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A stable and controllable Prussian blue (PB) layer electrodeposited on self-assembled monolayers
(SAMs) of thioctic acid amide (T-NH,) on gold electrode was prepared. The PB, combining with
biocompatible matrix chitosan, was used for the highly efficient immobilization of glucose oxidase
(GOD) for sensitive biosensing of glucose. The PB on SAMs exhibits a good stability and a much
higher catalytic ability toward the reduction of hydrogen peroxide in neutral medium, compared with
that of PB directly electrodeposited on bare Au electrode. The biosensor at an applied potential of 0.0 V
exhibits good anti-interferent ability, with a low detection limit of 2 uM and a much higher sensitivity
(59.9 mA M~! cm?). The apparent Michaelis-Menten constant (K%) and apparent activation energy
of enzymatic reaction were found to be 5.4 mM and 24.1 kJ mol~'. The present method provides

a promising platform for the development of new biosensors and bioelectronic devices.

Introduction

The glucose biosensors based on immobilized glucose oxidase
(GOD) on electrode surface have attracted special interest for
researchers due to their great application in the clinical, enviro-
nmental, and chemical analysis. The enzymatically generated
H,>0, can be detected electrochemically by the electrooxidation of
H,0, at high applied potential.' However, many reduced species,
such as ascorbic acid (AA), uricacid (UA) and so on, are easily co-
oxidized at this potential and may produced interfering current.>?

For now, increasing attention has been devoted to avoiding or
decreasing such interferences to enhance sensitivity. The focus is
mainly on two aspects. One is to adopt a redox mediator as
a catalyst for reduction of H,O,, instead of its oxidation, to
decrease the H,O,-detecting potential. Another is to use perm-
selective layer to diminish or inhibit the electroactivity of inter-
ferents, while maintaining a high permeability of H,O, across the
layer. Peroxidase,*> proteins containing heme groups®’ and
hexacyanoferrate® are usually used as transducers for the
reduction of H,0, at low applied potential. Among them,
Prussian blue (PB), a typical hexacyanoferrate, is an efficient
redox mediator for selective reduction of H,O,. Its high chemical
stability, facile preparation and rich electrochemical, optical and
magnetic properties make it more extensive in the application of
biosensor.>'* However, the PB was not stable on the surface of
bare electrode at neutral solution, which limited its use in
biosensor fabrication. Thus, it is necessary to find a suitable
method for the immobilization of PB to improve its operational
stability and to enhance its sensitivity for the reduction of H,O,
in neutral solution.

Self-assembled monolayers (SAMs) is a very general and
powerful technique for modifying Au electrodes. SAMs, with
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amino groups, can offer an excellent microenvironment for the
immobilization of PB and make PB stable due to electrostatic
attraction between positively charged amino groups on the SAMs
and negatively charged [Fe(CN)¢]* "~ during the formation of PB
layer. A disulfide-containing base, thioctic acid amide (T-NH,),
has distinct advantages for this purpose.’>** The disulfide-con-
taining base yields two gold-sulfur bonds, and gives additional
stability, compared with the single gold-sulfur bond formed by
alkanethiols with a gold surface. Up to now, there are no reports
about the PB electrodeposited directly on the SAMs of T-NH,.

On the other hand, chitosan (Chit), a polyelectrolyte with
amino groups, displays an excellent film forming ability,
biocompatibility, high mechanical strength and a susceptibility to
chemical modification, it has been extensively used for immobi-
lization of enzymes to construct the amperometric biosensors in
recent years.>'>!¢ Chitosan can not only provide a suitable
microenvironment for enzyme, but also make PB more stable in
neutral solution due to the protection of amino groups on PB.

Taking account of the advantages of SAMs, PB, and the
biocompatibility of chitosan, constructing amperometric
biosensor with them will be a good promising prospect of
application. It is expected that the combination of PB and Chit
will provide a suitable microenvironment for the immobilization
of GOD and make the sensor stable and sensitive for sensing
glucose. On this basis, we have developed a novel amperometric
glucose biosensor based on Chit/GOD/PB/SAMs modified Au
electrode. The proposed biosensor exhibits a highly sensitive and
selective response toward glucose sensing.

