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A new amperometric enzyme biosensor for the determination of glucose has been constructed. Firstly,
multiwalled carbon nanotubes (MWCNTs) were modified on the surface of a glassy carbon electrode
(GCE). Then, the first layer of glucose oxidase (GOx) was assembled onto it. Subsequently, ZnO nanopar-
ticles (nano-ZnO) were electrodeposited onto the electrode to immobilize the second layer of GOx. The
assembly processes were characterized with cyclic voltammetry (CV), scanning electron microscopy
(SEM) and atomic force microscopy (AFM). The direct electron transfer (DET) of immobilized GOx dis-
plays a pair of well defined and nearly reversible redox peaks with a formal potential (E*') of —0.434V
in pH 7.0 phosphate buffer solution. The electrochemical parameters including apparent heterogeneous
electron transfer rate constant (ks), charge transfer coefficient («) and surface coverage (1) were esti-
mated. The proposed enzyme biosensor showed a rapid and highly sensitive amperometric response to
glucose in the range of 6.67 uM to 1.29 mM with a detection limit of 2.22 wM (S/N=3). The apparent
Michaelis-Menten constant (K:,,pp) was calculated to be 2.48 mM. Furthermore, the biosensor showed an
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acceptable stability and reproducibility.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Glucose is a keen metabolite for living organisms, especially in
the case of patients suffering from diabetes [1]. The metabolic disor-
der results from insulin deficiency and hyperglycemia are reflected
by blood glucose concentration higher or lower than the normal
range of 4.4-6.6 mM [2]. As diabetes mellitus is a worldwide pub-
lic health problem, an accurate measurement of glucose level in
blood has long been recognized as an important clinical test for
diagnosing diabetes mellitus [3]. Besides, an accurate measure-
ment of glucose level is very important in a number of ways, like
food industry for quality control purposes, fermentation, biological
analysis and environmental monitoring [4,5]. Since the fabrication
of the first glucose biosensor in 1962, various techniques such as
fiber optic sensor [6], chemiluminescence [7] and fluorescence [8]
have been reported. Compared to the methods mentioned above,
electrochemical enzyme biosensor exhibits its own advantages, for
example, simplicity, relatively low cost, high selectivity and sensi-
tivity [9]. Virtues of the enzyme-based electrochemical biosensor
gained itself extensive investigation.

Recently, there has been substantial attention in the direct
electron transfer (DET) between redox proteins and electroactive
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biomolecules on the electrode surfaces. However, direct electro-
chemistry of most redox enzymes on bare solid electrodes is
difficult to achieve because of the instability of the biological
matrix upon interaction with the electrode surface and the deeply
embedded active site in the proteins [10]. In order to overcome
this drawback, current biosensors have turned to combine the
properties of biologically active substances with nanomaterials.
Nanomaterials provide high surface areas for enzyme loading and
afford a favorable microenvironment which is propitious to help
the enzyme to retain its bioactivity. In addition, the nanomate-
rials assist DET between enzyme’s active site and electrode [11].
Therefore, variety of nanomaterial have been utilized to construct
biosensors to promote DET, such as carbon nanotubes (CNTs) [12],
colloidal gold nanoparticles [13], silver nanoparticle [14], meso-
porous silica-SBA-15 [15], biomimetically synthesized silica [16],
a-zirconium phosphate [17], porous nanosheet-based ZnO [18] and
SO on.

Nano-ZnO is a typical semiconductor material with a wide
band gap (E; =3.37 eV) and a large exciton binding ability (60 meV)
[19]. Due to its nontoxicity, biological compatibility, high cat-
alytic efficiency, strong adsorption ability, fast electron transfer
rate and easy preparation [19,20], nano-ZnO has been a favor-
able material for immobilization of biomolecule for developing
biosensors. The high isoelectric point (IP: 9.5) of nano-ZnO
makes it suitable for absorption of GOx with low IP of 4.2, as
the protein immobilization is primarily driven by electrostatic
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interaction [21]. And nano-ZnO promotes the DET between the
GOx and the electrode to a large extent. A tetragonal pyramid-
shaped porous ZnO (TPSP-ZnO) nanostructure was used for the
immobilization, direct electrochemistry and biosensing of proteins
by Dai et al., which obtained a linear response to glucose con-
centrations ranging from 0.05 to 8.2 mM with a detection limit of
0.01 mM [2].

