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In this paper, a three dimensional ordered macroporous self-doped polyaniline/Prussian blue (3DOM
SPAN/PB) bicomponent film was fabricated via the inverted crystal template technique using step-by-
step electrodeposition. In this bicomponent film, PB not only acted as a redox mediator, but also presented
increased stability in neutral or weak alkaline solution by the protection of SPAN layer on the top. A
novel glucose biosensor was fabricated based on the large active surface area and excellent conductivity
possessed by the 3DOM SPAN/PB film. The applying experimental conditions of the glucose biosensor
have been optimized. Under the optimal conditions, the biosensor showed a wide linear range over three
orders of magnitude in glucose concentrations (from 2 to 1600 wM) and a low detection limit of 0.4 wM.
Moreover, the biosensor exhibited short response time, high selectivity and excellent operation stability,
which can be applied to detect the blood sugar in real samples without any pretreatment.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Among enzyme-based electrochemical biosensors, the glucose
biosensor is the most extensively studied for the clinical signifi-
cance of controlling diabetes [1]. Compared with mono-enzymatic
glucose oxidase (GOD) system, the bi-enzymatic GOD-peroxidase
system can permit the electrochemical detection of glucose at sub-
stantially milder potential and effectively avoid the interference
of the coexisting electroactive substances, such as ascorbic acid
(AA), uric acid (UA) and acetaminophen (AP). Furthermore, the
cascade scheme of the bi-enzymatic system, where an enzyme is
catalytically linked to another enzyme, can produce signal ampli-
fication and therefore enhance biosensor efficiency [2]. Prussian
blue (PB), ferric hexacyanoferrate, is commonly considered as
an “artificial peroxidase” due to its high activity and selectivity
toward the reduction of H,0,. It has been extensively used in
the construction of bi-enzymatic glucose biosensors, resulting in
improved signal-to-noise ratio [3]. However, low electrochemical
stability of PB in neutral medium has restrained the further devel-
opment of PB-based biosensors because the enzyme-catalyzed
reactions involved in biosensors are usually operated in neutral
buffer solution [4]. Incorporating PB into nanocomposites can
greatly improved the stability of PB in neutral buffer solutions.
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Recently, an amperometric glucose micro-biosensor based on PB
modified carbon fiber electrode has been prepared for physiolog-
ical application [5]. Fu et al. developed an electrochemical glucose
biosensor based on PB-carbon nanotubes hybrids, which exhibited
two orders of linear range and rapid response rate [6]. Zhang
et al. electrodeposited PB on a glassy carbon electrode modified
by titanium dioxide-multiwall carbon nanotubes-chitosan (TiO5-
MWNTs-CS) composite, and then GOD and Au nanoparticles were
adsorbed on the PB film, based on which a new glucose biosensor
was prepared [7]. All of the above glucose biosensors showed
enhanced sensitivity and stability in neutral medium.

Three-dimensional ordered macroporous (3DOM) films have
attracted increasing attention in the development of electrochem-
ical sensors due to their fascinating properties [8-10]. They can
provide large active surface, which is promising to increase func-
tional density and facilitate electron exchange, resulting in several
orders of magnitude in electrochemical signals and thus the sen-
sitivity of the fabricating devices [11]. Various materials such as
metals, alloys, oxides and polymers can be electro-deposited in
the interspaces of sacrificial templates composed of silica or latex
spheres, which provide a useful approach for the preparation of
3DOM materials. The technique offers some advantages such as:
thickness control through the amount of circulating charge, pro-
duction of self supported layers and a wide choice of materials
[12-16].

Herein, a 3DOM SPAN/PB bicomponent film modified Au elec-
trode was prepared through electro-polymerization method using
the ordered colloidal assembly of silica spheres as sacrificial
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Scheme 1. Schematic illustration of the stepwise glucose biosensor fabrication.

