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A novel H2O2 sensor is achieved by immobilizing horseradish peroxidase (HRP) in an electropoly-
merized methylene green (PMG) redox ®lm. The electropolymerization of MG is carried out in a
neutral phosphate bu�er solution with 5 ´ 10)5

M methylene green (MG) by using a two-step
method. The polymer ®lm only occurs on glassy carbon (electrodes and the reason for this is iden-
ti®ed. The critical factor for the electropolymerization of MG lies in the preanodization on a glassy
carbon) electrode, because a large amount of positive charges are accumulated and used to create the
cation radicals form the polymer ®lm. The formal potentials of PMG is pH dependent with a slope of
57mV per pH unit between pH6.0 and 8.0, which is close to the anticipated Nernstian value of
59mV for a two-electron, two-proton process. The PMG itself and the PMG on the H2O2 sensor
show electrochemical behaviour with a linear plot of peak current against scan rate in the range 20 to
100mV s)1.
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1. Introduction

Recently, electrochemical methods have proved use-
ful in the preparation of enzyme electrodes. Since the
pioneering work of Foulds and Lowe [1], the
immobilization of enzymes in an electropolymerized
polymer ®lm has been developed to prepare bi-
osensors [2±10]. Most work in this area has been
concentrated on use of electropolymerized conduct-
ing ®lms, such as polypyrrole [1±5] and its derivatives
[6] as well as polyaniline [7], and nonconducting
polymers, such as polyphenol [8] and poly(o-phen-
ylenediamine) [9, 10]. The technique based on im-
mobilization of enzymes in electropolymerized ®lms
has proved to be well suited to the preparation of
electrochemical biosensors owing to their simple and
convenient fabrication and good reproducibility.
However, among most of these biosensors, oxygen is
the electron acceptor and the quantitative analysis is
based on determination of H2O2 liberated by the
enzymatic reaction. Therefore, they belong to the
®rst generation of biosensors. In addition, little work
has been done on the electrochemical codeposition of
metal particles and glucose oxidase to prepare glu-
cose sensors [11, 12].

In the past few years, much interest has arisen in
the preparation, properties and application of elec-
tropolymerized redox mediators owing to their vari-
ous chemical properties and their numerous possible

applications in electrocatalysis and sensors [13±22].
For example, several phenazine, phenoxazine and
phenothiazine derivatives have been ®lmed by elec-
tropolymerization and used as mediators [13±19].
Compared with the conventional methods of media-
tor immobilization, the redox dye-modi®ed electrodes
produced by electropolymerization with a three-
dimensional distribution of mediators are preferable
for the design of biosensors because the much larger
catalytic response of polymer coatings than mono-
layers results from the volume e�ect, and hence the
catalytic activity and sensitivity are expected to be
improved. For instance, Karyakin et al. [13] reported
that the long-term operational stability of poly-
(methylene blue) ®lm was much higher than that of
the adsorbed mediator and its catalytic activity was
found to be at least ten times more active in NADH
oxidation compared with the monolayer. High
NADH oxidation currents were also obtained with
electrodes modi®ed by electropolymerization of 3,4-
dihydroxybenzaldehyde [20].

The electropolymerized redox mediators work as
arti®cial electron donors/acceptors in enzyme reac-
tions on the one hand and are able to be electropo-
lymerized on electrode surfaces so as to produce stable
redox-active layers on the other hand. The catalytic
oxidation of NADH [16±20]. In addition, platinum
electrodes modi®ed with a ®lm of poly(azur (A) gives
an electrocatalytic response to hemoglobin) [15]. An
amperometric dehydrogenase biosensor based on
poly(methylene blue) onto glassy carbon electrodes*Corresponding author.
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has been reported [13]. However, the immobilization
of enzyme in the biosensor was by virtue of the for-
mation of the enzyme-containing Na®onÒ membrane.
As far as we know, no work on immobilization of
enzymes in electropolymerized redox mediator ®lms
in biosensor fabrication has been reported.

In this paper we show a novel enzyme immobili-
zation technique by incorporation of horseradish
peroxidase into an electropolymerized methylene
green redox polymer ®lm; this is achieved only on
glassy carbon electrodes from a neutral phosphate
bu�er solution using a two-step method.