As is well known, CNTs have been extensively used in electro-
chemical studies and biosensor conformation [4]. Since discovery,
CNTs have attracted considerable studies owing to their low
electrical resistance, high accessible surface area, good mechan-
ical strength, and excellent chemical stability [22]. Possessing
many unique properties such as high electrocatalytic effect,
strong adsorption ability, and excellent biocompatibility [23],
CNTs are often used as reinforcing agents in composite coating
[24]. Furthermore, CNTs behave good electronic communica-
tion with redox proteins even it is embedded deep with the
glycoprotein sheath such as glucose oxidase (GOx) [4]. Silicon
dioxide coated magnetic nanoparticle decorated multiwalled car-
bon nanotubes (Fe30,@SiO,/MWCNTs) were used to construct
a new type of amperometric glucose biosensor [25]. Wang and
co-workers prepared a carbon nanotube/chitosan/gold nanopar-
ticles (CNT/CS/Au) based glucose biosensor with layer-by-layer
technique [26].

Recently, the research interest has extended to modify CNTs
with other nanomaterials such as semiconductor nanoparticles
and metal nanoparticles since the composite materials possess
properties of the individual components and simultaneously
have outstanding synergistic effects [27]. Some investigations
have been conducted for the fabrication of biosensors based on
the nanocomposites consisted of CNTs and metal nanoparticles
[28]. Also, nano-ZnO and MWCNTs composite is already used
in constructing sensors. A hydroxylamine electrochemical sen-
sor based on electrodeposition of porous ZnO nanofilms onto
CNTs film has been fabricated [29]. Gold nanoparticles deposited
on ZnO-MWCNTs film was used to analytical hydrazine [20].
Electrodeposition of zinc oxide (ZnO) nanoflowers onto CNTs
film also performed well in detecting hydrogen peroxide [30].
Zhang et al. fabricated an electrochemical DNA biosensor based
on ZnO/MWCNTs/chitosan nanocomposite, which was prepared
by dispersing nano-ZnO and MWCNTs in chitosan (CS) solution.
The remarkable synergistic effects of nano-ZnO and MWCNTSs
resulted in an improvement in the detection sensitivity for DNA
hybridization [27].

In our previous work, we proposed an amperometric H,0,
biosensor based on the immobilization of Hemoglobin on
the nanocomposite of MWCNTs and gold colloidal nanopar-
ticles (GNPs) [28]. In this strategy, electrodepositing method
and layer self-assembly technique were employed to fab-
ricate glucose biosensor based on MWCNTs and nano-ZnO
nanocomposite. Firstly, MWCNTs was modified on the sur-
face of GCE to achieve the immobilization of the first layer
of glucose oxidase (GOx). Subsequently, nano-ZnO was elec-
trodeposited onto it to immobilize the second layer of GOx.
This allowed us to take full advantage of the properties
of MWCNTs, which not only helping to stabilize and fix
the nano-ZnO onto the electrode surface but also to ensure
extremely large surface area for the GOx loading quantity
and fast mass transport. DET and electrocatalytic activity of
GOx were investigated by cyclic voltammetry and amper-
ometry techniques. The surface coverage (I'), the value of
formal potential (E®'), charge transfer coefficient (a) and
apparent heterogeneous electron transfer rate constant (ks)
of GOx were estimated. The integration of nano-ZnO and
MWCNTs would offer potential promise for the fabrication of
biosensors.

2. Experimental
2.1. Reagents and chemicals

MWOCNTSs (>95% purity) were purchased from Chengdu Organic
Chemicals Co. Ltd. and purified by fluxing in concentrated nitric
acid for 7h prior to use. Glucose, glucose oxidase (E.C. 1.1.3.4,
151,000U g~1), chitosan (Mw: 100,000-300,000, deacetylating
grade: 70-85%, from crab shells), were all purchased from Sigma.
Potassium chloride and zinc nitrate were purchased from Chemical
Reagent Company. All the other chemicals employed were analyt-
ical grade and were used as received. Phosphate buffer solutions
(PBS) at various pH were prepared using 0.1 M Na;HPO,4, 0.1 M
KH,POy4, and 0.1 M KCI. Double-distilled water was used through-
out the experiments. Glucose stock solution was kept at least 24 h
after preparation for mutarotation. GOx solution was prepared with
PBS and stored at 4°C when not in use.

