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a b s t r a c t

A glucose biosensor was fabricated based on electrostatic self-assembly in combination with in situ photo-

cross-linking of glucose oxidase (GOx) and diazoresin–chitosan (DAR–CS) on Prussian blue deposited multi-

walled carbon nanotubes (PB-MWNTs) backbone. It was demonstrated that GOx was initially ionically

deposited and subsequently covalently photo-cross-linked onto the PB-MWNTs backbone using photo-

sensitive DAR–CS as the assembly interlayer. The modified electrode exhibited good electrical conductivity

and effective electron transfer mediation toward H2O2 reduction due to the employment of PB-MWNTs as

the fabrication backbone. The biosensor showed high sensitivity of 77.9 mA mM�1 cm�2 to glucose in the

linear concentration range from 1.0�10�5 to 1.1�10�3 M with fast response time of 10 s, detection limit

of 3.1�10�6 M, and good anti-interference ability. More importantly, the biosensor exhibited greatly

improved biosensing stability in comparison with the non-photo-cross-linked biosensor attributed to the

conversion of weak ionic bonds to strong covalent ones for enzyme immobilization by the proposed

strategy. The results for glucose determination in real serum samples with the biosensor were found to be

in good agreement with those obtained by the conventional clinical procedure.

& 2012 Elsevier B.V. All rights reserved.
1. Introduction

The electrochemical biosensors have attracted intensive
research interests because of their potential applications in many
fields [1]. The procedure of enzyme immobilization on transducer
with proper electrochemical materials remains a crucial step for
construction of enzyme-based biosensors [2,3]. The electrostatic
self-assembly technique is particularly advantageous to construct
molecularly ordered enzyme architectures on solid interfaces
[4,5], which offers many striking advantages, such as mild
processing conditions, precise control of composition, and sim-
plicity of procedure [6]. However, ionically bound enzymes have
to be confronted with the problem of enzyme leakage when
changes in pH, ionic strength or temperature occur during
measurements [7], leading to poor stability of biosensors.

The electrostatic self-assembly technique in combination with the
photo-cross-linking technique has emerged as an efficient approach
to fabricate stable covalently attached assemblies [6,8,9]. The proce-
dure involves only two steps: first, electrostatic self-assembly
between photosensitive cross-linkers such as diazoresin (DAR) and
target components; second, conversion of the resulting weak ionic
ll rights reserved.

dical Engineering, College of

le’s Republic of China.
bonds to strong covalent ones by ‘‘cross-linking’’ via in situ photo-
reaction. Photo-cross-linked assemblies have been proven to exhibit
increased resistance to solvent etching, and to result in denser and
more rigid films [10]. Hence, the combination of the electrostatic self-
assembly technique with the photo-cross-linking technique is parti-
cularly promising for construction of stable enzyme assembly archi-
tectures on electrode surfaces. The conversion of weak electrostatic
interaction between diazonium groups in DAR and carboxylate
groups of nonessential amino acid residues in enzymes to covalent
bonds may therefore result in stable immobilization of enzymes.
However, the poor electrical conductivity and the required relatively
high working potentials that could limit the sensitivity and selectivity
of many biosensors remain as problems to be solved [11,12].

Prussian blue deposited carbon nanotubes hybrids (PB-CNTs),
combining the facilitation effect of CNTs on electron transfer
[13–16] with the low-potential electron transfer mediation effect
of PB toward redox processes of many substances [17–20], hold
great potential in construction of sensitive and selective biosen-
sors. PB-CNTs can act as both the low-potential redox mediator
and electron transfer facilitator as demonstrated in our previous
work [21]. More importantly, the PB-CNTs forming membranes
are highly three-dimensional porous as observed in previous
works [21], providing an opportunity for the further assembly
of large amounts of enzymes on the PB-CNTs backbone.