2. Experimental details

2.1. Reagents

Horseradish peroxidase (HRP) was obtained from
sigma. Methylene green (MG, a cation dye, the
structure is shown in Scheme 1) from Fluka. Hy-
drogen peroxide (30%w/v) was purchased from
Shanghai Chemical Reagent Company, PRC. The
concentration of more diluted hydrogen peroxide
solutions prepared from this material was determined
by titration with cerium(IV) to a ferroin endpoint [23].
All other chemicals were of analytical grade. All
electrochemical experiments were carried out in 5ml
of 0.1M phosphate bu�er (pH 6.5, apart from the pH
parameter experiments). All solutions were prepared
using doubly distilled deionized water.

2.2. Apparatus

A three-electrode system was employed, with a plat-
inum foil counter electrode, a reference electrode of
silver/silver chloride in 3M potassium chloride (Ag/
AgCl) and a glassy carbon working electrode. The
glassy carbon electrode (GCE, 3mm dia.) was pol-
ished ®rst with diamond paper, followed by 0.5 lm
alumina paste, sonicated in distilled water to remove
any residual alumina, and then further cleaned in 1 : 1
nitric acid, acetone and doubly distilled water suc-
cessively. All potentials are reported against Ag/AgCl
unless stated otherwise. Electrochemical measure-
ments were carried out with a cyclic voltamperogragh
(Scienti®c Equipment Company of Fudan University,
Shanghai, China) in conjunction with a type 3086
X±Y recorder (Tokyo, Japan). All experiments con-
cerning the redox reaction of horseradish peroxidase
were carried out in a thermostated electrochemical
cell at 25 °C. A Hewlett±Packard 8452A diode array
spectrophotometer (US) was used for u.v.±vis. spec-
tra measurements.

2.3. Electropolymerization of MG and preparation of
enzyme electrode

The electropolymerization of MG was carried out in
two steps: (i) preanodization under a constant po-
tential of +1.4V for 10min and (ii) voltammetric
cycling between )0.4 and +0.1V at 100mV s)1. This
procedure was employed to achieve the electropoly-
merization of thionine from neutral aqueous solution
for the ®rst time [24]; the process being carried out
from acetonitrile solution or H2SO4 aqueous solution
in the past. The electropolymerization of MG was
carried out in an one-compartment electrochemical
cell, containing 5 ´ 10)5

M MG in 5ml of 0.1M

phosphate bu�er solution (pH 6.5). The H2O2 sensing
biosensor was prepared by cyclic scanning in a mixed
solution of 5 ´ 10)5

M MG and 1000 U HRP in 1ml
of pH6.5 phosphate bu�er according to the two-step
method. After the ®lms of PMG and PMG with HRP
were formed, the electrodes were rinsed thoroughly
with doubly distilled water and dipped into the bu�er
solution to test their electrochemical behaviour and
the electrocatalytic activity toward H2O2 reduction in
the potential range )0.4 to +0.1V. When not in use,
the enzyme electrodes were stored in pH6.5 phos-
phate bu�er at 4 °C.

All solutions tested were thoroughly deoxygenated
by bubbling pure nitrogen and a continuous ¯ow of
nitrogen was maintained over the solution during
experiments.

3. Result and discussion

3.1. Electropolymerization of MG and electrochemical
responses of the PMG-modi®ed GCE

After a preanodization operation under a constant
potential of +1.4V had been carried out on a bare
GCE in pH6.5 phosphate bu�er solution containing
5 ´ 10)5

M MG, the cyclic voltammograms which
indicate the `progressive' nature during the formation
course of PMG with consecutive cycles were record-
ed, as shown in Fig. 1A. It is observed that a pair of
redox peaks appears around )0.25V with successive
scanning. With increase in scan number, the peak
currents increase. At the same time the anodic peak
potential shifts in the positive direction and the ca-
thodic peak potential in the negative direction. These
results indicate the increase in quantity of electroac-
tive species on the electrode and hence a decrease in
the rate electron transfer. The two steps described
above in the preparation of the PMG-modi®ed elec-
trode are absolutely necessary. If the potential sweep
range is con®ned within the range )0.4 to �0.1V
directly, without the pretreatment of oxidation at
high positive voltage, a cyclic voltammogram corre-
sponding to the redox reaction of MG monomer is
observed (Fig. 1B), which is not well-de®ned. In this
case, the cyclic sweep in this potential range results in
no substantial ®lm formation. The oxidation poten-
tial in the ®rst step is the most important factor for

Scheme 1. Structure of MG.
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the electropolymerization of MG and should not be
less than +1.2V. It is considered to involve two main
aspects. One is the surface activation of GCE by
preanodization, the other is the formation of `active
species' for polymerization (e.g., radical cation)
[21, 22]. On removal of the electrode from the dye-
containing solution, a golden ®lm was seen on the
electrode surface. When the ®lmed electrode was
washed and examined in background phosphate
bu�er (pH6.5), the cyclic voltammogram (Fig. 1C)
con®rmed the presence of surface-attached electro-
active material with a formal potential value of
)240mV.