Experimental
Reagents and chemicals

Chitosan (Chit, MW 1.5 x 10°, 75% ~85% deacetylation) was
obtained from Yuhuan Chemical Factory (Zhejiang, China).
Glucose oxidase (GOD, from Aspergillus niger, 10000 unit mg=")
obtained from Sigma, was used without further purification.
Glucose (Glu), ascorbic acid (AA) and uric acid (UA) were

2092 | Analyst, 2010, 135, 2092-2098

This journal is © The Royal Society of Chemistry 2010


http://dx.doi.org/10.1039/c0an00019a
http://pubs.rsc.org/en/journals/journal/AN
http://pubs.rsc.org/en/journals/journal/AN?issueid=AN135008

Published on 01 June 2010. Downloaded by Colorado College on 28/10/2014 22:32:09.

View Article Online

purchased from Tianjin Kaitong Chemical Reagent Co. Ltd.
(China). Thioctic acid amide (T-NH,), obtained from Aldrich
Chemical Co. Inc., was dissolved in anhydrous ethanol.
Glutaraldehyde (GA) solution (50%) was obtained from Tianjin
Kemiou Chemicals Factory (China). Potassium ferricyanide was
the product of Shanghai Chemical Reagent Factory (Shanghai,
China). Hydrogen peroxide (H,O,, 30%, w/v solution) was
purchased from Tianjin Yongda Chemical Reagent Develop-
ment Center (China), and used as received. The exact concent-
ration of H,O, was obtained by titration with a standard
potassium permanganate solution. All other chemicals were of
analytical reagent grade, and used as received.

Phosphate buffer solutions (PBS, 0.10 M, pH 6.5) were
prepared from disodium hydrogen phosphate and potassium
dihydrogen phosphate (Tianjin Chemical Reagent Factory,
Tianjin, China), with the pH adjusted with potassium hydroxide
or phosphoric acid.

A 1.0 wt.% chitosan solution was prepared by dissolving 1.0 g
of chitosan flakes into 100 ml of 1.0% acetic acid and stirred for
10 h at room temperature until complete dissolution. The
chitosan solution was filtered by a 0.45 um syringe filter, and then
stored in a refrigerator when not in use.

A 1.0 M glucose stock solution was prepared in 0.10 M PBS
(pH 6.5), and allowed to mutarotate for 24 h at room tempera-
ture before use.

Electrochemical measurement

All electrochemical experiments were carried out using
a computer-controlled CHI 750C electrochemical workstation
(CH Instruments, Chenhua Co., Shanghai, China) at ambient
temperature (23 + 2 °C). A conventional three-electrode system
was used. The working electrode was a modified Au electrode,
and the reference electrode was an Ag/AgCl (3 M KClI). The
counter electrode was a platinum wire.

In amperometric experiments, the current-time data were
recorded by applying a potential of 0.0 V on a stirred cell after
a constant residual current had been established and a glucose
solution was successively added into the buffer solution. The
response current was marked with the change value of the steady
state current and the background current.

Electrochemical impedance spectroscopy (EIS) measurements
were carried out in the presence of 5.0 mM Kj;[Fe(CN)g)/
K4[Fe(CN)g] (1 : 1) and 0.10 M PBS (pH 7.0) by applying an AC
voltage with 5 mV amplitude in a frequency range from 5.0 x
1072 to 1.0 x 10° Hz at the potential of 0.14 V.

