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Abstract

The direct voltammetry and electrocatalytic properties of catal@s#) in polyacrylamide(PAM) hydrogel films
cast on pyrolytic graphitéPG) electrodes were investigated. Cat-PAM film electrodes showed a pair of well-defined
and nearly reversible cyclic voltammetry peaks for CaflfF¢/Fe(ll) redox couples at approximately0.46 V vs.
SCE in pH 7.0 buffers. The electron transfer between catalase and PG electrodes was greatly facilitated in the
microenvironment of PAM films. The apparent heterogeneous electron transfer rate cokhgtand formal potential
(E°") were estimated by fitting square wave voltammograms with non-linear regression analysis. The formal potential
of Cat Felll)/Fe(ll) couples in PAM films had a linear relationship with pH between pH 4.0 and 9.0 with a slope
of —56 mV pH™*, suggesting that one proton is coupled with single-electron transfer for each heme group of catalase
in the electrode reaction. UV-Vis absorption spectroscopy demonstrated that catalase retained a near native
conformation in PAM films at medium pH. The embedded catalase in PAM films showed the electrocatalytic activity
toward dioxygen and hydrogen peroxide. Possible mechanism of catalytic reductiop of H O at Cat-PAM film
electrodes was proposed.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction redox enzymes, it was proved to be an effective
way to incorporate them into various films modi-
Study of direct electrochemistry of redox fied on electrode surfacit,5]. In recent years, for
enzymes can provide a model for the mechanistic example, our group has studied the direct electro-
study of electron transfer between enzymes in real Chemistry of redox proteins incorporated in cast
biological systems[1]. It can also establish a fims of insoluble surfactant$6], hydrogel poly-
foundation for fabricating the third'generation mers [7_9], p0|ye|ectr0|yte_surfactan[‘lo_lz or
blOSEI’]SOI‘S WIthOUt USII’]g redOX med|at{]2$3] To C|ay_surfactan[13] ComposrteS, and C|ay nanopar_
obtain and improve direct electrochemistry of tcles [14]. The proteins or enzymes studied are
" Corresponding author. Tel+ 86-106-220-7838; faxi-86- @l _heme proteins including myoglobiMb),
106-220-0567. hemoglobin (Hb), and horseradish peroxidase
E-mail address: hunaifei@bnu.edu.cN. Hu). (HRP). All these films greatly enhanced the direct
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electron transfer between the proteins and elec-gave a pair of direct cyclic voltammetr¢CV)
trodes compared to that on bare electrodes with peaks in blank buffers. Rusling and coworkers
the proteins in solution. [20] used dimyristoylphosphatidylcholine
Catalase(Cat (EC 1.11.1.6 is also a heme (DMPC) as a film-forming material to incorporate
enzyme, which is present in almost all-aerobic catalase. The Cat-DMPC films cast on PG elec-
organism[15]. Catalase has a molecular weight of trodes showed a pair of well-defined, quasi-revers-
approximately 240 000, and is composed of four ible CV peaks, characteristic of heme (Rg)/
identical subunits, each containing a single heme Fe(ll) redox couples of catalase. Both DDAB and
prosthetic group. The heme group consists of a DMPC are water-insoluble, double-chain surfac-
protoporphyrin ring and a central Fe atom, where tants, and can form multibilayer films from their
iron usually is in the ferric oxidation state as its organic solution or aqueous dispersion. It is these
stable resting stat¢l6]. As a catalyst, catalase biomembrane-like surfactant films that provided a
functions either in the catabolism of,H,O or in suitable microenvironment for catalase to transfer
the peroxidatic oxidation of small molecule sub- electron with PG electrodes.
strates by H @ [17,14. Under normal physiolog- Polyacrylamide(PAM) is a kind of non-ionic
ical conditions, catalase controls the , H O polymer. PAM can absorb large amounts of water
concentration so that it does not reach toxic levels and form hydrogel, which is widely used in the
that could bring about oxidative damage in cells. field of life science. PAM has a long hydrophobic
The mechanism of disproportionation of,H,O hydrocarbon backbone with one hydrophilic amide

