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ABSTRACT We demonstre that the combined application of Langmuir-1lodgett and seff-assembly techniques allws the

fabriation of pattems with conbrsting surface properties on gold substrates. The process is monitored using fluorescence
mrcopy and nt py and rnmicsopy. These stuctues are stable for Fte tIg of

chemIl at surfaces and in rthin Two exampes are shown. In the fist example, the

Strutures are addessed through the binig of a a body to a pepide. This demnhe of

self-assembled n s by cysteine-bearing peptdes on gold, and the diected Of to the struured layers.
A high con and unspecific bin9i of proteins is observed by the pattmed eseni of antigens. Such

films co rable for the design of multchannel sensor devxcs. In fte second example, a structured phos-

pholi layer is produced by contrled self-assembly frm vesicle soluion. The structures created-areas of phospholipid
bilayer, surrounded by a matrix of phospholipid mnorlayer-allow formaton of a supported bilayer which is robust and strongly
bound to the gold support, with small areas of free-standr bilayer which very dosely resemble a phospholipid cell membrane.

INTR1DUCTKO
Thle controlled construcion of supramolecular organic struc-
tures has, in recent years, become a topic of intense research
(Ulman, 1991; Whitesides et aL, 1991). These structures pro-
vide an icreased understanding of low-dimensional systems
and of organic surfaces at a molecular level and have po-
tential applicatios in such fields asbiosensors and molecular
electronics. An especially fruitful approach has been to focus
on the basic processes of self-organization and molecular
recognition which take place in and at biological cell mem-
branes (Ahlers et al., 1990). Self-assembly (SA) and
Langmuir-Blodgett (LB) techniques allow preparation of ul-
tathin films which serve as models for such biological lipid
membranes on solid supports (Muller et al., 1993; Stelzle
et al., 1993). Although these layers are very well character-
ized, their potential for the reconstitution of functional pep-
tides and proteins is far from being fully exploited (Thomp-
son et al., 1993; Watts et al., 1986).

This paper deals with the formation of two-dimensional
micro-scale stuctures on solid surfaces. The preparation of
these stutures makes use ofthe combined application of the
LB technique and the formation of self-assembled mono-
layers (SAMs) of sulfur-bearing molecules (Duschl et aL,
1994). This combination allows the generation of well-
defined surface patterns with different functionalities. Our
motivation for creating these structures is to study recogni-
tion processes that occur at organic surfaces and how
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these are influenced by the manner of presentation of the
recognition partners on the surface. Here we present two
applications of thse structures for such studies. The two-
dimensi uring of the surface has a different func-
tion in each of the examples. In the first applcation, the
stucture is selectively functionalized with an antigen to give
patterned binding of an antibody. This pattered binding al-
lows us to compare the reactions which occur on different
surfaces under identical conditions, which not only provides
an internal control on the processes studied, but also allows
simultaneous investigation of several processes. In the sec-
ond example, we form stuctured planar lipid bilayers which
should be especially suitable for the incorporation of integral
membrane proteins. Here the structuring allows us to fulfill
a set of conditions which are almost contradictory for a
simple monolayer. Both examples have potential for
application as biosensors: the first example as a multichannel
biosensor, and the second for biosensors based on
membrane proteins.
The n of a Laerally sructred thiol layer is shown