Preparation of modified electrode

The gold disk electrodes (2 mm @) were carefully polished first
with 1200 grit Carbimet disk, and then followed by 1.0, 0.3 and
0.05 um alumina slurry on microcloth pads. After removing the
trace alumina from the surface by rinsing with water at each step,
the electrodes were ultrasonicated for 10 min in a fresh Piranha
solution (H,SO4 : H,O, = 3 : 1(v/v)). Warning: Piranha solution
reacts violently with organic solvents. The electrodes were then
ultrasonicated in water, acetone, and water again for 5 min,
respectively. After being rinsed with water and dried, the elec-
trodes were incubated in a 10 mM anhydrous ethanol solution of

T-NH, at 4 °C for ca. 15 h to form monolayer and introduce
amino groups on the surface of gold electrodes. The modified
electrodes were rinsed in turn with ethanol and water, to remove
any physically adsorbed T-NH,. Then electrochemical deposi-
tion of PB on the surface of modified electrodes was carried out
by potential cycling in an unstirred fresh 0.050 M K;3[Fe(CN)g] +
0.050M Fez(SO4)3 +0.10M KzSO4 +0.050 M HzSO4 solution in
the potential range of —0.05 ~ +0.5 V at a scan rate of 20 mV s,
The amount of the PB electrodeposited on SAMs-modified
electrode was controlled by scanning time, which usually took ca.
10 cycles to obtain the optimal amount of the PB. The PB/SAMs/
Au electrode was then rinsed carefully with water and dried.
After that, an aliquot of 5 pL of 5.0 mg mL~' GOD solution was
dropped onto the surface of the PB/SAMs/Au electrode and
dried in a refrigerator at 4 °C. Then an aliquot 5 uL of 1% chi-
tosan solution was dropped onto the surface of the GOD/PB/
SAMs/Au electrode and dried. Finally, the enzyme electrode
without rinse was dip-coated by 5 pL of 0.25% glutaraldehyde
(GA). After 30 min, the resulting Chit/GOD/PB/SAMs/Au
electrode was thoroughly washed with water, and then stored in
0.10 M PBS (pH 6.5) at 4 °C for future use.

Results and discussion

Electrochemical impedance characterization of PB-modified
electrodes

Electrochemical impedance spectroscopy (EIS) is an
effective method to probe the features of surface-modified
electrodes.™™ In order to obtain more information about the
electrical properties of interfaces between electrodes and solu-
tion, the working electrode was modelled as an equivalent
circuit (inset of Fig. 1), as already used for other modified
electrodes.?® In the equivalent circuit, it was assumed that the
resistance to electron transfer (Ret) and the diffusion imped-
ance (W) were both in parallel to the interfacial capacity (Cdl),
which are in series with an electrolyte solution resistance Rs.
This parallel combination of Ret and Cdl gave rise to a semi-
circle in the Nyquist plot of Z” vs. Z'. When various substances
are assembled on the surface of the electrode, the resistance
value varies accordingly.? In this paper, the assembly process
of Chit/GOD/PB/SAMs layers on the Au electrode was moni-
tored by EIS experiment, and the results are shown in Fig. 1.
At a bare gold electrode, only a very small semicircle could be
observed, showing a low transfer resistance (Fig. 1(a)). For
T-NH, modified electrode, the diameter of the semicircle
increased greatly (Fig. 1(b)), implying that the SAMs of T-NH,
obstruct electron-transfer of the redox probe. The results
indicate that the SAMs inhibit penetration of the [Fe(CN)¢]*~/
[Fe(CN)g]*~ redox species toward the electrode. After the
electrodeposition of PB, the interfacial resistance decreased
greatly (Fig. 1(c)), indicating that the PB layer forms high
electron conduction pathways between the electrode and the
redox couple, and promoted the electron transfer of the redox
couple ([Fe(CN)g]*/[Fe(CN)g]* ). This may be ascribed to the
excellent conductivity of the PB and facilitated electron-transfer
rate. When GOD was assembled on the PB layer, the interfacial
electron-transfer resistance increased (Fig. 1(d)). This result is
attributed to the non-conductive properties of GOD, which
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Fig.1 The Nyquist plot of various modified electrodes in the presence of
5.0 mM [Fe(CN)g]* /[Fe(CN)e]*~ and 0.10 M PBS (pH 7.0). The
frequency range was 5.0 x 107 to 1.0 x 10° Hz. (a) @ Bare Au electrode,
(b) M SAMs/Au electrode, (c) @ PB/SAMs/Au electrode, (d) @ GOD/
PB/SAMs/Au electrode, and (e) A Chit/GOD/PB/SAMs/Au electrode.
Inset is the Randles circuit.