2.2. Apparatus

The electrochemical measurements were performed on a
CHI660A electro-chemical work station (Shanghai, China). The con-
ventional three-electrode system included a modified electrode
as working electrode, a saturated calomel as reference electrode
(SCE), and a platinum wire as auxiliary electrode. Scanning electron
micrographs were studied with a scanning electron microscope
(SEM, Hitachi, Japan). Atomic force microscopy (AFM) images were
taken using scanning probe microscope (Vecco, USA).

2.3. Fabrication of the modified electrode

Glass carbon electrode (GCE) was polished carefully with 0.3 and
0.05 pm alumina on polishing cloth to obtain mirror like surface.
Then it was rinsed with distilled water and followed by successive
ultrasonic bath to remove the physically adsorbed substance.

MW(CNTs were dispersed in 0.2-wt% chitosan (CS) solutions by
using ultrasonic to obtain a CS-MWCNTSs suspension (2.0 mgmL~1)
[30]. Then, the suspension was dropped onto the GCE surface and
dried in room temperature to obtain the MWCNTs modified GCE.
Subsequently, 5L GOx (2mgmL-!) was dropped onto MWC-
NTs/GCE and left for 12 h at 4 °C. With the GOx/MWCNTs/GCE used
as the working electrode, electrodeposition of the nano-ZnO was
performed in electrolytic solution containing 0.1 M KCl and 0.05 M
Zn(NOs3), at —1.2V, room temperature for 20 min [29]. At the end of
the growth duration, the substrate was removed from the solution
and immediately rinsed in flowing deionized water to eliminate
any residual salt from the surface and dried at room temperature,
thus, the ZnO/GOx/MWCNTs/GCE was obtained. At last, 5 nL GOx
(2mgmL~1)was dropped onto it and dried 12 h at 4°C to obtain the
GOx/ZnO/GOx/MWCNTSs/GCE. The preparation process of the mod-
ified electrode is shown in Scheme 1. When not in use, the electrode
was stored at 4°C in a refrigerator.

3. Results and discussion
3.1. SEM and AFM characteristics of the modified films

The morphology of each modified film has been investigated by
SEM. The SEM images were shown in Fig. 1. MWCNTs well dispersed
in CS solution can be observed in Fig. 1a. Tubiform lines twisted and
wrapped show themselves in the picture. After the enzyme loading,
tubular structure of MWCNTSs at the SEM image of GOx/MWCNTs
film became relatively blurry in Fig. 1b. Fig. 1c shows particle-like
morphology. This proves that nano-ZnO has been electrodeposited
on the GOX/MW(CNTs film successfully, and the nanoparticle diam-
eter varies from 50 to 200 nm. After the second layer of GOx was
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Scheme 1. Illustration of the preparation process of glucose biosensor.

dropped on the ZnO/GOx/MWCNTs film, a phenomenon can be
observed in Fig. 1d that the dense clusters of GOx protein molecules
were scattered on the whole surface of ZnO/GOx/MWCNTs film.
In order to further confirm the surface topographies of
different films, AFM analysis were performed at MWC-
NTs film, GOx/MWCNTs film, ZnO/GOx/MWCNTs film and
GOx/ZnO/GOx/MWCNTs film. Tubular structures can be found
in Fig. 2a, which indicates the existence of MWCNTSs. Its root mean
square (RMS) roughness is 80.583 nm. After GOx was dropped
on the MWCNTs as shown in Fig. 2b, a smoother configuration
was presented with its RMS of 38.862 nm. When the electrode-
position was finished, sphere-like or particles-like nanostructures
presented themselves in Fig. 2c, indicating that nano-ZnO was
obtained. The RMS of this film increased to 59.820nm corre-
spondingly. In Fig. 2d, sphere-like or particles-like nanostructures
became mistiness and the surface morphology became smoother
(RMS was 22.336 nm), which might be ascribed to GOx filling the
interstitial places between nano-ZnO and nano-ZnO, and between
nano-ZnO and MWCNTs, suggesting that the GOx was effectively
immobilized on the surface of ZnO/GOx/MWCNTs film.