schematically in Fig. 1. A mixtue of pamiic acid and of a
sufir-bearing lipid (Dus et aL, 1994) is sread on the water/
air interface of a Langmuir trogb to form a monolayer. This
mo ayerphase-sepaates on compression to give regularly dis-
tbuted ain cotaining prdominantly faty acid The size
ofthe ais depends only on the self-orgnizing properties of
the mixture and its _mnipulation on the water surface. The film
is then trasferred to a gold strate where the thiolipids bind
covalendy to the support The fany acid is only physisorbed to
the gold surface and can be washed away, using a suable sol-
vent, to leave domains of bare gold In these regions a second
cuvalenty bound monoayer, with surfae properties which con-
trst with dtse of the thiolipid, can be foIrmd through a sub-
squent self-assembly step. The entire process can be followed
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FIGURE 1 (A) Langmuir film c g of a mixtue of palmitic acid and thiolipid, at the water/air interface. In B and C the Langmui nmolayer has
been ferred to a g-ldsurface using the LB technique. After LB transfer the gold surface is washed m an appropite solvent The physisorbed pamnitic
acid domains are removed from the surface, while the covaletly bound thiolpd is not removed. Organic thiol molecules present in the solvent ch:misorb
to the newly exposed gold areas to form self-assembled monolayers. B shows the formation of a patened layer cnsisting of a thiolipid monolayer and
a mixed peptide-thioglucose monolayer (thioghxxose not drawn for reasons of darity) In the oter example (C), hydroxythiols form a monolayer within
the washed domains to form a substrate with panemed wetting p p . (Not to scale; moleclar details not accurate)

usig two imental tecmiques: fluorescence microscopy at
the ak/water intfac (Mhwak, 1988) and srac
micrsopy at the gold surfa (Rotienhiusler and Knolt 1988).

For the creation of a structured antigen-bearing surface,
the peptide CY(NANP)X which carries an N-terminal cys-
teine is used in the self-assembly step. Cysteine contains a
thiol group, which allows the peptide to self-assemble to
form a monolayer on the gold surface. A monoclonal anti-
body, raised against the NANP amino acid sequence in the

peptide, was used in experiments, and showed preferential
binding to the peptide-covered parts of the surface.

Tlhe NANP sequence was chosen because of its relevance
for the immune response against malaria parasites. The ma-
jor, species and stage-specific antigen of the human malaria
parasite, Plasmodium falciparnu, is the circumsporozite
(CS) protein. It uniformly surrounds the external coat of the
parasite (Godson, 1985) and consists of a major tandem
repetitive amino acid sequence, Asn-Ala-Asn-Pro (NANP)
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which is flanked by nonrepetitive sequences (Nussenzweig
and Nussenzweig, 1989). The (NANP) repeats appear to be
highly conserved in all the geographical isolates of P. fal-
ciparun. Furthermore, these sequence repeats seem to
present the main target of the antibody response induced by
sporozoites after natural or experimental infections. There-
fore, by covering the gold substrate with the CY(NANP)3
peptide, we intended to mimic the surface of the human ma-
laria parasite in order to develop a device for sensing the
presence of anti-(NANP) antibodies.

In the second example, we investigate a new concept for
the incorporation of integral membrane proteins or peptides
into planar lipid bilayers. For successful incorporation of the
proteins, a compromise has to be found between a native
environment for these molecules (fluid membrane, decou-
pling from the rigid substrate, accommodation of extramem-
branous parts) to keep them in an active form, and an en-
vironment which holds the molecules in a configuration
suitable for the application of analytical techniques. These
constraints are particularly stringent for the very powerful
modem techniques such as scanning force (Radmacher et al.,
1992), optical near-field (Betzig and Trautman, 1992)
and scanning tunneling microscopy (Frommer, 1992). In an
approach to this problem, we have created structured sup-
ported lipid bilayers. In our experiments, the domains of
bare gold were filled with a monolayer of a hydroxyl thiol
(HS(CH2)210H). On immersion of the substrate in a vesicle
solution of the lipid 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC), a phospholipid monolayer is spon-
taneously formed on the hydrophobic thiolipid areas (Lang
et al., 1992, 1994; Spinke et al., 1992), while a bilayer forms
on the hydrophilic regions (Fig. 1 C and Fig. 8 B). These
areas of lipid bilayer are the key to this approach. By re-
ducing the length of the hydrophilic thiol, we intend to cre-
ate areas of free-anding supported bilayer in the thiolipid
matrix (see Fig. 8). These free-standing bilayers should be an
excellent environment for membrane proteins or peptides,
while the thiolipid areas attach the entire layer to the gold
surface in an extremely stable manner.