hinders the access of the redox probe to the electrode, and
obstruct electron-transfer of the redox couple. It is similar to
the previous report.’* With the assembly of Chit on GOD layer
(Fig. 1(e)) the interfacial resistance decreased again, but it is
larger than that of bare Au and PB layer, suggesting that Chit
layer promoted the electron transfer compared with the GOD
layer. This may be ascribed to the weak conductivity of
chitosan film. These results above proved that SAM, PB GOD
and Chit have been successfully assembled onto the Au
electrode.

Cyclic voltammetry characterization of PB electrodeposited on
the SAMs

Cyclic voltammetry was used to characterize the electro-
chemical behaviour of PB electrodeposited on the surface of
modified electrode. Fig. 2 shows the cyclic voltammograms of
the electrochemical deposition of PB on SAMs-modified Au
electrode in 0.050 M Kj[Fe(CN)g] + 0.050 M Fe,(SOy); +
0.10 M K,SO4 + 0.050 M H,SO,. It can be seen that a pair
of well-defined redox peaks grow with potential cycling during
the first 10 cycles in the potential range from —0.05 to
+0.5 V, and then decreased gradually. The continuously
increasing current indicated that PB was gradually accumu-
lating around amino groups in the surface of SAMs-modified
electrode, until the electrodeposition reached saturation state.
The further electrochemical deposition of PB made peak
currents decrease, which indicated that a thicker PB layer was
unstable and easy to drop down from the surface of SAMs-
modified electrode. The forming processes of PB layer can be
inferred that [Fe(CN)¢]*~ ions are attracted by positively
charged amino groups, and gather together around them. The
[Fe(CN)g]*~ is electroreduced to [Fe(CN)g]*~ while capturing
an electron. Subsequently, the PB molecules are deposited
around amino groups, while [Fe(CN)g]*~ combines with Fe**
in solution.
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Fig. 2 Cyclic voltammograms of SAMs-modified Au electrode in
a solution containing 0.050 M Kj;[Fe(CN)g] + 0.050 M Fe,(SOy4); +
0.10 M K,SO4 + 0.050 M H,SOy,. Scan rate, 20 mV s,

Electrocatalytic reduction of H,O, on PB-modified electrode

The insoluble form of PB, Fe"[Fe"(CN)4]s, can be reduced to
soluble Prussian White (PW), K4{Fe,"[Fe"(CN)4]s}, at approxi-
mately —0.1 V vs. SCE.*! The reduced form of PB (Prussian
White) has a catalytic activity for the reduction of H,O, and can
chemically reduce H,O, in an acidic solution,?*?* thus acting as an
electron-transfer mediator between the electrode and H,O,
generated by the enzymatic oxidation of glucose.?* The mech-
anism of catalytic reduction of H,O, on PB/SAMs/Au electrode
can be expressed as the follows.!*??

Fe,"[Fe'(CN)els + 4 K* + 4= 2 Ky{Fe [Fe'(CN)gls} (1)

Ky {Fe"[Fe"(CN)els} +2H,0, + 4H" —
Fe4IH[F€H(CN)6]3 +4 K*+ 4H20 (2)

Fig. 3 shows cyclic voltammograms of the PB/SAMs/Au
electrode in the presence or absence of H,O, at 20 mV s~' in a pH
6.5 PBS. In the absence of H,O,, the PB/SAMs/Au electrode only
gave the electrochemical response of PB itself (Fig. 3(a)). Upon
addition of 4.0 mM H,0,, the cyclic voltammogram changed
with an increase in the reduction current and a decrease in the
oxidation current (Fig. 3(b)), displaying an electrocatalytic
behavior of PB in response to the reduction of H,O, at a low
applied potential, which is possible to eliminate the interfering
effect of oxidizable species, such as AA, UA and so on.

