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Abstract

A new strategy for fabricating a sensitivity-enhanced glucose biosensor was presented, based on multi-walled carbon nanotubes (CNT), Pt
nanoparticles (PtNP) and sol-gel of chitosan (CS)/silica organic—inorganic hybrid composite. PtNP-CS solution was synthesized through the
reduction of PtClg>~ by NaBH, at room temperature. Benefited from the amino groups of CS, a stable PtNP gel was obtained, and a CNT-PtNP-CS
solution was prepared by dispersing CNT functionalized with carboxylic groups in PtNP—CS solution. The CS/silica hybrid sol-gel was produced
by mixing methyltrimethoxysilane (MTOS) with the CNT-PtNP-CS solution. Then, with the immobilization of glucose oxidase (GOD) into the
sol—gel, the glucose biosensor of GOD-CNT-PtNP-CS-MTOS-GCE was fabricated. The properties of resulting glucose biosensor were measured
by electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV). In phosphate buffer solutions (PBS, pH 6.8), nearly interference
free determination of glucose was realized at low applied potential of 0.1 V, with a wide linear range of 1.2 x 107 to 6.0 x 1073 M, low detection
limit of 3.0 x 10~7 M, high sensitivity of 2.08 wA mM ™!, and a fast response time (within 5 s). The results showed that the biosensor provided the
high synergistic electrocatalytic action, and exhibited good reproducibility, long-term stability. Subsequently, the novel biosensor was applied for

the determination of glucose in human serum sample, and good recovery was obtained (in the range of 95-104%).

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Since Clark and Lyons [1] reported their enzyme electrode
for measuring glucose, great attention has been devoted to glu-
cose biosensors [2-6]. It is important to develop the methods
with high sensitivity, good reproducibility, fast response, and
easy fabrication for the determination of glucose in both clin-
ical diagnostics and food industry analysis. In recent years,
nanomaterials, such as carbon nanotubes (CNT) and metal
nanoparticles, have been widely applied to biosensors. CNT
have good performances of high surface-to-volume ratios and
fast electron-transfer kinetic for a wide range of electroac-
tive species in the construction of biosensor [7-12]. Metal
nanoparticles can display following unique advantages over
macroelectrodes when used for electroanalysis: enhancement
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of mass transport, catalysis, high effective surface area and
control over electrode microenviroment [13]. For example, Pt
and Au nanoparticles are very effective as a matrix of enzyme
sensors by taking advantage of the biocompatibility and huge
surface [14,15]. Most work has been carried out using transition
metal nanoparticles for biosensors, such as platinum [3], copper
[4], silver [16] palladium [17], and gold [18]. Recently, there
are some interesting researches on integrating nanoparticles
with CNT to fabricate biosensors and easily to gain synergis-
tic action with the hybrid of nanomaterials. The methods of
nanohybridization are completed by solvent DMF [19], poly-
mers, such as CS [20-22], Nafion [23-26], and an appropriate
surfactant dihexadecyl hydrogen phosphate (DHP) [27]. The
used techniques included sol-gel [3] process, metal nanoparti-
cles self-assembly [28-31] and electrodeposition on the surface
of CNT from metal salt solutions [32-35].

The immobilization of enzymes is a key step for the fabri-
cation of biosensors. The common methods for immobilizing
enzymes on electrodes include entrapment techniques [3], elec-


mailto:ceszxy@mail.sysu.edu.cn
dx.doi.org/10.1016/j.talanta.2007.07.019

880 X. Kang et al. / Talanta 74 (2008) 879-886

trochemical copolymerization [36], covalent or cross-linking
[24], and adsorption [32]. Lately, sol—gel-derived materials have
been applied for the immobilization of biomolecules to improve
the performance of the biosensor [2,3,9,37,38]. The biosensor
fabricated by this method possesses several advantages, such
as high stability, wide potential window, and easy fabrication at
room temperature and encapsulation for electrocatalysts and bio-
catalysts. Furthermore, porous and open frameworks of sol—gel
ensure that the analytes can effectively and fast access to the
active functionalities immobilized at the interface between elec-
trode and solution, which results in a high sensitivity to the
electrochemical response, as most electron transfer processes
are diffusion-controlled. However, the silica sol-gel, which is
common used, is brittle and low biocompatible. In order to over-
come these obstacles, silica-based organic—inorganic hybrids
are adopted as attractive composite materials for the fabrica-
tion of biosensors [39]. Some polymers are hybridized into a
silica sol-gel matrix, such as polyhydroxyle (PVA—g—PVP) [2],
CS [9,40], poly(vinyl alcohol)(PVA) [41], which can effectively
avoid the brittleness of pure inorganic sol—gel and the swelling
of some pure polymers.