MATERIALS AND METHODS

The synthesis and characterization of the amphiphilic thiolipid bis[8-(1,2-
dipalmitoyl-sn-glycero-3-phosphoryl)-3,6-dioxaoctylI disulfide are de-
scnrbed in (Lang et al., 1994). Palmitic acid (puriss.) and 1-palmitoyl-2-
oleyl-sn-glycero-3-phosphocholine (POPC) (puriss.) were purchased from
Fluka (Buchs, Switzerland). N-(7-nitrbenz-2-oxa-1,3-diazol-4-yl)-1,2-
dimyristoyl-sn-glycero-3-phosphoethanol-amine (NBD-PE) was purchased
from Molecular Probes (Eugene, OR) and 1-he-fSD-glucose from Si
(Buchs, Switzerland). 21-Mercaptoheneicosanol HS(CH2)21OH was the
generous gift of A. Ulman. The peptide CY(NANP)3 synthesized according
toAtherton et al. (Atherton et al., 1979) using the F-moc, T-Bu strategy. The
peptide was then purified by gel filtraion and purity was determined by
analytical HPLC (>90% pure) and amino acid composition. The monoconal
antibody H3 was a generous gift from H. Matile (Hoffmann-LaRoche, Basel,
Switzerland). It was raised in mice against the synthetic peptide (NANP)40
as described elsewhere (Giudice et al., 1991). All solvents used for prepa-
ration were of UV quality. The proteins were kept in phosphate buffer at
pH 7. Hydroxythiols were dissolved in ethanol at a concentration of 0.5
mg/ml. A molar ratio of 1:2 of peptide and thioglucose (2 mM and 4

mM, respectively) in a 1:1 mixture of water (Millipore, Switzerland) and
ethanol was used for the preparation of the peptide-based self-assembly
layers.

Substates for filmtransfer were prepared by evaporating gold films onto
optical glss slides. The slides (Schott glass SF10, Mainz, Germany) were
cleaned thoroghly and placed in a vacuum chamber (pressure <2 x 10'6
mbar) where a 500-A thick gold film was evaporated. The substrates were
allowed to cool under vacuum for about 30 min, after which the vacuum
chamber was vented with argon. If the time between evaporation and
venting was longer than 30 min, the slides were treated with an argon
discharge plasma for 1 min before they were removed from the vacuum
chamber.

The mixed monolayers were prepared on a commercial Langmuir trough
(RK II, Riegler & Kirstein, Mainz, Germany (Riegler, 1988)), mounted on
the three-directional stage of a fluorescence microscope (Zeiss Axiotron,
Zkrich, Switzerland). The lipids were dissolved in chloroform together with
1 mol% NBD-PE and spread on doubly deionized water (Milipore,
Volketswil, Switzerland, p = 18 MQcm). The lateral distnrbution of dif-
ferent phases (liquid, solid, etc.) of the monolayer at the air/water interface
was studied using fluorescence microscopy. The different solubilities of the
fluorescent probe (NBD-PE) in the different phases allows optimization of
the size and the distrbution of the patterns in the monolayers.

The LB transfer of the mixed monolayers to the gold substrates was
executed at a speed of -5 pm/s during the up-stroke. No difference in the
film properties was found between slides which were dipped into the sub-
phase before the molecules were spread on the water surface and those which
were dipped into the subphase after spreading. After the film transfer, the
samples were rinsed in ethanol and hexane to remove the palmitic acid. The
samples were dried in an argon stream and were then immediately incubated
for at least 12 h in the solution containing the respective sulfur-bearing
molecules for the formation of self-assembly layers.