Thermal stability of GOD immobilized on modified electrode

Temperature is an important factor effecting activity of immo-
bilized enzyme. The effect of temperature on the biosensor
response to 0.50 mM glucose was evaluated from 10 to 60 °C, as
shown in Fig. 4. It can be found that the response current
increased with the increase of temperature, and reached
a maximum value at ca. 50 °C, which may result from the
increase of the activity of the immobilized GOD with the increase
of temperature. Then, the enzyme activity decreased over 50 °C
due to the deactivation of GOD at higher temperatures.
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Fig.3 Cyclic voltammograms of the PB/SAMs/Au electrode recorded in
0.10 M PBS + 0.10 M K,SO, solution (pH 6.5) containing 0.0 (a) and
4.0 mM H,0; (b). Scan rate, 20 mV s~
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Fig. 4 Effect of temperature on the current response of the enzyme
electrode in 0.10 M PBS + 0.10 M K,SO, (pH 6.5) containing 0.50 mM
glucose. Inset, the plot of In i against 7' x 1000 between 10 and 40 °C.
Applied potential, 0.0 V vs. Ag/AgCl (3 M KCI).

According to the Arrhenius formula,
Ink=1nA — (EJ/RT) 3)

where k is the rate constant, E, is the activation energy, 4 is the
frequency factor, R is the universal gas constant and T is the
absolute temperature. Since the steady state current (i) is
proportional to the rate constant k, the Arrhenius formula can be
expressed as follows.?

Ini=Ini, — (EJRT) @)

The apparent activation energy was calculated from the slope
of Fig. 4 and found to be 24.1 kJ mol~!, which is similar to 23.9
and 25.3 kJ mol~' obtained by previous work.?6*”

Effects of the applied potential and the solution pH

The effect of the applied potential on the enzyme electrode
response was investigated in the range from —0.3 to +0.2 V in

a PBS containing 1.0 mM glucose. The results showed that along
with the decrease of the applied potentials the response current
gradually increased and simultaneously operational stability
decreased. No maximum current response was obtained. When
the potential was below 0.0 V, the response currents of the
electrode became obviously unstable. It is similar to the previous
report.?® Taking into account the response sensitivity, opera-
tional stability and effective avoiding interference, a potential of
0.0 V was selected as the applied potential for glucose sensing in
further experiments.

The effect of the solution pH on the sensitivity of the biosensor
is of great importance due to the bioactivity of GOD and the
stability of PB depending on pH. The response behavior of the
biosensor to 1.0 mM glucose in PBS with different pH values
ranging from 5.0 to 8.0 was investigated, as shown in Fig. 5. The
results showed that the response current increased from pH 5.0
to 6.5, and then decreased sharply from pH 7.0 to 8.0. The
maximum response current was observed in pH range from 6.5 to
7.0. The decrease of the current response when pH more than 7.0
is attributed to the decrease of both PB stability**** and GOD
activity.** The increase of current response from pH 5.0 to 6.5 is
due to more negative charges of GOD (pI = 4.2),*? which makes
the electrostatic interaction between GOD and Chit increase, and
enzyme activity enhance. Considering the stability of PB and the
practical biosensing applications, the PBS of pH 6.5 was selected
as the optimal supporting electrolyte.
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Fig. 5 Effect of the solution pH on the stable current response of the
enzyme electrode in 0.10 M PBS + 0.10 M K,SO, containing 1.0 mM
glucose. Applied potential, 0.0 V vs. Ag/AgCl (3 M KCI).

