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Lipid bilayers in the liquid-crystalline phase are two-dimensional
fluids which form the structural basis for all biological membranes. 1) Packing
Electrophoresis in a fluid lipid bilayer is an ideal strategy for
separation of membrane-associated biomolecules (e.g., lipids and
membrane proteins) in their native environm&bgcause it does
not require their extraction from the membranes by solvents or
detergents in contrast to conventional methods using chromatog-
raphy or gel electrophoresis. So far, electrophoretic accumulation
and separation of charged lipiéiperipheral-types of membrane
proteins? and tethered vesicléhave already been accomplished
through the use of supported planar bilayers (SPBs) on solid 3) Collection
substrates such as glass, for analytical purposes. However, the planar. o ) )

. . Figure 1. Schematic illustration of the strategy for electrophoretic
SPl?S“ate_s are not suitable for preparatlve purpose_s because_ of th@eparation and collection of membrane-associated biomolecules on bilayer-
difficulty in large-scale separation as well as fraction collection. coated particles. In this figure, fluorescently labeled lipids are drawn as

Herein, we describe a new method for large-scale separation ofthe sample molecules for separation.
membrane-associated biomolecules using a packed bed of bilayer-
coated particles as an electrophoretic medium. Our strategy is
illustrated in Figure 1. First, solid particles coated with fluid lipid
bilayers and those coated with fluid lipid bilayers containing the
sample to be separated (lipids or membrane proteins) are packed
in a column so as to form a “sample plug”. Next, electrophoretic
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separation of the sample components is carried out by applying a Scale bars = 1mm Distance (mm)

dc electric field along the column. Finally, the separated fractions Figure 2. Diffusive migration of Texas Red-DHPE in a packed bed of
are collected by taking the particles out from the column. A major bilayer-coated glass beads without an electric field: (a) a glass tube column

] . ; P : after packing of the beads; (b, c) fluorescence images of the column (b)
<t’:1hssumtﬁ) tlotnthl n thle atl?]veb_istrategy 1S d_contlr;wtyt.olf the t}llay(zr immediately after preparation and (c) after 72 h; (d) fluorescence intensity
roughout the columnthe bilayers on adjacent partcles are lused profiles measured along the center of the column. Conditions: bilayer