catalyzed by catalase can be expresse(lad§: group in each of its repeated monomer unit. Such
amphiphilic polymers can also be considered as
H,O,+ CatF€lll ) » Compound kHO D polymeric surfactants. In our previous works, Hb-
PAM [21], Mb-PAM [22], and HRP-PAM [23]
H,0,+Compound b CatFélll )+ O,+H 0 films modified on PG electrodes demonstrated
2 stable and well-defined CV responses for the heme

Fe(lll ) /Fe(ll) couple. Thus, we expect that the
where CatFéll) is the resting state of catalase, PAM hydrogel films could also provide a favorable
Compound | is a two-equivalent oxidized form of microenvironment for incorporated catalase, and

CatFelll ) containing an oxyferryl heméFe" = catalase in PAM films would give a direct electro-
0O) and a porphyrinm cation radical. H @ first  chemical response at electrodes.
oxidizes CatFéll ) to form Compound | and H O, In this paper, Cat-PAM films were cast on PG

and then reduces Compound | to Cdtiie and electrodes and the direct voltammetry of catalase

produces @ . As a well-known efficient catalyst, in PAM films were realized and investigated. The

catalase acts either as a reductant or as an oxidanCat-PAM film electrodes also showed good cata-

in the reactions, and returns to its resting state lytic character toward oxygen and hydrogen per-

after one catalytic cycle, while H £ undergoes oxide. The mechanism of electrocatalytic reduction

dismutation to produce H O and,O . of H,0, at Cat-PAM film electrodes was discussed.
Although the heme groups are the electroactive

center of catalase, it is usually difficult to observe 2. Experimental

the direct electron exchange of catalase in solution

with electrodes, probably because the hemes are2.l. Chemicals

buried deeply inside the polypeptide chains of

relatively large catalase molecules. Films modified  Beef liver catalase(15 000 units mg?!) was

on solid electrodes may provide a new approach from Sigma and used as received without further

to realize its direct electrochemistry. A recent purification. Polyacrylamidé MW 3 000 000 was

report by Kong et al[19] showed that in didode- from Shanghai Reagent Company. Hydrogen per-

cyldimethylammonium bromide(DDAB) films oxide (H,0,, 30% was from Beijing Chemical

cast on pyrolytic graphitéPG) electrodes, catalase Plant. The buffer was usually 0.05 M potassium



H. Lu et al. / Biophysical Chemistry 104 (2003) 623-632

dihydrogen phosphate at pH 7.0 containing 0.1 M
KBr. Other supporting electrolytes were 0.1 M
sodium acetate, 0.05 M boric acid, or 0.05 M
citric acid, all containing 0.1 M KBr. The pHs

were regulated with HCI or KOH solutions. Other

chemicals were reagent grade. Solutions were pre-

pared using deionized water, which was purified
twice successively by ion exchange and
distillation.

2.2. Film assembly

Prior to use, basal plane pyrolytic graphite
(Advanced Ceramics, geometric area 0.16°cm
disk electrodes were polished with metallographic
sandpapers of 1200 grit while flushing with water.

625

a syringe in a sealed cell that had been previously
degassed with N . All experiments were done at
ambient temperature of 182 °C.

UV-Vis absorption spectroscopy was done with
a Cintra 10e UV-visible spectrophotometer
(GBC). Sample films for spectroscopy were cast
on optical transparent glass slides. Prior to use, the
slides were pretreated by ultrasonication in a wash-
ing solution (1% KOH+49% ethanol50%
waten for 15 min, and then carefully rinsed with
water. Cat-PAM films were prepared by depositing
Cat-PAM solutions onto the dry slides and then
being dried overnight.

