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A novel matrix, gold nanoparticles-bacterial cellulose nanofibers (Au-BC) nanocomposite was devel-
oped for enzyme immobilization and biosensor fabrication due to its unique properties such as satisfying
biocompatibility, good conductivity and extensive surface area, which were inherited from both gold
nanoparticles (AuNPs) and bacterial cellulose nanofibers (BC). Heme proteins such as horseradish per-
oxidase (HRP), hemoglobin (Hb) and myoglobin (Mb) were successfully immobilized on the surface of
Au-BC nanocomposite modified glassy carbon electrode (GCE). The immobilized heme proteins showed
electrocatalytic activities to the reduction of H,0, in the presence of the mediator hydroquinone (HQ),
which might be due to the fact that heme proteins retained the near-native secondary structures in
the Au-BC nanocomposite which was proved by UV-vis and IR spectra. The response of the developed
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Hemoglobin biosensor to H,0, was related to the amount of AuNPs in Au-BC nanocomposite, indicating that the
Myoglobin AuNPs in BC network played an important role in the biosensor performance. Under the optimum con-
Biosensor ditions, the biosensor based on HRP exhibited a fast amperometric response (within 1s) to H,0,, a good

linear response over a wide range of concentration from 0.3 wM to 1.00 mM, and a low detection limit of
0.1 M based on S/N =3. The high performance of the biosensor made Au-BC nanocomposite superior to

other materials as immobilization matrix.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Since biosensors with electrochemical analysis are of great
importance in many fields, they have attracted much attention for
the construction with high selectivity and sensitivity [1,2]. Enzyme
immobilization is very important in biosensor development. The
kinetics, stability and specificity of immobilized enzyme perhaps
differ from that of the enzyme in homogeneous solution due to the
structural change in immobilization. Therefore, the construction of
the immobilized enzyme layer which can retain its specific biologi-
cal function is highly desired [3]. Different biocompatible materials
such as conducting polymers [4-6], sol-gel materials [7-10], nano-
materials [11-13], and nanocomposite materials [14-16] for the
immobilizations and biosensing applications of enzymes have been
proposed. Cai et al. [17] synthesized gold nanoparticle-CaCO3
hybrid material (AuNP-CaCOs3) to fabricate horseradish peroxidase
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(HRP)-AuNP-CaCO3 bioconjugates, which were embedded into a
silica sol-gel matrix to construct a novel biosensor. And Liu et al.
[18] developed a kind of nanocomposites with good dispersion in
water through non-covalent adsorption of toluidine blue on multi-
walled carbon nanotubes for electric communication between HRP
and electrode.

As biosynthesized cellulose, bacterial cellulose (BC) is a kind
of extracellular cellulose produced by acetic acid bacteria Aceto-
bacter xylinum [19]. BC is an unbranched polymer of 3-1,4-linked
glucopyranose residues and composed of self-entangled ultra-fine
fibrils with width less than 100 nm, which has a three dimen-
sional nano-network structure with a distinct tunnel and pore
structure [19,20]. Because of its characteristic microstructure, BC
presents unique properties such as high purity, high crystallinity,
high tensile strength, elasticity, excellent biodegradability, excel-
lent biological affinity, biocompatibility and extensive surface area
[21-23]. Benefiting from its unique properties, BC has attracted
increasing interest in commercial applications over the past few
years as materials for industry (paper, headphone membranes, food
and textiles) and biomaterials including temporary skin substi-
tute, artificial blood vessels, and nerves [24-27]. However, there
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are few applications and studies of BC in biosensors up to now.
Liang et al. [28] reported that carbonized nanofiber BC could be
used to fabricate BC-based carbon paste electrode which has excel-
lent electrocatalytic activity to the reduction of nitrite. As a kind
of biocompatible material with unique properties, BC should be a
very suitable matrix for enzyme immobilization.

Gold nanoparticles (AuNPs) have also been applied as the film
forming material to construct different kinds of films with redox
proteins on electrodes because of their good biocompatibility and
conductivity [29,30], which could provide an environment that is
similar to the nature for enzyme immobilization [31,32]. Moreover,
the nanoparticles could act as tiny conduction centers to facilitate
electron transfer [33,34].