Figure 2A shows the cyclic voltammograms of the
PMG-modi®ed GCE at various scan rates obtained
in pH6.5 phosphate bu�er solution. The peak cur-
rents are linearly proportional to the scan rates
(Fig. 2B), con®rming a surface-con®ned redox cou-

ple. The values of surface coverage of PMG from the
recorded voltammograms by integration of the ca-
thodic current peaks, correspond to the range
4.38 ´ 10)8 to 2.05 ´ 10)9mol cm)2 which is depen-
dent on the time and potential of preanodization.

The immobilization of MG by electropolymeriza-
tion on a GCE surface is very ®rm and permanent.
Treatment in an ultrasonic bath for 15 minutes in
doubly distilled water does not a�ect the redox peaks
of PMG. Only polishing again with alumina paste
can remove the golden ®lm completely. A long term
ultrasonication operation has been reported as de-
creasing the redox peak of the poly(azur I) ®lm [17].
A further successive potential scanning at 100mV s)1

for 1 h in pH6.5 phosphate bu�er can cause about a
10% decrease in current response.

The electrochemical behavior of PMG is a�ected
by pH as are other polymers of dyes [17, 19]. The pH
dependence of the formal potential is shown in Fig. 3.
The anodic and cathodic peak potentials shift in the
negative direction with increasing pH in phosphate
bu�er solution. The E°' decreases by 57mV per pH
unit between pH6 and 8 for the immobilized PMG,
which is close to the anticipated Nernstian value of
59mV for a two-electron, two-proton process.

3.2. Preanodization dependence of
electropolymerization of MG

As already mentioned, the preanodization process is
critical for the electropolymerization of MG and
should not be less than +1.2V. In fact, this pre-
anodization treatment can be carried out in either the
background phosphate bu�er or the bu�er contain-
ing MG. Experiments reveal that the amount of
electropolymerized MG increases with increasing
preanodization potential and time. These results have
been discussed in detail in another paper [24]. When
the two-step method is applied to electropolymerize
MG on a gold, platinum or a SnO2 electrode, we can
not obtain the PMG ®lm on these substrates.

Fig. 1. Cyclic voltammograms of (A) progressive course of the
PMG on a preanodized GCE at +1.4V for 10min in pH6.5
phosphate bu�er containing 5 ´ 10)5

M MG, (B) an unpreanodized
GCE in the same solution as (A), (C) PMG-modi®ed GCE in
pH 6.5 blank phosphate bu�er; scan rate, 100mV s)1.

Fig. 2. (A) Cyclic voltammograms of a PMG-modi®ed GCE in 0.1M phosphate bu�er solution (pH6.5) at scan rates of (a) 20, (b) 40,
(c) 60, (d) 80, (e) 100mVs)1. (B) Plot of anodic and cathodic peak current against scan rates.
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These experiments prompt consideration of the
reasons for polymer ®lm formation occurring only at
a glassy carbon electrode. Schlereth and Karyakin
have suggested that if the parent monomer has pri-
mary or secondary amino groups as ring substituents,
the cation-radical species are formed relatively early
(at about +800mV) [25]. The mechanism is like that
proposed by Bandreay and Archer [21]. In the case
when the parent monomer contains two tertiary
amino substituents, the cation±radical species are
formed at about �1200mV and an oxidation of at
least one of the amino groups is required before the
polymerization process can start [25].

The fact that the preanodization treatment can be
performed in either the background phosphate bu�er
or the bu�er containing MG, indicates that the pre-
anodization itself does not involve the formation of the
cation±radical species. However, if the potential sweep
is con®ned directlywithin the region of)0.4 to+0.1V,
only an ill-de®ned cyclic voltammogram is observed
(Fig. 1B) and no substantial ®lm results in. Therefore,
it is considered that the preanodization treatment is
mainly used to activate the glassy carbon electrode.

