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Abstract:

A

combination

of

Langmuir-Blodgett and

liposome techniques are used for creating stable lipid
structure on solid supports such as platinum and silicon
surfaces. The liposomes are prepared from mixfures of
naturally abundunt phospholipids and cholesterol and

the composition is of importance for

stability.
Supported lipid structures are formed by fusion of the
liposomes onto lipid monolayer covered solid supports.
Proteoliposomes are used for introducing membrane
proteins, with retained activities and in some cases also
good stability. A model system with the gangliosid€ G-r
and cholera toxin subunit B indicates the potential of a
membrane-based biosensor.

INTRODUCTION
Recognition processes in nature are often mediated at
and through the cell membranes. Many useful and
interesting molecular probes, such as membrane receptor
proteins, could be used for biosensor applications if a stable
lipidic environment could be created on suitable transducer
surfaces. During the last few years, considerable progress in
forming supported lipid bilayers can be noticed. The most
common way is to first chemically modify a support, for
example by silanization or by thioalkylation giving a first,
immobilized, densely packed layer of non-biological,
hydrophobic chains and then add one or more layer(s) of
phospholipid usually by fusion of liposomes to the surface.

Another approach is to use biological lipids for both
leaflets of the bilayer, either by using direct liposome
fusion onto bare solid supports or by liposome fusion to a
support, which has first been covered with a lipid
monolayer by Langmuir-Blodgett technique [1,2].
We have used these two last-mentioned techniques, with
a preference for the one with a preformed monolayer, to
form bilayer-like structures on silicon and platinum
supports. Membrane proteins (bacteriorhodopsin isolated
from purple membrans from Halobacterium halobium,

cytochrome oxidase from

bovine

heart,

acetylcholinesterase from bovine brain and the nicotinic
acetylcholine receptor from Torpedo electric organ) have
also been introduced [3,41. More recently, we have studied
how the composition of the (proteo)liposomes influences

the ability to form planar, supported bilayers and the
stability of such membranes. We have also studied the
fusion process on hydrophobic and hydrophilic surfaces

well

as

as characterized the structures obtained.

METHOD
Preparation

of the solid supports,

Langmuir-Blodgett

technique, enzyme purifications and assays, liposome
preparations, experimental set-ups for ellipsometry, quartz

crystal microbalance, atomic force microscopy and surface
plasmon resonance are all given in the references [3,4]. A

Fisons resonant mirror instrument (IAsys@) with an
unmodified silicon nitride surface has also been used for
following the fusion process.
RESULTS
The liposome fusion technique is a simple method, but

for successfully depositing lipids and proteins to a surtäce
to give a stable membrane-like structure, many factors are
of importance. Our standard protocol to evaluate the
formation and stability of a planar membrane was to
recirculate 50 pM (based on phosphate content) liposomes
over the support under study overnight, remove the support
which meant passing through the buffer-air interface, wash
it with water supplied by a pasteur pipette, dry it under a
stream of nitrogen gas and measure apperent thickness

If proteoliposomes were used, the
biological activity was then measured, which usually
ellipsometrically.

implicated new transfers through air-water interfaces. For
long-term stability studies, the supports were stored cold in
buffer, and thickness and biological activity measured
regularly during up to a month, again implicating a tough
treatment with several cycles of assay, washing and storage.
We have in this way evaluated liposomes prepared from

different compositions of lipids and varying amounts and
kinds of protein. The supports were mainly bare or lipid
monolayer covered platinum and silicon.
In general we observed that it was easier to get bilayer

formation on platinum supports as compared

to

silicon

surfaces and also gave superior stability.
The lipid composition was found to be crucial. Usually,
we worked with mixtures of cholesterol and two or three

phospholipids, one of which was phosphatidylcholine.
Generally, the best membranes were obtained if only
saturated phospholipids were used.

Proteoliposomes

were superior

to

protein-free

liposomes in forming stable membranes.
All the membrane proteins used retained their activities
after reconstitution in a planar membrane. The oxidase and
the receptor, which are bulky integral membrane proteins
with domains extending into the aqueous phases, rapidly
lost activities upon storage. In contrast, acetylcholinesterase

and bacteriorhodopsin were active for weeks, with a
gradual decline. The enzyme had a half-life on platinum
supports of about three weeks and on silicon of one week.
The morphology of formed membranes was studied by
AFM. The formed structures were not perfectly smooth but
contained both small aggegates and nodules. Estimation of

the average thickness of the structure, from AFMexperiments and from ellipsometry, generally gave values
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in the ranges expected for a
membrane proteins.

lipid bilayer with and without

Our main concern now is reproducibility. The results
vary a lot. One extreme example is given in ref [4], where

we found that the activity of acetylcholinesterase in the
supported lipid membrane on 30 supports varied from 330
to 5175 pmol min-l. Thus, fundamental studies on liposome
preparation, cleaning and characterisation of the supports
and on other factors during the reconstitution are
performed. Furthermore, we have started to investigate the
fusion process, using two techniques. Liposome fusion is
performed on a platinum surface in a flow cell designed for
simultaneous mass change measurement by a quartz crystal
microbalance and thickness measurement by ellipsometry.
In the other approach, we use a commercial resonant mirror
equipment (IAsys@) to follow the process. Our results so
far indicate that liposomes can adhere to the surface and as

recently shown by Nollert et al [5] either form a planar
bilayer or remain adsorbed as flattened vesicles, or form a
structure inbetween these two extremes. The system
including lipid composition of the liposomes decides the
outcome. Furthermore, the results indicate that liposomes
which were inferior in our standard evaluation, still could
have a good fusion ability, suggesting that the binding to
the support is too weak to withstand the rather harsh
treatment described above.
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