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SUMMARY

Glucose oxidase (GOD)/lipid Langmuir-films on the air/water
interface were prepared and investigated. The enzyme molecules
were adsorbed by a preformed pure or mixed lipid monolayer from
the aqueous subphase of the Langmuir-trough. The following types
of lipids and their mixtures were used: 1lecithine, lecithine/
cetyltrimethylammonium bromide (CTAB), CTAB-modified methylmeth-
acrylate monomer, stearic acid and stearic acid/CTAB. GOD was
found to adsorb the strongest on positively charged lipid mono-
layers. It is due to the negative charges dominating the protein
molecule at pH 7.0. The enzyme retains its enzymatic activity in
adsorbed layers. The transfer of one to ten lipid-protein mono-
layers onto Pt-electrodes under 20-40 mN/m surface pressure was
performed by the Langmuir-Blodgett method. As a result the bio-
sensor was obtained with a measuring range from 0.5-5.0 mM
glucose. The current output was found to depend on the number of
transferred lipid-protein monolayers and on the surface pressure
at which the transfer was carried out. The best electrode
characteristics were found with glucose oxidase adsorbed on mono-
layers of the CTAB-modified methylmethacrylate monomer.




44 Th. Hanke et al.

INTRODUCTION

The prospects for application of the Langmuir technique to the
design of biosensors have been widely discussed in in the last
few years. Nevertheless it is very difficult to obtain stable
enzyme monolayers at the air/water interface because of their
high solubility in the aqueous subphase and fast denaturation at
the interface.

Recently the preparation of stable layers of glucose oxidase
adsorbed on monolayers of surface-active substances and the
designed enzyme electrodes for glucose based on such films has
been reported. The aim of our work was to investigate in detail
the adsorption of glucose oxidase at the air/water interface,
especially in the presence of different lipids, and to design a
biosensor model based on the lipid-protein Langmuir films.

MATERIALS AND METHODS

Glucose oxidase, GOD, 46 U/mg (AWD Dresden), lecithine from egg
yolk (Sigma), cetyltrimethylammonium bromide, CTAB (Chemapol),
stearic acid, StA (Reakhim) were used without additional puri-
fication. The CTAB-modified methylmethycrylate monomer was
prepared in the Shemyakin-Institute. All lipids were dissolved in
chloroform (Merck) at a concentration of 10 mM. GOD (10 mg/ml)
was dissolved in 1 mM phosphate buffer (Merck) at pH 7.0.

The lipid-protein monolayers were prepared using Langmuir Film
Balance 2 (Lauda, FRG). The monolayers were prepared by spreading
20 ul of pure or mixed lipid solutions or 200 ,ul of GOD
solution onto the subphase (1 mM phosphate buffer pH 7.0). Mixed
lipid-protein monolayers were obtained by injection of 200 _.ul
GOD solution in the subphase carrying a preformed 1lipid mono-
layer. Then the adsorption proceeded during time intervals of 1
hour or 5 hours. The isotherms (surface pressure vs. area per
molecule) were recorded under continuous compression of the mono-
layer by the moving barrier (speed from 10 to 100 cm=/min). For
biosensor preparation, Pt-electrodes (0.2 mm®) deposited on
ceramic substrate by the thick-film metallization technique were
used. The lipid-protein monolayers were transferred onto these

electrodes by the Langmuir-Blodgett method. Vertical dipping
(speed 1 cm/min) of the electrode through the monolayer surface
was performed at constant surface pressures from 20 to 40 mN/m.
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The resulting multilayer structures consisted of up to 10 1lipid-
protein monolayers. The covered electrode was used against
Ag/AgCl (working potential 0.6 V) in a stirred measuring cell (3
ml of 10 mM phosphate buffer pH 7.2) in order to detect H=0=
produced by the enzymatic oxidation of glucose.

RESULTS

After spreading a GOD solution a GOD monolayer was formed at the
air/water interface even without a preformed 1lipid monolayer.
But, owing to surface denaturation the GOD activity therein is
lower than in the accessible subphase volume.

If a preformed lipid monolayer is present, the GOD activity in
the resulting GOD/lipid mixed monolayer will be equal to twice
its activity in the subphase.

The adsorption of GOD was measured by means of T - A - isotherms
before and after adsorption proceeded. The area increase at
constant surface pressures due to the adsorption was also
recorded. The enzyme adsorbes the strongest to completely
positively charged layers that are formed by the CTAB-modified
methylmethacrylate monomer. In case of lecithin/CTAB monolayers
the adsorption amounts about 10 per cent only. The other lipids
examined did'nt show considerable adsorption.

The transformation coefficient of the GOD/lipid mixed monolayers
runs to 0.8 to 0.9 (monolayer area decrease in the trough vs.
covered area of the electrode support).

The output current of the biosensor model depends strongly on the
type of the GOD/lipid mixed monolayer used as well as on the
number of layers. Owing to the good adsorption of GOD to the
positively charged monolayer of the CTAB-methylmethycrylate
compound, this type showes the highest output values (cf. fig. 1
and 2).

In this case, the measurement of any output current is possible
only with those layers the transformation surface pressure of
which is higher than 30 mN/m.

In case of GOD/lecithin/CTAB layers, the output current depends

directly on the the transformation surface pressure between 20
and 30 mN/m.
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Figs. 1 and 2:

Output current of the glucose sensor model vs. glucose concen-
tration. The upper figure shows the results with the GOD/
lecithin/ CTAB layers, the lower the results with the GOD/ CTAB-
methylmethacrylate layers. On the right hand side, the number of

layers is indicated.