The excellent properties of both BC and AuNPs inspired us
to combine them into a nanocomposite and use it as a novel
matrix to immobilize proteins on the electrode surface. In our
recent work, novel Au-BC nanocomposite was first prepared via a
facile one-step biotemplated method in aqueous suspension using
poly(ethyleneimine) (PEI) as reducing and linking agent, and HRP
was successfully embedded into the nano-network structure of
the Au-BC nanocomposite while remaining its bioactivity [35].
Au-BCnanocomposite was functioned as a superior immobilization
matrix for HRP than individual BC and AuNPs.

In this work, Au-BC nanocomposite was used to immobilize two
other heme proteins, Hb and Mb, to see if this novel nanocompos-
ite was suitable to immobilize proteins with different sizes, and the
performance of these proteins including HRP in Au-BC nanocom-
posite was investigated in details. The electrocatalytic activities of
heme proteins immobilized on the Au-BC nanocomposite modi-
fied GCE were investigated in the presence of hydroquinone (HQ).
The conformation of the proteins in the films was characterized
by UV-vis and IR spectra. The effect of the amount of AuNPs in
the Au-BC nanocomposite on the sensitivity of biosensor to H,0,
was also studied. The catalytic activities of the biosensor based on
heme protein/Au-BC to the reduction of H,O, were evaluated by
amperometry.

2. Experimental
2.1. Reagents

Horseradish peroxidase (HRP) and myoglobin (Mb, from
equine skeletal muscle) were purchased from Sigma. Hemoglobin
(Hb, from bovine erythrocytes) was purchased from Merck.
Poly(ethylenimine) (M, =25,000), potassium ferricyanide
(K3Fe(CN)g) and potassium ferrocyanide (K4Fe(CN)g) were
obtained from Aldrich. Hydrochloroauric acid trihydrate
(HAuCl4-3H,0, 99.9%), isopropanol and hydrogen peroxide
(H205) were purchased from Beijing Chemical Reagent Company
(Beijing, China), and hydroquinone (HQ) was purchased from
Sinopharm Chemical Reagent Co. (Shanghai, China). All chemicals
were of analytical grade and used without further purification.
Double distilled water (ddH,0) was used and all the solutions
were freshly prepared.

[Fe(CN)]3~/4~ redox probe solution was prepared as follows:
the K3Fe(CN)g/K4Fe(CN)g (1:1, 1 mM) mixture was dissolved in
0.1 M phosphate buffer (pH 7.4), and 0.1 M KCI was added as the
supporting electrolyte.

2.2. Synthesis of Au-BC nanocomposite

The BC pellicle was obtained as reported in Ref. [36] and was
disrupted into nanofibers aqueous suspension by Ultrasonic Cell
Disruption System at room temperature. Au-BC nanocomposite
was synthesized by the reduction of HAuCl, with PEI in aqueous

mixed BC nanofibers solution as reported in Ref.[35]. The main
procedures were as following: 0.5 mL of 10g/L PEI aqueous solu-
tion and 4.25 mL aqueous suspension containing ~0.02 mg/mL BC
nanofibers were first mixed together and stirred for 30 min at room
temperature. After adding 0.25 mL of 20 mM HAuClg, the mixed
suspension was kept at 60°C under static condition for 1 h, lead-
ing to the formation of Au-BC nanocomposite. The product was
collected by centrifugation and washed thoroughly with ddH,O.

2.3. Preparation of modified electrodes

Glassy carbon electrode (GCE) was polished with 0.05pwm
alumina slurry by a polisher and then washed in ddH,0 and
ethanol for 3 min by an ultrasonic cleaner. The pretreated GCE
was coated by casting 5 L of the above Au-BC suspension and
dried at room temperature (25°C). This modified electrode was
denoted as Au-BC/GCE. Then, the Au-BC/GCE was casted with
5 wL HRP solution (3 mg/mL, phosphate buffer), 5 wL Hb solution
(3 mg/mL, phosphate buffer), or 5 wL Mb solution (3 mg/mL, phos-
phate buffer), respectively, for an incubation period of 12h at
4°C. The modified electrode was washed gently with ddH,O three
times and then stored in phosphate buffer at 4 °C. These modified
electrodes were denoted as HRP/Au-BC/GCE, Hb/Au-BC/GCE and
Mb/Au-BC/GCE, respectively. Similarly, BC modified GCE (BC/GCE)
and HRP/BC modified GCE (HRP/BC/GCE) were also prepared by this
method. The modified electrodes were gently washed three times
with phosphate buffer and ddH, O before each measurement.