Scanning electron microscogsEM) was done
with an X-650 scanning electron microanalyzer
(Hitachi) at an acceleration voltage of 20 kV.

Electrodes were then ultrasonicated in pure water Sample films were prepared on PG disks with the

for 30 s.
To obtain the best CV responses of Cat-PAM
films, the experimental conditions for film casting,

same way as for voltammetry. The samples were
fixed on the SEM mounting stage with conductive
two-sided adhesive tapes. Prior to SEM analysis,

such as the concentration of catalase, the volumeapproximately 10 nm of Au was coated onto

ratio of CayPAM, and the total volume of Cat-
PAM solution, were optimized. Typically, 1@l of

aqueous solutions containing 6.7 mghl
and 0.5 mg mt* PAM were cast onto a freshly
polished PG electrode. A small tube was fit tightly

samples with an IB-3 ion coat€Eiko).

catalase 3. Results

3.1. Cyclic voltammetry

over the electrode to serve as a closed chamber so

that the water was evaporated slowly. The Cat-
PAM films were then dried in the chamber
overnight.

2.3. Apparatus and procedures

A CHI 660 electrochemical workstatioCH
Instrumenty was used for cyclic voltammetry
(CV) and square-wave voltammet§SWV). A
conventional three-electrode cell was used with a
saturated calomel electrodéSCE) as reference
electrode, a platinum wire as counter electrode,
and a PG disk with films as working electrode.
Voltammetry on electrodes coated with Cat-PAM
films was done in buffers containing no catalase.
Buffers were purged with highly purified nitrogen
for approximately 15 min before a series of exper-
iments. A nitrogen environment was then kept
over solutions in the cell during the experiment.
In the experiment with oxygen, measured volumes
of pure oxygen were injected through solutions by

When a Cat-PAM film electrode was immersed
into a pH 7.0 buffer containing no catalase, a pair
of well-defined and nearly reversible CV peaks at
approximately —0.46 V vs. SCE was observed
(Fig. 1b), characteristic of catalase heme(Fe)/
Fe(ll) redox coupleqd19,2d. In contrast, a blank
PAM film modified PG electrode in pH 7.0 buffers
gave no CV response in the same potential range
(Fig. 1a). These results present evidence that the
electron transfer between catalase and PG elec-
trodes was greatly enhanced in PAM films. The
PAM films provided a suitable microenvironment
for catalase to exchange electron with underlying
PG electrodes, similar to the systems of Hb-,
Mb-, and HRP-PAM[21-23, films. However, the
stability of Cat-PAM films was not as good as that
of other heme protein-PAM films. While the reduc-
tion peak current of Cat-PAM films essentially
remained unchanged during the first hour of stor-
age in buffers, the long-term stability experiments
showed a 76% decrease of the peak compared
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electrode was immerged into a pH 7.0 buffer
containing 56 M catalase, and CVs were run
periodically. Both reduction and oxidation peaks
ST centered at approximately-0.46 V grew rapidly

- with soaking time for the first half an hour, then

<
= 0r settled down to a slow increase, suggesting that
- increasing amounts of catalase entered the PAM

3T films. After approximately 24 h of soaking, the
. reduction peak current did not increase any more,

-6 —_— indicating the PAM films were fully loaded with

0.00 -0.20 -0.40 -0.60 -0.80 -1.00 catalase and the equilibrium of absorptidesorp-
tion was reached. This also suggests that there is
E/V some kind of interaction between catalase and
PAM. Compared with the cast Cat-PAM films, the
Fig. 1. Cyclic voltammograms at scan rate of 0.2 Vs inpH PAM films fully loaded with catalase showed
7.0 buffers for(a) PAM film and (b) Cat-PAM film. almost the same CV peak positions and a little
larger peak currents. However, the cast method is
with the initial peak height after the films were more convenient and quantitative than the loading
soaked in the buffer for 8 h. The following method for preparing Cat-PAM films. Thus, in the
voltammetric experiments with Cat-PAM films  subsequent experiments, all Cat-PAM films were
were thus performed and finished within 1 h. prepared by the cast mode.