To gain insight into the process that occurs during
the electropolymerization of MG, we performed
some experiments on the preanodization of glassy
carbon electrodes at a high positive voltage and then
a cycle between 0 and )1.0V in supporting electrolyte
solution alone, without the addition of the electro-
active species. The cyclic voltammogram is shown in
Fig. 4A. From the reductive segment of the ®rst cy-
cle, a cathodic peak is observed, which also appeared
during electropolymerization of MG (Fig. 4B), while
in the subsequent cycles, no further anodic or ca-
thodic peaks are observed (Fig. 4A). These cathodic
peaks in the ®rst cycle after an oxidation treatment
are similar to the cathodic scans following pre-
anodization in Engstrom's work [26].

Engstrom [26] reported that cathodic scan yielded
a peak after preanodization of GCEs and the ca-
thodic peak was considered to originate from a

reaction involving the electrode itself. When the
charge passed during preanodization is compared
with the charge passed in the resulting cathodic peak
in the subsequent cathodic scan, the cathodic peak
accounts for only 4.5% of the total charge passed
during preanodization. The remaining charge passed
during preanodization apparently goes into surface
process not reduced in the cathodic peak or into the
production of solution species, or both [26]. Fur-
thermore, the large increases in the voltammetric
peak heights for probe species, for example, electro-
active cations, on the activated against polished GCE
surfaces suggested that anodization of a GCE in-
duced adsorption [27, 28]. Hence, when a preanod-
ized electrode is immersed in a solution containing
MG, MG molecules can be adsorbed on the electrode

Fig. 3. (A) Cylic voltammograms of a PMG-modi®ed GCE in 0.1M phosphate bu�er at pH value of (a) 6.0, (b) 7.0, (c) 8.0; scan rate
100mV s)1. (B) pH dependence of E°' of a PMG-modi®ed GCE.

Fig. 4. Cyclic voltammograms following preanodization of GCE
at +1.4V for 10min in a pH6.5 phosphate bu�er solution (A)
without and (B) with MG; scan rate 100mV s)1.
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surface and then oxidized into cation radicals by
those accumulated charges during preanodization,
Finally, these reactive cation radicals link through a
nitrogen atom as a common linkage between mono-
mer units in these kinds of polymer [25] with cycling
between )0.4 and +0.1V. The amount of electro-
polymerized MG on a glassy carbon electrode in-
creases with increase in the accumulated positive
charges. If MG molecules are adsorbed onto the
electrode surface directly, without cycling between
)0.4 and +0.1V, the colour of the electrode surface
is purple, not golden. That is why we emphasized
above that the two steps are absolutely necessary for
the electropolymerization of MG in this manner.

3.3. Immobilization of HRP in the PMG ®lm

The fact that the GCE can be modi®ed by the elec-
tropolymerization of MG monomer according to the
two-step method under very gentle conditions sug-
gests the immobilizing of enzymes by the PMG ®lm.
The enzyme electrode is fabricated by electrochemical
polymerization of MG in the presence of HRP onto
the GCE surface. HRP can be readily incorporated
into the polymerized MG ®lm during growth of the
polymer. The electropolymerization of MG and the
immobilization of HRP are carried out according to
the two-step method used for PMG. The presence of
HRP in the solution for the electropolymerization of
MG does not result in a substantial e�ect. The GCE
surface modi®ed by the electropolymerization from
the mixed solution of MG and HRP is also a golden,
fairly even ®lm.

Unlike PMG, a similar operation failed to e�ect the
electropolymerization of thionine from a mixed solu-
tion of thionine andHRP in an attempt to fabricate an
enzyme electrode. This may be attributed to the strong
electron attracting group (±NO2) in MG. Although
both MG and thionine are cation dyes in neutral so-
lution [25, 29], the MG molecule, with the strong
electron-attracting±NO2 functional group, is expected
to have a stronger a�nity with HRP than thionine,
with its electron-donating pendant amine group. To
understand the a�nity action between MG and HRP,
the u.v.±vis. spectra are recorded in pH6.5 phosphate
bu�er with 1 ´ 10)5

M MG and 50Uml)1 HRP, re-
spectively, as well as mixed solution of MG and HRP.
However, the spectrum of the mixed solution of MG
and HRP is simply the addition of the spectra from
MG and HRP alone, that is, the a�nity action be-
tween HRP and MG is not so strong as to cause ap-
parent changes in the u.v.±vis. spectra although the
immobilization of HRP can be achieved by the elec-
tropolymerization of MG. The PMG-modi®ed GCE
surface with HRP is also a golden, fairly even ®lm.

