/Pp-ABSA/GCE was examined, as shown in Fig. 7.
The peak potential of DA oxidation shifted negatively at a slope
of =51 mV per pH unit in the range of 3-8 (Fig. 7al), indicating
equal number of electrons and protons involved in the oxidation
process. The peak current was plotted versus pH in Fig. 7a2, a
maximum at about pH 6 was found. Since AA also showed a
DPV peak, the peak separation of DA and AA (denoted as
AE,,) was used as the criteria to evaluate the selectivity of the
catalytic system. The result showed that the AE,, decreased
with the increase of pH value from 3 to 8 (Fig. 7a3).

The DPV peak potential of UA oxidation shifted also
negatively at a slope of =56 mV per pH unit in the range of 2—9
(Fig. 7b1), which is in agreement with the 2¢/2H" reaction. The
peak current of UA was almost constant in the pH range of 2—7
and decreased sharply from pH 7 to 8 (Fig. 7b2), which was

Table 2
The DVP data at three modified electrodes for the oxidation of AA, DA and UA
in a mixture of 50 uM DA+50 uM UA+1.0 mM AA

Electrode E,/mV vs. SCE AE,/mV i /nA

AA DA UA DA UA AA DA UA
Pp-ABSA/GCE 36.0 180 300 144 264 6.65 17.0 5.32
DNA/GCE 16.0 168 296 152 280 10.2 262 30.7
DNA/Pp-ABSA/GCE  —4.00 172 308 176 312 842 577 414

little higher than the pK value of free UA species. The AE,,, of
UA versus pH plot is shown in Fig. 7b3. It also shows a decrease
with the increase of pH in the whole range from 2 to 9.

In the view of determination of both DA and UA in the
presence of AA, it is obvious that the pH value lower than
neutral is favorable for having higher sensitivity and higher
selectivity. However, in order to mimic the physiological
environment, pH 7.0 was still chosen for study.

3.2.4. DPV signal of the mixture of DA, UA and AA

DPV technique can provide a better peak resolution and
current sensitivity, which is very suitable for simultaneous
determination of species in mixture. Fig. 8 shows the DPV
curves in 50 mM UA+50 mM DA+1.0 mM AA mixture
solution at the DNA/Pp-ABSA/GCE in comparison with that at
the Pp-ABSA/GCE, the DNA/GCE, and a bare GCE.
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Fig. 9. Plot of DPV peak current at the DNA/Pp-ABSA/GCE as a function of
DA (a) and UA (b) concentration in 0.1 M pH 7.0 PBS+1.0 mM AA. Insets:
The linear plots of peak current vs. concentration (DA concentration range:
0.19-13 pM, R=0.9991; UA: 0.38-23 uM, R=0.9976).
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It can be seen clearly that that the oxidation peaks of AA, DA
and UA at the DNA/Pp-ABSA/GCE appeared at —0.004, 0.308
and 0.172 'V, respectively, which are well separated each other
with relatively flat baselines (curve 1). These peaks appeared at
0.036, 0.180 and 0.300 V at the Pp-ABSA/GCE (curve 2), and
0.016, 0.168 and 0.296 V at the DNA/GCE (curve 3)
respectively. Comparatively, only one broad, small anodic
peak at about 0.336 V appeared at a bare GCE (curve 4). The
AE,, value can be estimated as 176 mV for DA and 312 mV for
UA. The results have been summarized in Table 2. It can be
seen from the table, all the three modified electrodes gave three
separated DPV peaks for these three species, however, Pp-
ABSA/GCE obviously is the best one for high potential
resolution, high sensitivity and suitable for the use of
simultaneous determination.

From the above comparison of the voltammetric behaviours
of these modified electrodes, we may believe that the electro-
catalytic activity of the DNA/Pp-ABSA/GCE come from the
cooperative effect of the two modified layers, the DNA and Pp-
ABSA. The interaction between these layers can be ascribed.
Comparing with other polyamines, the Pp-ABSA dimer
molecules have more freedom in the surface assembling and
stronger inter-molecular interaction, for which the well orga-
nized 2-D fractal can be formed. Thus, strong inter-layer
interactions can be built for the layer being covered by the DNA.

