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LIPASE, ENZYMATICALLY ACTIVE IN A MONOLAYER

T. M. Gloger, R. Maksymiw, H. Erdmann *), W. Nitsch
Technical University Munich, Institute of Technical Chemistry, Lichtenbergstr. 4, D - 8046 Garching, FRG
) GBF Braunschweig

SUMMARY

The present work is focussed on the interfacial behaviour and the enzymatic activity of Staphylococcus
carnosus lipase monolayers at the water/air and water/toluene interface.

Stable enzyme layers were established at the water/air interface by quantitative spreading according to
Trurnit (1). Thus, a monolayer with a definite number of molecules is obtained, exclusively. Therefore the re-
sulting pressure/area diagrams can be investigated with regard to molecular data.

A characteristic feature is the occurance of a critical pressure m; =~ 18 mN/m in the pressure/area dia-
grams. This critical pressure occurs in many protein pressure/area diagrams. In the case of lipase, Mg is pH-
independent and can be demonstrated to correspond to a closely packed monolayer of compact molecu-
les. From the corresponding molecular area Ac (= 5000 5\2) the molecules can be postulated to be discs
lying flat on the surface and the radius and thickness can be calculated to 40 Aand 20 A, respectively.

The covering of the monolayer with a toluene-phase changes the intermolecular interactions: The
pressure/area curve progresses beyond the corresponding water/air curve. For pressures higher than .
and molecular areas smaller than A, the difference diminishes. The values of m /A, at water/air and
water/toluene were the same. As for the water/air interface the critical pressure is pH-independent.

For studying enzymatic activity at the water/air interface a novel apparatus is presented, which combines a
filmbalance with a convection reactor. Thus, it is possible to study the enzymatic reaction of a definite mono-
layer in a defined hydrodynamical environment. The enzymatic monolayer turns out ta be active and its
reaction resembles the corresponding homogeneous reaction. Thus support is given for the view, that
enzymes are not necessarily denatured on their contact with an interface, but can keep a compact and
active configuration.

1. INTRODUCTION

It is a widespread view, that enzymes are denaturated on their contact with a fluid interface. Contrary to the
view of unfolding, the enzyme catalase can be spread as a monolayer exhibiting different degrees of
molecular unfolding, varying from globular to almost completely unfolded molecules.

The interfacial behaviour of catalase (2) - and the possibility to build up stable monolayers of globular
molecules - was the starting point of the present work:

1. The thesis of conservation of a globular structure at fluid interfaces should be extended on a technologi-

cal relevant enzyme.
2. This should be proved by activity measurements, whereby the enzyme is located at the interface,

exclusively.
3. Investigations with a hydrophobic solvent instead of air should reveal the interactions which were impor-
tant in biological membranes and in technological processes.
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. METHODS

. Preparation of lipase solution: Lipase (E. C. 3.1.1.3. 86 kDalton) was from staphylococcus carnosus
(3). The lyophylized enzyme was dissolved in a phosphate buffer 66 mM PO43‘ with 170 mM NaCl,
3 mM NaNg pH = 7. This solution was sterile ﬁltered (0,2 um pore size) and stored at 4° C. The con-
centration is determined at 278 nm (e = 0,91cm /mg typical concentration 0,5 mg/ml).

. The bulk buffers all contain 1,7 M NaCl and 3 mM NaNg and were free of surface active contaminants,
no m-raise on compression (< 1:50). Citrate/phosphate, phosphate (66 mM) and glycine/NaOH buffer
were used to vary pH from 2,3 10 9,0.

The toluene was carefully destilled two times (2 m column Pt-packing body, reflux ratio 1:6 and also free
of surface active contaminants.

. p-nitrophenylbutyrate (PNPB) was used as a watersoluble substrate for lipase.

. Stable enzyme layers were established at the water/air interface by quantitative spreading according to
Trurnit (1). Succeeding each spreading a waiting period (Atg = 20 min) was carried out within no -
raise occurs. With the definite number of molecules the resulting pressure/area diagrams can be invest-
gated with regard to molecular data.

. The pressure/area diagrams were recorded on a Langmuir type filmbalance at water/air (Lauda FW-1,
compression rate F* =45 cm2/min). For m < 25 mN/m there was no loss of molecules out of the
monolayer, which was definitely confirmed by suitable compression-expansion cycles (2,5).

. For the water/toluene interface a rhomb trough (Wilhelmy principle, Cahn-27 microbalance, constant
circumference of a PTFE-ribbon, centrosymmetric compression by turning the quadratic to a rhomb with
an angular velocity of 0,08° /sec) is used with free streaming bulk phases guaranteeing a constant sur-
face level.

. After the monolayer is established, the surface is covered with toluene.