CVs of Cat-PAM films had approximately sym-  The pH of external solution had great influence
metric peak shapes and nearly equal heights ofon CV peak potentials of Cat-PAM films. An
reduction and oxidation peaks. Reduction peak increase of buffer pH led to a negative shift in
current increased Iinearly with scan rate from 0.1 potentiaj for both reduction and oxidation CV
to 1.0 V s*. Integration of reduction peaks at peaks. The formal potenti€E®), estimated as the
different scan rates gave nearly constant chargemidpoint of reduction and oxidation peak poten-
(Q) values. All these suggest quasi-reversible, tials, varied linearly with pH from 4.0 to 9.0 with
diffusionless, surface-confined electrochemical 3 slope of —56 mV pH-! (Fig. 2). This slope
behavior{24], in which all electroactive Cat#l)  yalue is reasonably close to the theoretical value
in the film is converted to CatRk#) on the forward  of 58 mv pH-* at 18°C for a reversible electron
cathodic scan, with full conversion of Caiffl®
back to CatF€éll) on the reverse anodic scan.
According to the I'*-Q relationship [25], the
average surface concentration of electroactive cat-
alase (T'*) was estimated to be -0.30 |
(2.364+0.04) x 10 ** mol cnT 2, which accounted I
for approximately 1.3% of the total amount of > -0.40
catalase deposited on the electrode surface. Thist! |
indicates that most catalase molecules in PAM -0.50 I
films are not electroactive. Only those in the inner .0.60
layers of the films closest to the electrode surface -
and with a suitable orientation are electrochemi- -0.70 —
cally addressable and contribute to the observed 3 5 7 9 11 13
redox reaction, as in the case of other protein films pH
[9,14.

To examine the possibility of catalase entering Fig. 2. Influence of pH values on formal potentials for Cat-
PAM films from its solution, a plain PAM film PAM films at 0.2 V st

-0.20
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Table 1

Apparent heterogeneous electron transfer rate constants and formal potentials for various protein films in buffers containing no
proteins

Films? pH Averageks (s™1) AverageE® (V vs. SCB Reference
Cv SWv

Cat-PAM 7.0 294 —0.459 —0.481 tw
Cat-CS 7.0 407 -0.458 —0.467 9]
Cat-DDAB 6.1 —-0.162 [19
Cat-DMPC 6.0 —0.426 [20]
Hb-PAM 7.0 45+ 8 —0.320 —-0.312 [24
Mb-PAM 7.0 86+ 19 —0.335 —0.357 [22)
HRP-PAM 7.0 7214 —-0.331 -0.321 [23]

aPAM = polyacrylamide, CS-chitosan, DDAB=didodecyldimethylammonium bromide, DMPR&limyristoylphosphatidyl-
choline.

b tw: this work, reporting average values for analysis of eight SWVs at frequencies of 100-161 Hz, amplitudes of 60 and 75 mV,
and a step height of 4 mV.

transfer coupled by proton transportation with the amplitudes and frequencies. The average value of
equal number of proton and electr{f26,27. Since ks obtained from fitting SWV data at pH 7.0 was
each catalase molecule has four heme groups, this29 s !, ande® was —0.481 V vs. SCE. Parame-
slope suggests that a single protonation accompa-ters for other catalase films and other protein-PAM
nies the one-electron transfer between each hemefilms are listed in Table 1 for comparison.