2.4. Apparatus and measurements

All electrochemical measurements were carried out on a CHI
660C (CH Instruments, Shanghai, China) electrochemical work-
station. A conventional three-electrode system with the modified
electrodes obtained via the above methods as the working elec-
trode, a platinum wire (radius 0.5 mm) as the counter electrode,
and an Ag/AgCl (3 M KCl) electrode as the reference electrode was
used throughout at room temperature (25 °C). The cyclic voltam-
metric measurements were taken in an unstirred electrochemical
cell. Amperometric curves were obtained by consequently adding
H,0, solution with a certain concentration into phosphate buffer
solution containing 0.5 mM HQ at —0.15 V. A magnetic Teflon stirrer
provided the convective transport during the amperometric mea-
surements. To eliminate dissolved oxygen, all the solutions used
above were bubbled by highly pure argon for 15 min before experi-
ments, and then the argon atmosphere was kept over the solutions
through the experiments.

UV-vis spectroscopies were obtained by a UV-vis spectropho-
tometer (Cary E1, Varian). Reflectance absorption infrared (RAIR)
spectra were taken on Nicolet MAGNA-IR 750 (Nicolet) at room
temperature. The films of proteins, Au-BC and protein/Au-BC for
spectroscopy were prepared on quartz slides (for UV-vis) or silicon
substrates (for RAIR) in a similar method as in the preparation of
the modified electrodes.

3. Results and discussion
3.1. Characterization of Au-BC nanocomposite

The preparation of the Au-BC nanocomposite was discussed
in details in our recent work [35]. Herein, a general introduc-
tion about the preparation and characterization of the Au-BC was
given for the readers to have a basic understanding about this
kind of biocomposites. Bacteria usually produce soft and semitrans-
parent BC pellicles comprised of nanofibers. Before assembling
AuNPs to these nanofibers, the BC pellicles were first disrupted into
nanofibers aqueous suspension. The scanning electron microscopy
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Fig. 1. The SEM images of (a) BC nanofibers and (b) Au-BC nanocomposite.

(SEM) image of BC nanofibers was shown in Fig. 1a. The BC
nanofibers were ribbon-shaped, about 40nm in size and form
nano-network structure. BC nanofibers were colorless and turned
to purple after coating AuNPs, which meant AuNPs were assem-
bled onto BC nanofibers. The SEM image of the obtained Au-BC
nanocomposite was shown in Fig. 1b. The BC nanofibers remained
their nano-network structure after coating with AuNPs (~9 nm)
uniformly. The Au-BC nanocomposite was about 60 nm in size, a
little larger than the diameter of BC nanofibers.

3.2. Electrochemical characterization of modified electrodes

The Au-BC nanocomposite was a promising matrix for enzyme
loading and biosensing which inherited advantages from its parent
materials, such as excellent biological affinity, satisfying biocom-
patibility, extensive surface area and good conductivity. Cyclic
voltammetry (CV) of [Fe(CN)g]*~/4~ is a valuable and convenient
tool to test the kinetic barrier of the interface. It was chosen as
a marker to investigate the changes of electrode behavior after
each assembly step to see whether Au-BC nanocomposite could be
used to immobilize different heme proteins including HRP, Hb and
Mb. Fig. 2 showed cyclic voltammetries (CVs) of different modified
electrodes in 1.0mM [Fe(CN)g]>~/4~ solution. The CV curve of bare
GCE showed one pair of quasi reversible and well-defined redox
peaks with the peak-to-peak separation (AEp) of 73 mV (Fig. 2a),
indicating a fast and direct electron transfer reaction occurred.
After casting the BC on the bare GCE, both the cathodic and the
anodic peak currents decreased obviously and the AE; increased
to 199 mV (Fig. 2b). It was mainly due to the poor conductivity of
BC nanofibers, which acted as the inert electron and mass trans-
fer blocking layer, and hindered the diffusion of [Fe(CN)g]3—/4-
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Fig. 2. Cyclic voltammograms of (a) bare GCE; (b) BC/GCE; (c) Au-BC/GCE;

