HZI

DEVELOPMENTOF A BIOSENSOR FOR THE
DETERMINATION OF CATECHOLAMINESIN URINE

ltem Type Book chapter;conference paper

Authors Meiwes, D.;Rof3, B.;Cammann, Karl;Knoll, M.;Witzel, H.

Citation Biosensors : fundamentals, technologies and applications, 87 - 90

Publisher GBF Gesellschaft fur Biotechnologische Forschung mbH,
Braunschweig

Journal Biosensors : fundamentals, technologies and applications, 1992

Rights Attribution-NonCommercial-ShareAlike 4.0 International

Download date

2026-08-12 05:29:28

[tem License

http://creativecommons.org/licenses/by-nc-sa/4.0/

Link to Item

http://hdl.handle.net/10033/623772



http://creativecommons.org/licenses/by-nc-sa/4.0/
http://hdl.handle.net/10033/623772

DEVELOPMENT OF A BIOSENSOR FOR THE DETERMINATION OF
CATECHOLAMINES IN URINE

D. Meiwes!, B. Ro82, K. Cammann?, M. Knoll3, H. Witzel

Institut fiir Biochemie!
Wilhelm-Klemm Straf8e 2
Lehrstuhl fiir Analytische Chemie?
Wilhelm-Klemm Stra8e 8
Westfilische Wilhelms-Universitdt Miinster
4400 Miinster, Germany
Labor fiir Halbleitertechnologie?
der Fachhochschule Miinster
Stegerwaldstr. 39
4430 Steinfurt, Germany

Summary

This paper describes an amperometric biosensor for the determination of catecholamines
in urine. An amperometric planar oxygen electrode is combined with an enzyme
membrane containing immobilized catecholoxidase. This enzyme reacts with
catecholamines under oxygen consumption being measured by the oxygen sensor. The
decrease in oxygen concentration is proportional to the concentration of catecholamines in
the solution with excellent linearity in the physiological relevant range. No interferences
have been observed due to the high specificity of the enzyme.
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Introduction

The catecholamines adrenaline, noradrenaline and dopamine in their function as
hormones and neurotransmitters are involved in the regulation of metabolism. Besides
serotonine and several peptide hormones they balance the blood pressure [1]. Diseases
combined with increased blood pressure (e.g. hypertension, phaeochromocytoma,
metabolic dysregulations, etc.) require the control of the catecholamine level in blood and
urine. Several methods for the determination of the catecholamines in body fluids have
been established in the last few years [e.g. 2, 3].

All of them involve several steps like extraction with organic solvents, chromatographic
separation and detection. These methods are time-consuming, labour-intensive and need
specially equipped laboratories. The sensor described in this paper has been developed for
catecholamine determination in urine in a very simpel way. The catecholamines contain an
ortho-diphenole (= catechol) group. The enzyme catecholoxidase used in this sensor is
able to oxidize ortho-diphenoles, consuming oxygen [4]. The consumption is proportional
to the concentration of the substrate in the solution to be measured.

By coupling the enzyme reaction with an oxygen sensor, it is possible to determine the
catecholamines in the physiological relevant range. The general reaction is shown in the
following figure.

Catecholoxidase
2 O + 0, —_— 2 \CE - 2 Hy0

OH 0

Fig. 1: Reaction scheme for the biosensor

Enzyme

The commercially not available enzyme catecholoxidase has been extracted and purified
from the leaves of Lycopus species. The enzyme with a M, = 40,000 contains a dicopper
center of type 3 and shows high substrate specificity on ortho-diphenols. It exhibits no
monophenolase activity as found in the case of tyrosinase, so that interferences are not
obtained measuring in body fluids with higher amounts of tyrosine.

Sensor construction

The basis of the catecholamine biosensor is a miniaturized ‘Clark-type’ oxygen electrode. A
planar two electrode interdigitated array system was fabricated using standard IC
technology. It conmsists of Ag cathodes and combined Ag/AgCl reference-counter
electrodes [S]. The area of the reference-counter electrodes is ten times larger than the
area of the Ag working electrodes. The devise is completed by a calcium alginate hydrogel
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layer containing 0.1 mol/1 KCl [6]. A teflon oxygen permeable membrane and the enzyme
membrane were fixed in front of the electrolyte layer. The following figure shows a cross
section of the complete device.
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Fig. 2: Cross section of the complete device
y i SiOz-substrate; 2. Ag working electrode;
3. Ag/AgCl reference counter electrode; 4. plastic seal; 5, electrolyte layer;
6. teflon membrane; 7. enzyme membrane; 8. plastic fixing ring

Results and discussion

Measurements were carried out in 0.1 mol/l phosphate buffer PH 6.5. The sensor was
polarized to -600 mV vs, Ag/AgCl reference electrode to reduce oxygen to hydroxide. The
resulting current was measured in an air saturated solution and was converted into
potential to present the results on a strip chart recorder.

Different concentrations of adrenaline were added and the decrease in oxygen
concentration was measured. A typical curve is shown in the next figure.
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Fig. 3: Typical response curve of the biosensor in phosphate buffer
Concentration of adrenaline: 2:10-5 mol/I
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The 95 % response time was 60 to 70 seconds. The resulting calibration curve is shown in
the following figure. There is an excellent linearity in the physiologically interesting range.
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Fig. 4: Calibration curve for adrenaline in phosphate buffer

A linear relationship was observed from 103 to 10 mol/I adrenaline in phosphate buffer.
Measurements in urine gave reproducible results and showed no interferences due to the

high specificity of the enzyme.

In summary the results show that it is possible to determine catecholamines using a simple
sensor device. The immobilisation of the enzyme works very easily, furthermore the
enzyme is very stable and measurements over two weeks with 7 % decrease in current were

possible.
To overcome the problem of sample air saturation we are developing a differential

measuring technique with two sensors on one chip but only one of them being covered with
immobilised enzyme.
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