Transferred films were characterized using surface plasmon spectros-
copy and surface plasmon microscopy (Knoll, 1991; Raether, 1977). These
techniques allow both the determination of the optical thickness of the films
and the visualization of small lateral thikness or refractive index variations.
We used the Kretschmann coupling scheme (Kretschmann, 1972) with ei-
ther an equilateral or a 90° high index prism (Schott glass SF10, n = 1.723).
A glass slide with a 50-nm-thick gold film was optically coupled to the base
of the prism. A laser beam (He-Ne, A = 632.8 nm) was internally reflected
from the base of the prism, and the reflected light intensity measured as a
funtion of angle of incidence. A sharp resonance isobserved when coupling
of normal light to surface plasmons takes place. Deposition of a thin organic
film causes a shift of the angular position of the resonance minimum. This
shift allows determination of the optical thickness (= geometrical thickness
(d) * refractive index (n)) of thin dielectric coatings on the gold surface. For
the calculation of d, we assume a refractive index, n, of 1.45 (Pethig, 1979).
This value corresponds to the molar refractive indices for many proteins. For
measurements in aqueous solution, the choice of refractive index has a large
effect on the geometrical thickness, d, obtained. Thus, the thicknesses
quoted in the text are only estimates of the geometrical thickness of the
films. However, they are a good and convenient measure of the mass
adsorbed to the surface. All thicknesses quoted in this paper were meas-
ured at least three times. The deviations of the average values were not
more than 3 A.

Introduction of a simple lens (focal length 25 mm) and a CCD video
camera (Hamamatsu C3077, Herrsching, Germany) into the reflected beam,
allows mic of the film (Rothenhiusler and Knoll, 1988), with the
surface plasmon resonance serving as a contrast mechanism

Thiolipid

We recently mioduced a new class of synthetic lipids which are amphiphilic
and which can covalently bind to the surface of a zero-valent metal (gold,
silver, copper) (Lang et al, 1994). They consist oftwo lipid molecules, each
attached to a hydrophic spacer of variable length, and joined by a disulfide
bond at the end of the two spacers. Such mokcules allow the formation of
stable, covalendy bound monolayers using either the SA or LB technique.
The resultant monolayers can be converted by a further lipid monolayer

Duschl et a]. 1231
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FIGURE 2 (A) Fh_oreence microgah of a mixed
mswolayer of thiolipid and pahnitic acid with 1 mol %
NBD-PE sie and the shape of the dmains are iden-
tc to dte of a pre pahnitic acimouolayer, imdi-
g de-ixing of thea (B) Su ps-

mon mi ph of a cond fm a gold
sat which was wndmi with orpn csolvents afker
anguir os. The angle of incidence (321) was

toned to excite surfae plaso waves on the bre gold
surface. 1 ,domains r appear darL

FIGURE 3 Surfc pls micorahofa moo-
layer template contIng thio~ (dark regks) and
a mixtur of the CY(NANP)3-peptide and thioghucose
(bright d imnauL fle line crossing the image indicates
the upper lmit of the LB tansfer. Above this line, a
ILog- n_ous layer of pepide and tbiogc has
been foined
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FIGURE 4 Reflected-intensity versus angle-of-incidence scans ofsurface
plasmon resonance curves at various stages of the protein adsorption ex-

periments. The scans in A were taken from the thiolipid-covered regions
through a quamtitative analysis of the gray values of a seres of surface

plasmon miiogaphs. The scans in B were taken in a normal reflectivity
scan mode from the region 1 gI y covered by the CY(NANP)3-
peptide (Fig. 3). (A) Curves taken fom the covalently bound monolayers
(thiolipid or CY(NANP)3 fio respectively). (0) Curves
taken after incubation of the sample in a BSA solution. (CO) Curves taken
after incubating the substrate in the solution conting the antibody H.. The

differences m the response can be dearly seen: inA a large shift occurs, due
to BSA adsorption on the thiolipid film, while only a minor shift takes place

on the peptide regions (B) The opposite behavior is observed in the antibody
solution Specificbinding ofthe antibody takes place on the peptide-covered
regons (indicated by a large shift of thecorgresonance cLrve)
while vitually no shift is seen for the BSA-covered areas. The resuls ob-

tained from the peide-covered domains COrrespond qualitatively to those
obtained from the homogeneous peptide monolayer (see text).

deposition to form a spported lipid bilayer (Lang et aL, 1992, 1994; Spinke
et aL, 1992) These bilayers are good cadidate for the successful recon-

stition of ransmembrane proteins and offer advantages over conventional
supported bilayers. First, the hydrphilk spacer of the thiolipids decoupls
the monolayer from the rigid substrate; im addition, the spacer is hydrated,
providing a hydrophlic envionment on both sides of the membrane. These
spaers, when long, should aLOw the tnof ex-

t parts of ftansmmr proteins.