template. After GOD was immobilized on the 3DOM SPAN/PB
bicomponent film via covalent cross-linking among CS, SPAN and
glutaraldehyde (GA), a novel glucose biosensor with high sensitiv-
ity was prepared. This 3DOM SPAN/PB bicomponent film brought
three main advantages: (1) the interconnected 3DOM SPAN/PB
bicomponent film had large surface area, which could increase
the quantity of the immobilized GOD molecules for glucose sens-
ing; (2) the SPAN component could maintain the electrochemical
activity of the PB even in basic medium; (3) the SPAN compo-
nent can improve the conductivity of 3DOM SPAN/PB film. In this
paper, effects of electro-deposition charges of PB and SPAN, pH
value, applied potential and temperature on current response of
the glucose biosensor were optimized. The results showed that the
biosensor exhibited good stability, high sensitivity, rapid response,
good reproducibility, long-term stability and freedom of interfer-
ence from other co-existing electro-active species. The biosensor
can be used to determine the glucose concentration in human
serum samples.

2. Experimental
2.1. Reagents

The monodispersed silica spheres with the diameter of 500 nm
were obtained from Alfa Asear. Aniline (AN) was distilled twice
under reduced pressure and stored in dark at low temperature
before use. The supporting electrolyte phosphate buffer saline (PBS,
0.1 M) was prepared by mixing the stock solutions of KH,PO,4 and
K;HPOy4, and adjusted to appropriate pH by adding 0.1 M KOH
or H3POy4 solution. GOD (EC 1.1.3.4, 300Umg~!, from Aspergillus
niger) was purchased from Sigma. Stock solution of 10 mgmL~!
GOD was freshly prepared in pH 6.0 PBS. Chitosan (CS) was
purchased from Aldrich. CS stocking solution was prepared by
dissolving CS flakes in 1% acetic acid. GA (25 wt%) was supplied
by Chengdu Kelong Chemical Reagents. H0, (30%, w/v solu-
tion) was obtained from Sinopharm Chemical Reagent Co. Ltd.,
and its accurate concentration was determined by titration with
potassium permanganate. 3-Aminobenzenesulfonic acid (SAN) was
purchased from TCI. Potassium ferricyanide (K3[Fe(CN)g]), potas-
sium ferrocyanide (K4[Fe(CN)g]) and potassium chloride (KCl) were
all purchased from Shanghai Linfeng Chemical Reagent Co. Ltd.
Human serum samples were obtained from Institute of Dermatol-
ogy, Chinese Academy of Medical Sciences and used as received.
Glucose stock solution was allowed to mutarotate at room temper-
ature overnight before use. Other reagents were of analytical grade

and used without any further purification. All the solutions were
prepared with double distilled water.

2.2. Instruments

All electrochemical experiments were performed using a
CHIG60D electrochemical workstation (Shanghai CH Instruments
Co.) using a traditional three-electrode system. A twisted platinum
wire and a saturated calomel electrode (SCE) were used as counter
and reference electrode, respectively, and the 3DOM SPAN/PB film
modified electrode (& =3 mm) was used as working electrode. All
potentials herein are referenced to the SCE. The sensor responses
were measured as the difference between total and residual cur-
rents. The morphology and composition of the 3DOM SPAN/PB film
were verified by scanning electron microscopy (SEM, LEO1530VP)
and Fourier transform infrared spectroscopy (FTIR, Bruker model
VECTOR22), respectively.

2.3. Fabrication of the glucose biosensor

The fabrication process of the biosensor is shown in Scheme 1.
Preparation of the 3D silica close-packed colloidal crystal modified
gold electrode with controlled area (& =3 mm) was similar to that
described in Ref. [17] (Scheme 1a). Then, SPAN/PB bicomponent
was electrochemically deposited into the template interspaces
step by step. Firstly, the 3D silica modified gold electrode was
inserted into an aqueous mixture consisting of 2.5 mM K3Fe(CN)g,
2.5mM FeCls3, 0.1 M KCl and 0.1 M HCl, then a constant potential of
—0.40V was applied until the deposition charge was up to 0.75 mC
(Scheme 1b). Subsequently, the PB-modified electrode was rinsed
with PBS (pH 4.0) and immersed into a solution containing 0.1 M
KCI+0.1 M HCl for cyclic potential sweep in the potential region of
0.05and 0.35V atascanrate of 50 mV s~!, until a stable voltammet-
ric response was obtained. After that, the electro-polymerization of
SPAN was accomplished in a solution of 1.0 M HCl, 0.1 M SAN and
0.5M AN by potentiostatic technique at a potential of 0.65V until
the charge reached 1.5mC (Scheme 1c). After thoroughly rinsed
with 1.0 M HCl, the resulting electrode was immersed into aqueous
HF (5%) for 2 min to remove the silica template, and a single-layered
3DOM SPAN/PB inverse opal was formed (Scheme 1d). In a simi-
lar condition, 3DOM PB without the protection of SPAN was also
prepared.

