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Abstract

A choline electrode has been developped by coupling immobilized choline oxidase to a

hydrogen peroxide electrode. The coimmobilization of cholinesterase permits the measu-

rementof acetylcholine. The excess of both enzymes results in diffusion limited electrode

response for both substrates, with relative sensitivities 1: 0.6 for choline if compared with

acetylcholine.

When

a

kinetically controlled bienzyme sensor with a low activity of cholinesteraseis used,

a dimished sensitivity is obtained for acetylcholine with an increased sensitivity for inhi-

bitors, such as NaF, butoxycarboxime,trichlorfon, or dimethoate. Potentially disposable

sensors for those inhibitors have been.constructed with cholinesterase coimmobilized with

choline oxidase in a gelatin membraneon a platinum electrode and with cholinesterase

immobilized in polyurethane on a thick-film metallized platinum electrode. The decreased

formation rate of thiocompoundsfrom thiocholinesters serves as measurefor the inhibited

enzymein the latter setup.
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1. Introduction

The measurement and control of pesticides and pesticide residues in air, water and food

is a problem attracting considerable attention. For the assay of organophosphorous and

carbamate pesticides, the cholinesterase enzymes can be considered as the key enzymes.

The detection is based on the inhibitory effect of the pesticides on cholinesterase. Pre-

viously published electrochemical methods of determination of the cholinesterase activity

make use of pH-sensitive electrodes or metal wire electrodes and indicate the generation

of protons or thiocompounds in the cholinesterase catalyzed reaction [1,2]. Immobilized

enzymes for detection and monitoring of toxic substances using those principles [2-5] and

choline electrodes [6,7] have also been described.

This communication describes two ways to develop electrodes for inhibitors of cholineste-

rase. Acetylcholinesterase coimmobilized with choline oxidase permits the measurement

of acetylcholine with a hydrogen peroxide-indicating electrode. The specific performances

for inhibitor measurements with such bienzymeelectrodes are described as well. Also, the

indication of inhibitors is demonstrated by using acetylcholinesterase immobilized directly

on the surface of a thick-film metallized platinum electrode and indicating the generated

thiocompounds.

2. Choline and acetylcholine sensors

For construction of a choline-sensitive membrane electrode the choline oxidase (Arthro-

bacter globiformis) was entrapped in a gelatin matrix with a final activity of 1 U/cm?.

This membrane was mounted on the surface of a hydrogen peroxide indicating electrode

and placed into a flow-through system (ADM 300, Prüfgerätewerk Medingen, GDR). The

addition of cholineresults in a rapid increase of the derivative of the current/time curve

reaching a maximumvalue within 8 s. This fast response permits more than 70 measure-

ments per hour to be performed. The concentration-dependence is linear up to 300 uzmol/1]

choline (fig.1). At saturation concentrations of choline the oxygen is consumed by 60% of

the initial value, thus setting the limitation of the measuring range. The choline sensor

shows 95% of activity after 20 d of intermitted use.

For acetylcholine determination the electrode has been equipped with a gelatin layer bea-

ring coimmobilized cholinesterase and choline oxidase (each 1 U/cm?). This sensor has
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been employed in the same flow-through device. The measurement of acetylcholineis ba-

sed upon the acetylcholinesterase catalyzed hydrolyzation to choline and acetate followed

by the choline oxidase catalyzed oxidation of choline to betaine and hydrogen peroxide.

Thelatter is anodically oxidized at a platinum electrode. Due to the slower diffusion of

acetylcholine comparedto cholinea slightly longer response time is observed and only 60%

of the sensitivity for choline is achieved. The measuring frequency at an acetylcholine

concentration below 650 pmol/] is 40 h~!. The operational stability exceeds 20 d.
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1 Dependence of the choline oxidase/cholinesterase electrode response on choline and

acetylcholine in phosphate buffer, pH 8.0 at 25°C with a flow-through system of 0.7

ml/min.

3. Detection of toxic compounds

A simple and reliable method of detection of organophosporous pesticides is the measu-

rement of cholinesterase inhibition in a membrane coupled directly to an amperometric

electrode. Although a high enzymeactivity is required for reproducible and long-term

measurements with suitable electrode response on acetylcholine, sensitive inhibitor de-

terminations are favored at low enzyme loadings. Pesticide detection with optimized

bienzyme sequence electrode involves high choline oxidase activity, since this reaction is

simply the indication of the acetylcholine conversion in the layer, and low esterase activity,

allowingto affect the signal amplitude byinfluencing this enzyme. This can be interpreted

also in terms of kinetically controlled acetylcholine response and diffusion limited choline

detection. From the enzymeloading test, 0.05 U/cm? was evaluated as the maximum

esterase activity (fig.2) for sensitive indication of esterase inhibition. An amount of 1
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U/cm? ofcholine oxidase was sufficient for diffusion-limited choline response.