This paper fabricated a novel glucose biosensor based on
electrostatic self-assembly in combination with in situ photo-cross-
linking of glucose oxidase (GOx) as the model enzyme and
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diazoresin–chitosan (DAR–CS) on PB deposited multi-walled CNTs
(PB-MWNTs) backbone. The PB-MWNTs backbone was primarily
modified on the electrode surface. GOx was then assembled onto the
PB-MWNTs backbone through electrostatic interaction using photo-
sensitive DAR–CS as the interlayer, followed by in situ photo-cross-
liking of the composites on the backbone (Scheme 1). The electro-
static self-assembly in combination with in situ photo-cross-linking
could effectively address the problem of enzyme leakage of the
traditional electrostatic self-assembly method. In addition, the PB-
MWNTs backbone imparts the biosensing system good electroche-
mical properties. Hence, in comparison with traditional biosensors
constructed by the electrostatic self-assembly merely, the new
biosensor combined the synergistic effects of efficient enzyme
immobilization and good electrochemical properties, resulting higher
stability, sensitivity and selectivity. Therefore, the proposed strategy
provided a promising platform for constructing other biosensors.
2. Experiment

2.1. Reagent and materials

Glucose oxidase (GOx, EC 1.1.3.4, Type X-S, 158.9 units/mg,
from Aspergillus niger), D-(þ)-glucose (99.5%) and chitosan (CS,
90% deacetylation) were purchased from Sigma (USA). Carboxyl-
functionalized multi-walled carbon nanotubes (MWNTs, 95%,
content of carboxylic acid group 3.0 wt%, diameter 20–40 nm,
length 1–2 mm) were purchased from Shenzhen Nanotech. Port.
Co., Ltd. (Shenzhen, China). Diazoresin (DAR) was synthesized
according to the method reported in the literature [6]. Phosphate
buffer solution (PBS, 0.05 M, pH 6.5) containing K2HPO4, KH2PO4

and 0.1 M KCl was employed as the supporting electrolyte. Unless
otherwise stated, reagents were of analytical reagent grade and
used as received. Aqueous solutions were prepared with deio-
nized water (18.2 MO cm) from a Milli-Q purification system.
Scheme 1. Illustration of the prepar
2.2. Apparatus

Electrochemical measurements were performed on a PARSTAT
2273 electrochemical workstation (PE Co., USA) with a standard
three-electrode system employing a platinum wire as the counter
electrode, a saturated calomel electrode (SCE) as the reference
electrode and a modified glassy carbon electrode (GCE) as the
working electrode. The electrical impedance spectroscopy (EIS)
was carried out in pH 6.5 PBS containing 10 mM K3[Fe(CN)6]/
K4[Fe(CN)6] and 0.5 M KCl. The measurement of glucose concen-
tration in bovine serum sample was carried out by adding the
serum into the electrochemical cell with a certain volume of PBS
under stirring. UV irradiation was performed using a UV lamp
(365 nm). Scanning electron microscopy (SEM) measurements
were made on a Quanta 200 FEG scanning electron microscope
(FEI Co., USA). Absorption spectra were recorded on a Cary 4000
UV–vis spectrophotometer (USA).
2.3. Preparation of PB-MWNTs hybrids and DAR–CS hybrid

polyelectrolyte

Prussian blue (PB) deposited Multi-walled carbon nanotubes
(MWNTs) hybrids (PB-MWNTs) were synthesized according
to the literature [22]. For preparation of the diazoresin (DAR)–
chitosan (CS) hybrid polyelectrolyte (DAR–CS) hybrid polyelec-
trolyte, CS was first dissolved in 1.0% acetic acid with sonication
to obtain 0.5% CS solution. After adjusting of the pH value to
5.0 with NaOH, the CS solution was then mixed with a DAR
aqueous solution in a certain ratio under stirring in the dark to
obtain the DAR–CS hybrid polyelectrolyte solution with final DAR
and CS concentrations of 2 mg/mL and 0.15%, respectively. The
hybrid polyelectrolyte solution was stored in the dark at 4 1C
when not in use.
ation process of the biosensor.
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2.4. Fabrication of the modified GCE

The GCE was successively polished to a mirror finish with
0.3 and 0.05 mm alumina slurry followed by rinsing thoroughly
with deionized water. After successive sonication in ethanol and
deionized water, the electrode was dried at room temperature.
2.0 mg/mL PB-MWNTs aqueous suspension was prepared by
dispersing PB-MWNTs in deionized water with sonication for
10 min. 8 mL of the obtained suspension was then dropped on the
GCE surface. After drying at room temperature, the PB-MWNTs
modified GCE (PB-MWNTs-GCE) was first immersed in the DAR–
CS solution for 30 min in the dark to adsorb the hybrid polyelec-
trolyte on the PB-MWNTs backbone, followed by thorough rinse
with deionized water to obtain the DAR–CS/PB-MWNTs-GCE. The
DAR–CS/PB-MWNTs-GCE was then immersed in pH 6.5 PBS con-
taining 2.5 mg/mL GOx in the dark for 30 min to obtain the GOx/
DAR-CS/PB-MWNTs-GCE. After thorough rinse with deionized
water, the modified electrode was immediately exposed to a UV
lamp at 365 nm with a distance of 10.0 cm for a given time to
allow the photoreaction. The modified electrodes were stored at
4 1C in the dark when not in use.
3. Results and discussion

