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In this paper, we employ microperoxidase MP-11 immobilized on mesoporous SnO; electrodes in order
to study its peroxidase activity and reaction mechanism. We demonstrate the catalytic redox chemistry
of theimmobilized MP-11 via direct interfacial electron transfer without the use of electron mediators. By
taking advantage from the optical transparency of the SnO, electrodes, optical absorbance spectroscopy
is used in order to compliment the data information obtained from electrochemical techniques. The

catalytic activity of the immobilized MP-11 is found to proceed via the Fenton reaction, yielding OH
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radical intermediates. We also demonstrate the viability of using this electrode system as a potential
H,0, biosensor with a sensitivity range of 0.05-30 wM.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Heme-containing proteins such as peroxidases and
cytochromes have many potential uses and applications in
the fields of biosensors and biocatalysis [1,2]. In the last 20years,
there has been considerable interest in the direct electron trans-
fer between redox proteins and electrode surfaces [3]. Many
immobilization methods were developed to fabricate protein
electrodes, such as sol-gel [4-6] and self-assembled techniques
[7,8]. By studying proteins immobilized on surfaces, one can obtain
valuable information on the mechanisms of biological electron
transfer. For example, the electrochemistry of microperoxidase 11
(MP-11) has been well studied. MP-11 is proposed as a potential
candidate to replace horseradish peroxidase (HRP) in its major
applications. This hemepeptide offers some advantages such as
simpler design, smaller size and commercial availability.

MP-11 is a small size redox enzyme obtained by proteolytic
digestion of cytochrome-c (Cyt-c) [9]. It is an oligopeptide con-
sisting of eleven amino acids and a covalently linked Felll -
protoporphyrin IX heme. The hemepeptide is soluble in water with
IEP of 4.7 [10,11]. Even though the peroxidase activity of MP-11
has been reported more than 60 years ago [12], its mechanism
has yet to be fully understood. It has been promoted to replace
Horseradish peroxidase (HRP) as it has been found to have a per-
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oxidase activity, as it can catalytically reduce H,0, to H,O [13].
However, little has been known about the MP-11 reaction mech-
anism. Some reports showed that this minienzyme undergoes the
classic peroxidase cycle [14], while others show data indicative of
a different mechanism [15], most probably Fenton chemistry.

The electrochemical and electrocatalytic properties of MP-
11 have been studied using different electrodes. Several reports
showed that MP-11 maintained its peroxide sensitivity upon
immobilization on a number of electrode materials such as ITO con-
ducting glass [16], silver [17], gold [14,18-20], graphite[21], carbon
paste [21], glassy carbon [22,23], single walled carbon nanotubes
[24,25] and multi-walled carbon nanotubes [26]. The immobi-
lization strategy includes the physical adsorption on electrodes
modified with either DDAB [15], nano-zinc oxide [27] or chitosan
[22] and polyion complex membranes consisting of poly-L-lysine
(PLL) and poly(4-styrene sulfonate) [28]. Covalent attachment of
MP-11 using cystamine [14] and glutaraldehyde [29] has also been
reported.

Wiring of redox enzymes on electrode surfaces by different
immobilization techniques is of great interest, as fast electron
transfer between the electrode surface and the redox centre of
the protein can be achieved [30]. By using MP-11 in particular, the
denaturing adsorptions of the proteins are limited, a better under-
standing of the redox properties of the enzyme can be achieved and
enzyme biosensors can be developed. A lower detection limit for
hydrogen peroxide as small as 0.5 M has been reported for immo-
bilized MP-11 [16,28]. However this figure has not yet reached
that of nanomolar range achieved with HRP and cytochrome c
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peroxidase (CcP) [31,32], indicating that more effort must be done
to improve MP-11 performance for it to be useful in electroanalyt-
ical applications.