3.4. Amperometric biosensoring of H2O2 through the
H2O2 sensor

In pH6.5 phosphate bu�er solution with no H2O2,
the enzyme immobilized in the ®lm of PMG does not

contribute to the response and only the PMG on the
H2O2 sensor shows electrochemical behaviour with
a linear plot of peak current against scan rate within
the range 20 to 100mV s)1. This is very similar to the
behaviour of PMG without HRP (not shown here).
No catalytic reduction current is found on the GCE
modi®ed by the PMG when H2O2 is added to the
phosphate bu�er, but on the electrode modi®ed by
the PMG ®lm with HRP, a catalytic reduction wave
is observed. Figure 5 shows the cyclic voltammograms
of the H2O2 sensor in the absence (curve a) and the
presence (curve b) of 1mM H2O2 in the pH6.5
phosphate bu�er solution at a scan rate of
60mV s)1. Without H2O2, in the pH6.5 phosphate
solution, the cyclic voltammogram shows the re-
duction of PMG at approximately )0.28V. When
H2O2 is added, the voltammetric behaviour changes
with an increase in the reduction current and a de-
crease in the oxidation current, which indicates that
a catalytic reaction occurs on the H2O2 sensor. This
demonstrates that PMG cannot only immobilize the
horseradish peroxidase but also e�ectively shuttle
electrons between the redox centre of the enzyme
and the base electrode. The process of electron
transfer between H2O2 and the H2O2 sensor can be
illustrated as follows.

At ®rst HRP reduces the H2O2 di�using from the
solution:

H2O2 �HRP�red� ÿ! H2O�HRP�OX�

Then the oxidized HRP oxidizes PMGH to PMG+:

HRP�OX� � PMGH ÿ! HRP�red� � PMG�

This overall rereduction reaction of HRP(OX) includes
two separate steps [30, 31]:

HRP(I)� PMGH ÿ! HRP(II) � PMG5 �1�
HRP(II)� PMG5 ÿ! HRP�red� � PMG� �2�

Where one electron is donated at a time, HRP(I) is
HRP(OX) and PMG5 represented the free radical

Fig. 5. Cyclic voltammograms of the H2O2 sensor in 0.1M phos-
phate bu�er solution (pH6.5) in the absence (a) and presence (b) of
1mM H2O2; scan rate 60mV s)1; the surface coverage of PMG is
8.6 ´ 10)9mol cm)2.
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formed during the reaction. Subsequently oxidized
PMG is reduced to PMGH to produce the cathodic
catalytic current at the sensor:

PMG� �H� � 2 eÿ ÿ! PMGH

The pH dependence of the electrocatalytic current
for the H2O2 sensor has two causes. One cause is that
pH a�ects the activity of HRP, the other is that pH
a�ects the peak potentials of PMG. Therefore, both
the oxidation and reduction reactions of the HRP
catalysing cycle are a�ected by the pH of the working
bu�er. Concerning these two aspects, a pH range
between 6.0 and 8.0 has to be selected. In this work,
an optimum pH of 6.5 is chosen (Fig. 6) , which is not
only critical for the PMG's peak potential proper for
the catalytic reaction of HRP, but also guarantees the
catalytic activity of HRP.

When the potential is set at )0.28V, the reduction
peak potential of PMG, and the current response of
the H2O2 sensor at various H2O2 concentration can
be determined and a calibration plot made. Figure 7
shows the current responses as a function of H2O2

concentration.

4. Conclusion

We have achieved the immobilization of horseradish
peroxidase in an electropolymerized methylene green
redox ®lm and constructed a novel H2O2 sensor. The
catalytic reaction occurring on the H2O2 sensor in the
presence of H2O2 demonstrates that the ®lm of PMG
cannot only immobilize the horseradish peroxidase
but also e�ectively shuttle electrons between the en-
zyme's redox center and the base electrode. The
electropolymerization of MG is carried out according
to a two-step method from a neutral phosphate bu�er
solution, which only occurs on glassy carbon elec-
trodes. The critical factor for the electropolymeriza-
tion of MG lies in the operation of preanodization on
a glassy carbon electrode, because a large amount of
positive charges can be accumulated and used to
create the cation radicals in order to achieve the
formation of the polymer ®lm of MG.