3.1. Characterization of the GOx/DAR–CS/PB-MWNTs composite film

The morphologies of the composites were characterized by
SEM as shown in Fig. 1. Carboxyl-functionalized MWNTs exhib-
ited smooth and clean surfaces (A). After the deposition of PB, a
Fig. 1. Scanning electron micrographs of (A) MWNTs, (B) PB-MWNTs and (C) DAR–CS/

and (d) DAR–CS/PB-MWNTs composite film on a quartz slide.
large number of nanoparticles with diameter ranging from 10 to
20 nm were randomly deposited on MWNTs surfaces (B). Never-
theless, sufficient bare MWNTs surfaces could be still observed.
The absorption peak appeared at 700 nm in the UV–vis absorption
spectra (D, c) of the composites confirmed the formation of PB
deposited MWNTs hybrids (PB-MWNTs) [22]. The PB-MWNTs
forming membrane was uniform and highly porous as observed in
the SEM image, providing an opportunity for the assembly of
large amounts of enzymes onto the PB-MWNTs backbone. More
importantly, the PB-MWNTs backbone modified on the electrode
surface held great potential to act as both the sensitive electron
transfer facilitator and the selective low-potential electron trans-
fer mediator as demonstrated in our previous work [21]. After the
electrostatic adsorption of the positively charged mixture of DAR
and CS (DAR–CS), the PB-MWNTs backbone with both negatively
charged PB and bare carboxyl-functionalized MWNTs was
obviously wrapped with the polyelectrolyte (C). The appearance
of the absorption peak at 374 nm in the UV–vis absorption
spectra (D, d) of the composite film, which corresponded well
with that of DAR due to the p–p* transition of the diazonium
group (D, a) [6], confirmed the adsorption of DAR onto the
PB-MWNTs backbone. In addition, the hydrogen bonding interac-
tion between the hydroxyl group and the diazonium group
[23–26] could allow the co-adsorption of DAR and CS onto the
PB-MWNTs backbone, which then acted as a positively charged
photosensitive and biocompatible interlayer for the further elec-
trostatic deposition of GOx. It should be noted that only negative
charged enzymes could be deposited onto the DAR modified
surface. GOx has an isoelectric point of is 4.2, so it is negatively
charged in the used solution with a pH value of 6.5.
PB-MWNTs. (D) UV–vis absorption spectra of (a) DAR, (b) MWNTs, (c) PB-MWNTs
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3.2. Photo-cross-linking of the GOx/DAR–CS/PB-MWNTs composite

film

DAR has been widely used as the photosensitive cross-linker to
fabricate stable assemblies because of the ease of photoreaction
between phenyldiazonium and carboxylate, sulfate or phenol
groups due to the decomposition of the diazonium group [6].
After the electrostatic adsorption of GOx onto the surface of the
DAR–CS interlayer, photoreaction occurred between phenyldia-
zonium groups in DAR and carboxylate groups in GOx upon UV
irradiation, leading to the covalent attachment of GOx onto the
PB-MWNTs backbone. However, enzymes can be denatured under
UV irradiation required for the photoreaction, limiting the appli-
cation of the method in enzyme immobilization. Traditionally,
assemblies containing DAR were dried with N2 before UV irradia-
tion. It was found that the N2-dried GOx/DAR–CS/PB-MWNTs-GCE
showed almost no response to glucose after exposure of the
electrode surface to UV irradiation for only 20 s (the biosensing
mechanism to glucose was discussed in the following section),
indicating the denaturation of GOx under UV irradiation. Never-
theless, the non-dried GOx/DAR-CS/PB-MWNTs-GCE showed
dramatically high response to glucose after irradiation within a
certain period as shown in Fig. 2(A). More than 80% of the initial
current response retained even after irradiation for 3 min, although
the response decreased with the increase of the irradiation time. The
result indicated that the aqueous environment on the electrode
Fig. 2. (A) Effect of UV irradiation time of the GOx/DAR–CS/PB-MWNTs composite

film on the electrode surface on amperometric response to 0.1 mM glucose.