3.3mm x50.0

3.2. Electrochemical characteristics and direct electron transfer of
the modified electrode

The cyclic voltammograms (CVs) of different modified elec-
trodes in 0.1M PBS (pH 7.0) were investigated. As shown in
Fig. 3, no obvious redox peaks appeared at MWCNTs/GCE (curve
a). After immobilizing GOx, a pair of stable, well-defined and
quasi-reversible redox peaks was observed which accorded with
FAD to FADH, conversion (curve b). The peak current was
decreased after electrodeposition of nano-ZnO (curve c) compared
to GOx/MWCNTs, this might owing to the part filling of the elec-
tron transfer channel between enzyme and electrode by nano-ZnO.
However, the peak current was greatly increased when the second
layer of GOx was assembled onto the nano-ZnO modified electrode
(curved).On one hand, it was obvious that the double-layer enzyme
structure increased the GOx loading amount significantly. On the
other hand, the remarkable synergistic effects of nano-ZnO and
MWCNTs promoted the DET of GOx greatly. Calculated from the
average value of anodic and cathodic peak potentials, the formal
potential (E®') of the FAD/FADH, redox couple was —0.434V for the
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Fig. 1. SEM images of MWCNTs (a), GOX/MWCNTs (b), ZnO/GOx/MWCNTs at lower (c) and higher (inset in ¢) magnification and GOx/ZnO/GOx/MWCNTs modified film (d).
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Fig. 2. AFM images of (a) MWCNTSs, (b) GOx/MWCNTS, (¢) ZnO/GOx/MWCNTs and (d) GOx/ZnO/GOx/MWCNTs modified film.

GOx/ZnO/GOx/MWCNTs film modified electrode. This value is very
close to the FAD/FADH, standard potential, which is —0.460V in
pH 7.0 at 25.8°C [31]. It confirms that the redox peak pairs which
appear at the modified GCE are corresponding to the real direct
redox behavior of the enzyme redox center (FAD). And the separa-
tion of anodic to cathodic peak potentials (AEp) is 50 mV and ratio
of anodic to cathodic peak current is about one.

To evaluate the reversible electron transfer phenomenon in
more detail, the CVs at different scan rates were recorded in
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Fig.3. CVsofthe MWCNTs/GCE (a), GOX/MWCNTs/GCE (b), ZnO/GOx/MWCNTSs/GCE
(c), GOX/ZnO/GOx/MWCNTSs/GCE (d)in 0.1 M PBS (pH 7.0) at a scan rate of 50 mVs~!.

0.1M PBS (pH 7.0). As shown in Fig. 4A, both the anodic and
the cathodic peaks currents are linearly proportional to the scan
rate in the range of 10-600 mV s~!, indicating a surface controlled
electrochemical-oxidation/reduction of the FAD/FADH, involved in
the GOx-structure. The surface coverage (I") of the electroactive
GOx was investigated based on the following equation (Laviron)
[32]:

Q =nFAI

where F is the Faraday constant, Q is the total amount of charge, n
and A stand for electron transfer number and the electroactive sur-
face area of the electrode, respectively. At first, the total amount of
charge (Q) passed through the electrode for reduction or oxidation
of electroactive species can be calculated through integration of CV
peak[33]. Then, according to the relation between anodic peak cur-
rent and square root of scan rate with the [Fe(CN)g >~ /[Fe(CN)g]*~
(5mM) as probe, the electroactive surface area of electrode (A) was
obtained as 0.3057 cm? with the equation [5]:

Ip =2.69 x 10° x (Dg)-Cp - A-v1/2.n3/2

Finally, the value of I” was estimated to be 6.49 x 10~ mol cm~2,
which is higher than the theoretical value (2.86 x 10~12 mol cm~2)
for the GOx monolayer deposited on the bare-electrode [31], sug-
gesting that the nano-ZnO and MWCNTs provide a large and
effective surface-area for enzyme immobilization. Meanwhile, it
is larger than that was reported of 8.50 x 10~ molcm=2 for