Effect of electroactive interference

Fig. 6 shows the current responses to the biosensor upon the
injection of glucose and various electroactive interferences at the
low applied potential. The results showed that upon addition of
0.10mM AA or 1.0 mM UA the observed current responses were
very small, contrast to the large response to the addition of
0.50 mM glucose, indicating that the effects of AA and UA on
the response current are really not obvious at the low applied
potential. It is consistent with the previous reports.'®3* Addi-
tionally, the chitosan-crossed film, with small pore size and
permselectivity, can restrain electroactive interferents from
permeating into it. The response currents for chitosan-crossed
film coated electrode and chitosan-crossed film free electrode to
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Fig. 6 Amperometric response obtained at the Chit/GOD/PB/SAMs/Au

electrode in 0.10 M PBS + 0.10 M K,SO, solution (pH 6.5) on successive

injection of 0.50 mM glucose, 0.10, 0.20 mM AA, 0.10, 0.40, 1.0 mM UA,
and then 1.0 mM glucose. Applied potential, 0.0 V vs. Ag/AgCl (3 M KCI).

Table 1 Response current to H>O, and various interferents at Au/
SAMs/PB and Au/SAMs/PB/Chit electrodes

Response current to substrates/nA“

Electrode AA UA AP rL-tyr L-cys H,0O,

Au/SAMs/PB 110.8 200 3.3 53.4 33 333.1
Au/SAMs/PB/Chit ~ 47.3 0.9 0.8 12.9 0.8 327.1

“ Applied potential, 0.0 V vs. Ag/AgCl (3 M KCl).

H,O, and various interferents are investigated at an applied
potential of 0.0 V, and the results are listed in Table 1. As seen
from Table 1, the response currents decreased remarkably to
ascorbic acid, uric acid, acetaminophen (AP), L-tyrosine (L-tyr)
and L-cysteine (L-cys) after coating the electrode with chitosan-
crossed film. However, the response current to H,O, was no
significant reduction. The results indicate that chitosan-crossed
film is a good permselective film to diminish or inhibit interfer-
ents, while a high permeability for H,O,. The Chit/GOD/PB/
SAMs/Au electrode is thus of good anti-interferent ability due to
the low applied potential used and the selective permeability of
analyte across the chitosan film.

Amperometric response of the biosensor toward glucose

In the presence of dissolved oxygen, H,O, is generated during the
oxidation of glucose catalyzed by GOD. The enzyme-dependent
catalytic process can be expressed as follows.3***

GOD(ox) + glucose — GOD(red) + gluconolactone (5)
GOD(red) + O, — GOD(ox) + H,0, (6)

The H,O, generated by the enzymatic oxidation of glucose
increased correspondingly along with the increase of glucose
concentration, and then H,O, is reduced at PB-modified elec-
trode and the intensity of reduction current is proportional to the
concentration of glucose in solution. Therefore, the current

response of the electrocatalytic reduction of H,O, can be as the
analytical signal for determination of glucose.

In this study, SAMs play an important role for the stability of
PB. The effect of SAMs on the response of enzyme electrode was
investigated. A SAMs-free enzyme electrode, as a controlling
electrode, was prepared by direct electrochemical deposition of
PB on the surface of bare Au electrode. Fig. 7 shows the
amperometric response of Chit/GOD/PB/SAMs/Au electrode
and Chit/GOD/PB/Au electrode at an applied potential of 0.0 V
upon successive addition of glucose. It can be found that the
amperometric response of SAMs-modified electrode was much
higher, with a good stability in the presence of 0.10 mM glucose
(Fig. 7(a)). In contrast, for the SAMs-free electrode the
amperometric response decreased significantly, with very low
signal-to-noise ratio (S/N) and low operating stability in the
presence of 0.20 mM glucose (Fig. 7(b)), which confirmed that
the SAMs in the biosensing interface could enhance the stability
of PB and efficiently improve the electron transfer between
analyte and electrode surface. The Chit/GOD/PB/SAMs/Au
electrode exhibited a rapid and sensitive response to the change
of glucose concentration.

The results above proved that the PB electrodeposited on the
SAMs could make GOD have high activity and provide an
efficient conduction pathway to accelerate electron transfer,
compared whit that of PB on bare Au electrode.
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Fig.7 Amperometric response of Chit/GOD/PB/SAMs/Au electrode (a)
and Chit/GOD/PB/Au electrode (b) upon successive addition of 0.10 or

0.20 mM glucose to 0.10 M PBS + 0.10 M K,SO, solution (pH 6.5) as
indicated. Applied potential, 0.0 V vs. Ag/AgCl (3 M KCI).