(B) UV–vis absorption spectra of the GOx/DAR–CS/PB-MWNTs composite film on

a quartz slide upon exposure to UV irradiation for 0, 1, 2, 3, 4, 5, 6 min.
surface played an important role in protecting enzyme activity
against UV irradiation. Enzymes can form numerous hydrogen
bonds with surrounding water molecules through their exposed
polar and ionic groups in aqueous environment [27,28]. It is well
known that H-bonding is important in stabilizing the secondary,
tertiary and quaternary structures of proteins [29,30], which may
prevent the denaturation of enzymes under UV irradiation to a
certain extent. Hence, after rinse with deionized water, the modified
electrode surfaces without drying were immediately exposed to UV
irradiation for a certain time.

Photo-cross-linking in aqueous and nonaqueous environments
between DAR and materials containing carboxylate groups such
as heparin and carbon nanotubes has been extensively reported
[6,8,10]. Herein, the photo-cross-linking of the GOx/DAR–CS/PB-
MWNTs composite film on the quartz slide was performed
employing UV irradiation for different time. UV–vis absorption
spectroscopy was used to confirm the photoreaction as shown in
Fig. 2(B). As the irradiation time increased, the absorbance at
374 nm decreased. Simultaneously, a new peak appeared at
295 nm and increased slightly. The result was in agreement with
the literatures [6,9], indicating that GOx was covalently attached
onto the PB-MWNTs backbone through photoreaction of phenyl-
diazonium in DAR with carboxylate groups in GOx due to the
decomposition of the diazonium group. Therefore, this procedure
converted the weak ionic bonds between DAR and GOx, as well as
that between bare MWNTs (carboxyl-functionalized) and DAR, to
strong covalent bonds. Under UV irradiation, DAR was converted
to its phenyl cationic form after releasing N2; then, an SN 1 type of
nuclear displacement by carboxylate groups occurred [6]. Actu-
ally, there was a possibility that the hydrogen bonds between the
diazonium group in DAR and hydroxyl groups in CS also con-
verted to covalent bonds. In consideration of both the protection
of enzyme activity and the occurrence of photoreaction, a com-
promising irradiation time of 3 min for the modified electrodes
was used in the following investigation. As a result, large amounts
of GOx molecules were covalently deposited onto the PB-MWNTs
backbone.

3.3. Electrochemical properties of the GOx/DAR–CS/PB-MWNTs

composite film

Electrochemical impedance spectroscopy (EIS) has been an
effective method to monitor the interfacial features of a surface to
allow the understanding of processes associated with the con-
ductive electrode surface [1]. Fig. 3 shows the typical Nyquist
plots of the modified electrodes using K3[Fe(CN)6]/K4[Fe(CN)6] as
the probe. The electron transfer resistance (Ret) for the redox
process of the probe decreased dramatically after PB-MWNTs
were modified on bare GCE (b), implying that the PB-MWNTs
backbone greatly facilitated the electron transfer of the probe to
the electrode surface attributed mainly to the contribution of
MWNTs. When DAR–CS was adsorbed on the PB-MWNTs back-
bone, the Ret increased slightly (c). After the further adsorption of
GOx, the Ret increased obviously because GOx partially blocked
the electron transfer of the probe (d). The result confirmed the
successful fabrication of the GOx/DAR–CS/PB-MWNTs composite
film on GCE.

Fig. 4 shows cyclic voltammograms of the GOx/DAR–CS/PB-
MWNTs-GCE in pH 6.5 PBS at various scan rates. With a formal
potential of þ0.153 V, a pair of well-defined redox peaks
appeared at each voltammogram due to the redox conversion
between PB and Prussian white. Both the cathodic peak current
(Ipc) and the anodic peak current (Ipa) were linearly dependent on
the square root of the scan rate in the range from 10 to 400 mV/s,
indicating a diffusion-controlled electrochemical process. The
result was consistent with that of many previous works [21],



Fig. 3. Electrochemical impedance spectra (EIS) of (a) GCE, (b) PB-MWNTs-GCE,

(c) DAR–CS/PB-MWNTs-GCE and (d) GOx/DAR–CS/PB-MWNTs-GCE in pH 6.5 PBS

containing 10 mM K3[Fe(CN)6]/K4[Fe(CN)6].

Fig. 4. Cyclic voltammograms of the GOx/DAR–CS/PB-MWNTs-GCE in pH 6.5 PBS

at various scan rates. Inset: calibration plot of peak currents vs. scan rate.