FIGURE 5 Reflected intensity versus time showing the time course ofthe
adsorptio of the mnoclonal antibody H3 on a mixed monolayer of CY-
(NANP)pe)e mgd on gold (measured on the uppe part of
the sample shown in Fig. 3) The reflected intensity wasmeud slighdy
off the reonan angle. On adsorption to the surface, the resonance csve
is shifted to higher anges, causing an increase in the reflected intensity

(Spinke et aL, 1993).

RESULTS

Patterned antibody binding

Fig. 2 shows the formation of a pattemed surface for the
differential binding of proteis The process has been de-
scribed in more detail elsewhere (Duschl et aL., 1994). Fig.
2 A is a fluorescence micrograph of a monolayer of 4:1
palmitic acid/thiolipid on the water surface. The dark areas
are domains of solid palmitic acid, while the bright areas are

regions of thiolipid in fluid-analogous phase. Fig. 2 B is a

surface plasmon micrograph of the film after LB tansfer to
the gold surfac, washing to remove the palmitic acid, and

SA in the bare gold patches. The two patterns clearly cor-

respond: the bright areas in the second image are the co-

valently bound thiolipid, while the dark areas are the thinner
film formed by the subsequent SN In this case a mixture of
thioglucose and the peptide CY(NANP)3 were used in the

self-assembly step. CY(NANP)3 is a synthetic peptide, which
binds to gold throgh a terminal cysteine. Thioglucose was

chosen because it binds covalently through the thiol group,
leaving the sugar moiety exosed. In nature, sugar-bearing
surfaces are highly resistant to nonspecific binding of pro-
teins, and it was hoped that, by mimng this approach,
nonspecific binding of proteins to the CY(NANP)3 regions
would be reduced (Prime and Whitesides, 1991).
By taking a series of surface plasmon micrographs (Fig. 3

and Fig. 6) and analyzing the gray values (i.e., the intensities)
of areas ofthe micrographs, it was possible to obtain the local
resonance angles of the structured surface. This allowed the
relative thicknesses of the thiolipid film and the peptide/
thioglucose film to be determined, demonstrating that the
CY(NANP)thioglucose layer is 13 A thinner than the thio-
lipid layer. Independent measurements of the thiolipid layer
show that it is 22.5 A thick, which gives an absolute thickness
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FIGURE 6 Surface plasmon micrographs of a laterally structned layer of
thiolipid and a long-chain hydroxythiol at a water-gold interface before (A)
and after (B and C) immersion in a POPC vesick solution. All micrographs
show exactly the same area of the layer (note bright feature which is prob-
ably caused by a dust partice). No contrast can be seen inA due to the match
in thickness of the thiodpid and the hydroxyl thiol layer. In B and C, a

conta is observed due to the different sprading behavior of the POPC
vesicles on the hydrophobic and hydrophilic surfaces. Micrograph B was

taken at an angle of 5520 and C was taken at 5620.