Herein we describe the electrochemistry of MP-11 immobilized
on mesoporous SnO, electrodes. In the past we managed to immo-
bilize Cyt-c, Hemoglobin and HRP successfully on these electrodes
and developed optical and electrochemical biosensors [33,34].
Nanocrystalline SnO, films are more conducting than either ZnO or
TiO, films. This metal oxide exhibits aband gap (330 nm)and aniso-
electric point of IEP~5 similar to those of TiO, [34]. We immobilized
MP-11 on these electrodes in order to determine the mechanism
of the peroxidase activity of MP-11 in our experimental system
and to demonstrate the viability of using this electrode system as
a potential electrochemical biosensor.

2. Experimental
2.1. Chemicals

MP-11 from horse heart Cyt-c, poly-L-Lysine (PLL) (MW:
500-2000), poly(ethyleneimine) (PEI) (average My: 1200), dide-
cyldimethylammonium bromide (DDAB) (MW: 406,53) and
coumarin were purchased from Sigma-Aldrich. H,0, stock solu-
tion (10 mM or 100 wM) was prepared by diluting H,0, (30%, BDH
Aristar) in deionised water. The concentration of H, O, was verified
by optical measurements at 240 nm (249 =40 M~ cm~1) [35-37].
All aqueous solutions were prepared in distilled, deionised water
of resistance R=15 €2 cm.

2.2. Instrumentation

Electrochemical and spectroelectrochemical experiments were
performed using an Autolab PGStat 12 potentiostat and a Shi-
madzu UV-1601 spectrophotometer. The spectroelectrochemical
cell was a4 mL, three-electrode cell with quartz windows, employ-
ing a platinum mesh flag as the counter electrode, a Ag/AgCl, KCl
[3.5 M] reference electrode and the SnO, electrode as the working
electrode. All potentials are reported against Ag/AgCl. The elec-
trolyte solutions used were 3 mL of 10 mM PBS of pH 8, which
was deoxygenated with Argon prior any optical/electrochemical
measurements. For spectroelectrochemistry, the above cell was
incorporated in the sample compartment of the spectrophotome-
ter and the absorption changes monitored as a function of step
or sweep potential. Then, the absorbance at any wavelength indi-
cating electron transfer were differentiated with respect to the
potential, followed by smoothing with a fast Fourier transform
smoothing algorithm. All experiments were carried out at room
temperature.

2.3. Procedures

2.3.1. Preparation of SnO, electrodes

The SnO, paste, consisting of 15-nm-sized particles, was pre-
pared following a sol-gel procedure: 345 mL of distilled water was
used in a 500-mL glass beaker in a cooling bath (~-5°C). A total
of 10.8 mL (equivalent to 24 g) of SnCl4 was then slowly added and
left stirring until the solution became clear and the amount of SnO,
in the solution was ~4%. A dialysis membrane (Membra-Cel TM
MD34-14.100 Clear) was used to separate the colloids. The sol-gel
was then acidified to pH 1 with HNOj3 prior to autoclaving at 230°C
for 12 h. The solution was then concentrated to 12% before precip-
itating the SnO, with ethanol. After this, the colloidal solution was
prepared for spreading on conducting glass slides. We used a 20%
SnO, paste mixed with 7.3% ethylcellulose 7 mPa, 2.7% ethylcel-
lulose 45 mPa, and 70% terpineol and ethanol as the solvent. The
solution was stirred and sonicated until it became homogeneous.

The ethanol was removed by the use of a rotor evaporator using a
vacuum pump at 40°C. The SnO, suspension was then applied to
the surface of a conducting glass using the “doctor blade” technique.
Masking the glass slide with Scotch tape controlled the thickness
and the width of the area spread, with one layer of tape being
employed to yield a final film thickness of 4 um. The spread sus-
pension was then allowed to dry before being sintered for 20 min
at 450°C. The thickness of the mesoporous SnO- films was mea-
sured with a DEKTAK profilometer. The SnO, films were cut in
1cm? pieces. Immediately prior to enzyme immobilization, the
films were heated to 450°C for 15 min and then allowed to cool
down to room temperature before being immersed in the protein
solution. Modification of SnO, electrodes was achieved by immers-
ing them overnight in 20 wM poly-L-lysine (PLL), a polycationic
binding promoter solution.