The glucose biosensor was fabricated as follows: firstly, 10 pL of
CS stock solution was mixed with 10 pL of GOD stock solution and
5 L of 2.5 wt% GA water solution. Then, 10 p.L of the mixture was
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Fig. 1. (A) SEM image and (B) FTIR spectrum of 3DOM SPAN/PB bicomponent film modified electrode.

cast onto the 3DOM SPAN/PB film. The resulting CS-GOD/3DOM
SPAN/PB was obtained after the electrode was dried in air at 4°C
for 12 h(Scheme 1e)and then immersed into a pH 6.0 PBS for 30 min
to remove the redundant adsorbed GOD before use.

2.4. Electrochemical measurements

For steady-state amperometric experiments, the working
potential was set at 0.0V and the solution was stirred gently with
a magnetic stirrer. The measurements of glucose concentration in
serum samples were carried out by adding certain volume serum
into the electrochemical cell with 10 mL PBS (pH 6.0) under stirring.

3. Results and discussion
3.1. Preparation of the 3DOM SPAN/PB film electrode

The electro-polymerization technique represents a good strat-
egy to synthesize various inverse opals because the morphology
and thickness can be controlled. Electro-polymerization technique
also presents some additional advantages for synthesis, such as eas-
ily controllable reaction conditions including the applied potential
or time, and molecular arrangement. Some studies showed that the
construction of 3DOM materials using electro-polymerization was
faster, simpler, and more energy efficient than traditional chemical
methods [18-20]. To the best of our knowledge, there are no pre-
vious reports on the preparation of 3DOM SPAN/PB bicomponent
film by this technique. The morphology of 3DOM SPAN/PB film was
characterized by SEM, as shown in Fig. 1A. It was hexagonally close-
packed, which indicated an inverse opal structure of a continuous
3DOM nature. The average diameter of the pores in this macrop-
orous structure was about 250 nm and the average wall thickness of
the pores was about 100 nm. The average distance between the pore
centers was approximately 350 nm, which corresponded to a linear
shrinkage of ca. 13% when compared to the original size of the col-
loidal templates (actually about 400 nm). This shrinkage value was
similar to that theoretically expected, which assuming the isotropic
shrinkage of sample was ca. 14% [21]. The lower degree of shrink-
age probably owed to the well controlled electro-deposition which
allowed the in situ formation of PB to start from the bottom of
electrode and fill the interstices of template.

The amount of applied charge on electro-polymerization dur-
ing deposition has great impact on the formation of the pores and
the mechanical stability of 3DOM SPAN/PB bicomponent film. The
deposition amount of PB was determined by the controlled charge
in process of electro-deposition, which had been characterized by
SEM images (not shown). When the controlled charge was less than
0.75mC, only a few shapeless pores were observed. While some of
the pores began to close when the charge was increased to 1.0 mC.
If the charge was increased further, all the pores were closed.

Moreover, the charge in the electro-deposition of SPAN was also
optimized. When the charge was less than 1.5 mC, the PB film could
not be protected by SPAN layer entirely, inducing the electrochem-
ical signals of PB to decline continuously during cyclic voltammetry
(CV) scans. When the charge exceeded 4.0 mC, too much SPAN was
loaded on the electrode surface to make the mechanical stability
of the SPAN film rather poor. With controlled charge increasing
from 1.5 mC to 4.0 mC, the response current increased, while the
noise and the response time increased too. Therefore, the controlled
charges of 0.75 mC for PB and 1.5 mC for SPAN were chosen to obtain
an ideal single-layered 3DOM structure similar to Fig. 1A.