GOx immobilized on the poly-1,10-phenanthroline modified GCE
(PPMH-GCE) [31].
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Fig. 4. (A) CVs of GOx/ZnO/GOx/MWCNTSs/GCE at various scan rates in pH 7.0 PBS, from a to m, 10, 30, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 mV s~ . Inset:
Anodic and cathodic peak potentials versus log (scan rates), respectively. (B) CVs of GOx/ZnO/GOx/MWCNTs/GCE at scan rate 50 mV's~, in different pH solutions (from a to
h): 8.5, 8.0,7.5,7.0,6.5, 6.0, 5.5 and 5.0. Inset: the plot of the formal potentials versus pH values.

The inset of Fig. 4A presents the Laviron plot of the dependency
of peak potentials on logarithm (log) of scan rate for CVs. It can be
seen from the plot that the peak potentials are independent on the
relatively low scan rates, whereas, for scan rates above 200 mVs-1,
the peak potentials are proportional to the log (scan rates) as pre-
dicted by Laviron’s theory [31]. The charge transfer coefficient (o)
is calculated as 0.397, according to the formula:

2.3RT o 2.3RT
anF anF

nFoe  2.3RT
ERTK ~ anF

Logi x nFv=E

_ g0 _
Epe =E RTK

Here, R is an ideal gas constant, T is the temperature in Kelvin
degree, Eyc is the peak potential of cathode, E? is the condition
potential, v is scan rate, F is Faraday constant.

The apparent heterogeneous electron transfer rate constant (ks)
can be calculated according to the model of Laviron for a surface-
controlled electrode process. The equation is as follows [34]:

a(1 —a)nF - AEp

Logks = ¢ Log(1 — a) + (1 — o)Logo — Log RT 3 3RT

T
where R is an ideal gas constant, T is the temperature in Kelvin
degree, F is Faraday constant, v is the scan rate and AE, is the
separation of anodic to cathodic peak potentials. When v is taken
as 200mvVs1, AEp is calculated to be 70mV, ks is determined
as 1.98s~1. The relatively higher value of ks indicating the direct
electron transfer between the GOx and the electrode was greatly
facilitated. And this value is higher than that was reported for
GOx promoted by CNTs (1.53s~1) [35] and GOx on the PPMH-GCE
(1.32s71) [31].

3.3. Effect of pH on the formal potential (E9') of
GOx/Zn0/GOx/MWCNTSs/GCE

Influence of pH to the formal potential (E9) of modified elec-
trode was investigated, which was shown in Fig. 4B. For a series of
the values of pH, from 5.0 to 8.5, a pair of stable and well-defined
redox-peaks that belong to the FAD/FADH, forms was observed,
which was bound to the enzyme molecule. FAD/FADH, is known to
undergo a two-electron coupled with two-proton redox reaction.
Both reduction and oxidation peak potentials of the FAD/FADH,
redox couple of modified electrode were negatively shifted by
increasing the value of pH. This response is due to the electron
transfer from FAD to the reduced FADH, which is depicted as fol-
lows:

FAD + 2e~ + 2H* — FADH,

Logv

As shown in the inset of Fig. 4B, the relation between the values of
pH and the formal potentials (E®) can be expressed as:

EY = ~53.57pH — 57.14(R = 0.9975)

The slope for a linear plot of E¥ versus pH is —53.57mV pH-!,
which is close to the theoretical one (—58.6 mV pH~1) at 25°C for
a reversible, two-proton couple with two-electron redox reaction
process [35,36]. Thus the formal potential (E%') of GOx immuobilized
on the surface of nano-ZnO and MWCNTSs should be pH dependent.

3.4. Optimization of experimental parameters

The optimum pH for modified electrode was selected by amper-
ometric response in a series of PBS from 5.0 to 8.5, containing
0.3 mM glucose. The amperometric currents achieved the highest
value at pH 7.0, which indicates that pH 7.0 was optimum (see
Supplementary Material Fig. S1A).