2.3.2. MP-11 immobilization

Aqueous solutions of MP-11 were prepared in 10 mM sodium
phosphate (PBS) buffer of pH 6, 6.5, and 7, respectively. Prior to
immobilization, a piece of SnO, electrode was heated at 450°C
for 20 min to remove all the dirt and any adsorbed water. After
cooling, the electrode was immersed in MP-11 solution and the pro-
tein adsorption was followed by monitoring the optical absorbance
change over one week. Strong absorption was only observed fol-
lowing modification of SnO, electrodes by immersing them in
polycationic binding promoter solutions overnight, either 20 LM
poly-L-lysine (PLL), 15 M poly(ethyleneimine) (PEI) or 20 uM
didecyldimethylammonium bromide (DDAB).

The modified SnO, electrodes were then rinsed with PBS buffer
and immersed in MP-11 solution at 4°C for the required length of
time. Contributions to the spectra from the scatter and absorption
by the SnO,, electrode alone were subtracted by the use of protein
free reference electrodes. Prior to all spectroscopic measurements,
electrodes were removed from the immobilization solution and
rinsed in buffer solution to remove non-immobilized protein.

2.3.3. Electrochemical sensing

The H,0, solution was titrated into the electrochemical cell
using a GSE microsyringe. Electrochemical biosensing was per-
formed by the chronoamperometric technique, monitoring the
increase in catalytic current after titration into the cell of hydrogen
peroxide. All experiments were carried out at room temperature.

2.3.4. Hydroxyl radical assay with coumarin

The presence of hydroxyl radicals was assayed by the formation
of a highly fluorescent product upon its reaction with coumarin
[38-42]. A stock solution of 10 mM coumarin was prepared by
adding coumarin to 1 mM H,S04 and left stirring overnight. A typ-
ical assay employed 40 WM coumarin, 100 uM H;0,, in 10 mM
PBS pH 6 as electrolyte in the electrocatalytic system. A poten-
tial of —400mV was applied to the MP-11/SnO,-PLL electrodes
for 30-100 min in the presence of this electrolyte. The fluorescene
spectra were measured using a PerkinElmer LS-50 spectrofluorime-
ter with an excitation wavelength of 332 nm.

3. Results
3.1. MP-11 immobilization

Immobilization of MP-11 results in orange-brown coloration
of SnO, electrodes. PLL pre-modification was found to be neces-
sary to promote MP-11 immobilization since in the absence of this
promoter, no significant MP-11 was observed on the electrode sur-
face. Typical UV visible absorption spectra are shown in Fig. 1 in
comparison with the respective spectra of MP-11 in the solution.
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Fig.1. UV-visabsorption spectraof MP-11 in solution (—)and immobilized on metal
oxide electrodes (—). PLL is employed in MP-11 immobilization.

The characteristic 400 nm band observed for MP-11 in solution
is red shifted to 409 nm upon immobilization on a PLL modified
mesoporous SnO, electrode. Interestingly, a similar observation
was also reported by [15] following the binding of MP-11 to DDAB,
a cationic lipid vesicle. This shift indicates that the heme microen-
vironment in immobilized MP-11 is distinctly different from that
in the solution, indicative of low spin iron centre. The results of [43]
showed that covalent binding of MP-11 to silica support results in
monomer MP-11, which retains the high spin iron centre proper-
ties. Moreover, Goldston showed that imidazole can bind to the
accessible vacant ligand site on the covalently immobilized MP-11,
which was marked by a red shift of the Soret band to 406 nm [44].
We furthermore investigated the effect of PLL on this red shifted
behaviour by titrating the MP-11 solution with PLL solution. As
can be seen from Fig. 2, the Soret band of MP-11 is red shifted
as far as 8 nm in the presence of PLL. Similar red shifted spectra
were reproduced upon titration of MP-11 with other polycations,
i.e. PEI and DDAB. We therefore attribute the red shift observed
for immobilized MP-11 to the formation of low spin heme iron
centre in the presence of these polycations. Assuming that the
absorption strength of MP-11 is similar both in the immobilized
and dissolved state, an extinction coefficient of 176,000M~! cm~!
[16] was employed to estimate the amount of protein adsorbed
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Fig. 2. Change in the absorption of MP-11 in 10 mM PBS buffer solution pH 7 (—)
upon addition of PLL (—).
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Fig. 3. UV-vis spectral changes for the formation of ferrous MP-11 (—) on SnO,-PLL
after applying step potentials of —0.1 V every 2 min. The inset shows the clean fitting
of data to the one electron Nernst equation.

