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1. Introduction

Determination of amino acids is highly demanded in food analysis, fer-
mentation control and the chemical laboratory. Enzyme membrane elec-
trodes have been successfully applied for the measurement of gluta-
mate /1/, lysine /2/ and tyrosine /3/ in foodstuffs. The determina-
tion of amino acids using a chemically modified enzyme electrode has
been described TAGS/

The aim of the present investigations is the comparison of the analy-
tical performance of monoenzyme electrodes for L-glutamate, L-lysine
and L-tyrosine using selective oxidases with that of a sensor based
on group-specific L-amino acid oxidase (L-AAOD). Furthermore, lysine
Oxidase, glutamate oxidase and tyrosinase have been coimmobilized in
front of an Oxygen electrode to give a sensor which responds to the
respective amino acids in mixtures.

2. Experimental

Mushroom tyrosinase (EC (St iia tie tn A900 U/mg) and L-AACE from Crota-lus adamanteusvenum_ (EG) TAGs yo 15 U/mg) were obtained from Signa
Chemical Company (USA). Glutamate oxidase was isolated and purifiedfrom Streptomycesendus A9/ “(ECE CA S84 Ong eG U/mg), L-lysine- «- oxi-dase was isolated and purified from Trichoderma viride/7/ CECA ges21 U/mg). Hydrophobic polyethylene membranes, thickness 15 um, wereobtained from VEB Metra Radebeul (GDR), hydrophilic cellulose dia-
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lysis membranes from VEB Filmfabrik Wolfen, GDR (thickness: 20

All other chemicals used were of analytical grade.

um).yen)

Enzyme immobilization in gelatin

Monoenzyme membranes were prepared by mixing of 50jul 0.5 % gelatin

solution with the following amounts of the respective enzyme:

lysine oxidase 0.70 U

glutamate oxidase 0.75 U

tyrosinase 200.00 U

L-AAOD 6.25 U.

The mixtures were spread on an area of 1 cm? of a plane polyethylene

support as previously described in detail /8/. For the preparation

of the three-enzyme membrane the portion of gelatin was increased to

80 ,ul per square centimeter; the enzyme activities used were the same

as in the case of monoenzyme membranes.

Enzyme immobilization in polyurethane

The lyophilized enzymes were suspended in acetonic solution of poly-

urethane from VEB Synthesewerk Schwarzheide, GOR /9/. 10,ul of the

suspension containing 300 U tyrosinase, 1 U glutamate oxidase or

0.5 U lysine oxidase were spread over an area of 0.2 cm? of the dia-

lysis membrane.

Clark-type electrodes (@ 0.5 mm)(VEB Metra Radebeul, GDR) polarized

at -600 mV vs. Ag/AgCl were covered with a polyethylene membrane, the

respective enzyme layer, and a cellulose membrane. The measurements

were carried out using the manual analyzer Glukometer or the polaro-

graph GWP 673 (Academy of Sciences of the GDR).

3. Results and discussion

In order to get optimal analytical characteristics of the electrodes

the influence of buffer composition, sample pH, and enzyme loading

has been studied. These experiments are the basis for designing a

compromise between the individual optima to give an electrode sensing

three amino acids.
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Monoenzyme electrodes

In Soerensen phosphate buffer (0.066 mol/l) the pH-profiles of the

single amino acid electrodes exhibit optima in the range of pH 6.5-

7.5. This narrow region allows the three enzymes to work near their

optimal conditions even in a three-enzyme membrane. The maximum sen-

sitivity of L-AAOD (immobilized in gelatin)to leucine was found at

DH i750.

The steady state of the oxygen current decrease after addition of the

respective amino acid is reached within 40 s and the measuring time

is about 5 min. A reduction of this measuring time to less than 2 min

is obtained by using the differentiated current-time curve method.

Most importantly, the maximum of the current-time curve is reached

within 5 - 8 s for each of the monoenzyme sensors. This behaviour is

the basis of an additivity of the signals for different amino acids

in the three-enzyme sensor.

The enzyme loading has been varied by changing the content of the

respective enzyme between 0.02 U and 0.60 U per square centimeter in

the gelatin layer of 30 ,um thickness. Diffusion controlled electrode

response is reached above 0.3 u/em> for all enzymes used.

The enzyme amounts used to obtain sufficient functional stability are

summarized in table 1 together with the analytical characteristics of

the different monoenzyme sensors.

Table 1: Analytical characteristics of different monoenzyme sensors
using gelatin entrapment of the enzymes

 

enzyme sensitivity detection measuring preci- lifetime

activity („uA/mMcm ) limit(uM) range(mM) sion a) (d)

lysine 0.70 UYem?  '3045 10 15.524000. 1082«0 20 (80%)
oxidase c=0 .3mM

tyrosi- 200 U/em@ 32.6 5 rw NG REISS NG 6 (30%)
nase c=0 .2mM

glutama- 0.75 U/cm® 15.3 10 2021200 .73250 10 (80%)
te oxi- c=0 .3mM

dase

L-AAOD 6.25 U/em> 28.0 2.5.,.0021.1111004 182,0 10(80%)
(leucine) c=O .2mM
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Three-enzyme electrode

The coimmobilization of tyrosinase, lysine oxidase, and glutamate oxi-

dase in one gelatin membrane gives a protein content of almost 1 mg/

cm? and therefore an enzyme layer thicker than any monoenzyme layer.

However, this fact does not markedly influence the sensitivity to the

amino acids. Obviously, the overall diffusion resistance is mostly

determined by the dialysis membrane.

Furthermore, with gelatin entraped enzymes the same measuring range

as for the monoenzyme electrodes is obtained with almost identical

sensitivity to tyrosine and lysine whereas that for glutamate is about

30 % lower. Since the enzyme amount within the gelatin layer ensured

complete substrate conversion, the sensitivity should be related to

the different permeabilities of the amino acids. The lower molecular

weight of glutamate should result in a higher coefficient of diffusion

as compared with lysine. However, the permeation is also dependent on

the partition of the substrate within the enzyme layer. At pH 7 the

gelatin carries a negative net charge. Therefore, the alkaline amino

acid, lysine, is favourably partitioned in the gelatin layer as compa-

red with the glutamate anion. To demonstrate the importance of these

charge effects, lysine oxidase and glutamate oxidase were coimmobili-

zed in a polyurethane layer. In this case the slope of the calibration

curve for glutamate was 30 % higher than that for lysine. Obviously,

in the neutral matrix charge effects are avoided and the lower molecu-

lar weight leads to the faster permeation of glutamate. These results

illustrate the possibility to control the sensitivity of a sensor by

varying the properties of the matrix material.

After the calibration of the three-enzyme sensor by monitoring a con-

centration dependence of lysine, glutamate and tyrosine a mixture con-

taining 0.3 mM lysine, 0.29 mM glutamate and 0.25 mM tyrosine was mea-

sured. The data obtained are in good agreement with the values calcu-

lated from the sensitivity of the three-enzyme sensor to the single

substrates. The recovery of 101.4 % demonstrates that the sensitivity

to the single amino acids is not influenced by the other substrates,

and that the measured values represents the sum of the three amino

acid signals.
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