In this work, a new glucose biosensor was developed, based
on the signal-enhanced effect of CNT, PtNP and sol-gel of
CS/silica organic—inorganic hybrid composite film. The prop-
erties of resulting glucose biosensor were characterized by EIS
and CV. The resulting biosensor exhibited several advantages,
such as high sensitivity at a low potential, good stability, and
easy fabrication at room temperature and encapsulation for
nanomaterials and biocatalysts. Furthermore, the biosensor
was applied for the determination of glucose in human serum
sample.

2. Experimental
2.1. Materials and apparatus

CNT (~95% purity) were purchased from Shenzhen
Nanotech Port Co. (China). Glucose oxidase (EC1.1.3.4,
195,000 unit g~ 1) was obtained from Sigma. CS (90% deacety-
lated, MW ~1 x 10%) was bought from Shanghai Biochemical
(China). Methyltrimethoxysilane (MTOS) was purchased
from Aldrich. D-Glucose and H;PtClg were obtained from
Guangzhou Chemical reagent company (China). PBS (20 mM
KH,PO4 +20mM K>;HPO4 +0.1 M KCl, pH 6.8) was used as
supporting electrolyte. A stock solution of D-glucose (0.1 M)
was allowed to mutarotate at room temperature for 24 h before
use.

The electrochemical experiments were performed with
CHI660A electrochemical workstation (China). All experiments
were carried out by three-electrode system with a glassy carbon
electrode (GCE, @ =3 mm) as the working electrode, a plat-
inum wire as the auxiliary electrode, and an Ag/AgCl/3.0M
KCl as the reference electrode. JEM-2010 transmission electron
microscope (TEM; Japan) was operated for the TEM experiment
at an accelerating voltage of 200kV. JSM-6330F scan electron
microscopy (SEM; Japan) was applied for the SEM experiment.
X-Ray diffraction (XRD) data of the sample was recorded on

a Rigaku D/max 2200vpc diffractometer (Japan) using Cu Ka1
radiation (A =0.154056 nm) with a Ni filter.

2.2. Preparation of the modified electrodes

PtNP—-CS solution was prepared according to the litera-
ture [20,42]. Briefly, CS solution was mixed with HoPtClg,
and then the reduction of PtClg”~ by NaBHj yielded a clear
black colored solution, which was designated as 100% PtNP
stock solution. The other stock solutions were prepared by dis-
persing 2.0 mg CNT functionalized with carboxylic groups in
1.0mL 0.2% CS solution or PtNP—CS solution. The sol-gel of
CNT-PtNP-CS-MTOS was prepared by mixing 10 nL MTOS,
20 L ethanol, and 1.0 mL CNT-PtNP-CS solution in a 2.0 mL
PVC tube [9]. The mixture was sonicated for 10 min, and then
stored at room temperature for 3h. 10.4mg GOD was dis-
solved in 1.0mL PBS as a stock solution (2U pL~!), and
stored at 4 °C. Fifty microliter CNT-PtNP-CS-MTOS sol—gel
and 50 pL GOD solution were mixed in a 0.5 mL PVC tube.
GOD-CNT-PtNP-CS-MTOS-GCE biosensor was fabricated
after 8 wL of the mixture was dropped on the surface of GCE and
dried at 4 °C in a refrigerator for 24 h. All the enzyme modified
electrodes were stored at 4 °C in the dry state.