on the surface. This resulted in an approximate MP-11 loading of
9nmol cm~2 on a 4 wm thick SnO,-PLL electrode.

3.2. Redox function

Having immobilized the MP-11 on the mesoporous SnO, elec-
trodes successfully, the ability of the enzyme to retain its redox
function after immobilization was examined. This was initially
done by spectroeletrochemistry experiments and subsequently by
cyclic voltammetry experiments.

Typical spectroelectrochemical spectra are shown in Fig. 3.
Under application of step potentials, the ferric MP-11 undergoes
a progressive one electron reduction forming ferrous MP-11, as
marked by clear isosbestic points, a shift in Soret band to 417 nm
and the appearance of new bands at 522 nm and 550 nm. These
features are characteristic of low spin ferrous hemeproteins as nor-
mally observed in Cyt-c, in contrast to the expected high spin one
for five coordinated ferrous hemeprotoporhyrins as observed on
monomeric microperoxidase 8 (MP-8) [45] or native peroxidases.
This observation however corroborates the low spin six coordina-
tion heme status suggested by the spectrum of its ferric states.

Each spectrum was taken 2 min after applying a step poten-
tial to ensure that the redox couple reaches equilibrium. From
the fitting of the data to the one electron transfer Nernst equa-
tion, the midpoint potential for MP-11 Fe(III)/Fe(Il) redox transition
was determined to be —0.350 4+ 0.005 V. This value is closer to the
electrochemistry of hemin of —0.342V [46] than that of —0.377V
reported previously in solution studies [13] and on gold electrodes
[44].

Cyclic voltammetry and cyclic voltasorbtometry are further-
more employed to study the kinetics of electron transfer. CVs of
MP-11 immobilized on SnO,-PLL electrode show nearly reversible,
well defined cathodic and anodic peaks, attributed to heme reduc-
tion and oxidation (Fig. 4). This was verified spectroscopically by
measuring the absorbance at 550 nm, characteristic wavelength for
the reduced MP-11 [45]. Differentiation of the absorbance signal
(DCVA) results in a response that has the same morphology as the
CV data, as previously discussed for DCVA’s of Cyt-c and Fld [47].
The midpoint redox potential of immobilized MP-11 was deter-
mined from these data to be —0.357 V, the same within error as the
potentiometric spectroelectrochemical data.

The peak current area measured in the CV corresponds to the
amount of charge transferred to the electrode and therefore the
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Fig. 4. CVs (---) of MP-11/Sn0,-PLL in comparison with CVA (—, top) and DCVA
(—, bottom). Arrows show the scan directions. All experiment was measured at
10mVs~! ina MP-11 free 10 mM PBS buffer solution of pH 8.

amount of adsorbed protein that participates in the interfacial
electron transfer. Comparison of this data with the spectroscopy
data of immobilized protein gives estimation that more than 90%
(8.3 nmol) of the immobilized MP-11 is electroactive.

The plot of current vs scan rate, inset of Fig. 5, shows a linear cor-
relation for scan rates up to 1V s~1. This indicates the involvement
of a surface confined electroactive species, which in turn allows
the use of Laviron model to analyse the kinetics of heterogeneous
electron transfer [48]. A plot of peak separations vs scan rates is
shown in Fig. 5. A linear regression analysis was performed in the
data where peak separations are more than 100 mV. Charge transfer
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Fig. 5. Plots of anodic and ctahodic peak separations against the logarithm of the
scan rate for MP-11 (M). The inset show plots of the cathodic and anodic peak
currents vs scan rate for MP-11.