On the other hand, DNA has also a strong ability to interact
with various molecules [10,48—50]. We may suppose that the
Pp-ABSA and DNA formed a supermolecule through the strong
interaction between them, and in which the inner core of double
helical DNA may be composed of a stacked array of
heterocyclic base pairs and aromatic rings. The stacking of
conjugated aromatic rings from the dimer molecules with the
base pairs in DNA molecules might provide a perfect pathway
for charge transport (CT) from the conducting DNA chains to
more remote distance, to the GCE and facilitate the electron
transfer processes.

3.3. Determination of DA and UA in the presence of AA

The DNA/Pp-ABSA/GCE was used for simultaneous
determination of DA and UA in the presence of large amount
of AA by using DPV technique. The result is shown in Fig. 9.

The dependence of the peak current on the concentration of
DA in the presence of 1.0 mM AA is presented in Fig. 9a. A
linear relationship was obtained over the concentration range
from 0.19 to 13 uM with a detection limit of 88 nM (s/n=3) (the
inset). The linear regression equation was: i (LA)=3.165+1.845
Cpa (uM) with a correlation coefficient (R) of 0.9991. Thus, it
may be concluded that more than 10° fold AA did not interfere
the detection of DA. The excellent selectivity would be partly
attributed to the high electron density and fruitful negative
charge of the modified layers, which could strongly attract DA
cations while repelling AA anions in the neutral environment.

Fig. 9b shows the peak current of UA versus the concentration
in the presence of 0.5 mM AA. The result showed that peak
current was linearly proportional to the UA concentration in the
range of 0.38—23 puM a detection limit of 0.19 uM (the inset).

The linear regression equation was: i (LA)=0.418+0.7778 Cya
(UM) (R=0.998). Thus, it may be concluded that more than 500
fold AA did not interfere the detection of UA.

It is also noted that both the peak current response of DA and
UA was not linear in wider ranges of concentration, as shown in
Fig. 9aand b. This is easy to understand because the DA oxidation
was an absorption-controlled process, and the adsorption
accumulation could be saturated. The oxidation of UA was a
diffusion-controlled process, the non-linear relation may indicate
that the UA should also interact with the DNA layer and be
accumulated on the electrode surface before the oxidation. This is
in agreement with the data shown in Fig. 8 and Table 2, where the
UA current was much higher at DNA modified electrodes than at
Pp-ABSA/GCE, although both the accumulation process was fast
and no significant time effect was observed.

3.4. Interferences

The major interference was from AA, which is discussed in
the above. Other influences from common co-existing sub-
stances were also investigated. It was found that no interference
for the detection of UA or DA was observed for these com-
pounds (tolerance ratio): Citric acid (1000), glucose (400),
tyrosine (400) and tryptophan (400).

4. Conclusion

The DNA/Pp-ABSA/GCE was fabricated by electrochemical
deposition of DNA on the Pp-ABSA fractal modified GCE
electrode for simultaneous determination of DA and UA in the
presence of large amount of AA. This electrochemical sensor
exhibited both strong electro-catalytic activity toward DA, UA
and AA oxidation and significant surface accumulation of DA
and UA but repulsion of AA in neutral solutions. It was
demonstrated that this sensor can separate AA, DA and UA
oxidation into three well-defined DPV peaks at —0.004, 0.308 and
0.172 V (vs. SCE), respectively. Thus, the determination of DA
and UA can be conducted in the presence of large amounts of AA.
The sensor was highly sensitive with detection limit of 88 nM DA
and 0.19 pM UA, which is superior to single DNA/GCE or Pp-
ABSA/GCE. The advantage of this modified electrode was
attributed to a co-operation of the 2-D fractal Pp-ABSA modified
layer and the DNA cover layer. The mechanism was proposed as
the p-electron stacking of the base pairs with the conjugated
aromatic rings of the conductive dimer.
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