3. Results and discussion

3.1. Physical characterization of PtNP-CS and
PtNP-CNT-CS-MTOS

TEM image (Fig. 1A) showed PINP was well dispersed in
the CS solution. The size of particles was observed around
3—4 nm, which illustrated that amino groups played an important
role in the stabilization of PtNP in CS solution. No aggrega-
tion of the nanoparticles was noticed after 2 months. When
CNT functionalized with carboxylic groups and MTOS were
added and sonicated, the nanohybrid and sol-gel were formed.
Fig. 1B depicted PtNP and CNT were dispersed in sol-gel. XRD
spectrum of PtNP-CS composite was illustrated in Fig. 1C.
The diffraction pattern clearly indicated there were three major
peaks at 39.6°, 46.1° and 67.2°, which can be assigned to
(111), (200), and (220) planes of the face-centered cubic
lattice of Pt(0), respectively. Based on Scherrer formula [43],
L=0.9 Axa1/Bg)costp, where L is the average size of particles,
Akal the X-ray wavelength, B(¢) the peak broadening, and 65 is
the angle of the peak maximum. From the experimental result,
L value of 4.1 nm was calculated, which is in good agreement
with the result from the TEM image.

Robust and uniform CS membranes were easily formed at
room temperature by evaporating water from CS solution, due
to hydrogen bonds between hydroxy and amino groups. CS
was hybridized with MTOS to improve the permeability of
CS and to utilize the advantages of organic—inorganic hybrid
materials. The hybrid film has good performance for the biosen-
sor, when the ratio of MTOS and CS was 1:1 [9]. The SEM
images showed that the CS-MTOS hybrid film was porous and
open framework (Fig. 1D), and it was uniformity with GOD
(Fig. 1E).
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Fig. 1. TEM images of PtNP—CS solution (A) and CNT-PtNP-CS-MTOS sol-gel (B); XRD pattern of PtINP—CS composite (C); SEM images of the hybrid film of
MTOS-CS (D) and GOD-MTOS-CS (E).
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Fig. 2. (A) Polarization curves for unmodified and modified GCEs:
(a=d) CNT-CS-MTOS-GCE, CNT-PINP-CS-MTOS-GCE, PtNP-CS-
MTOS-GCE, GCE in 0.5M H>SO4 at 10mVs~!. Inset: CVs in 0.5M
H,S04 at 50mVs~!: (a—c) PINP-CS—-MTOS-GCE, CNT-CS-MTOS-GCE,
CNT-PtNP-CS-MTOS-GCE.

3.2. Electrochemical characterization of the modified
electrodes

Linear sweep voltammetry (LSV) was conducted for four dif-
ferent types of electrodes: bare GCE, CNT-CS-MTOS-GCE,
PINP-CS-MTOS-GCE and CNT-P(NP-CS-MTOS-GCE.
The CNT-CS-MTOS-GCE provoked a negative shift of cor-
rosion potential (E¢qrr) from —0.31 V of the bare GCE (Fig. 2d)
to —0.60 V (Fig. 2a), due to the specific electrochemical proper-
ties of CNT. The E¢qrr of the PINP-CS—-MTOS-GCE (Fig. 2¢)
shifted from —0.31V of the bare GCE to —0.38 V. The Eor
of the CNT-PINP-CS-MTOS-GCE (Fig. 2b) shifted in the
opposite direction from —0.60 to —0.47 V, which was ascribed
to the more noble electrochemical characteristics of platinum.
The variety of less negative values of potentials clearly showed
that PtNP hybrid in sol-gel revealed higher stability of the
CNT-PtNP-CS-MTOS-GCE. The CV (Fig. 2 inset c) indi-
cated a high electrocatalytic activity for the oxygen reduction
between —0.20 and + 0.40 V, which was in accordance with the
literature [20]. Smaller currents to O, reduction were observed
(Fig. 2 inset a and b) for the PtNP-CS-MTOS-GCE and
CNT-CS-MTOS-GCE, respectively.

Fig. 3 showed the CVs of bare GCE and the modified elec-
trodes in 20 mM [Fe(CN)g]*~ with 0.2M KCI at 20mV s~ L.
Quasi-reversible one-electron redox behavior of ferricyanide ion
was observed on the bare GCE (Fig. 3e) with a peak separation
(AEp) of 70mV. After the electrode was modified with CS, the
lower peak current (/) and larger AE;, were observed (Fig. 3a),
due to the CS membrane hindering the diffusion of ferricyanide
ion towards the GCE surface. For CS-MTOS-GCE (Fig. 3b), I,
increased in comparison with that of the CS—GCE, because of the
sol—gel hybrid with porous and open frameworks. It was illus-
trated in Fig. 3c that larger I, and smaller AE;, were observed
for PINP-CS-MTOS-GCE compared with CS-MTOS-GCE,
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Fig. 3. CVs of unmodified and modified GCEs in 20mM [Fe(CN)g]*~
with 0.2M KCI at 20mVs~!: (a—f) CS-GCE, CS-MTOS-GCE, PtNP-CS—
MTOS-GCE, CNT-CS-MTOS-GCE, GCE, CNT-PtNP-CS-MTOS-GCE.

