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Central Institute of Molecular Biology. Robert-Roesslestr.1O,

Berlin, O-1115, Germany

* New Mexico State University, Department of Chemistry,

Las Cruces. NM 88003, USA

ABSTRACT

Reagentless bulk-type biosensors for hydroperoxides are described,

where horseradish peroxidase is incorporated into a graphite-epoxy

material. The principle of measurement is based on the faesibility

of HRP to facilitate an fast heterogeneous electron transfer to

carbon material, thus arrising an electrocatalytic current in

dependence on the peroxides at a favourable low potential of - 25

mV. The electrodes are mechanically robust, polishable, and durable,

having a life time of more than 40 days.

INTRODUCTION

The monitoring of organic hydroperoxides is of great environmental

and industrial importance,. e.g.. peroxides may be formed in

Processes including ozone in the athmosphere and drinking water. or

Produced during the aging of oil.

Horse radish peroxidase (HRP) is known to use Organic hydroperoxides

for oxidation of mediators (1). Recently, this capability has been

employed for biosensing of those organic hydroperoxides (2). Here

HRP was incorporated within graphite- epoxy composite, while o-

phenylene diamine was used as donor in the measurement solution.

Already in 1979, the mediatorless activation of H200=-

electroreduction of HRP at carbon black has been reported (3).

HRP + H202 + 2 H+ ————— HRP-I + 2 H20
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The charge transfer between the electrode and the enzyme occurs only

if the enzyme is in intimate contact to the conducting surface.

This behavior of HRP has been explored for analytical purposes by

immobilizing the enzyme on the surface of spectrographic graphite

(4), pyrolytic graphite and platinum electrodes (5). Besides, fungal

peroxidase (6) and cytochrome c peroxidase (7) have been used for

bioelectrocatalytic hydrogen peroxide reduction without additional

mediator.

The present paper shows that the mediatorless activation of the

electroreduction by peroxidase is not limited to hydrogen peroxide

and that it can be performed in graphite-epoxy composite electrodes,

when HRP is introduced into the matrix.

ELECTRODE PREPARATION

Resin and accelerator of epoxy-bonded graphite (graphite-epoxy,

Grade RX. Dylon Co..USA) was thouroughly mixed (1:1) for 10 min

(8). A 3mm i.d. glass tube is packed with this mixture leaving a

3 mm unfilled tip. The empty tip of the prepacked glass tube was

filled with a portion of the resin/accelerator composition

containing 15 - 20 % (w/w) HRP (EC 1.11.1.7, 90 U/mg, Sigma, USA)

and 5 - 0 % (w/w) human serum albumin (HSA). The electrical

contact was done by attaching a copper wire to the carbon from

the opposite end. The electrode was cured at room temperature for

72 h and polished prior use. The electrode was applied to an

electrochemical cell (Model VC-2, Bioanalytical Systems, USA)

equipped with platinum wire auxiliary electrode and

Ag/AgC1/NaCl1(3M)-reference electrode and connected to a EG&G

Princeton Applied Research Model 324 Voltammetric Analyzer in

combination with a Houston Omniscribe strip-chart recorder.

RESULTS

The capability of HRP to conduct the mediatorless electroreduction

of organic peroxides was proved by adding 2-butanone peroxide (50

uM) to the measuring cell in absence of any mediator at the applied

potential of - 25 mV. The cathodic current (9.5 nA) arrising is

giving evidence that HRP can catalyze mediatorless electroreduction

of organic peroxides as well as hydrogen peroxide.

In order to obtain the optimum potential region for a fast electron

transfer from the graphite to HRP-I the steady state response of a

(15% w/w) HRP- graphite-epoxy electrode was measured at varried

applied potentials on addition of 20 uM hydrogen peroxide. A

reduction current begins to appear at positive potentials (<O.4 V),

graduately increasing at less positive potentials and levelling off
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at - 10 mV. which is in accordance to the literature (4,5). A

slightly more neaative potential of - 25 mV was choosen for the

following studies to get the maximum electrocatalytic current. In

result of increasing the specific activity of HRP from 1 to 20 % the

response on 20 uM hydrogen peroxide and SO uM 2-butanone peroxide

increased from 1.5 nA to 11.8 nA, and 0.6 and 5.5 nA, respectively.

However the 15 % HRP (5 % HSA) bearing bulk-type electrode was

favorable interm of reproducibility and stability. which might be

attributed to the stabilizing effect of albumin on HRP during the

curing process of the graphite-epoxy resin (reaction of epoxy with

amine groups).

The mediatorless reduction of various organic peroxides was

investigated at the potential of - 25 mv-

The response of the biosensor is pH dependent. however each

substrate is demanding a different optimum. Whereas the optimum pH-

range for hydrogen peroxide bioelectroreduction is observed at about

8.0, butanone peroxide reduction is accelerated in the broad pH-

range of 6-7.5. Since the pH-optimum is substrate dependent the

continuing measurements have been carried out at the compromise pH

of 7.4, which is expected to be at least suboptimum for the main

substrates.

Figure 1 illustrates the dependence of the steady state reduction

current on hydrogen peroxide and four different organic hydroper-

oxides. Linerity prevails up to 0.05 mM butanone peroxide, O.1 mM

cumene hydroperoxide,O.1 mM t-butyl peroxybenzoate, 0.02 mM

hydrogen peroxide and up to imM t-butyl hydroperoxide. Except t-

butyl hydroperoxide the detection limit is in the low micromolar and

in the upper nanomolar (hydrogen peroxide) concentration range.
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Figure 1: Dependence of the electrocatalytic current of HRP-

graphite-epoxy electrode on hydrogen peroxide (1), t-butyl peroxyv-

benzoate (2). 2-butanone peroxide (3), cumene hydroperoxide (4).and

t-butyl hydroperoxide (5) at -25 mV in 0.05 M phosphate buffer 7.4

u
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The graduation of sensitivity is in accordance to previously

obtained data (2): hydrogen peroxide> 2-butanone peroxide> t-

butylperoxy benzoate > cumene peroxide > t-butyl hydroperoxide. The

sensitivity for butanone peroxide is about 3.5 times that of cumene

peroxide. with the first having twice saturation current than the

latter. Only 10 % of sensitivity has been observed for t-butyl

hydroperoxide. The response time was 10 s. The total measuring time

was 30 s.

In account of the heterogeneous composition of the bulk electrode

and the relatively large electrode surface (7.065 mm2) the repro-

ducibility of the measurements have been limited to 9 %.

The graphite-epoxy matrix exhibit a long term stability of the

incorporated enzyme, when a portion of HSA is coimmobilized. Over

the studied period of 40 days no loss of activity was observed for

15 *%* HRP (5% HSA, w/w), whereas a 20 % HRP (no HSA) showed declined

response after 8 days of use. Within the first 5 days the electro-

catalytical current was steadily increasing , indicating a

continuation of the conditioning of the epoxy material. Those

behavior was observed for different loadings as well.

In conclusion, in this study we illustrate the feasibility of HRP to

facilitate fast heterogeneous electron transfer from different

organic peroxides to carbon material, when it is incorporated into

the bulk of the electrode. Thus a reagentless sensor for peroxides

has been developed, which works at favourable low potential.

Epoxy-material is stable in a number of nonaqueous solutions.

Therefore the described sensor should be attractive for detection of

hydrophobic organic peroxides in organic media. This possibility is

currently under study.
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