Table 1
Midpoint potentials of MP-11 upon immobilization.
Binding promotors Em (V)
PLL -0.357
PEI —-0.362
DDAB -0.230
Solution ~(-)0.377 [2]

coefficient, o, of 0.50 + 0.05 is employed and a value 0f 2.2 +0.2 5!
is obtained for interfacial electron transfer rate constant of MP-11
on Sn0,-PLL, less than that of 10s~! for MP-11 covalently attached
to gold electrodes [49].

Furthermore, the effect of the binding promoters on the mid
point potential was studied, as these are expected to influence the
immediate microenvironment of the immobilized MP-11. The SnO,
electrodes were treated with PEI and DDAB before MP-11 immo-
bilization, and the resulting electrodes were then subject to CV
measurements.

The midpoint potentials obtained are tabulated in Table 1. As can
be seen, the midpoint potential of MP-11 shifted to a more positive
value upon binding on DDAB modified SnO, electrodes. A similar
trend was also reported by Huang when studying MP-11 immo-
bilized on DDAB modified PEG electrodes [15]. Moreover, Rusling
also reported a positive shift of Er, of several proteins immobilized
on electrodes modified with this cationic lipid film [50,51].

3.3. Catalytic activity

In contrast to our recent studies on cytochrome c peroxidase
(CcP) and horseradish peroxidase (HRP) [34], with MP-11 we can-
not identify the species involved in the classic peroxidase cycle
upon reacting either immobilized or aqueous solution of MP-11
with H,0; (Fig. 6). The « and 3 bands characteristic of oxyferryl
species that were observed for CcP and HRP [34] do not appear.
Instead, the Soret band continues to bleach with increasing addition
of H,0, and this bleaching is not reversible.

Electrochemical experiments were furthermore conducted to
obtain more information on the catalytic activity of the immo-
bilized MP-11. Considering the peroxidase/electrode systems as
an electrochemical analogue of the native peroxidase cycle, cat-
alytic currents are expected to be registered around the formal
potential of Compound I/Il and compound II/HRP(Fe3*), which were
determined to be in the range of 0.7-0.73V [53]. However, in
our electrode system, the working potential window of the SnO,
electrode that we used herein start from around 0.3V, limiting
the observation of the expected electrocatalytic currents. Cyclic
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Fig. 6. Changing of solution spectrum of 5 M MP-11 solution upon addition of
H,0,.
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Fig. 7. (a) Cyclic voltammograms of MP-11/SnO,-PLL electrodes in 0.01 M phos-
phate buffer, pH 8.0, scan rate 25mV s, (—) without H,0,, (---) in the presence of
40 wM H,0,.

voltammogram obtained using MP-11/Sn0O,-PLL electrodes in the
presence of H,05 is shown in Fig. 7. An electrocatalytic current is
observed in the presence of H,0,. No electrocatalytic current is
registered at 0V using MP-11/SnO,-PLL in the presence of H,05.
Instead, a strong electrocatalytic current is only observed as the
applied potential approaches that of MP-11 Fe(III)/Fe(Il) redox tran-
sition. This behaviour was also observed upon employing DDAB and
PEI as binding promoters (data not shown). Moreover, a similar
observation was also reported by [15] employing MP-11 immobi-
lized on DDAB modified carbon electrodes. These data, however, are
in contradiction with those reported for MP-11 covalently attached
to gold electrodes [49] in which the catalytic current was observed
at potentials more positive than the midpotential of ferri/ferrous
redox couple (+0.2 to 0.3 V), indicating the involvement of iron oxo
species in the MP-11 peroxidatic catalytic activity.