FIGURE 7 Results of the gray value analysis of surface plasmon mcro-

graphs taken under the same condition as in Fig. 6, B and C. The shift of
the resonance curve of the diiolipid-covered areas gives a thickness increase

of 22 A (n = 1.45) after inction in the vesicie solhion indting for-
mation of a POPC monolayer (frm [l to 0) On the hydroxyl group

exposing areas the thickness measurement gives 42 A for the POPC layer,
which correpond to the formation of a bilayer (from to O).The curve

El is the resonance initially measured on the laterally shuctured thiolipidl
hydroxythiol film (Fig. 6 A).

of 9.5 A for the peptide/thioglucose layer. This procedure
was repeated after every protein incubation to determine the
respective thickness changes due to adsorption of proteins.
In addition, comparison was made with an unstructured
peptide/thioglucose layerformed by self-assembly on an area

of the same gold surface that was not covered with a mono-

layer during LB transfer.
The stuctured surface was incubated in a 1.5 x 106M

solution ofbovine serum albumin (BSA). In Fig. 4, the shifts
of the resonance for the thiolipid and peptide-covered areas

are shown. A considerable shift (050) was measured for the
thiolipid covered regions, indicating adsorption of a 32-A
thick film of BSA (see Fig. 4 A). However, on the peptide-
covered areas much less adsorption occurred; for the plain
peptide film a thickness change of only 3 A was measured

(see Fig. 4 B), whereas for the peptide film in the structured
regions a thickness increase of 19.5 A was observed. This is
in accord with the known properties ofBSA, a protein which
exhibits high nonspecific binding and is often used to satu-
rate sites of nonsecific protein binding. It is known that
hydrophobic surfaces cause a high degree ofnonspecific pro-

tein binding (Andrade and Hlady, 1986), and it is on the
highly hydrophobic thiolipid-covered regions that most bind-
ing takes place. In contrast, very little nonspecific binding is
observed for the homogeneous peptide/thioglucose film. The
higher binding in the domains of peptide/thioglucose almost
certainly indicates a less homogeneous film with many de-
fects where nonspecific binding takes place.
Even more pronounced was the contrast between the BSA-

covered thiolipid film and the peptide film when the sample
was subsequently incubated in a 13 x 10-6 M aqueous so-

lution of a monoclonal antibody H3 against the (NANP)3
region of the chemisorbed peptide. The on-line time-
dependent binding process on the homogeneous peptide
layer is shown in Fig. 5. The reflectivity of the sample is
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FIGURE 8 Schematic repreetation of our intpio of the final states of the two deseried experimets (A and B) (A) Layer m a g
the immobil pepide after m in a BSA solution and aquem solubionof the odoal antmbo H The BSA bids prfeenaly
(10:1) to the hydrophobic thiolipid pars of the monolayer while the antibody addresses only the pepide-covered surfx parts. (B) Paterned surfac with
contating wetting propertie formed in the second example. Incubation of such a substrt m an aqueous POPC veside dispion kads to the formation
of a POPC monolayer on the hydrophobic regions and a POPC bilayer in the hydrophilic domain Edge effects between the POPC mono- and bilayess
have not becns taken into acont in the schematic representio (C) rinple ofrattion ofmembra-spanng pepfides and pmotis in suprFtd
lipid bilayers is depicted on the bsis of our resuls. (Not to scak not iiduding any moleclr debt)
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approximately proportional to the quantity ofantibody bound
(Spinke et al., 1993). A detailed measurement shows thick-
ness increases of 20 A and of 16.5 A for the patterned and
the homogeneous peptide layers, respectively. A thickness
change of only 3 A was observed for the thiolipid-covered
areas.

TIhe different binding properties of the pattened organic
film can be nicely demonsbated by comparison of the reso-
nance curves in Fig. 4. A shows the measurements on the
thiolipid-covered region: a large shift of the resonance curve
due to BSA binding (circles) is followed by a much smaller
shift when the sample was incubated with the antibody (dia-
monds). Exacly the opposite occurred on the peptide/
thioglucose layer (the homogenous film is shown for clarity)
shown in Fig. 4 B: little response was seen when the sample
was immersed in BSA solution (circles), whereas exposure
to the antibody solution caused a substantial shift of the
resonance curve (diamonds).