together under a densely packed condition. The inherent large composition, DOPC:DOPE: 65:35 in mol; sample, 0.1 mol % of Texas
surface-to-volume ratio and redispersibility of the particle bed allow Red-DHPE; buffer, 10 mM Tris-HCI, pH8, 1 mM Mggl
large-scale separation and easy manual collection of the fractions,
respectively. spring. The length of the bead bed wa& cm. Each end of the
We carried out proof-of-concept experiments by utilizing Texas column was then connected to a reservoir through a silicone rubber
Red-DHPE and NBD-P8 as the samples for separation. Texas tube which is filled with the same buffer solution. Platinum
Red-DHPE and NBD-PS have net molecular charges bfand electrodes were inserted into the reservoirs.
—2, respectively. The detailed experimental procedure is described  First, we confirmed the continuity of the bilayer in the packed
in the Supporting Information (SI). Briefly, small unilamellar  column without applying an electric field. As shown in Figure 2,
vesicles (SUVs) of some mixtures of neutral phospholipids (e.g., the band of Texas Red-DHPE was broadened with the course of
DOPC? DOPE8 DPPC? and Egg-PCf were prepared according  time. The band broadening was probably caused by molecular
to the Barenholz procedufewith minor modifications. SUVs diffusion propagating from one particle surface to another, because
containing the fluorescently labeled lipids were also prepared in Texas-Red DHPE is insoluble in the surrounding buffer. Apparent
the same way. Bilayer-coated particles were prepared by the vesiclediffusion coefficient of Texas-Red DHPE along the column axis
fusion metho? using polydisperse glass beads in the size range was 0.364 0.04 um%s at 20°C (see Sl). This value is smaller
of 1-13 um. The bilayer-coated glass beads were thoroughly than the lateral diffusion coefficient of lipids in SPBdy about
washed with a buffer solution to eliminate an excess of SUVs. The an order of magnitude, probably due to the complicated geometry
amount of phospholipids finally left on 1 mg of the glass beads of the bilayers in the packed column. These results support the
was estimated as2 ug. The bilayer-coated particles were packed assumption of bilayer fusion between the particles.
into a glass tube column with an inner diameter of 1.2 mm. The  Next, electrophoretic separation of the fluorescently labeled lipids
packed particles were sandwiched between two pieces of filter was carried out by applying a dc voltage of 600 V between the
paper. The final consolidation of the bead bed was realized by platinum electrodes. Figure 3 shows separation of Texas Red-DHPE
inserting a glass capillary with an outer diameter of 1.1 mm from and NBD-PS followed by collection of their fractions. Before
the entrance of the column. The pressure exerted on the bead be@lectrophoresis, the sample plug containing both of the fluorescently
through the capillary was kept constant (6.3.0° N/m?) by a steel labeled lipids appeared as a single band (Figure 3b). After 30 min
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Ipitial m the dc voltage of 600 V. We employed DPPC-bilayer-coated beads
'5'. as one of the packing materials. Generally, DPPC bialyers are in
the gel phase with negligible fluidity at room temperature because
of their higher phase transition temperaturetf °C). As shown
EEE in Figure 4a, we constructed a packed bed composed of a fluidic
(DOPC + DOPE) and a nonfluidic (DPPC) regions. The fluidic
. . region contained a sample plug of Texas Red-DHPE. A dc voltage
of 600 V was applied so that the sample plug was electrophoresed
01234567809 toward the nonfluidic region. Joule heating was small enough to
Distance (mm) Scale bars = 1mm keep the DPPC bilayers nonfluidic (see Sl). As a result, the band
Figure 3. Electrophoretic separation and collection of Texas Red-DHPE ;5 stopped at the boundary and was significantly compacted there
and NBD-PS: (a) a glass tube column after packing of the beads; (b, c) Fi 4b-d). Th Its indicate that th . th f
merged fluorescence images of the packed column (b) before electrophore5|s( igure )- e;e re;u S Indicate 6_‘ e m_ajor pa _Wa}y.o
and (c) after 30 min of electrophoresis; (d) fluorescence intensity profile 1€Xas Red-DHPE is not in the bulk solution but in the fluid lipid
measured along the center of the column before electrophoresis (bold lines)bilayer on the particles.
and after 30 min of electrophoresis (thin lines); (e) the bead bed pushed |n conclusion, we have developed a new separation method for
out from the column; (f) a merged fluorescence image of the pushed-out o ane associated biomolecules in fluid lipid bilayers. The use
bead bed; (g) a microtube containing the sample beads before electrophoresis ) . -
(up) and its merged fluorescence image (down); (h, i) microtubes containing of a packed bed of bilayer-coated particles facilitates large-scale
the beads collected after electrophoresis (up) and their merged fluorescencéeparation and subsequent collection of the fractions. This method
images (down); (h) the fraction of Texas Red-DHPE and (i) the fraction of could be extended to the separation of membrane proteins by
NBD'IPS- Condilti(?”s} bilayer Cognposmon’ BOPC:R)OPE%BS in ”_“t))'? oy Introducing an appropriate polymer cusfinto the bilayer-coated
igmnfhﬁ’%i_m&/poﬁ BTelx{;quRng_CDrPE and 1 mol % of NBD-PS; buffer, partigle to ensure two-dimensional mobility of integral_ membranfa
proteins on the particles. Recently, bilayer-coated particles contain-
DOPC+DOPE DPPC ing purified lipids or membrane proteins have been used for various
) purposes including a highly selective purification of protéfs,
detection of proteirligand interaction$® and local stimulation of
cell surfaces? Our method could offer an attractive shortcut to
make such functional particles.
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Supporting Information Available: Experimental section, elec-
Scale bars = 1mm T bistce PR trophoretic separation under other conditions, calculation of apparent
Figure 4. Electrophoretic accumulation of Texas Red-DHPE at the diffusion coefficient,G-potential measurements, and influence of Joule

boundary between a fluidic (DOP& DOPE) and a nonfluidic (DPPC) heating. This material is available free of charge via the Internet at
regions of a packed column: (a) a glass tube column after packing of the http://pubs.acs.org.

beads; (b, c) fluorescence images of the packed column (b) before
electrophoresis and (c) after 1.5 h of electrophoresis; (d) fluorescence References
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