The determination of the toxic substances is based on the measurement of percentage

inhibition evaluated from the difference of electrode response before and after inhibitor

contact for the same substrate concentration.
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2 Percentage inhibition by 50 pmol/l butoxycarboxime in dependenceon the activity of

acetylcholinesterase in the gelatin layer with coimmobilized 1.0 U/cm? choline oxidase;

the reference value was obtained with 500 pmol/1 acetylcholine.

Usually substrate saturation is desired for the determination of activity. Since the de-

scribed method is based on the sequence, in which choline oxidase is the indicating, not

the specifically influenced enzyme, and the decrease of esterase activity is indicated in the

second step the choline formed should be within the linear measuring range of the choline

sensor. Therefore the acetlycholine concentration used was 500 ymol/l. In order to operate

under substrate saturation conditions an extremely low amountof acetylcholinesterase is

applied.

The sensitivity to inhibitors is also dependenton the inhibition time. Using a flow-through

of 0.7 ml/min the dependenceof the electrode response on incubation time of 1 pmol/1

butoxycarboxime exhibited a sigmoidal-shaped curve levelling off above 3 min. Therefore

the sensor was incubated for 3 min with the inhibitor.

The measuring procedure was the following:

The bienzyme membraneof 1 U/cm? choline oxidase and 0.05 U/cm? acetylcholinesterase

was sandwiched between two dialysis: membranes and stretched on the cap of a hydrogen

peroxide electrode. After the positioning in phosphate buffer at pH 8 with a flow rate of 0.7
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ml/min the sensor was calibrated bytriplicate measurements of 500 ymol/I acetylcholine.

Then, the inhibitor-containing sample is sucked in for 3 min. followed by a 1 min. washing

step. The measurement of 500 pmol/l acetylcholine afterwards provides information on

the quantity of inhibitor that had interacted with the esterase. After the measurement of

irreversible inhibitors the electrode cap can easily be replaced by a new one within two

minutes. Data on quantitative analysis of butoxycarboxime andtrichlorfon are recorded

in Figur 3 and 4 in terms of percentageinhibition as a function of irreversible inhibitor

concentration. When the sensoris incubated for 3 min. with 0.5 umol/l dimethoate the

inhibition is 6%. At 100 pmol/l a total irreversible inhibition is observed.
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3 Percentage depressionof the electrode signal on 500 pmol/1 acetylcholine after 3 min.

incubation with butoxycarboxime.
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4 Percentage depressionof the electrode signal on 500 umol/l acetylcholine after 3 min.

incubation with trichlorfon.
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This measurement system can be applied in an automatically working device, which might

be employed as an alarm system for hazards. The intermitted measurementoffixed acetyl-

choline standardsolution is interrupted by sucking in the samples.If an inhibitoris present

a diminished sensor signal is indicated afterwards. In this case the enzymeelectrode cap

has to be renewed. 2.5 % inhibition are measurable due to the variation coefficient of about

1%.

A potentially disposable electrode for toxic chemicals has been constructed by covering

a thick-film metallized platinum electrode by a layer of polyurethane with butyrylcho-

linesterase. The polyurethane matrix shows strong adhesion to the chip surface andis

thus preferred for stable electrode construction. The measurement is based on

the formation of electrochemically active free thiocholine during enzymatic hydrolysis of

thiocholinester. The thiocholine can be oxidized at +410 mV vs. Ag/Agl. The current

signal of this enzyme electrodeincreases linearily with concentrations between 50 and 500

mmol/l butyrylcholine iodide. After 5’d almost 60% of the sensitivity remained. Thiselec-

trodeis applicable for sensing cholinesterase inhibitors. From the difference of the current

with and without the inhibitor the percentage of inhibition is calculated. Fluoride and

chinidine sulfate with a detection limit of 10 and 0.25 umol/l have been indicated. The

following measurement of the substrate allows to determine wether the inhibition was re-

versible or irreversible. When a reversible inhibitor such as fluoride is detected, the sensor

is ready for measurement after recalibration. For irreversible inhibitors such as chinidine

the sensor is only applicable for single detection, but even this operational mode may be

of great importance for practical alarm systems.
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