which indicated that PtNP played a role in the increase of
the electroactive surface area. Fig. 3d showed the voltammet-
ric response of ferricyanide ion on the CNT-CS-MTOS-GCE
because CNT have a very high catalytic active surface and aspect
ratio. For CNT-PINP-CS-MTOS-GCE (Fig. 3f), I, was the
highest among the electrodes. The results confirmed that the
CNT-PtNP-CS-MTOS composite film, which was effectively
immobilized on the GCE surface, can provide the necessary
conduction pathways, and promote the electron transfer of ana-
lyte between the interface of solution and electrode. It also
indicated the largest electroactive surface area, according to
the Randles—Sevcik equation (I, =2.69 x 10°AD2,32)12(C)
[44]. The average value of the electroactive surface area for
CNT-P(NP-CS-MTOS-GCE (1.0 mg/mL CNT in 100% PtNP
sol-gel) was (7.67 +0.20) x 1072 cm? (n=06), compared with
(7.07 £0.10) x 1072 cm? (n=6) for bare GCE.

EIS can provide information on the impedance changes of the
electrode surface during the modification process. The electron-
transfer resistance (R.) at the electrode surface is equal to the
semicircle diameter. Fig. 4 presented the Nyquist plots of the
impedance spectroscopy of the bare GCE and modified elec-
trodes. The R of CS film (Fig. 4g, 1050 2) was much larger
than that of bare GCE (Fig. 4b, 180 €2), which indicated that a
film of CS was formed on the electrode surface, and could block
the electron transfer of [Fe(CN)6]3’/4’ in some degree. For the
porous film of MTOS—CS (Fig. 4f), R decreased to 800 €2 com-
pared with that of the CS film, because the electron transfer
became easy between the solution and the electrode. After the
films of PINP-CS-MTOS and CNT-CS-MTOS were formed,
R decreased to about 520 and 400 €2, respectively (Fig. 4e and
d). When the film of CNT-PtNP-CS-MTOS was formed, Rt
was the lowest around 150 €2 (Fig. 4a), which was in accordance
with the fact that the film of sol-gel integrated PtNP with CNT
enhanced the synergistic electrocatalytic activity. The results
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Fig. 4. Nyquist plots of EIS for: (a—g) CNT-PtINP-CS-MTOS-GCE, GCE,
GOD-CNT-PINP-CS-MTOS-GCE, CNT-CS-MTOS-GCE, PtNP-CS-
MTOS-GCE, MTOS-CS-GCE, CS-GCE, inset: magnified of (a and b).
Supporting electrolyte was 10 mM [Fe(CN)g]?>~"*~ with 0.1M KCI. The
applied potential was 0.16 V.

were in agreement with CV (Fig. 3). However, R increased to
340 2 (Fig. 4c) by immobilizing the GOD onto the CS-MTOS.

3.3. Electrochemical performance of the glucose biosensor

CVs were shown in Fig. 5 for bare GCE and modified with
CNT-PtNP-CS-MTOS in PBS without and with 0.1 mM H;O,.
For the GCE modified with CNT-PtNP-CS-MTOS, the cur-
rent signal to HyO, (Fig. 5d) is higher than that of the bare
GCE (Fig. 5b). The excellent electrocatalytic activity of the
electrode to HyO, made it attractive for the fabrication of
biosensor, as HyO5 is a product of a number of oxidase-based
enzyme reactions. Glucose oxidase was selected as a model
enzyme. Many glucose biosensors are based on GOD, which cat-
alyzes the oxidation of glucose to gluconolactone and hydrogen
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Fig. 5. CVs of GCE (a, b) and CNT-PtNP-CS-MTOS-GCE (c, d) in PBS at
50mV s~! in the absence (a, ¢) and presence (b, d) of 0.1 mM H,0,.

peroxide:
Glucose + O, — H»>O, + Gluconolactone

The GOD-NT—NP-CS-MTOS-GCE was formed by immobi-
lizing GOD on the electrode surface through sol-gel of CS/silica
organic—inorganic hybrid with CNT and PtNP.