(d) HRP/Au-BC/GCE; (e) Mb/Au-BC/GCE and (f) Hb/Au-BC/GCE in 1mM
[Fe(CN)s >4~ +0.1 M KCl as the supporting electrolyte at a scan rate of 100mV/s.

toward the electrode surface. Compared to BC/GCE, the peak cur-
rent of Au-BC/GCE increased greatly, accompanying the decrease
of peak-to-peak separation (Fig. 2c). The CV curve of Au-BC/GCE
was almost identical to that of bare GCE, indicating the conduc-
tivity of Au-BC was greatly improved compared to BC itself. The
reason was that AuNPs were directly attached to the surface of
the BC nanofibers and formed a continuous array of gold nanopar-
ticles on the electrode, which facilitated the electron transfer
between the [Fe(CN)g]*~/4~ and the electrode surface. After incu-
bating Au-BC/GCE with different protein solutions, the decreases
of the peak currents was observed for all the three protein/Au-BC
modified electrodes (Fig. 2d, e and f), which was strong evidence
that all these proteins were successfully embedded in the Au-BC
nanocomposite film and the presence of proteins decreased the
effective electrode areas, leading to the decrease of the peak cur-
rents.

3.3. Electrocatalytic activity of heme proteins immobilized on the
Au-BC nanocomposite modified GCE

In order to investigate the bioactivity of immobilized heme pro-
teins on Au-BC nanocomposite, the developed biosensors were
used for the determination of H,0,. HQ is often used as an electron
mediator to investigate the bioactivity of heme proteins because
the direct electrochemistry of heme proteins is not easily observed
[37,38]. The CV of Hb/Au-BC/GCE in phosphate buffer solution
containing 0.5 mM HQ was shown in Fig. S1 (see electronic sup-
plementary materials, E.S.M.). In the absence of H,0,, a pair of
redox peaks, characteristic of a diffusion-limited redox process, was
observed at the Hb/Au-BC/GCE (Fig. S1a), which indicated HQ could
effectively exchange electrons through Hb/Au-BC film on the elec-
trode surface. After the addition of 0.5 mM H;,0,, the significant
increase of the reduction peak, accompanied by a decrease of the
oxidation peak, was observed (Fig. S1b). Further the addition of
H,0, in the buffer caused a further increase of the reduction peak
and the decrease of the oxidation peak (Fig. S1c). However, H,0,
had little effect on the peak currents of HQ at the Au-BC/GCE. These
results demonstrated that there existed reactions among Hb, H,0,
and HQ at the Hb/Au-BC/GCE. The increase of reduction current
response to H,0, at Hb/Au-BC/GCE was mainly due to the biocat-
alytic effect of Hb. The reason might be that both the nano-network
BC structure and the AuNPs provided an excellent biocompati-
ble environment for Hb on the electrode surface, which retained
its bioactivity well and catalyzed the reaction with H,0, and HQ.
Mb/Au-BC and HRP/Au-BC films also showed similar biocatalytic
behaviors toward H,0,.

The cyclic voltammograms of Hb/Au-BC/GCE in phosphate
buffer (pH 7.4) containing 0.5 mM HQ and 0.5 mM H,0, at differ-
ent scan rates were investigated. Both of anodic and of cathodic
peak currents were linearly correlated to the square root of scan
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Fig.3. (a) FT-IR spectraand (b) UV-vis spectra of Mb film, Au-BC film and Mb/Au-BC
film.

rates in the range from 10 to 200 mV/s, which indicated that the
electrochemical kinetics of the biosensor was a typical diffusion-
controlled process. The similar phenomenon was also happened
at Mb/Au-BC/GCE and HRP/Au-BC/GCE. From the results, it could
be confirmed that a diffusion-controlled process occurred at the
heme protein/Au-BC/GCE, and the reaction mechanism could be
expressed as follows, which was also consistent with that reported
in Refs. [37,38]:

Heme protein (red) + H,0, — heme protein (Ox) + H,0
Heme protein (Ox)+HQ (red) — HQ (Ox)-+ heme protein (red)

HQ (0x) + 2H' +2e — HQ (red)