Fig. 1B shows the FTIR spectrum of 3DOM SPAN/PB film. Two
bands were observed at 2053 and 2111cm~! which could be
attributed to the C—N stretching region. The lower-wave-number
band at 2053 cm~! could be assigned to the linear non-bridging
mode of cyanide, indicating that the SPAN/PB bicomponent was
mixture rather than compound. The higher-wave-number band
at 2111 cm! could be assigned to the end-on bridging mode of
cyanide [22]. The characteristic bands of emeraldine salt form of
SPAN at 1576 and 1481 cm~! could be assigned to C=C stretch-
ing mode of quinoid rings and benzenoid rings, respectively [23].
The C—N stretching of secondary aromatic amines (1296 cm~') and
the aromatic C—H bending (1134 cm~1) were also observed [24,25].
The bands at 1024cm~! was attributed to the 0=S=0 stretching
vibration. Moreover, the peak observed at 823 cm~! revealed the
presence of 1,2,4-trisubstitution of aromatic ring [26]. These peaks
were similar to our previous report, which proved the existence of
SPAN in the 3DOM SPAN/PB structure [27].

3.2. Electrochemical characterization of the 3DOM SPAN/PB film
electrode

The CV technique was used to characterize the electrochemical
behavior of 3DOM SPAN/PB bicomponent film modified elec-
trode, as shown in Fig. 2A. With scan rate increasing from 25
to 500mVs~!, the anodic and cathodic peak currents increased
linearly with the square root of scan rate, indicating a diffusion-
controlled process.

The electrochemical behavior and stability of 3DOM SPAN/PB
bicomponent film to pH changes were also studied. It is well known
that PB is unstable and dissolvable in neutral and alkaline solu-
tion because the hydroxyl ions are able to break the Fe—CN—Fe
bond and dissolve the PB, which suggests a limited use of PB mod-
ified electrode in alkaline solution [28,29]. On the other hand, pure
polyaniline (PANI) is electro-active only when pH is lower than 4.0,
while the electro-activity of copolymer SPAN is greatly improved in
neutral and alkaline solution, which has been proved in our previ-
ous work [27]. Fig. 2B shows respective responses of voltammetric
peak current of 3DOM PB modified electrode (group b) and 3DOM
SPAN/PB modified electrode (group a) upon the pH of buffer solu-
tion after 50 cycles scanning. For 3DOM PB modified electrode, the
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Fig. 2. (A) CVs of the 3DOM SPAN/PB bicomponent film modified electrode at 25, 50, 75, 100, 200, 300, 400, 500 mV s~! (from internal to external) in 0.1 M pH 6.0 PBS. The
inset shows the plots of the peak current vs. v'/2. (B) CV peak currents of 3DOM SPAN/PB bicomponent (group a) and 3DOM PB (group b) dependent on pH, inset is the CV

curves at pH 6.0.

efficiency decreased about 60% when the pH increased from 4.0 to
6.0, and the redox currents decreased with the increase of pH and
disappeared at pH 8.0, indicating the inactivation or dissolution of
PB. While it could be observed that the 3DOM SPAN/PB modified
electrode became more stable along with the increasing pH val-
ues. As a result, the amperometric efficiency would be maintained
95% at pH 6.0, 88% at pH 7.0 and 65% at pH 8.0, which was much
better than previous reported results [30]. Such excellent electro-
activity of the 3DOM SPAN/PB bicomponent film in the near neutral
solutions might be attributed to the good electro-stability of PB
protected by SPAN and the good conductivity of SPAN.

3.3. Electrochemical performances of the modified electrodes

Fig. 3 displays the CV curves at different modified electrodes in
pH 6.0 PBS. No obvious electrochemical signals could be obtained at
a bare gold substrate because of lacking electron mediator (curve
a). In contrast, after the substrate was modified with 3DOM PB,
a pair of well-defined peaks could be observed (curve b), which
was the characteristic of PB redox couple. Higher response cur-
rent and smaller peak-to-peak separation (AE,) could be obtained
after the 3DOM SPAN/PB modification (curve c). The doped —SOsH
groups in SPAN layer could provide an acidic microenvironment for
PB layer in neutral solution, which contributed PB to exhibit good
electrochemical activity under the protection of SPAN layer. The
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Fig. 3. CVs obtained at a scan rate of 50mVs~! from different modified electrodes
in pH 6.0 PBS. The bare gold substrate (a), 3DOM PB (b), 3DOM SPAN/PB (c) and
CS-GOD/3DOM SPAN/PB (d).

combination of CS-GOD on 3DOM SPAN/PB film was accompanied
with an obvious decrease of the peak currents and an increase in
AE, (curve d), which might be ascribed to the non-conductive GOD
and CS obstructing electron transfer between 3DOM SPAN/PB and
the surface of Au substrate.

