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Abstract: A biosynthetically produced lipid-

tagged single-chain antibody were incorporated
into phospholipid monolayers preformed at the
air/water interface. Incorporation of the singlechain antibodies, transfer of the layer onto solid
slides, amount of non-specific adsorption and
amount of specific binding depended on the
composition of the lipid matrix. The binding of
antigen could be detected with surface plasmon
resonance in the range of 0.1 - 100 pg/ml.
Studies by atomic force microscopy revealed
that the film consisted of antibody-enriched

lipid

domains.

serum albumin, BSA and the specific binding of BSA
conjugated with approximately 16 groups of 2phenyloxazolone, Ox16BSA, which was used as an antigen
was measured with surface plasmon resonance, SPR.

Table 1. Phospholipids used for monolayer formation.

Lipid matrix

molar ratio

DMPC/DMPE
DPPC/DPPE/DPPA/CHOL
DPPCIDPPE/DPPA

INTRODUCTION
The main problem in the design of a proper surface for
immunoassay is the production of an oriented antibody film
with preserved functional activity. A single-chain antibody
of an anti-2-phenyloxazolone IgGl (Ox scFv) consisting of

the variable domains of the heavy chain and light chain,

joined together by a short fungal cellulose linker

has been
This singleexpressed and secreted in Escherichia coli
chain antibody has, furthermore, been fused with the major

[].

lipoprotein of E. coli by genetic engineering, in order to
produce a biosynthetically lipid-tagged antibody [2]. The
lipid-tagged single-chain antibody designed as Ox lpp-scFv
displayed membrane protein properties and specific hapten
binding activity both after solubilization with non-ionic
detergents and after incorporation to liposomes [2].

The purposes of these studies have been to utilize the

Langmuir-Blodgett (LB) technique

to incorporate the
antibody into a phospholipid monolayer matrix, that would
preserve the activity of the lipid-tagged antibody, enable
transfer of the mixed layer onto solid supports and,
furthermore, have low non-specific binding.

METHOD

A KSV-2200 LB-system was used for monolayer
formation and deposition. Various phospholipid mixtures
that. served as host matrices were spread onto the air/water
interface and compressed to a surface pressure of 10 mN/m

(Table 1). Ox lpp-scFv solubilized in LVo n-octyl B-D'
glucopyranoside were added by droplets onto the lipid
interface. The film was transferred onlo glass and Au coated
glass slides by moving the slides horizontally through the
monolayer covered interface at a surface pressure of 30
mN/m. The amount of film ransfened was also measured
with a quartz crystal microbalance.
Atomic force microscopy, AFM was used for sample
surface imaging in both air and liquid environments. Lateral
forces (friction) and normal forces (topography) were
measured simultaneously. Non-specific binding of bovine

9lL
313lr,5/2,5
3/2/s

1,2-dimyristoyl phosphatidylcholine, DMPC
1,2-dipalmitoyl phosphatidylcholine, DPPC

1,2-dimyristoyl phosphatidylethanolamine, DMPE,
1,2-dipalmitoyl phosphatidylethanolamine, DPPE,

I,2-dipalmitoyl phosphatidic acid, DPPA

and

cholesterol, CHOL.

RESULTS AND DISCUSSION
Incorporation of different amounts of the lipid-tagged
single-chain antibodies into preformed lipid monolayers was
investigated

by surface pressure - area isotherms

and

AFM 13,41. The molecular surface area increased on
addition of Ox lpp-scFv and reached a saturation level, that
was dependent on the lipid matrix. The mean molecular area
of Ox lpp-scFv could be estimated under the assumption
that the antibodies remained at the interface and that the
components were ideally mixed. A value quite close to the
theoretical surface area for an antibody fragment (3x4 nm2)
was obtained for antibodies incorporated into the

DPPC/DPPE/DPPA and DPPC/DPPEiDPPA/CHOL
matrix, whereas antibodies incorporated into the
DMPC/DMPE matrix gave a molecular surface area of
about 7 nmZ.
AFM showed that the antibodies were segregated into
protein-rich domains, which were smaller and more
homogeneously distributed if DPPC/DPPE/DPPA was used
as a layer matrix, instead of DMPC/DMPE [4]. The
diameter of the domains in the DMPCIDMPE matrix
imaged in air was about 12 nm, if the convolution effect
between the tip and the domains was taken into account [3].
Imaged in buffer the domains appeared as dark areas of low

friction.
Non-specific adsorption of BSA to the layers caused a
shift in the SPR intensity, a shift that was further increased

on interaction of antigen, if Ox lpp-scFv had been
incorporated into the film (Figure 1). The increase in
molecular area of the DPPCIDPPEIDPPA/CHOL matrix
on the incorporation of antibodies had been the highest of
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the matrices studied, but a poor transfer ratio led to a high
non-specific adsorption of protein and subsequently to a low

CONCLUSION

specific binding. Holes in the layer act as non-specific

The biosynthetically lipid-tagged single-chain antibody,

adsorption sites and BSA was probably interacting with the

Ox lpp-scFv can be incorporated into lipid monolayers at
the air-water interface. Transfer of the layer onto solid

hydrophobic chains of the layer. The interaction of
Oxl6BSA with the membrane was in addition influenced by
the low incorporation of single-chain antibodies. The
transfer ratio also affected the adsorption of BSA onto the
DMPCIDMPE/Ox lpp-scFv layer. The amount of nonspecific and specific binding was almost equal. The nonspecific binding of BSA to the DPPC/DPPE/DPPA/Ox
lpp-scFv layer was, on the other hand, very low. This could

be explained by a good transfer ratio, giving

a

homogeneous layer with a minimum of defects.

supports was, however, dependent on the lipid matrix. The

increase in

molec

ular area of

the

DPPCIDPPEIDPPA/CHOL matrix on the incorporation of
antibodies was the highest of the matrices studied, but a
poor transfer ratio led to a high non-specific adsorption of
protein and subsequently to a low specific binding. The
antibodies were segtegated into protein-rich domains, that

were smaller and more homogeneously distributed

if

DPPCIDPPE/DPPA was used as a layer matrix, instead of
DMPCIDMPE. The binding of hapten, which was used as

antigen was also higher to DPPC/DPPE/DPPA/Ox lpp-

a)

scFv.
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Figure 1. The relative change in intensity vs time on
interaction of BSA and Oxl685A with a monolayer of a)
DMPCIDMPE and b) DMPC/DMPEiOx lpp-scFv.
The intensity change was dependent on the concentration

of Oxl6BSA and was higher for DPPC/DPPEIDPPA/Ox
lpp-scFv than for DMPC/DMPE/Ox lpp-scFv. This can be
explained both by a higher incorporation of antibody and a
better transfer ratio. The binding of antigen could be
detected in a concentration range of 0.1 - 100 pg/ml t4l.

fusion protein," Protein Engineering ,6 (1993) 449.
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The attempted molecular arrangement is drawn in Figure 2.
antigen

lpp-scFv

lipid

octadecylmercaptan

Figure 2. A schematic view of BSA and antigen binding to
a layer incolporatin g lipid- tagged s in gle-chain antibodies.
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