In this paper for the MP-11 modified electrode, the Fe(II)/Fe(III)
redox transition seemingly plays a direct role in catalytic activity,
indicating classical Fenton type reactivity, whereas in HRP and CcP
modified electrodes, the classic peroxidase enzymatic activity may
be applied as we showed previously [34].

The direct involvement of the Fe(II)/Fe(Ill) redox transition of
MP-11 iron centre in H,O, catalysis could involve the formation
of hydroxyl radical as indicated in Fenton reaction. Further experi-
ments were therefore undertaken to assay the presence of hydroxyl
radicals that may have been formed in MP-11/SnO,-PLL electrocat-
alytic system. Coumarin was added as a hydroxyl radical scavenger
following a method that is widely used in radiation chemistry [39],
sonochemistry [40], electrochemistry [42] and photocatalysis [52].
Coumarin solution alone gives a fluorescene at 380 nm however
the specific reaction of Coumarin with hydroxyl radicals yields a
hydroxylated product, 7-hydroxycoumarin which exhibits a strong
emission maximum at 453 nm [39,42].

Fig. 8 indeed shows the appearance of a 453 nm emission band
following incubation of coumarin in a solution including H,0,
and contacted to the MP-11/SnO,-PLL electrode poised at —0.4V
vs Ag/AgCl, confirming the generation of hydroxyl radicals. The
possibility of direct oxidation of coumarin was ruled out as no
oxidation response of coumarin in electrolyte solution using bare
SnO,-PLL electrode was observed at this potential. Similarly, the
possibility of oxidation by iron oxo species was ruled out by the
fact that no hydroxylated coumarin was formed by incubating the
coumarin with MP-11/Sn0,-PLL electrode over night in the pres-
ence of H,0,. This hydroxyl radical assay therefore confirms that
the MP-11/Sn0O,-PLL electrocatalytic system proceeds through the
Fenton reaction.
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Fig. 8. The fluorescence spectra of coumarin in the presence of 40 uM H,0, and
MP-11/Sn0,-PLL electrodes before (i) and after (ii) the application of —0.4V poten-
tial. Excitation wavelength: 332 nm, slit 5. Application of potential at —0.3V for
100 min to the SnO,-PLL alone does not induce the change in coumarin fluorescence
spectrum as shown in inset.

3.4. Electrochemical biosensor

For the development of electrochemical biosensors, the elec-
trocatalytic current response can be titrated against successive
additions of H,0,. The working electrode of MP-11 modified SnO,-
PLL electrodes was held at —0.2V vs Ag/AgCl in a stirred cell
containing 3mL 0.01 M PBS buffer pH 8. To this cell, aliquots of
a 100 uM or 10 mM H,0, stock solution were added in order to
make it up to a given concentration. Typical chronoamperometric
responses are shown in Fig. 9(a). The current became increasingly
negative as larger aliquots of H,O, were added to the stirred cell,
the response time is below 30s. In order to obtain a calibration
curve as shown in Fig. 9(b), the current responses were inverted to
a positive value and then plotted as a function of H,0, concentra-
tion. This figure clearly shows that the MP-11 modified SnO,-PLL
electrode is more sensitive than that of HRP reported previously
(data also shown in Fig. 9(b)) [34]. The sensitivity of the former
was found to be 4.3AM~! cm~2, four times higher than the lat-
ter. Moreover, the SnO,-PLL blank electrode shows insignificant
response to H,0, additions. A linear relationship was obtained
in the calibration curve, in a range of 0.05-30 M and 1-20 uM
H,0, for MP-11 and HRP modified SnO,-PLL electrode respectively.
The lower detection limit is 50 nM, 20-fold lower than the value
reported by Tatsuma and Watanabe [16] employing MP-11 immo-
bilized at a flat SnO; surface. The superior activity of MP-11 on our
electrode is most probably due to the higher protein loading evident
in our mesoporous electrode. The overall activity of our electrode
is also comparable to the best HRP modified electrode, employing
Histidine tagged recombinant HRP [54].