Fig. 5. Chronoamperometric response of the GOx/DAR–CS/PB-MWNTs-GCE in pH

6.5 PBS upon the successive addition of H2O2 at �0.1 V. Inset: calibration plot of

response vs. H2O2 concentration.
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illustrating that the intrinsic redox behavior of PB was well
retained after the assembly of DAR–CS and GOx on the PB-
MWNTs backbone.

The effect of pH value of PBS on electrochemical behavior of
the GOx/DAR–CS/PB-MWNTs-GCE was studied as shown in Sfig. 1
in supporting information. With increasing the pH value of PBS in
the range from 4.0 to 9.0, no apparent change was seen in the
potential of the modified electrode. However, with the increase of
pH value, both the Ipc and the Ipa decreased obviously. The result
could be attributed to the well known fact that Prussian blue (PB)
can be decomposed at alkaline conditions. Hence, in consideration
of both the enzymatic activity and stability of PB, a weak acidic
PBS with pH value of 6.5 was used in this work.

The analytical applications of most oxidase enzyme-based
electrochemical biosensors were carried out by monitoring the
enzymatically produced H2O2 [21]. Fig. 5 shows the amperometric
response of the GOx/DAR–CS/PB-MWNTs-GCE upon the successive
addition of H2O2 at �0.1 V. The reduction current increased
steeply and then reached 95% of the steady-state current within
10 s after the addition of H2O2. The linear response range to H2O2

was from 5.0�10�5 to 1.45�10�3 M with a high sensitivity of
358.4 mA mM�1 cm�2. Because of its high selectivity and activity
toward the reduction of H2O2 in the presence of oxygen and other
interferents, PB is usually considered as the ‘‘artificial enzyme
peroxidase’’ [20,31]. The good amperometric response can be
attributed to the synergistic effect of PB and MWNTs on the
reduction of H2O2. The result indicated that the PB-MWNTs
backbone can act as both the electron transfer facilitator and the
low-potential electron transfer mediator for glucose biosensing
based on the mediation toward the reduction of enzymatically
produced H2O2. In addition, it had been reported that PB could
mediate the oxidation of many other enzymatic products, such as
thiocholine [32], indicating potential of the composite film in
construction of a large number of other biosensors.

3.4. Amperometric response of the biosensor to glucose

Fig. 6 shows the amperometric responses of the biosensors
upon the successive addition of glucose at �0.1 V. The GOx/DAR–
CS/PB-MWNTs-GCE (a) showed a typical amperometric response
to glucose. The time to reach 95% of the steady-state current was
less than 10 s after the addition of glucose, indicating fast response
of the biosensor. The linear response range to glucose was from
1.0�10�5 to 1.1�10�3 M with a correlation coefficient of 0.9943
and a sensitivity of 77.9 mA mM�1 cm�2. The detection limit was
calculated to be 3.1�10�6 M defined from a signal/noise ratio of
3. More importantly, it was noteworthy that the sensitivity of the
biosensor was higher comparing with that of other reported PB-
MWNTs-based biosensors, such as the PB-MWNTs-CS-GOx-SiO2-
GCE (15.2 mA mM�1 cm�2) [21] and the Nafion/GOx/PtCo nano-
chains/PB-MWNTs-CS-GCE (21.0 mA mM�1 cm�2) [33]. The result
can be attributed to the synergistic effect of efficient enzyme
immobilization and good electrochemical properties of the GOx/
DAR–CS/PB-MWNTs composite film. The uniform and highly
porous feature of the PB-MWNTs forming membrane provided
an opportunity for the deposition of large amounts of GOx on the
PB-MWNTs backbone, and facilitated the diffusion of glucose into



Fig. 7. Variations of chronoamperometric responses of the GOx/DAR–CS/PB-

MWNTs-GCE fabricated (a) without and (b) with photo-cross-linking under UV

irradiation for 3 min to 0.1 mM glucose with the storage time in vigorously stirred

PBS at 4 1C.

Fig. 6. Chronoamperometric responses of (a) GOx/DAR–CS/PB-MWNTs-GCE and

(b) GOx/DAR/PB-MWNTs-GCE in pH 6.5 PBS upon the successive addition of

glucose at �0.1 V. Inset: corresponding calibration plots of response vs. glucose

concentration.
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the composite film. PB-MWNTs as the assembly backbone offered
the composite film both high electrical conductivity and efficient
electron transfer mediation toward the reduction of enzymatically
produced H2O2.