The effect of applied potential on response of the
GOx/ZnO/GOx/MWCNTs/GCE towards glucose was also inves-
tigated through amperometric response of the biosensor to
0.3 mM glucose on the applied potential in the range from 0 to
—0.60V (see Supplementary Material Fig. S1B). The amperometric
current gradually increasing with the applied potential varies
from O to —0.60V. And the current has a sharp increase at —0.30V.
Considering the interference of many coexisted foreign species
at too negative potential, —0.30V was chosen as the working
potential to maintain a high sensitivity.

3.5. Amperometric response of the glucose biosensor

The amperometric current-time curve of
GOx/ZnO/GOX/MWCNTs/GCE upon successive addition glu-
cose to a continuous stirred PBS (pH 7.0) was recorded
in curve a (Fig. 5A) under the optimized conditions. This
biosensor exhibited a rapid response for the addition of glu-
cose, and achieved 95% of the steady-state current within
10s. Curve a (Fig. 5B) pictured the calibration curve of the
GOx/ZnO/GOx/MWCNTs/GCE for glucose determination and its
equation was I(pLA)=—4.66 +3.02Cgjycose(MM) With a correlation
coefficient 0of 0.9981. A good linear relationship was found between
the chronoamperometric current and glucose concentration from
6.67 .M to 1.29 mM, meanwhile the detection limit 0of 2.22 uM was
estimated at signal-to-noise ration of 3. The reached sensitivity
was 10.03 pAmM-~! cm~2, which is higher than reported glucose
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Fig. 5. (A) Current-time curves of the GOx/ZnO/GOx/MWCNTs/GCE (a), GOx/ZnO-MWCNTs/GCE (b), GOx/MWCNTs/GCE (c) and GOx/ZnO/GCE (d) at an applied potential
of —0.30V in 0.1 M pH 7.0 PBS. (B) The relation between concentrations of glucose and response currents for GOx/ZnO/GOx/MWCNTSs/GCE (a), GOx/ZnO-MWCNTs/GCE (b),

GOX/MWCNTSs/GCE (c) and GOx/ZnO/GCE (d).

biosensor based on the electrodeposition of polypyrrole-MWCNTSs-
GOx nanobiocomposite film [37]. As presented in curve a (Fig. 5B),
when the concentration of glucose was higher than 1.29 mM, the
response of the GOx/ZnO/GOx/MWCNTs/GCE deviated from the
straight line, showing the characteristics of Michaelis-Menten
kinetics. The apparent Michaelis-Menten constant (K,/*), a
reflection of the enzymatic affinity, was calculated to be 2.48 mM
according to the Lineweaver-Burk equation [38]:

1 1 KyPa
ISS N Imax Imax C

Here, I is the steady-state current after the addition of substrate, ¢
is the bulk concentration of substrate and Ihax is the maximum cur-
rent measured under saturated substrate solution. The low value of
KPP means that GOx immobilized on the nano-ZnO and MWCNTs
composites retains well bioactivity and has a high affinity of the
GOx to glucose.

As control experiments, the amperometric responses were
also measured at GOx/ZnO-MWCNTSs/GCE, GOx/MWCNTs/GCE and
GOx/ZnO/GCE as shown in curve b, ¢ and d (Fig. 5A), respec-
tively. Their linear relationships were presented in Fig. 5B,
correspondingly. As observed, both GOx/MWCNTs/GCE (curve c)
and GOx/ZnO-MWCNTs/GCE (curve b) exhibited better response
to glucose than GOx/ZnO/GCE (curve d), this sufficiently reveals
the function of the MWCNTSs in the construction of the biosen-
sor. Compared to the GOx/ZnO-MWCNTSs/GCE, GOx/MWCNTs/GCE
and GOx/ZnO/GCE, the GOx/ZnO/GOx/MWCNTs/GCE achieved the
highest response sensitivity towards glucose (Fig. 5A curve a), indi-
cating that the double-layer enzyme structure is superior to the
single layer structure with MWCNTSs or nano-ZnO or ZnO-MWCNTSs
composite as immobilization matrix. This may be ascribed to the
higher GOx loading amount of the double-layer enzyme structure
and the remarkable synergistic effects of nano-ZnO and MWCNTs,
which improved the detection sensitivity for glucose.

