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In recent years, the giant vesicle has become a favorite subjectScheme 1.

of the popular scientific press with the corresponding commentary
often being accompanied by eye-catching photogragPerhaps
chemists enjoy a brief diversion from graphs, tables, and spectra
while gazing upon the remarkable “cytomimetic” processes in which
giant vesicles engage (for example, fusion, fission, budding,
endocytosis, birthing, etc?)Giant vesicles’ visual appeal should
not, however, obscure the fact that they have provided, with the
aid of the optical microscope, unique information on the nature of
biomembrane&:8 Although submicroscopic vesicles (2600 nm)
have comprised the vast majority of model biomembrane work in
the past, giant vesicles {1100 um) offer an advantage expressed
in the clichethat “seeing is believing”. A versatile technology has
already developed around the giant vesicle including electrofor-
mation? laser immobilizatior?, micromanipulatiorf, microinjec-
tion,1% and two-photon fluorescence methdé#s will be shown
herein, we have now focused on the use of epi-fluourescence
microscopy in locating the binding sites of membrane-bound

adsorbants. Thus, “How deep does a foreign guest penetrate a giant
vesicle membrane?” is the central question addressed in this paper.

Scheme | shows three lipidsy{Fy, and F) labeled at the head,
middle, and terminus with the fluorescent BODIPY uliThese
were individually incorporated, at 1 mol %, into giant vesicles
composed primarily of phospholipid SOPC (1-stearoyl-2-oleoyl-
sn-glycero-3-phosphocholine). Also embedded within the gian
vesicle membranes (at—1L5 mol %) was one of three potent

t

fluorescence quenchers: lipids that had been spin-labeled at the

head, middle, or near the terminusy{@u, and G in Scheme
1).13 The resulting combinations of nine quenching efficiencies,
measured quantitatively by epi-fluorescence microscopy, provided
the distances at which the fluorophores reside from the center of
the giant vesicle bilayer. Although certainly not a new stratégy,

it has never been applied to giant vesicle systems whose curvature

is far more planar and cell-like than that found in the common
submicroscopic vesicles made by sonication, extrusion, or vortexing.
Unnaturally high curvature in such small vesicles affects their lipid
packing® and, by this means, might alter adsorption sites in
comparison with those found in the cell membrane and in its most
true-to-life modet-the giant vesicle.

A few technical details essential to the success of the experiments

should be mentioned. Giant vesicles (believed to be unilamellar)
were made by the electroformation method developed by Angelova
et al3” Thus, a Pt wire coated with a mixture of SOPC, fluorophore,
and quencher was hydrated with deionized water at22°C and
subsequently subjected to an increasing voltage-(8.3 V) and
decreasing frequency (3®.5 Hz) over the course of-%5 h to
produce 16-60 um wire-bound giant vesicles. Epi-fluourescence
microscopy?® was carried out with a Nikon Diaphot-TMD inverted
microscope, an OSRAM HBO 100 W lamp, a NikonB-2A filter
combination cubeltx = 450-490 nm), and an Optronics DEI-
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Fluorophores and Quenchers
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750TD Peltier-cooled 3-CCD color camera in tandem with an
Optronics color monitor.

Vesicles were examined individually, and great care was taken
to handle them all equally. An electroformed vesicle was removed
from the Pt wire (using a micropipet and a Narishige microman-
ipulator attached to a Nikon PLT-188 pico-injector to control
suction) and then released near the bottom of the chamber in a
region isolated from other vesicles. After the camera was set for
25-1.0 s exposure times, the shutter from the microscope’s lamp
housing was opened manually for abdws (irradiation times of
greater tha 2 s leading to photobleaching). At that point, the image
was captured (using the camera’s freeze-frame feature) and
downloaded to the PC where fluorescence intensities were analyzed
by “line-profiling” (Image Pro-Plus}/ As seen in Figure 1,
increasing amounts of spin-label quencher {8 mol %) diminish

the fluorescence intensities of the BODIPY units.

Two formats are provided in Figure I: (a) a replica of what is
actually seen under the microscope and (b) a so-called “surface
plot” that gives a more three-dimensional representation of intensi-
ties. These data can be transformed into depth information via use
of the “parallax equation” (eq 1) as developed by London &t-#.