3.4. Optimization of experimental parameters for glucose
biosensor

In order to maximize the detection sensitivity of the proposed
glucose biosensor, various conditions were optimized by single fac-
tor experiments, including the pH value of electrolyte, the working
potential of chronoamperometry and the temperature.

It is of great importance to investigate the effect of pH value on
the performance of biosensor, because the activity of immobilized
GOD is pH dependent [31]. The change of chronoamperometric
current with pH under 1.0 mM glucose is shown in Fig. 4A. The max-
imum response current of enzyme electrode appeared at pH 6.0,
which indicated that the 3DOM SPAN/PB structure did not alter the
optimum pH for the immobilized GOD [32]. Karyakin et al. found
that the inactivation constant of PB was decreased almost 100 times
when phosphate buffer was used as media solution [33]. Another
interesting research found that a pair of well-defined and sharp
peaks of PB mediator could be obtained in K* solution, which had
been explained in terms of hydrated ionic radius and channel radius
of the PB lattice [34]. Hence, in our experiment, the PBS (pH 6.0)
composed of KH,PO,4 and K;HPO,4 was chosen as the optimal sup-
porting electrolyte in consideration of the bioactivity of GOD and
electro-activity of PB.

The choice of applied potential is fundamental to achieve the
lowest detection limit and to avoid the electrochemical interfer-
ing species. The effect of applied potential on the enzyme electrode
response showed that the sensitivity of enzyme electrode increased
sharply with the applied potential decreasing from 0.20 to 0.0V,
as shown in Fig. 4B. At 0.0V, sufficient current response was
obtained, the background current was reduced and interference of
other electro-active species could be avoided, therefore 0.0V was
selected as the applied potential in subsequent experiments.

The effect of temperature was also investigated in the range
of 10-60°C by steady-state amperometry at 0.0V in PBS (pH
6.0) in the presence of 1.0 mM glucose. Before the amperometric
detection, the biosensor was immersed into the buffer solution
at different temperatures until thermal equilibrium. The result is
shown in Fig. 4C. With an increasing temperature from 10 even
to 50°C, the activity of immobilized enzymes increased, leading to
the increasing amperometric response. When the temperature was
higher than 50°C, the amperometric response decreased, owing
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Fig. 4. Dependence of amperometric response of 1.0 mM glucose in 0.1 M PBS at CS-GOD/3DOM SPAN/PB modified electrode on the solution pH (A), working potential (B)

and temperature (C).

to the denaturation of enzyme. As the optimum temperature of
free GOD is around 30°C [35], the good thermo-stability and activ-
ity at about 40-50°C for the immobilized GOD may be due to the
good microenvironment provided by CS matrix and 3DOM SPAN/PB
structure. For practical convenience, all experiments were carried
out at 35 °C, at which the response was 94% of the maximum.

3.5. The response characteristics of the glucose biosensor

3.5.1. The response mechanism of the glucose biosensor

The mechanism involved in the detection of glucose with gen-
eration of H,0, can be expressed as following. GOD catalyzes the
oxidation of glucose in the presence of molecular oxygen to pro-
duce H,0, according to Eq. (1), so the concentration of H,0, is
directly proportional to the concentration of the glucose. There-
fore, the concentration of the glucose can be monitored indirectly
during the course of the reaction.

Glucose + O, 9% Gluconolactone + H,0, (1)

PB film can be reduced to the colorless form PW, as shown in Egs.
(2) and (3): where Fell and Fe!! correspond to different oxidation
states of Fe atoms in the PB structure. PW can electrocatalytically
reduce H,0,, acting as an electron transfer mediator between the
substrate and H,0, formed in the enzymatic reaction.