group and electrodes, represented in general terms For Cat-PAM films, the value ok, is smaller

by than that of catalase in chitos®€S) films and
other heme proteins in PAM films, but all of them
CatFdlll) +H*" + e~ =CatFdll) in the same relative large magnitude. The formal

potential of Cat F@ll)/Fe(ll) redox couples in

An inflection point appeared in the plot at pH PAM films is close to that of Cat-CS films, but
9.0. At pH>9.0, E* varied linearly with pH with more negative than that of Cat-DDAB and Cat-
a smaller slope. The position of the inflection point DMPC films. Different film components may pro-
in the E”-pH plot suggests that the protonatable vide different microenvironments for the same
site associated with the electrode reaction has anprotein and influence its formal potential by their

apparent g, value of 9.0. interaction with the protein or by their effect on
the electrode double-laydR9]. In the same PAM
3.2. Square-wave voltammetry films, catalase showed its formal potential more

negative than Mb, Hb, and HRP. This result is in

To estimate the apparent heterogeneous electrorline with that for protein-CS[9] and protein-
transfer rate constarfk,) and other electrochemi- DMPC films [20]. For instance, in pH 7.0 buffers,
cal parameters, SWV and non-linear regression Mb-CS films had the formal potential at0.33 V
methods were used. As discussed in detail previ- vs. SCE, whileE® of Cat-CS films were at-0.46
ously [28,29, the procedure employed non-linear V, more negative than the former. The reason for
regression analysis for SWV forward and reverse this is not clear yet. It may be related with the
background-subtracted curves, with the combina- much larger molecular weight of catalase than the
tion of a single-species thin-layer SWV moda0] others. Heme inside the larger polypeptide chains
and a formal potential dispersion modeB,29. of catalase may need more active energy to elec-

Analysis of SWV data for Cat-PAM films trochemically reduce at electrodes. The larger mol-
showed goodness of fit onto theFs* dispersion ecule of catalase than other studied heme proteins
thin-layer SWV model in the range of various may also have weaker interaction with PAM films,
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Fig. 3. UV-Vis absorption spectra 6&) dry catalase film(b)
dry Cat-PAM film, and Cat-PAM films in different pH buffer
solutions:(c) pH 7.0;(d) pH 5.0;(e) pH 9.0; (f) pH 3.0. The
absorbance coordinate only reflects relative absorbance.

which would be probably responsible for the rela-
tively poor stability of catalase in PAM films.

3.3. UV-Vis spectroscopy

H. Lu et al. / Biophysical Chemistry 104 (2003) 623-632

[31]. UV-Vis spectroscopy was used to observe
the position change of Soret band for Cat-PAM
films. Both dry catalase and Cat-PAM films cast
on transparent glass slides showed Soret band at
405 nm(Fig. 3a,b, suggesting that catalase in dry
PAM films has a secondary structure nearly the
same as the native state of catalase in dry catalase
films alone. The position of Soret band depended
on pH when Cat-PAM films were immersed into
buffer solutions. At pH between 5.0 and 9.0, the
Soret band appeared at 405 riffig. 3c-9, the
same as that of dry Cat-PAM films, indicating that
catalase in PAM films essentially retain its native
state in buffers at medium pH. When pH was
changed toward more acidic or more basic direc-
tion, the Soret band showed blue-shift and some
distortion. At pH 3.0, for example, even no peak
was observed in the studied wavelength range
(Fig. 3f), suggesting considerable denaturation of
catalase in PAM films at this relatively acidic pH.

3.4. Scanning electron microscopy

SEM was used to observe the surface morphol-
ogy of both PAM and Cat-PAM films. SEM top
views of PAM and Cat-PAM films with the same
magnification showed totally different appearance.

The sensitive Soret absorption band of heme Top views of a PAM film on PG revealed a bubble-

proteins may provide information on the protein

like or needle-like crystal structugig. 48. SEM

denaturation, especially on the conformational top views of PAM films containing catalase, how-
change of the polypeptides around the heme regionever, appeared relatively featurele§Big. 4b).