3.4. The characterizations of films by spectroscopy

Spectroscopic methods such as FT-IR and UV-vis spectroscopy
were used to compare the structural variations of native and immo-
bilized heme proteins on the film of Au-BC nanocomposite in Fig. 3.
The shape and position of amide I (1600-1700cm~1) and amide
11 (1500-1600 cm™1) of the IR bands provide detailed information
on the secondary structure of the polypeptide chain and can be
used as indicator of the conformational changes of proteins [39,40].
The amide I band at 1700-1600cm~! is caused by C=0 stretch-
ing vibrations of the peptide linkage and the amide II band at
1600-1500 cm~! results from a combination of N-H in-plane bend-
ing and C-N stretching of the peptide groups [39,40]. As shown in
Fig. 3A, the spectra of the amide I and II bands of Mb in the Au-BC
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Fig.4. Steady-state amperometric responses at the different HRP/Au-BC/GCE to the
reduction of H, 0, in stirring phosphate buffer (pH 7.4) containing 0.5 mM HQ at the
applied potential of —150 mV. The Au-BC nanocomposites were formed at different
reaction times: (a) 0 min; (b) 5min; (¢) 10 min; (d) 30 min and (e) 60 min.

film (1652 and 1530cm~!) were nearly the same as those of Mb
film (1649 and 1531 cm™1), suggesting that Mb retained the essen-
tial features of its native structure on the Au-BC nanocomposite
film. The similar behavior was observed on Hb and HRP also, indi-
cating Au-BC nanocomposites could keep the bioactivity of heme
proteins very well.

UV-vis spectroscopy is another useful tool for conformational
studies of heme proteins since the positions of the Soret absorption
band of heme can provide information about possible denaturation
of heme proteins and particularly on the conformational change in
the heme group region [41]. Fig. 3B showed the UV-vis spectra
of Au-BC film, Mb film and Mb/Au-BC film. Au-BC nanocompos-
ite had a broader peak from 520 nm to 580 nm, which was due to
the surface plasmon coupling between closely spaced nanoparti-
cles [42,43]. The UV-vis spectrum of native Mb gave a typical heme
band at 409 nm (Fig. 3B), where Au-BC nanocomposite had no
absorption. For the Mb/Au-BC film, except the broader peak caused
by AuNPs, the absorption band corresponding to heme group was
still observed at 409 nm. No obvious change was observed in the
absorption peaks of Mb in the presence and absence of Au-BC
nanocomposite, which indicated that Mb kept its natural structure
in the mixture. The same results were obtained in the immobiliza-
tion of Hb and HRP by Au-BC nanocomposite. Therefore, the heme
proteins in Au-BC nanocomposite films retained their near native
states, due to the good biocompatibility of Au-BC nanocomposite.

3.5. Influence of the amount of gold nanoparticles in Au-BC
nanocomposite to the response of the developed biosensor

Since the amount of AuNPs in Au-BC nanocomposite might
influence the conductivity of Au-BC nanocomposite and also the
amount of heme proteins adsorbed by AuNPs, the amount of AuNPs
in Au-BC nanocomposite might have an effect on the performance
of the developed biosensor. HRP was used as an example to investi-
gate the influence of the amount of AuNPs in Au-BC nanocomposite
on the biosensor response in details. HRP was immobilized on the
different Au-BC nanocomposites, which were synthesized at differ-
entreaction times. Fig. 4 showed the amperometric responses of the
different HRP/Au-BC/GCE to the reduction of H,0; under steady-
state condition. The amount of AuNPs in Au-BC nanocomposite was
influenced by the reaction time of the reduction of HAuCl, with
PEI in aqueous mixed BC nanofibers solution. When the reaction
time was 0 min, the electrode was modified by HRP/BC film actu-
ally. The lowest response to H,0, was observed in the HRP/BC/GCE
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(Fig. 4a). This phenomenon would be caused by the poor con-
ductivity of BC which blocked the electron transfer from solution
to electrode. According to Ref. [35], the surface concentration of
AuNPs in nanocomposite increased with the reaction time and satu-
rated after 1 h. As shown in Fig. 4, the magnitude of the steady-state
current increased significantly with the increase of the amount of
AuNPs on the BC surface and reached the maximum when the reac-
tion time was 1 h, indicating the sensitivity of biosensor was related
to the amount of AuNPs in Au-BC nanocomposite. The higher the
amount of AuNPs in Au-BC nanocomposite, the higher the sen-
sitivity of biosensor can be obtained. These results proved that
AuNPs played an important role in the biosensor response. How-
ever, the response caused by HRP/Au/GCE was much smaller than
that of HRP/Au-BC/GCE [35]. Therefore the better performance of
HRP/Au-BC/GCE was attributed to the synergistic effect of AuNPs
and BC in Au-BC nanocomposite. HRP could not only be entrapped
by BC nano-network but also adsorbed by AuNPs. AuNPs acted as
a bridge to link BC and HRP, and they could firmly immobilize HRP
in the BC nano-network. In addition, as the merit of AuNPs with
the high electrical conductivity and electron transfer accelerating
capability, the non-conductivity of the BC could be compensated to
some extent, which greatly improved the sensitivity of the biosen-
sor. The Au-BC nanocomposite synthesized at the reaction time
with 1 h was used for the following biosensing studies.