3.6. Stability, repeatability and interference determination

The storage stability of the proposed biosensor was studied.
When not in use, the electrode was suspended above 0.1 M PBS at
4°Cin arefrigerator. The response of the biosensor to 0.6 mM glu-
cose was tested intermittently. The biosensor lost about 6.4% and
14.9% of its original response after 10 days and 27 days, respectively.
The biosensor also shows good reproducibility for the determi-
nation of glucose concentration in its linear range. The relative

standard deviation (RSD) is 2.3% for five successive assays at the
glucose concentration of 0.6 mM. This can be due to the good bio-
compatibility of MWCNTs and nano-ZnO, which provide a favorable
microenvironment for GOx.

The selectivity and anti-interference ability of the biosensor
were investigated by analyzing a standard solution of 0.6 mM
glucose in existence of interfering species. 1.0mM L-cysteine,
1.0mM glycin, 1.0mM ascorbic acid and 1.0mM dopamine did
not cause any observable interference to the response of glucose
(see Supplementary Material Fig. S2). Thus, the proposed biosensor
showed a high selectivity and good anti-interference ability.

3.7. Comparison of the performance at different modified
electrodes

3.7.1. Comparison of the surface coverage and electron transfer
rate constant

In order to further clarify the advantage of the
GOx/ZnO/GOx/MWCNTs/GCE with double-layer enzyme structure,
the Laviron plot of the relationship between peak potentials and
log (scan rate) were also detected at GOX/ZnO-MWCNTs/GCE and
GOx/MWCNTSs/GCE (see Supplementary Material Fig. S3). And the
value of I" as well as ks was investigated in details. As observed
in Table 1, the proposed biosensor (GOx/ZnO/GOx/MWCNTs/GCE)
held the highest value of I" and ks, indicating that the double-
layer enzyme structure endowed the modified electrode higher
amounts of bound enzyme than the single layer enzyme structure
and the remarkable synergistic effects of nano-ZnO and MWCNTs
greatly facilitated the electron-transfer between the GOx and the
electrode.

3.7.2. Comparison with other glucose biosensors based on
nano-Zn0O

As depicted by Zhao et al. [39] and Rahman et al. [40], ZnO
nanomaterials have been broadly applied to construct glucose
biosensors. A comparison has been done between previous works

Table 1
Comparison of the surface coverage and electron transfer rate constant.

Electron transfer rate
constant (ks/s!)

Different modified electrodes Surface coverage

(I'fmol cm~2)

GOx/MWCNTSs/GCE 3.12x10°10 0.58
GOx/ZnO-MWCNTSs/GCE 436x10°10 0.98
GOx/ZnO/GOX/MWCNTs/GCE ~ 6.49 x 10-1° 1.98
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Table 2
Comparison of the performance of previous works and this work.
Structures of ZnO nanomaterials Linear response range (mM) Detection limit (M) KI;‘”"D (mM) Reference
TPSP-ZnO 0.05-8.2 10 / [2]
ZnO nanoclusters 0-4 20 21 [41]
ZnO nanonails 0.1-7.1 5 15 [42]
ZnO nanorods 0.01-3.45 10 29 [43]
ZnO nanorods 0.005-0.3 3 / [44]
ZnO nanoparticles 0.0067-1.29 3.33 2.48 This work

and this work. As shown in Table 2, our biosensor based on nano-
ZnO and MWCNTs composites possesses the lower I(,‘;',fp, wider
linear range and lower detection limit, suggesting the proposed
biosensor has its advantages compared with other biosensor.

4. Conclusion

In this paper, the nanocomposite of MWCNTs and nano-ZnO was
developed for the fabrication of an amperometric enzyme biosen-
sor for the determination of glucose. Electrodepositing method
and layer self-assembly technique were adopted to achieve the
immobilization of two layers of GOx on the electrode. The inte-
gration of nano-ZnO and MWCNTs with its large surface area
and good charge-transport characteristics increased the GOx load-
ing amount and improved the detection sensitivity for glucose
as compared to GOx/ZnO-MWCNTs/GCE, GOx/MWCNTs/GCE and
GOx/ZnO/GCE. The remarkable synergistic effects of nano-ZnO
and MWCNTs would offer potential promise for the fabrication of
biosensors.
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