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1. Introduction

The dehydrogenases are an important class of oxidoreductase enzymes, which depend on
the cofactors B-nicotinamide adenine dinucleotide (NAD+) or B-nicotinamide adenine
dinucleotide phosphate (NADP+) as electron acceptors. These enzymes catalyse the oxi-
dation of specific substrates, with concomittant production of the reduced cofactor,
NAD(P)H. In order to develop amperometric biosensors for determination of such sub-
strates, much research effort has been directed towards the electrochemical oxidation of
NADH. However, direct oxidation of NADH requires a large overpotential (1) and is thought
to involve radical intermediates that may result in electrode fouling (2).

Using an artificial electron acceptor which is able to shuttle electrons between cofactor and
electrode surface at a lower potential is one strategy to overcome this problem. Acceptors
such as phenazines (3), phenothiazines (4), phenoxazines (5), o- and p-quinones (6),
diimines( 7) and hexacyanoferrate( 8), have been found to mediate NADH oxidation. With
the exception of the latter, these mediators have been used in solution or adsorbed at the
electrode surface. However, in order to produce a reagentless dehydrogenase-utilising
biosensor, covalently modified mediator electrodes for NADH oxidation are required.

The use of electrochemically deposited conducting polymers as a convenient and simple
method of electrode modification is well known. These polymers can be deposited in a
controlled manner and their properties can be manipulated by changes in the polymerisa-
tion conditions. Conducting polymers have been used to produce enzyme electrodes,
based on polypyrrole, polyindole and polyaniline (9-13), where the enzyme is entrapped
within the conducting polymer matrix. Conducting polymer-modified electrodes may also be
used to provide a functionalised surface to which enzymes can be covalently bound (14).
These conducting polymer-based biosensors have generally employed oxidases as the
biologically sensitive element, and unless the polymer is modified with an artificial electron
acceptor such as ferrocene (15), the polymer is thought only to act as an inert immobi-
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lisation matrix (16). If conducting polymers are to be used for dehydrogenase-based bio-
sensors, it would be desirable to incorporate a mediator for NADH into the polymer struc-
ture. A modified conducting polymer has been produced by co-polymerisation of pyrrole
monomer with a chloranil-pyrrole conjugate and this has shown some promising results for
NADH oxidation (17).

Electrochemical deposition of quinone films has also been reported for polymerisation of
napthoquinone derivatives (18). 5-hydroxy-1,4-napthoquinone can be electropolymerised
by cyclic potential sweeping in alkaline medium, polymerisation reportedly taking place
through the hydroxy function. The stability at pH>7 is poor, but is thought to be improved by
using the 2-methyl derivative, resulting in the structure shown in Figure 1. Our investigations
are focussed on the potential of these films to provide a convenient method of producing a
catalytic surface for NADH oxidation, which, in combination with a dehydrogenase enzyme,
would have application as a biosensor.
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2. Method

Polymerisation was performed using

50 mM 5-hydroxy-2-methyl-1,4- 0 00 0
napthoquinone, 0.3 M potassium

hydroxide solution in methanol. The 0 0 +
poly(methyinapthoquinone) film was n
deposited on a graphite electrode by

cycling the potential between 0 and

3V vs SCE at 50 mVs-1. The Fig. 1: Structure of poly(methyinapthoquinone)
response to NADH was examined in (from reference 18)

pH 7 (0.1 M potassium perchlorate

0.1 M potassium phosphate) or pH 10 (0.1 M KOH, adjusted to pH 10 with 0.1 M HCIO4)
solution, using cyclic potential sweep or at a constant applied potential.
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Figure 2: Poly(methylnapthoquinone) film during cyclic potential sweep at 5 mVs-1 (a) pH 7
(b) pH 10
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3. Results

Figure 2 shows the cyclic voltammograms obtained for poly(methyinapthoquinone) modified
electrodes at pH 7 and pH 10. The quinone redox couple can be seen at -300mV vs SCE at
pH 7; the peaks are relatively sharp and since there is almost no peak separation, the
kinetics of this redox process must be fast. At pH 10, the peaks become somewhat broader,
shifting cathodically by about 70 mV, and the peak separation increases. Little is known
about the redox processes taking place in poly(methyinapthoquinone) and so the reason for
this change in kinetics with pH is uncertain.

The effect of addition of NADH during cyclic
potential sweep at pH 10 is shown in Figure 3.
An increase in the quinone oxidation peak is
observed, although there is no significant
decrease in the reduction peak; an anodic
shift is also observed for NADH on the
unmodified electrode in this potential range
which complicates interpretation of this result.
At pH 7, no response to NADH was observed
apart from an oxidation wave at potentials
anodic of -0.1 V, which also takes place on the
unmodified electrode. The response of
poly(methyinapthoquinone) to NADH was also
examined by measuring the current at a
constant potential of -0.25 V vs SCE at pH 10
(Figure 4).

A comparison of the response of

poly (methylnapthoquinone)-modified and
unmodified electrodes indicates that the
presence of the film enhances the anodic
current measured in response to NADH,
although the precise nature of the response is
uncertain. This demonstrates the feasibility of
producing electrochemically grown polymer
electrodes for oxidation of NADH. However
Figure 3: Effect of addition of NADHona  the stability of the NADH response of
poly(methylnapthoquinone) film during poly (methylnapthoquinone) is poor and this,
cyclic potential sweep at 20 mVs-1. Solid together with the longer response times noted
line = without NADH; dashed line = after for films polymerised for more than one cycle,
addition of NADH. probably results from the relatively low con-

ductivity associated with phenylene oxide-
linked polymers (19). Future work will be directed towards polymerisation of napthoquinone
through the benzene rings rather than via the hydroxy functions, in order to produce a

polymer with higher conductivity which will perhaps retain the oxidative current response to
NADH over a longer period.
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Figure 4: Response of poly(methylnapthoquinone) electrode to NADH, measured as the
current at a constant potential of -0.25 V vs SCE, pH 10.
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