4. Discussion

The above data have demonstrated our ability to address the
catalytic redox chemistry of MP-11 immobilized on mesoporous
Sn0, electrodes via direct interfacial electron transfer without the
use of electron mediators. Taking advantage from the optical trans-
parency of the electrode we use optical absorbance spectroscopy to
compliment the information obtained from electrochemical tech-
niques.

Improved electronic coupling between the heme centre of
MP-11and the electrode in comparison with HRP (from previous
studies) on the same electrodes has been achieved [34]. However,
since the heme is more exposed, its redox and other properties
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are more susceptible to the changing of the microenvironment at
the interface. The first evidence of this is the red shift of the soret
band of MP-11/Sn0O,-PLL, mimicking those exhibited by low spin,
six coordinated iron heme proteins [13,55,56]. Since titration of
MP-11 solutions with PLL, PEI, and DDAB all induce the red shift
in Soret band, this behaviour may be influenced by the polycation
promoters rather than by the electrode.

Previous research has shown that this spin change can be
induced by the binding of primary amines or hydroxyl ions at the
sixth position of the iron centre coordination [13]. Although PLL and
PEI have one primary amine in each monomer, it is quite unlikely
that they are going to take part in iron ligation since at the working
pH of 8,99% of them are protonated. Moreover, DDAB does not have
primary amines but is still able to induce the red shift. Therefore,
the spectral shift is most likely due to the intermolecular binding
of the MP-11, induced by the high local concentration of MP-11
on the electrode upon electrostatic binding of the hemepetide to
the polycations. This seems to primarily proceed through the pri-
mary amine of the N-terminal residues (pK, ~ 7.5). In addition, the
involvement of lysine residues cannot be ruled out since positive
microenvironment at the interface may also decrease the local pK,
of the lys13 in MP-11 so that its proton affinity decreases and it
therefore becomes deprotonated at the working pH of 8.

However, it is interesting to note that the midpoint potential
of MP-11 on DDAB modified electrodes is almost 0.2 V more pos-
itive than those on PLL or PEI modified electrodes. Despite being
observed for several bioelectrochemical systems (Mb, P450, HRP,
MP-11, etc.), the explanation for this positive shift phenomenon
remains unclear. Most probably, it is due to simply the combined
influence of the positive and hydrophobic microenvironment pro-
vided by this cationic lipid bilayer. Positive environments may be
expected to increase the electron affinity of a redox couple hence
inducing some extra positive shift in Er,; a similarly hydrophobic
environment may stabilise the heme porhyrin.

Furthermore, we address the influence of the microenviron-
ment upon the catalytic activity of MP-11. We have demonstrated
that the catalytic activity may result from an electrochemical ana-
logue of Fenton reaction. CV data indicates direct involvement

of Fe(Ill)/Fe(Il) redox transition in H,O, electrocatalysis in MP-
11/Sn0,-PLL electrode systems. This observation was obtained
regardless of the type of binding promoters used. Our data are very
similar to literature studies of the electrocatalytic system employ-
ing Fe-EDTA, H,0, and carbon electrode [57,58], suggesting an
electrochemically controlled Fenton reaction:

Fe(ll) + H,0, — Fe(Ill) + H,0,°~ — OH~ + OH*

Moreover, it is worth noting that regardless of the mechanism
involved, we have demonstrated the feasibly of using peroxidase
modified mesoporous metal oxide films electrodes as H, O, biosen-
sors for both optical and electrochemical sensing. A linear increase
in current is observed as a function of H,O, concentration, within
a range 0.05-30 wM for MP-11 modified electrodes. However, our
biosensor is better used as a disposable one. The immobilized MP-
11 is partially destroyed/bleached by the increasing concentrations
of H, 02.

5. Conclusion

MP-11 has been employed to functionalize mesoporous metal
oxide electrodes. We have demonstrated that MP-11 is able to
retain its redox activity upon immobilization. The catalytic activity
of the immobilized MP-11 is found to proceed via the Fenton reac-
tion, yielding OH radical intermediates. The viability of using this
electrode system as a H,O, biosensor has been demonstrated.
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