(b)

Fig. 4. Top SEM views of coated PG electrodes fay PAM film and (b) Cat-PAM film with 200 times magnification.
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Fig. 5. Cyclic voltammograms at 0.1 V'§ in 10 ml of pH  Fig. 6. Cyclic voltammograms at 0.1 V'§ in pH 7.0 buffers
7.0 buffers for(a) PAM films with no oxygen present(b) for (a) PAM films with no H,O, present(b) PAM films with
PAM films after 20 ml of oxygen was injected into a sealed 0.8 mM H,0, present(c) Cat-PAM films with no H, O, pres-
cell, (c) Cat-PAM films with no oxygen presentd) Cat-PAM ent, (d) Cat-PAM films with 0.4 mM H Q present, ante)
films after 10 ml of oxygen was injected, ari@) Cat-PAM Cat-PAM films with 0.8 mM H Q present.

films after 20 ml of oxygen was injected.

SEM picture of Cat-PAM films with larger mag- H,O, in solution increased the reduction peak
nification revealed a structure of closely packed current. However, direct reduction of ,H,O on
small particles(not shown. All this suggests that  blank PAM films was not observed in the potential
interactions between catalase and PAM govern therange studied. Catalytic efficiency, expressed as a

morphology of the dry films. ratio of reduction peak current of Cat-PAM films
in the presencél.) and absencély) of H,O,, I/
3.5. Electrocatalytic reactivity I, decreased with the increase of scan .

] ) ) 7), also characteristic of electrochemical catalysis
The electrocatalytic reduction of dioxygen by [37].

Cat-PAM films was tested by CVFig. 5. When

a certain amount of oxygen was passed through a
pH 7.0 buffer solution by a syringe, an increase in
reduction peak at approximately-0.5 V was 18
observed for Cat-PAM films, accompanied by a 15 F
disappearance of the oxidation peak for C&tPe I
since CatFél) had reacted with oxygen. The _ 12F
reduction peak current increased with the amount =~ 9

of oxygen in solution. For PAM films with no 6 [

catalase incorporated, the peak for direct reduction i

of oxygen was observed at approximateh0.85 3r b

V. Thus, Cat-PAM films lowered the reduction ol

overpotential of oxygen by approximately 0.35 V. 0.00 0.50 1.00 1.50 200
Reduction of H Q was also electrochemically

catalyzed by Cat-PAM films(Fig. 6). When vI(V/s)

H,O, was added to a pH 7.0 buffer, an increase

in reduction peak at_approxma_ttelyO.S V was Fig. 7. Influence of scan rates on catalytic efficiengy/,, for
Obfser\_/ed, accompanlgd by a d_lsappearance of thecat-PAM film electrode in pH 7.0 buffer with 0.8 mM H .0
oxidation peak. An increase in the amount of present.
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4. Discussion neutral on the whole with no charges at this pH.
Thus, the driving force for catalase to enter PAM
films would be mainly hydrophobic interaction
between biomacromolecule catalase and PAM
films, in which the long hydrocarbon backbone
Quasi-reversible CV for catalase was obtained constitutes the hydrophobic region of the films.
when Cat-PAM films were placed in blank buffer This hydrophobic interaction would also be mainly
solutions(Fig. 1), suggesting direct electron trans- responsible for the retention of catalase in the
fer between catalase and PG electrode in PAM films in blank buffers. SEM results also imply that
films. Electron transfer was much faster for Cat- PAM films have strong interaction with catalase
PAM films in buffers than for catalase in solution and it is the interaction that influence the mor-
on bare PG, on which electron transfer is so slow

4.1. Effect of PAM films on electrochemistry of
catalase

as to be difficult to observe. Thus, PAM films

phology of the protein films.