Fig. 8 shows the response of the biosensor to glucose
concentration in PBS at an applied potential of 0.0 V. Upon the
addition of an aliquot of glucose to the PBS, the reduction
current increased and then reached a stable value. The modified
electrode achieved 95% of the maximum steady-state current in
less than 8 s, which demonstrated clearly that the electrocatalytic
response was very fast.

As shown in Fig. 8 (inset), the biosensor signal was propor-
tional to the glucose concentrations from 0.01 to 1.0 mM with a
correlation coefficient of 0.9996. From the slope (1.88 pA mM ")
of the calibration curve, a sensitivity of 59.9 mA M~ cm 2 was
obtained. Compared with the sensitivities reported for a PB based
on chitosan and carbon nanotube by layer-by-layer self-assembly
technique (8.017 mA M~' cm ?)* and a poly(o-aminophenol)
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Fig. 8 Current-time curves obtained with the Chit/GOD/PB/SAMs/Au
electrode upon successive addition of glucose (0.010 mM (a,b), 0.020 mM
(c,d), 0.040 mM (e), 0.10 mM (f~g)) in 0.10 M PBS + 0.10 M K,SO,
solution (pH 6.5). Inset, calibration curve of the biosensor as a function of
glucose concentrations. Applied potential, 0.0 V vs. Ag/AgCl (3 M KCI).

and PB film modified Pt electrode (24 mA M~! cm~2),3¢ the results
we obtained in this study are better by factors of 7.5 and 2.5,
respectively. With a further increase in glucose concentration,
a plateau was observed, displaying the characteristics of
Michaelis—Menten kinetics. The apparent Michaelis—-Menten
constant, K&, a reflection of enzymatic affinity, can be calculated
according to the Lineweaver—Burk equation.3"3°

it = iilmax K:I)gp[s]—l + iilmax (7)

where [S] is the concentration of the substrate.

The apparent constant, K", for immobilized GOD was
found to be 5.4 mM, which is smaller than an earlier reported
value for free enzyme,*® and even smaller than 10.5 mM for
a PB based nonconducting poly(o-aminophenol) film elec-
trode.’ KiPapproximates the affinity of enzyme for the
substrate. A small Ki¥Pimplies that the GOD in the modified
electrode retains its catalytic activity and exhibits a higher
affinity for glucose.

Stability of the Chit/GOD/PB/SAMs/Au electrode

The stability of enzyme electrode under storage conditions (PBS
of pH 6.5 at 4 °C) was investigated in 0.10 M PBS + 0.10 M
K,SO, solution (pH 6.5) containing 0.50 mM glucose. The
results showed that only 10% loss of the enzyme activity was
observed in the first 2 weeks. Two weeks later, there was a slight
decrease of the response current. However, 87% response current
was still retained after 30 days. The good storage stability of the
enzyme electrode can be attributed mainly to the biocompatible
chitosan film. It can provide a suitable microenvironment to
maintain the biological activity of the enzyme immobilized on the
electrode. On the other hand, chitosan cross-linking by glutar-
aldehyde on the outer layer of the electrode forms a more
compact network structure, which effectively prevents the
leakage of the enzyme.

Conclusions

In this work, a highly sensitive glucose biosensor has been
developed based on the efficient immobilization of GOD on
a stable and controllable Prussian blue layer electrodeposited on
the SAMs of T-NH,, combining with biocompatible matrix
chitosan. The PB electrodeposited on the SAMs could not only
offer a friendly microenvironment for the immobilization of
GOD but also efficiently improve the electron transfer between
analyte and electrode surface, and the chitosan coated on the
surface of the enzyme electrode was helpful for maintaining
the activity of GOD and effectively preventing the leakage of the
enzyme, enhancing the stability and sensitivity of the sensor. The
resulting biosensor exhibited high anti-interferent ability, fast
current response and extremely high sensitivity for biosensing
glucose.
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