In this equationZ.is the average distance of the fluorophore from
the bilayer centeIC is the concentration of quencher in molecules/
A2 (assuming 65 ASOPC molecule), an; andF, are the relative
fluorescence intensities of the vesicle bilayers in the presence of a
shallow and deep quencher, respectively.is the distance between
the shallow and deep quenchers in A, dnd is the distance of

the shallow quencher from the bilayer center in A. Because
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Figure 1. Composite intensity surface plots of SOPGI@y representative
vesicles. From left to right: 0%, 1%, 5%, 10%, and 15% Bars= 25um.

Table 1. Fluorescence Intensity Data for 1 mol % Fy in SOPC
Giant Vesicles

diameter relative
vesicles  average diameter intensity intensity  fluorescence
profiled (um) std dev (um) average  std dev intensity
no quencher 20 28.5 3.6 106.1 123 1
H
1 mol % 20 28.2 4.2 80.3 11.8 0.76
5 mol % 10 29.8 2.7 34.7 3.5 0.33
10 mol % 10 24.8 3.6 22.3 2.3 0.21
15 mol % 10 31.6 6.2 17.1 2.1 0.16
M
1 mol % 20 28.2 35 734 10.2 0.69
5 mol % 10 30.4 59 51.3 5.63 0.48
10 mol % 10 34.7 6.9 30.8 3.2 0.29
15 mol % 10 25.6 2.8 24.5 1.2 0.23
1 mol % 20 27.4 2.8 63.0 6.4 0.59
5 mol % 10 26.1 2.4 38.0 5.7 0.36
10 mol % 10 25.9 2.8 26.2 1.2 0.25
15 mol % 10 26.2 3.6 21.5 2.1 0.20

Table 2. Fluorophore Distances from Bilayer Centers?

fluorophore distance (A)
Fri 17.7
Fum 20.6
Fr 19.2

a Estimated uncertainty o£1.5 A.

andL,; are known from ESR dat®,and becausE, F,, andC are
obtained experimentally, the fluorophore distance from the center
can be calculated.
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Ten to twenty giant vesicles were profiled and averaged for each
of the three fluorophores (f Fv, and k) using four membrane
concentrations of either Q Qu, or Qr. Raw data from three of
nine such experiments using, fare given in Table 1. Substituting
relative fluorescence intensities at 15 mol % quencher from Table
1 (and from similar tables for the other two fluorophores) into the
parallax equation yielded the estimated fluorophore depths given
in Table 2.

Uncertainty in the parallax method as applied to giant vesicles
arises from at least four sources: (a) a less than total labeling in
one or more of the quencher lipids(b) a possible variability in
the nitroxyl residence sites; (c) multilamellar membranes and
subsequent complications from interlayer adsorption; and (d) data
that are not sufficiently precise to define small but finite populations
in a nonunimodal distribution of fluorophore residence sites. Past
discussions in the literatu&22 allow us to regard all but the last

we selected giant vesicles with diameters as similar to each other
as possible (Table I).

It is clear from this study that giant vesicles do indeed lend
themselves to quantitative analysis by the parallax method. The
resulting data in Table 2 show that the calculated depths for the
giant vesicles are within the experimental error of those obtained
from submicroscopic vesicl&3In other words, despite the known
effect of a high radius of curvature upon chain disorder in small
vesicles®~26 the binding sites (at least with BODIPY) for small
and giant vesicles are identical.

All BODIPY fluorophores, even the one at the terminus of the
lipid chain, prefer to reside at the membrane surface, fully 20
A distant from the bilayer center. Clearly, the lipid chains bearing
the BODIPY units in Iy and i must “loop” to bring the units to
the vesicle periphery. (Because the SOPC is in the liquid crystalline
phase at our experimental temperature, small molecules can rapidly
attain a positional equilibrium within the bilayet3.Since looping
likely disrupts the bilayer structure, forces (of which we have little
understanding) must more than compensate for the resulting lipid
disorder. The well-known affinity of quaternary ammonium groups
for -systemg8 and the sizable interfacial area offered by a vesicle
to an adsorbant, are two likely factors favoring surface adsorption.
The tendency of even modestly polar molecules (or sections of
molecules) to gravitate to the membrane surface has numerous
practical ramifications. For example, in past attempts to construct
artificial channel$? one must be alert to the possibility that the
channel compounds bind to the membrane surface, disrupt the
packing, and enhance transport processes without actually forming
discrete channels.
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