3.6. Optimization of experimental variables

The experimental parameters including pH and the applied
potential were optimized for the analytical performance using
HRP/Au-BC/GCE as a model.

The acidity of the solution has a significant effect on the bioac-
tivity of enzymes. Therefore, the effect of the solution pH on the
biosensor response in phosphate buffer containing 0.5 mM HQ
and 100 uM H,0, was examined (Fig. S2). The response currents
increased from pH 5.0 to 6.0, remained stable between pH 6.0 and
8.0, and decreased above pH 8.0. The following experiments were
performed at pH 7.4.

The influence of the applied potential on the current response
to HyO, was performed on HRP/Au-BC/GCE in 0.1 M stirring
phosphate buffer containing 0.5 mM HQ and 30 uM H,0, in the
potential range of 0 to —0.3V (Fig. S3). The biosensor response to
H, 0, increased with the applied potential change from0to —0.15 V.
The highest sensitivity was obtained at —0.15V. Then a further
increase of negative potential resulted in a little decrease in cur-
rent response, which might be due to the fact that the potential
of the reduction peak of HQ at HRP/Au-BC/GCE was near —0.15V.
Therefore —0.15 V was selected as the applied working potential for
amperometric measurements. And at this relatively low potential,
some interferents can be avoided.

3.7. Amperometric response and calibration curve to H,0,

Under the optimum conditions, a typical current-time plot of
HRP/Au-BC/GCE on the successive addition of aliquot H,0, was
shown in Fig. 5A. As the H,0, was added into the stirring buffer
solution, the stepped increase of the amperometric current was
observed. And the obvious increase of the current could be observed
when the concentration of H,0, was as low as 0.3 wM (the inset
picture in Fig. 5A). The reduction current increased sharply to a sta-
ble value within 1s by each addition, which was much faster than
2.5s at HRP/AuNPs/sol-gel/gold electrode, 5s at HRP-SiO,/gold
electrode and 10s at HRP/magnetic dextran microsphere/GCE
[14,37,38]. Such a fast response could be attributed to the coop-
eration of AuNPs and BC: first, the interconnected porous structure
of BC did not inhibit mass transport. Second, AuNPs were favor-
able to the orientation of the HRP molecules on the electrode in the
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Fig. 5. (a) Amperometric response curves of HRP/Au-BC/GCE for successive addi-
tions of different concentrations of H,0, in stirring phosphate buffer (pH 7.4)
containing 0.5mM HQ at the applied potential of —150 mV. The inset shows the
amperometric response at time range from 200s to 350s. (b) Calibration curve of
the current vs. the concentration of H,0,.

process of bioelectrocatalysis, and they transferred electrons more
conveniently [14,38]. The corresponding calibration curve shown
in Fig. 5B indicated that the hydrogen peroxide biosensor based
on HRP exhibited a linear range of 0.3 uM to 1.0mM (R? =0.998),
a sensitivity of 610 pAmM~! cm~2 and a detection limit of 0.1 uM
(S/N=3).The H,0, detection performances of the proposed biosen-
sor were compared with those of HRP biosensors based on other
matrices. The results were shown in Table 1. It showed that the
HRP/Au-BC/GCE exhibited excellent performance in terms of a
wider linear range and lower limit of detection for H,0,, suggesting
the proposed biosensor based on Au-BC nanocomposite compared
advantageously with respect to other biosensor designs.