K4Fes'[Fell(CN)g]3(PW) + 2H,0, —
Fes"[Fe''(CN)g]3(PB) + 40H™ +4K™* (2)

Fe,'[Fe!(CN)g]3 + 46~ + 4K+ — K Fes''[Fe'(CN)g]3 (3)

The whole process is fast. With the series of reactions cir-
culating continuously, an electric current response is induced

and quantitatively detected on the modified electrode. Here we
employed a 3DOM SPAN/PB bicomponent film to preserve the

electro-activity of PB, and yield good electrocatalytic properties
for reduction of H,0,.

3.5.2. Amperometric response of the glucose biosensor

The typical current-time response for glucose detection is
shown in Fig. 5. Upon successive injection of glucose into elec-
trochemical cell with stirring under optimized conditions, the
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Table 1

Comparison of the analytical performances of different glucose biosensors.
Electrode fabrication Linear range Detection limit (M) K (mM) Sensitivity (WAmM~! cm~2) Ref.
POPD/GOD-GA/PB/Au 0.05-10mM 8 19.6 - [36]
GOD/PB/CS 0.002-0.4 mM 0.397 3.73 - [16]
PB/MWNTs/GCE 0.5-8 mM 12.7 18 - [37]
PB-GOD-Nafion/GCE 0.15-2.5mM 30 - - [38]
RuOX-PB/SPE 0.3-20mM 40 130 6.2 [39]
PB/MWNTs-GOx-CS-ICPTES/GCE 0.025-1.3 mM 7.5 2.75 15.2 [20]
GOD/SiO,/PB/Au 0.01-5.8 mM 0.94 - 26.6 [23]
GOD-CS/SiO, /PB/GCE 0.05-26 mM 8 32 - [40]
CS-GOD/3DOM SPAN/PB 0.002-1.6 mM 04 2.09 99.4 This work

amperometric response of the biosensor increased steeply and
reached 95% of the steady-state current in less than 10s, which
implied that the biosensor’s response was very fast. The linear
response range of the biosensor to glucose concentration was from
2 to 1600 .M with a correlation coefficient of 0.99995 (n=21). The
regression equation was expressed as I (.A)=0.769 +7.02Cglycose
(mM), with the sensitivity of 99.4 w.A mM~! cm~2. Even at low con-
centration of glucose, obvious current response could be observed
(inset A of Fig. 5). According to the linear equation, we could
detect glucose concentration quantitatively. Higher glucose lev-
els could be detected by an appropriate dilution with pH 6.0 PBS.
The detection limit of this biosensor was estimated as 0.4 .M at
a signal-to-noise ratio (S/N) of 3. The S/N and detection limit at
the 3DOM SPAN/PB modified electrode could be greatly improved
because it could supply much more active sites for the GOD immo-
bilization and then the electrochemical reduction currents of H,0,
would be increased. The detection of low glucose level was very
important for noninvasive measurements, because in such tech-
nologies sweat or tears was required to substitute for blood, in
which the glucose concentration was about 100 times lower than
that in blood [18]. Thus, highly sensitive glucose biosensor would
have great potential in developing the noninvasive blood sugar
measurement.

Once the concentration of glucose exceeded the linear range,
the response current increased relaxedly and went stable at
about 11.20 wA, showing the characteristics of Michaelis—-Menten
kinetics. The apparent Michaelis-Menten constant (Kp,) could be
obtained from the electrochemical version of Lineweaver-Burk
equation: 1/Iss =1/Imax + Km/(lmanglucose ), where Iss was the steady-
state current after addition of the substrate, Cgjycose Was the bulk
concentration of the glucose, and Inax was the maximum cur-
rent measured under saturated conditions. Ky, could be obtained
by analyzing the slope and intercept of the curve plotted from
the reciprocals of steady-state current against glucose concentra-
tion which could be gained from inset B of Fig. 5, as determined
to be 2.09 mM, illustrating the non-denaturating character of the
enzyme-anchoring procedure. The small value of Ky, also indi-
cated that the diffusion of substrate and product through the 3DOM
SPAN/PB film was relatively easy, and the proposed enzyme biosen-
sor had a high biological affinity toward glucose.