The effect of pH and the amount of enzyme loaded in the
composite on the response current of the biosensor was inves-
tigated (Fig. 6A). Maximum response current was obtained at
pH 6.8, when 12 unit GOD was applied for the determination
of 0.5 mM glucose at 0.4 V. Fig. 6B depicted that the current
signals increased with the varying content of CNT from 0.2
to 1.0mgmL~!, due to the increase of electroactive material
in the composite. No changes of the response current were
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Fig. 6. (A) Effect of pH (a) and enzyme loading (b); (B) effect of CNT (a) and
%PtNP concentration (b) for GOD-CNT-PtNP-MTOS-CS-GCE on current
response of 0.5 mM glucose at 0.4 V.
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noticed when the loading amount of CNT exceeded 1 mg mL ™",
which may be attributed to the poor dispersant of CNT in
sol-gel and the leakage of CNT from the film of the modified
electrode. With fixed CNT content of 1 mg mL~!, the current
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response obviously increased by varying PtNP-CS from 20%
to 100%. Consequently, the CNT content of 1 mgmL~! and
100% PtNP-CS in the stock solution were selected to modify
the electrodes.

The electrocatalytic activity of GOD-CNT-PtNP-MTOS—
CS—GCE to glucose was also investigated. Fig. 7A showed the
response currents to 0.2 mM glucose at various applied potential
from 0.0 to 0.6 V. At 0.2'V, the observed response current was
insignificant. However, the cathodic response current increased
at 0.0 and 0.1 V. While varying the applied potential from 0.3
to 0.6V, the anodic response currents increased, in addition,
the response time was very fast (within 5 s). The results can be
attributed to the fast diffusion of glucose in the hybrid film, the
fast electrons transfer for the integration of PtNP with CNT, and
the fast chemical reaction equilibrium. Fig. 7A indicated that
the fabricated biosensor has a flexible operating potential range
for the monitoring of the oxidation/reduction of HyO; that is
a product of the oxidase-based GOD reaction. And by choos-
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Fig. 8. Current response of GOD-CNT-PINP-CS-MTOS-GCE to various

Fig. 7. Current response of GOD-CNT-PtNP-CS-MTOS-GCE at various
applied potential (A) and different modified electrodes to 0.2 mM glucose in
PBS at0.1V (B), 0.4V (C).

concentrations of glucose at 0.1V (A) and 0.4V (B); Calibration curves and
Lineweaver—Burk plots of the biosensor at 0.1 V (A inset left, right) and 0.4 V
(B inset right, left).
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Table 1

Summary on the performance of various CNT-PtNP-based glucose biosensors

Fabrication of biosensors Sensitivity (WAmM™!) Linear range (mM) Response Time (s) Applied potential (V) K (mM)

GOD/PtNP/CNT/Carbon paste [3] - 0.1-35 <10 0.6 -
0.28 1-25 <15 0.1 -

GOD/PtNP-CNT-Nafion/GCE [24] 2.11 0.0005-5 3 0.55 -

GOD/Nafion/PtNP/CNT/GCE [26] 0.64 0.02-4 <5 0.5 -

Nafion/GOD/PtNP/ACNT [30] - 0.01-7 <5 0.3 9.28

(Pt-DENs/GOD)4/CNT/Pt electode [31] 0.96 0.005-0.65 <5 0.0 -

Nafion/GOD/PtNP/CNT/Graphite [32] 14.5 0.1-13.5 <5 0.6 10.11

GOD-CNT-PtNP-CS-MTOS/GCE 2.08 0.0012-6 <5 0.1 5.8

(This work) 4.94 0.002-12 <5 0.4 79

Table 2

Determination of glucose in blood serums (n=6)

Sample Hospital (mM) Biosensor (mM) Relative error (%) R.S.D. (%) Added (mM) Recovery (%)

1 5.5 5.4 —1.8 2.8 0.5 104

2 5.0 52 +4.0 3.2 0.5 98

3 5.2 5.0 —4.0 2.6 0.5 95

4 6.0 6.2 -3.3 2.8 0.5 102

5 42 4.5 +7.1 4.4 0.5 96

6 4.1 42 +2.4 3.0 0.5 104

ing the appropriate operating potential, commonly encountered
electroactive interferences can be selectively avoided. At the
applied potential of 0.1 and 0.4V, the response current to glu-
cose of the four types of modified electrodes were illustrated in
Fig. 7B and C, respectively. The observed response current can
be ignored for the GOD-CS-MTOS-GCE, and small response
currents were noticed for GOD-PtINP-CS—-MTOS-GCE and
GOD-CNT-CS-MTOS-GCE. However, the response current
for GOD-CNT-PtNP-CS-MTOS-GCE was the largest, which
may be caused by the synergistic electrocatalytic action with the
combination of PtNP and CNT.