. The enzymatic reaction in the monolayer at the air/water interface is a superposition of heterogeneous

chemical reaction and transport processes. A new constructed interfacial reactor (fig. 1) combines a film

balance (Wilhelmy principle, Cahn 2000 microbalance, plate of filter paper, two synchronously moving

barriers) with a convection reactor, centrally mtegratgd in the trough After spreading and waiting period
(Atg = 60 min) the monolayer was compressed (F = 45cm /mln) to m = my = 18 mN/m. The bulk

was diluted to yield a final NaCl concentration of 170 mM. The recorded m constancy confirmed, that
there was no loss of molecules out of the surface.

The reaction pNPB —> butyrate + 4-nitrophenolat (yellow A = 400 nm) was recorded in the bulk
phase (bypass).

. RESULTS

. m/A-diagrams water/air: Fig. 2 shows m/A-diagrams of lipase at various pH-values of the bulk phase
for water/air and water/toluene. The water/air curves show a characteristic point m,/Ag, which is
independent of the pH and the waiting period A? T is about 18 mN/m and the corresponding mole-
cular area is in the range of 4500 < Ag < 5500 A<
On further compression there is another critical pressure "c+' which occurs for pH =58
(et = 27 mN/m, 2600 A2 < A+ < 3600 A2).

. m/A-diagrams water/toluene: The water/toluene curves lie above the water/air curves (fig. 2). For
n > n., the difference nearly disappears. The value of this m, and Ag resp. (Mg = 17,5 mN/m,
5200A < A, < 6200 A), is comparable to that for the air/water interface. It is independent of pH,
waiting period Aty and the way of spreading (on buffer or trough toluene).

Also a "c+ occurs. It is independent of pH and has nearly the same values as at water/air. Below m.a
further and pH-dependent distinguished pressure occurs (pH 2 5,8).

. Lipase activity: Fig. 3 shows the interfacial lipase catalyzed hydrolysis as well as the corresponding

homogeneous reaction for identical concentrations. For comparison, the spontaneous hydrolysis of the

substrate.
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Schematic plot of the “interfacial reactor”: 1: filmbalance trough 2: synchrously moving
barriers 3 a: single phase convection reactor with integrated stirrer (3b) 4: Wilhelmy-
system

nt/A-diagrams of lipase at various pH-values of the bulk phase for water/air and water/toluene
interface
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Interfacial lipase catalysed hydrolysis of pNPB (@). The corresponding homogeneous (m) as
well as the spontaneous reaction () are also plotted (1).
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. DISCUSSION
. Critical Surface Pressure: The m/A-diagrams of lipase obtained by compression (fig. 1) are quite simi-

lar to those recently discussed for catalase monolayers (2). In particular, there is a critical pressure found
for catalase at m, = 18 mN/m (water/air). For that enzyme, it can be clearly shown on the basis of avai-
lable molecular data that 7, corresponds just to the closest arrangement of compact molecules in a
monolayer. This, for the lipase monolayer the closely packed covering of molecules at 7, is assumed,
too. The pH-independence of ., and the same value (18 mN/m) as for catalase at water/air points to 7,
corresponding to a general property of protein monolayer at water/air, presumably.

At the water/toluene interface the resulting m values were higher compared to air/water until 7, pointing
to stronger intermolecular interaction. At m = m,, both curves nearly touch. The correspondence of the
values for water/air and water/toluene are significant.

In contrast to catalase, a second critical pressure "c+ and even another m is observed. Until now there
is no reasonable explanation for these additional values.

. Molecular Area A: According to the quantitative spreading of Trurnit the resulting m/A-curves can be

interpreted with regard to molecular data. The A, value - which corresponds to mt, the state of complete
coverage of the interface - of = 5000 A2is substantially smaller than the calculated value of completely

-unfolded lipase (640 amino acids with 15 A2 per residue yield = 10000 32). Therefore the assumption

5
(1)

(@)

3

(4)

(5)

of a globular, not unfolded state seems to be justified. With the specific volume of proteins
(v=0,73 cm3/g) and the molecular weight (86000) and the assumption, that the lipase molecules lie
disc-like on the surface, a radius of 40 A and a thickness of 20 A can be calculated.

The close accordance of A, at both investigated interfaces for catalase resp. lipase, gives another
strong argument for a complete coverage at ..

Shortening the waiting period At before covering with toluene or even spreading through toluene yields
no unfolding of the protein. The molecular area is only slightly larger compared with the spreading of
lipase, which had been treated with urea before: Lipase seems to be more stable than catalase.

. Kinetics of Lipase Catalysed Reaction: The interpretation of the enzyme activity in the monolayer is

based on the kinetics of the homogeneous reaction. The double-reciprocal plot turns out to correspond
to the Michaelis-Menten-kinetics. For comparable conditions in the bulk, fig. 3 shows that the heteroge-
neous monolayer reaction resembles the homogeneous reaction to the order of magnitude. Thus, it is
evident that the lipase activity is conserved inspite of the enzyme being located at the surface.
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