In order to assess the analytical performance of the proposed
biosensor, the characteristics in terms of linear detection range,
detection limit, sensitivity and K, were compared with earlier glu-
cose biosensors based on PB composites, as presented in Table 1.
Results showed the performance of proposed biosensor was better
than the others, which might be attributed to the excellent conduc-
tivity and biocompatibility of 3DOM SPAN/PB bicomponent film.
Meanwhile, the synergistic effect between SPAN and PB might give
rise to the microenvironment to change enzyme and influence the
intrinsic properties of enzyme.

3.5.3. Reproducibility and stability of the glucose biosensor
Reproducibility and stability are two important parameters for
biosensors. The reproducibility of glucose biosensor in the online

assays for 10 repetitive injections of 1.0 mM glucose in PBS was
measured, and the relative standard deviation (RSD) was calcu-
lated to be 2.6%. The electrode-to-electrode reproducibility was
also examined from the responses in 1.0 mM glucose among six
different electrodes made independently following the same pro-
cedure. They showed an acceptable reproducibility with a RSD of
5.3%.

The storage stability of the glucose biosensor was performed
by measuring the current response of the biosensor in pH 6.0 PBS
with 1.0mM glucose. When not in use, it was stored at 4°C and
measured at intervals. There were no obvious changes of ampero-
metric response during the first 5 days. After storage of 15 days and
a month, the biosensor retained about 95% and 85%, respectively of
its original current response. Generally, there are two main factors
which will affect the stability of the PB-based biosensors. One is
the stability of PB in neutral solution and the other is the leakage of
the enzymes. In this paper, the protect effects of SPAN and CS-GOD
made PB have good stability. CS layer and 3DOM SPAN/PB structure
might provide a very suitable microenvironment for GOD entrap-
ment and retain its activity. Moreover, GA was applied to enhance
the covalent bonding among SPAN, CS and GOD. These measures
made the biosensor have long-time stability.

3.5.4. Selectivity of the glucose biosensor

The number of interfering species depends on the working
potential and nature of sample. Such a low working potential of
0.0V reduces the responses of common interferences from redox-
active species that are usually present in physiological samples and
improves the selectivity of glucose biosensor. Ascorbic acid (AA)
and uric acid (UA) are the most common interfering electro-active
species during the amperometric detection of H,O,. Hence they are
also the interferents of this reported glucose biosensor which pro-
duces H, 0, in the reaction loops. There was no significant change
of response current to be observed after adding AA and/or UA. The
result demonstrated that the obtained biosensor had high selectiv-
ity for glucose determination, which was largely attributed to the
low working potential, and the efficient and selective mediation of
PB.

3.5.5. Human serum samples detection

To assess the performance of the glucose biosensor for
real sample analysis, the concentrations of glucose in three
fresh blood serum were determined by using standard addition
method. The real samples were diluted to different concentrations

Table 2
Detection of glucose in serum samples by the proposed method and Automatic
Biochemical Analyzer.

Serum sample Clinical assay Proposed method (n=5) RSD (%)
Concentration (mM) Concentration (mM)

1 4.80 4.85 1.04

2 7.40 7.37 -2.70
5.90 5.76 -2.37
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(100-1000 M) using a PBS of pH 6.0. The results are summarized
in Table 2. It can be seen that the values measured by the glucose
biosensor were very close to the data provided by the hospital, indi-
cating the suitability of the proposed glucose biosensor to practical
applications.

4. Conclusion

A novel glucose biosensor was developed on the basis of
3DOM SPAN/PB bicomponent film modified electrode. The bicom-
ponent film was prepared by step-by-step electro-deposition via
the inverted crystal template technique. PB in this 3DOM structure
was stable even in weak alkaline buffer solution. The performance
of the glucose biosensor has been greatly improved. The detection
limit of biosensor was several orders of magnitude lower than that
of other traditional PB-based glucose biosensors. The wide linear
range and small Ky, value indicated that the 3DOM SPAN/PB film
might provide a very suitable microenvironment for GOD entrap-
ment. And the proposed biosensor had a high biological affinity
toward glucose. Furthermore, the biosensor possessed satisfied
stability, reproducibility and selectivity. Therefore, it can be con-
cluded that the 3DOM SPAN/PB bicomponent film had a potential
for designing various bio-electrochemical devices to provide oper-
ational access to a large group of oxidase enzymes.
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