Geation of a structured phospholipid layer

In the following example we demonstrate the formation of
a stuctured phospholipid layer areas of high hydrophilicity
or high hydrophobicity are created in the suured surface,
and a phospholipid mono- or bilayer is formed by self-
assembly on the different areas. Several groups have shown
that if a highly hydrophobic surface consisting of long hy-
drocarbon chains is brought into contact with an aqueous
solution containing phospholipid vesicles, the vesicles spon-
taneously fuse to the surface and form a lipid layer (Kalb
et al., 1992; Lang et al., 1992, 1994; Spinke et al., 1992). If
the temperature of the vesicle dispersion is above the phase
transition temperature, a well-defined single monolayer is
formed. In contrast, we show that if a surface presents
densely arranged hydroxyl groups the exposure of such a
surface to a vesicle dispersion leads to the formation of a
well-defined wpported phospholipid bilayer. We have
exploited these effects to form a suctured phospholipid
layer containing well-defined regions of monolayer and of
bilayer.

In Fig. 6 A a surface plasmon micrograph of a pattemed
thiolate film on gold is shown. It was prepared as descnrbed
in the previous section. However, for the self-assembly step,
a hydroxyl thiol was used instead of the peptide/thioglucose
mixture. This results in a film with a stong contrast in
hydrophilicity/hydrophobicity between the different areas.
However, no contrast can be seen in the image, since the film
thicknesses of the thiolipid layer and the hydroxyl thiol layer
are almost identical. Tlhis film served as a template for the
formation of the phospholipid layer.

Fig. 6, B and C, consists of two surface plasmon micro-
graphs of exactly the same area of the sample as shown in
Fig. 6 A (note the white spot which is probably caused by a
dust particle), but after immersing the substate in an aqueous
vesicle solution. In B, the angle of incidence has been tuned
so that surface plasmon modes are excited in the regions
surrounding the domains (0 = 55.20; no light is reflected

from these regions, therefore the domains appear bright),
whereas in C the angle of incidence is slightly greater (0 =
56.20) in order to excite the surface plasmon modes within
the domains (no light is reflected from the ains and they
appear dark). From a detailed analysis of the gray values of
a sequence of micrographs the thickess changes on i

ing the sbstrat in the vesicles have been determined (Fig.
7). The Mains became 42A thicker, while the smu nding
regions became 22 A thicker. These values correspond very
well to the formatin of bilayers within the domains (ex-
pected thickness 46 A) and of a monolayer for the remainimg
areas (expected thickness 23 A). This experiment demon-
strates clearly the potential of this technique for forming
strucred supported lipid layers as a matrix for the controlled
reconstitution of membrane spanning peptides and proteins
as schematically shown in Fig. 8.

DISCUSSION

It has been shown that the combined appLcation of LB and
SA techniques allows the fabrication of patterns with con-
trasting surface properties on gold substates. The process
can be monitored using fluorescence microscopy and surface
plasmon spectoscopy and microscopy. These st ures are
suitable for the investigation ofbiochemical processes at sur-
faces and in ultthin film. Two examples of such processes
have been demonsLtated. In the first example, the structures
were addressed gh the binding of a monoclonal anti-
body to a peptide. This demonstrates the formation of self-
assembled monolayers by cysteine-bearing peptides on gold,
and the directed b;ing of proteins to the structured layers.
A high contast between specific and nonspecific binding of
proteins has been observed by the patterned presentation of
antigens. Such films possess considerable potential for the
design of multichannel sensor devices. In the second ex-
ample, a structued phospholipid layer was produced by con-
trolled self-assembly from vesicle solution. The stuctures
created-areas of phospholipid bilayer, surrounded by a ma-
trix of phospholipid monolayer-should allow formation of
a supported bilayer which is robust and strongly bound to the
gold support, with small areas of free-sanding bilayer which
very closely resemble a phospholipid cell membrane. By
using protein-containing vesicles as a shuttle it should be
possible to incorporate proteins in the free standing domains
of the bilayer. We believe that this is an important concept
for the reconstitution oftansmembrane proteins in supported
lipid bilayers.

This wok was supported by the Swiss National Science Foundation (SPP
Biotechnology).
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