must have a great effect on the electron transfer 4-2- Electrocatalytic properties of Cat-PAM films

kinetics for catalase and provide a favorable micro-
environment for its direct electrochemistry. While
the exact nature of this effect is not very clear, the
strong hydrophilicity of PAM films and the bio-
compatibility of polyacrylamide may the main
factors. The addition of water to dry PAM films

causes an extreme expansion of its volume becaus

of general loosening of the polymer packing den-
sity, and the adsorption of large amounts of water
results in the formation of polyacrylamide hydrogel
[21,23. This looser structure of polymer in its
hydrogel form may provide catalase with a mainly
agueous microenvironment, which is compatible
with the biomolecules. Another possibility is that
the PAM films inhibit the adsorption of impurities
from catalase solutions on the electrodes, which
could otherwise block electron transfer for the
protein[33]. The large water content of PAM films
may also partially explain the ability of PAM films
to take up catalase from its solution. The rapid
appearance of the redox peaks after the PAM films

were immersed in catalase solutions suggests phys

ical diffusion of catalase molecules within the
films. The PAM films can be viewed as a hydrogel
phase with the high water content, within which
some catalase molecules may retain their mobility.
PAM films could take up catalase from its
solution at pH 7.0. The CV peak currents grew
with soaking time until reaching the steady state
in approximately 24 h. However, these results can
not be explained by Coulombic attraction between
catalase and PAM films. At pH 7.0, with its
isoelectric poin(p/) at pH 5.8[34], catalase shows
negative surface charges, while PAM is essentially

Cat-PAM films can electrochemically catalyze
the reduction of @ and H © , with a significant
lowering of overpotential. At Cat-PAM film elec-
trodes, the position of catalytic reduction peak
potential of hydrogen peroxide was almost the
same as that of oxygefFigs. 5 and 8, indicating

Ghe similarity of the reaction mechanism between

the two systems. Catalase is an efficient catalyst
for dismutation of hydrogen peroxide, wherg, O
and H,O are the final product§l7], and the
mechanism is described in Egs. 1 and 2. It is the
production of Q that makes the electrocatalytic
behavior of H Q very similar to that of © at
Cat-PAM film electrodes. It seems impossible that
H,O, would undergo pre-disproportionation in
solution when catalase is absent in the films, since
no signal was observed at the reduction potential
of oxygen at plain PAM film electrodes when
H,O, was added to the buffe¢Fig. 6b). This
indicates that the dismutation of ,H,O in the
procedure is indeed catalyzed by catalase.

The chemistry of catalase catalysis has not been
fully understood yet, but the proposed mechanism
of electrocatalytic reduction of dioxygen with Mb
in both film and solution phases were discussed in
detail previously by Rusling et al35,34. Both
Mb and catalase are the heme proteins, in which
the same heme prosthetic group is the electroactive
center. Thus, a possible mechanism of the electro-
chemical reactions of hydrogen peroxide catalyzed
by Cat-PAM films is postulated as follows:

Cat

2H,0,— O,+2H0

(3
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CatF¢ ll)+e- +H" =CatF¢ I) at electrode

4

CatF¢ 1)+ 0, — CatFg I)— O, fast (5)
CatFe I)—O,+2e +2H*

— CatF¢ 1) +H,0, at electrode (6)

There are two catalytic cycles here: Cdiffe
reacts with @ and forms CatH&)-O, in Eq.(5),
and produced Catfd)-O, will receive two elec-
trons at electrodes and return to CdilFe again
in Eqg. (6); H,O, produced in Eq(6) will partic-
ipate in Eq.(3) to produce dioxygen which will
then induce or promote the catalytic cycle of Egs.
(5) and (6).

5. Conclusions

Catalase incorporated in biocompatible poly-
acrylamide hydrogel films on pyrolytic graphite
electrodes demonstrated direct, nearly reversible
cyclic voltammograms. The electron transfer
involving the heme F@ll)/Fe(ll) redox couple
was much faster than that for catalase in solution

on bare PG electrodes. Catalase retained its native [17]

states in the PAM films at medium pH. Good
electrocatalytic properties of the Cat-PAM films
toward oxygen and hydrogen peroxide may have
a promising potential in fabricating the third-
generation biosensor based on the direct electro-
chemistry of the enzyme.
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