In addition, the GOx/DAR/PB-MWNTs-GCE fabricated without
the use of CS in the composite film was also studied to evaluate
the effect of CS on biosensing performance. The GOx/DAR/PB-
MWNTs-GCE (b) showed a similar amperometric response to that
of the GOx/DAR–CS/PB-MWNTs-GCE (a) except a much lower
sensitivity of 65.3 mA mM�1 cm�2. The result implied that the
involvement of CS to the composite film played an important role
in the biosensing performance. As a well known biopolymer for
enzyme immobilization due to its good biocompatibility, CS may
provide a biocompatible microenvironment for immobilized GOx,
which could greatly favor their enzymatic activity [34,35].

3.5. Stability of the biosensor

To evaluate the enzyme immobilization effectiveness of the
composite film, the biosensing stability of the biosensor during
the storage in vigorously stirred PBS at 4 1C was studied. Fig. 7
shows variations of responses of the GOx/DAR–CS/PB-MWNTs-
GCE without (a) and with (b) photo-cross-linking to 0.1 mM
glucose with the storage time. As the storage time increased,
the response of the biosensor without photo-cross-linking
decreased drastically. The current response had decreased to
about 50% of the initial response after the storage for 5 h,
indicating poor biosensing stability of the biosensor. The poor
biosensing stability illustrated poor structural stability of the
non-photo-cross-linked GOx/DAR–CS/PB-MWNTs composite film.
In the case of only the weak electrostatic interaction as the
driving force for fabrication, the composite film was not stable
during the storage [7], resulting in mass leakage of GOx from the
PB-MWNTs backbone. Significantly, the biosensor with the photo-
cross-linked GOx/DAR–CS/PB-MWNTs composite film showed
much more stable response during the storage. More than 80%
of the initial current retained after the storage for 5 h. The result
demonstrated that the combination of the electrostatic self-
assembly with the photo-cross-linking can dramatically improve
the structural stability of the GOx/DAR–CS/PB-MWNTs composite
film. Due to the conversion of weak ionic bonds to strong covalent
ones in the composite film, the leakage of enzyme can be
effectively prevented, leading to greatly improved biosensing
stability of the biosensor.

3.6. Reproducibility and anti-interference of the biosensor

The reproducibility of the biosensor was studied by succes-
sively detecting 0.1 mM glucose for 6 times, and the RSD of
responses was 4.34%, demonstrating a good reproducibility.
In addition, the RSD of responses to 0.1 mM glucose at five
independently prepared biosensors was 5.71%, which proved
good reproducibility of the biosensor preparation.

The addition of 0.1 mM uric acid and 0.1 mM ascorbic acid had
no apparent influence on the response of the biosensor to 0.1 mM
glucose, indicating high anti-interference ability of the biosensor.
Because of its high selectivity and activity toward the reduction of
the enzymatically produced H2O2 in the presence of oxygen and
other interferents [20], the PB-MWNTs backbone can act as a
highly selective low-potential electron transfer mediator toward
the reduction of enzymatically produced H2O2.

3.7. Glucose determination in real serum samples

To evaluate the ability of the biosensor in practical analytical
applications, the biosensor was applied to determine the glucose
concentration in fetal bovine serum samples. The glucose con-
centration in a fetal bovine serum sample was determined to be
4.3770.09 mM by the biosensor, in good agreement with the
value of 4.5670.05 mM obtained using the traditional enzymatic
method in a local hospital. In addition, the recovery test was
carried out by adding 0.1 mM glucose to the serum samples,
which produced a recovery of 98.778.4%, indicating good accu-
racy for the determination of glucose in real blood serum samples.

4. Conclusions

A novel glucose biosensor was fabricated based on electrostatic
self-assembly in combination with in situ photo-cross-linking of
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GOx as the model enzyme and DAR–CS on PB-MWNTs backbone.
The PB-MWNTs backbone acted as both the electron transfer
facilitator and the low-potential electron transfer mediator. The
conversion of weak ionic bonds to strong covalent ones for enzyme
immobilization by the combination of electrostatic self-assembly
with photo-cross-linking resulted in highly stable immobilization of
GOx. The biosensor showed excellent stability, high sensitivity, fast
response time, good anti-interference ability, and acceptable ability
in practical analytical applications due to synergistic effect of
efficient enzyme immobilization and good electrochemical proper-
ties of the composite film fabricated by the proposed strategy. It
should be noted that only negatively charged enzymes could be
deposited onto the DAR–CS modified surface. Nevertheless, the
strategy provided a promising platform for constructing a large
number of other biosensors.
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