Mb/Au-BC and Hb/Au-BC films showed similar amperomet-
ric behavior with the injection of H,0,, but with much lower
sensitivity (Fig. S4). The linear response ranges of Hb/Au-BC/GCE
and Mb/Au-BC/GCE were from 10 wM to 1000 M and 10 uM to
100 wM, and the detection limits were 3.9 wuM and 5.1 .M, respec-
tively. The different sensitivities of H,0, obtained at heme protein
based biosensor might be due to the different catalytic efficien-
cies of heme proteins to H,0,, which was similar to the behavior
observed at heme protein-clay films [39].

3.8. Selectivity and stability of the biosensor

Selectivity and stability are two important factors in the per-
formance of an enzyme sensor. Since HRP showed the highest
sensitivity to H,O,, we investigated the selectivity and stability of
HRP based biosensor in details. Several common electroactive com-
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Table 1

Comparison of the analytical performance of this biosensor with that of some other H,0, sensors.
Different H,0; sensors Linear range (mM) Detection limit (M) Ref
HRP-SiO,-modified Au electrode 0.02-0.20 3 [38]
HRP/AuNP-CaCOs/silica sol-gel-modified GCE 0.04-8.0 1 [17]
HRP/SA?-PVBP/Au electrode 0.007-4.1 1.8 [44]
HRP/MSHS¢/Nafion/GCE 0.0039-0.14 1.2 [45]
MW(CNTs¢/MG¢/HRP/GCE 0.0005-0.02 0.5 [46]
HRP/CeO;/chitosan/GCE 0.001-0.15 0.26 [47]
HRP/Organosilica@Chitosan/ MWCNT/GCE 0.0007-2.8 0.25 (48]
Chitosan-CNTs -NB&-HRP 0.001-0.24 0.12 [49]
HRP/BC-Au/GCE 0.0003-1.0 0.1 This work

3 Sodium alginate.

b Polyvinyl butyral.

¢ Mesoporous silica hollow spheres.
4 Multiwall carbon nanotubes.

¢ Methylene green.

f Carbon nanotubes.

€ Nile blue.

pounds inreal samples such as glucose, citric acid and uric acid were
measured to examine whether they interfered with the determi-
nation of H,0,. 1 mM glucose, 1 mM citric acid and 1 mM uric acid
were added sequentially in stirring 0.1 M phosphate buffer con-
taining 0.5 mM HQ and 0.1 mM H,0,. The amperometric response
(Fig. S5) remained unchanged after adding these interferents. The
results showed that tenfold excess of glucose, citric acid and uric
acid did not interfere with the detection of H,05.

The electrode was stored in phosphate buffer (pH 7.4) at 4°C
when not in use. The stability of the biosensor under storage was
investigated by measuring the amperometric response in 0.1 M
phosphate buffer containing 0.5mM HQ and 10 uM H,0, every
day. After 20 days storage, the biosensor still retained more than
87% of its original response to H,0, (Fig. S6). Good long-term sta-
bility could be attributed to the strong interaction between HRP
and Au-BC nanocomposite, which provided the encapsulated HRP
a sheltered and biocompatible microenvironment that both pre-
vented the loss of enzyme.

3.9. Real sample analysis

The applicability of the proposed biosensor was evaluated by
detecting H,0, in disinfector sample. The sample was diluted 20
times with pH 7.4 phosphate buffer solution, and the concentra-
tion of H, O, contained in the diluted disinfector sample was tested
using HRP based biosensor. The result was 47.7 +0.6 mM (n=3).
The result determined with potassium permanganate titrimetric
method was 49.77 £0.03mM (n=3). As we can see, the results
determined by the biosensor were satisfactory and agree closely
with those measured by classical titrimetric method, indicating the
biosensor could be used in practical analysis.

4. Conclusions

As a novel biocompatible nanocomposite, Au-BC nanocompos-
ite was used for the immobilization of heme proteins with different
sizes and biosensor fabrication successfully. Results showed that
the Au-BC nanocomposite provided a biocompatible and conduc-
tive network structure to biomolecules, which could promote the
electron transport, accelerate the mass transport and enhance the
mechanical stability of the immobilization. Among these three
H,0, biosensors, HRP immobilized in the Au-BC film showed
the highest biocatalytic activity with good sensitivity, low detec-
tion limit and fast response toward hydrogen peroxide. This
unique nanocomposite material has widely potential applications
in biosensors and biocatalysis.
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