Acknowledgements

The authors are grateful to the National Nature sci-
ence Foundation of China and the National Open
Laboratory of Changchun Institute of Applied
Chemistry, Chinese Academy of Sciences for ®nancial
support.

References

[1] N. C. Foulds and C. R. Lowe, J. Chem. Soc., Faraday
Trans. l 82 (1986) 1259.

[2] M. Umana and J. Waller, Anal. Chem. 58 (1986) 2979.
[3] W. Schuhmann and R. Kittsteiner, Biosens. Bioelectron. 6

(1991) 263.
[4] T. Taksuma, M. Gordaira and T. Watanabe, Anal. Chem.

64 (1992) 1183.
[5] C. G. J. Koopal and R. J. M. Nolte, Bioelectrochem. Bioe-

nerg. 33 (1994) 45.
[6] N. C. Foulds and C. R. Lowe, Anal. Chem. 60 (1988) 2473.
[7] S. Mu, J. Kan and J. Zhou, J. Electroanal. Chem. Interfa.

Electrochem. 334 (1992) 121.
[8] P. N. Barlett, P. Tebbutt and C. H. Tyrrell, Anal. Chem. 64

(1992) 138.
[9] P. N. Barlett and P. R. Birkin, ibid. 66 (1994) 1552.
[10] M. O. M. Berners, M. G. Boutelle and M. Fillenz, ibid. 66

(1994) 2017.
[11] J. Wang and L. Angnes, ibid. 64 (1992) 456.
[12] Q. Chi and S. Dong, Anal. Chim. Acta 310 (1995) 429.
[13] A. A. Karyakin, E. E. Karyakina, W. Schumhmann, H. L.

Schmidt and S. D. Varfolomeyev, Electroanalysis 6
(1994) 821.

[14] A. A. Karyakin, A. K. Strakhova, E. E. Karyakina, S. D.
Varfolomeyev and A. K. Yatsmirsky, Bioelectrochem.
Bioenerg. 32 (1993) 35.

[15] S. Dong and Q. Chu; Electroanalysis 5 (1993) 135.
[16] T. Ohsaka, K. Tanaka and K. Toknda, J.Chem. Soc., Chem.

Commun. (1993) 222.
[17] C. Cai and K. Xue, J. Electroanal. Chem. 427 (1997) 147.
[18] A. A. Karyakin, O. A. Bobrova and E. E. Karyakina, J.

Electroanal. Chem. 399 (1995) 179.
[19] A. Torstensson and L. Gorton, ibid. 130 (1981) 199.
[20] F. Pariente, E. Iorenzo and H. D. Abruna, Anal. Chem. 66

(1994) 4337.
[21] J. M. Bauldreay and M. D. Archer, Electrochim. Acta. 28

(1983) 1515.
[22] T. Ohsaka, M. Ohba, M. Sato and N. Oyama, J. Electro-

anal. Chem. 300 (1991) 51.
[23] E. C. Hurdis and H. Jr. Romeyn, Anal. Chem. 26 (1954)

320.
[24] R. Yang, C. Ruan and J. Deng, Electrochim. Acta, in press.

Fig. 6. E�ect of pH on the PMG-mediated H2O2 sensor at 25 °C
when [H2O2] � 1mM in 0.1M phosphate bu�er solution.

Fig. 7. Calibration plot for the PMG-mediated H2O2 sensor in
0.1M phosphate bu�er solution at 25 °C; the surface coverage of
PMG is 8.6 ´ 10)9mol cm)2.

1274 R. YANG, C. RUAN AND J. DENG



[25] D. D. Schlereth and A. A. Karyakin, J. Electroanal. Chem.
395 (1995) 221.

[26] R. C. Engstrom, Anal. Chem. 54 (1982) 2310.
[27] L. J. Kepley and A. J. Bard, ibid. 60 (1988) 1459.
[28] P. M. Kovach, M. R. Deakin and R. M. Whightman, J.

Phys. Chem. 90 (1986) 4612.

[29] J. Clavilier, V. Svetlicic and V. Zutic, J. Electroanal. Chem.
386 (1995) 157.

[30] H. Durliat, A. Courteix and M. Comptat, Bioelectrochem.
Bioenerg. 22 (1989) 197.

[31] D. J. Danner, P. J. Jr. Brignac, D. Arceneaux and V. Patel,
Arch. Biochem. and Biophys. 156 (1973) 759.

A H2O2 BIOSENSOR 1275