Fig. 8 illustrated current-time plots for the biosensor on suc-
cessive step changes of glucose concentration at the applied
potential of 0.1 V (A) and 0.4V (B), respectively. The calibra-
tion curves for the biosensor under the optimized experimental
conditions were shown in Fig. 8A (left inset) and Fig. 8B
(right inset). At 0.1V, the biosensor displayed a linear range
(12x107°t06.0x 1073 M glucose) with a correlation coeffi-
cient of 0.9989, a sensitivity of 2.08 A mM ™!, and the detection
limit of 3.0 x 10~7 M at a S/N ratio of 3. At 0.4V, it had a linear
range from 2.0 x 1076 to 1.2 x 1072 M of glucose with a corre-
lation coefficient of 0.9982, a sensitivity of 4.94 nA mM~!, and
the detection limit of 4.0 x 10~7 M when S/N is 3. The appar-
ent Michaelis—Menten constant (K" ) was 5.8 mM (0.1 V) and
7.9 mM (0.4 V), respectively, according to the Lineweaver—Burk
equation [45] from Fig. 8A (right inset) and Fig. 8B (left inset).
These values were compared with those of the reported results
of CNT-PtNP-based glucose biosensors (Table 1). The results
confirmed that the biosensor had the good performances of high
sensitivity, wide linear range, fast response, low applied poten-
tial, and small ng)p, due to the enhancement of electroactive
surface area and the synergistic electrocatalytic activity by com-
bining PtNP with CNT, together with the use of biocompatible

sol—gel of CS/silica organic—inorganic hybrid with porous and
open framework.

The fabrication reproducibility of six GOD-CNT-PtNP—
CS-MTOS modified electrodes was investigated by detecting
0.3 mM glucose at 0.4 and 0.1 V. The R.S.D.s were 5.2% and
5.5%, respectively. The storage stability of the biosensor was
examined over 30-day-period for the response to 0.3 mM glu-
cose at 0.1 V. After 30 days of storage at 4 °C, the response
current was still retained above 80% of the initial response,
which indicated the biosensor had a good reproducibility and
stability. The interferences, such as ascorbic acid, uric acid,
and lactic acid, are common problems in the electrochemical
determination of glucose in physiological samples. At 0.4V,
the biosensor response was significantly affected by the acids
at 0.1 mM level, the response signals of the acids were nearly
eliminated at the potential of 0.1 V. At 0.1V, the ratio of Igy1
to Ig was 1.007, 1.002 and 1.001 of ascorbic acid, uric acid,
and lactic acid, respectively, where Ig is the response current to
0.5 mM glucose and /g4 is the response to 0.5 mM glucose in
the presence of interferences at 0.1 mM content.

The application of the biosensor was assessed by the deter-
mination of glucose concentration in human serum. 0.2 mL
serum was added into 5.0 mL PBS, and the response current
was obtained at 0.1 V. The results (Table 2) were in agreement
with those detected by the hospital (human serum samples and
spectrometric results were supplied by the first hospital attached
to Sun Yat-Sen University).

4. Conclusions
In this paper, a new composite biosensor was constructed

by integrating PtNP with CNT in the sol-gel of CS/silica
organic—inorganic hybrid. CS with amino and hydroxy groups
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can stabilize PINP_ disperse CNT, and form organic—inorganic
hybrid sol—gel with MTOS. Consequently, the synergistic elec-
trocatalytic action can be easily obtained by the integration of
PtNP with CNT. With the immobilization of GOD, the glucose
biosensor has the characteristics of high sensitivity, good repro-
ducibility and stability, together with low applied potential, fast
response, and free interferences. Other enzyme may be immo-
bilized to construct useful biosensors for the detection of other
target analytes. It is also possible to fabricate microbiosensors
with this technique for the on-line spot detection.
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