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Creating Fluid and Air-Stable Solid Supported Lipid Bilayers
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Solid supported lipid bilayets® possess a unique combination
of physical properties, which make them well suited to serve as
cell membrane mimic&® Chief among these is the two-dimensional
fluidity of the individual lipid molecule$-8 Such mobility is crucial
for studies of cell signaling, pathogen attack, trafficking of
lymphocytes, as well as the inflammatory respotidé Mobility
is required because all these processes involve multivalent kgand
receptor attachment, which relies on the reorganization of cell Figure 1. (a) Fluorescence micrograph of four 5 mol % biotin-PE, 1 mol
surface constituent$-6 When fully hydrated, supported lipid 9% TR-DHPE, 94 mol % egg-PC bilayers formed inside microfluidic
bilayers can be employed as sensor platforms; however, thesechannels (left). The second and fourth from the left were saturated with
systems are quickly destroyed upon exposure to the air/water bound streptavidin. (b) Image of the same system drawn through the air/
. ; . ) water interface five times. The supported bilayers with streptavidin remained
interfacé’” and therefore must remain underwater al_[ aI_I t_|m§s. intact, while those without protein were completely delaminated.
Several attempts have been made to overcome this limitation.

Hybrid bilayers!® with a bottom leaflet consisting of a self-
assembled thiol monolayer on gold and a top leaflet of lipids, can
be formed in air and then hydrated. However, the lipids probably . . N
reorient during air exposufé. Bolaamphiphile monolayers and o
hybrid bilayers prepared by the LangmuBchaefer method were
stabilized with a crystalline sheet of S-layer protethsyhich
strongly chemisorbs to lipids. Such films could be pulled through .
the air/water interface without disruption, although the lipid mobility ‘\ \
was greatly reduced. Cross-linked bilayers prepared by photo-

polymerization of synthetic lipids produced air-stable membranes, 200pm 200um
but also with very low lateral mobility*~2% Furthermore, glass 0.0
modified with y-aminopropylsilane has been used as a substrate

for bilayers that can be dried and rehyq.ra%dfhese bilayers Figure 2. Left image (inset) shows a bleached (arrow) spot made while
possessed some long-range lateral mobility as observed by fluo-ye gried bilayer was in ambient air. The sample recovered 919% of s initial
rescence recovery after photobleaching (FRAP). However, the fluorescence intensity when placed in a humid chamber (inset right). A
degree of recovery was only 50% even before drying, whereas glassscratch on the right of each image was intentionally made with a metal
supported bilayers typically recover more than 90% of their original tWweezers for background estimation.

fluorescence intensif§?.2¢ It would be highly desirable to create  mobility. When drawn through the interface, a thin layer of water
solid supported bilayers which could be insensitive to the air/water was clearly visible over the lanes that were protected with
interface, yet still maintain complete fluidity. In addition, if these streptavidin. This water layer clung tenaciously; therefore, during
bilayers could be dried and stored, it would substantially increase the withdrawal and re-immersion cycles, some bulk water was
their utility as sensing platforms. Here, we introduce a step toward constantly present.

the goal of rugged bilayer formation and provide some mechanistic  In a separate experiment, bilayers containing the same constitu-
insights into the process. ents as above were prepared on glass, bound with streptavidin, and

Solid supported bilayers were prepared by fusing vesicles rinsed with PBS. At this point, the sample was dried under a stream
containing 5 mol % 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine of N,. Remarkably, the entire bilayer was still present and in
(biotin-cap-PE), 0.05 mol % Texas-Red dihexadecanoylphosphati- excellent condition as seen by fluorescence microscopy. Ar3-
dylethanolamine (TR-DHPE) and95 mol % egg phosphatidyl-  diameter spot was bleached on this bilayer while in air but did not
choline (egg-PC) to a four-channel polydimethylsiloxane (PDMS)/ recover. However, when the sample was placed in a high-humidity
glass microfluidic device. Every other supported bilayer was environment (see Supporting Information (SI)) the bleached spot
incubated with a solution of 0.25 mg/mL streptavidin in pH 7.2 recovered quite well. Figure 2 shows fluorescence micrographs of
phosphate buffered saline (PBS) and then rinsed with PBS. While a bleached and recovered spot, as well as the associated FRAP
under water, the PDMS channels were peeled off the glass and thecurve. The diffusion coefficient of the bilayer in humid air was
bilayers imaged (Figure 1a). The sample was then drawn through2.9 x 10-° cn?/s. When fully rehydrated in bulk aqueous solution
the air/water interface five times and re-imaged under water. Figure (see SI) the diffusion coefficient returned to the more typical value
1b clearly shows that the bilayers bound with streptavidin were of 1.9 x 1078 cn¥é/s.
still present, while the unprotected bilayers were completely  While the exact mechanism by which the protein protects bilayers
removed. FRAP measurements revealed that drawing the samplegrom destruction is not completely understood, two factors are
through the air/water interface did not reduce the lateral lipid considered here. First, the close packing of the specifically bound
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membranes. Traditionally, these are very delicate systems, which

in combination with single ion channels extracted from cell
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Supporting Information Available: Procedures for bilayer prepa-

Figure 3. (Top) Introduction of the air/water interface destroys the bilayer rathn, humid FRAP expeﬂments, and rehydration. This material is
from the edge, peeling the membrane away in vesicle sections (note: some@Vvailable free of charge via the Internet at http:/pubs.acs.org.

lipids may also form a monolayer at the air surface). When the same bilayer
is protected by a close-packed and specifically bound protein monolayer References
(bottom), it survives the air/water interface. The proteins may serve to
mechanically “pin” down the edge of the bilayer, allowing air to pass over
the surface without disrupting the overall lipid ordering.
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interfacial water molecules imparts fluidity.
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