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We wish to report a novel metkod for visualizing large unilamellar vesicles loaded with 2 fluorescent dye and
for monitoring changes in the size distribution as well as state of aggregation of such dye-loaded liposomes.
In addition, we demonstrate that this method can be used to distinguish between all-oi-i.one release of dye
and graded release of dye from individual vesicles. Using this technigue, we have characterized complement-
mediated release of carboxyfluorescein from large unilamellar vesicles and have found that C5-8 complexes
mediate a graded release of dye while C5-9 complexes cause an all-or-none release. Furthermore,
complement appears to preferentially attack the medium to larger-sized vesicles in our population of large
unilamellar vesicles while smaller vesicles appear to be selectively spared.
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Introduction

Carboxyfluorescein-loaded vesicles have been
frequently used to probe liposome-protein, lipo-
some-liposome, and liposome-cell interactions
[1-8}. In particular, release of this dye marker
from liposomes has been taken as an indication of
pore formation or perturbation of membrane
structure by various cytotoxic proteins [7-9]. The
use of entrapped dye at self-quenching concentra-
tions allows continuous monitoring of marker re-
lease which is measured as an increase in fluores-
cence upon rapid dilution and dequenching of the
dye in the extravesicular medium [10,11]. Under
conditions resulting in less than 100% dye release,
further analysis of the dye concentration remain-
ing in liposomes after treatment with the permea-
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bility-inducing agent reveals whether the dye was
released in ap all-or-none fashion or in a graded
manner (i.e., total vs. partial release from individ-
ual liposomes) [10]. Intrinsic fluorescence of the
liposomes would be expected to increase for graded
release due to partial dequenching of the dye
remaining within the liposome resulting from a
decrease in the concentration of entrapped dye.
This determination may be useful in distinguish-
ing a stable pore from a transient one.

Although continuous monitoring of the bulk
change in fluorescence of a suspension of lipo-
somes after addition of a membrane-perturbing or
pore-forming protein can provide information re-
garding the kinetics of the interaction, it does not
permit an evaluation of possible differences in
susceptibility of liposomes which may arise from
vesicle size heterogeneity within a given prepara-
tion. While small unilamellar vesicles may be sep-
arated from large unilamellar vesicles (LUVs) by
column methods, gel filtration cannot resolve par-
ticles greater than about 100 nm in diameter.
Thus, it has not been possible to determine whether
the size of an LUV affects its interaction with and
subsequent lysis by a given protein.

In this report, we describe a technique capable
of distinguishing carboxyfluorescein-loaded LUVs
of different sizes and of determining changes in
the size distribution of the residual dye-loaded
vesicles which may occur in response to a mem-
branolytic agent if vesicles are selectively lysed on
the basis of size. This analysis is done without
having to physically separate the dye-containing
vesiclcs from the empty ones. In addition, we
developed ansiier method to assess the mode of
dye release (all-or-none vs. graded) from vesicles.
This method is complementary to fluorometric
methods established for bulk vesicle solutions [10).
We applied these methods to study the interaction
of terminal complement complexes, C5-8 and
C5-9, with LUVs, In particular, we were inter-
ested in the effect of vesicle size on susceptibility
to complement and in the mode of dye release
mediated by the C5-8 and C5-9 complexes.

Materials and Methods

Preparation of vesicles. Large unilamellar
vesicles (LUVs) were prepared by the reverse phase

ether evaporation method [12] and were subse-
quently passed through 0.4 and 0.2 pm Nuclepore
filters. These vesicles were comiposed of di-
myristoylphosphatidyicholine (Calbiochem), cho-
lesterol (Applied Science Laboratcries) and dicetyl
phosphate (Sigma) in a lipid molar ratio of 4:3:1
and contained entrapped chromatographically
purified [10) 6-carboxyfiuorescein (CF) (Molecular
Probes or Fastman) at a self-quenching concentra-
tion of 100 mM in water, adjusted to pH 7.4 with
NaOH. Piior to use, the vesicles were passed over
a Sephadex G-25 (Pharmacia) column eluted with
PBS, pH 7.4 (S mM sodium phosphate/150 mM
NaCl) to remove extravesicular dye. The ratio of
the intrinsic fluorescence ( F,) of the vesicles to the
total releasable fluorescence (F) was 0.06, a value
consistent with the entrapment of CF at 100 mM
[10]. These vesicles were stable and spontaneous
leakage of CF did not exceed 2% over the course
of the experiments.

Sonicated vesicles of the same composition as
the LUVs described above were prepared by pulsed
sonication at 30°C under a stream of N, (30 s at
50% full power,l 30 s off for 10 or more cycles
until clarity was achieved) in 100 mM CF using a
Heat Systems Ultrasonics sonicator (Model
W185F) equipped with a titanium microtip probe.
These vesicles were eluted with PBS through a
Sephadex G-25 column to remove unencapsulated
CF.

Sizing of vesicles. The size distribution of
vesicles was obtained either by negative-stain elec-
tron microscopy using 2% phosphotungstic acid
{pH 7.4) or by light scattering measurements using
a Hiac/Royco Nicomp 370 Submicron Particle
Size Analyzer. In the former method, a dilute
suspension of vesicles was applied to a carbon-
coated formvar grid and then the excess fluid was
drained off with filter paper, A drop of 2% phos-
photungstic acid was then applied for 30 s and
similarly removed. The grids were examined using
2 Zeiss 10A transmission electron microscope. The
diameters of the individual vesicles were calcu-
lated from the size of the images in the electron
micrographs. For measurement of vesicle sizes with
the Hiac/Royco particle size analyzer, the vesicle
solutions were diluted to approx. 100 pg lipid /ml
{or less) and placed within the cuvette of the
analyzer. The size distribution of the vesicles was



determined from fluctuations in the intensity of
scattered light caused by Brownian motion of the
particles. The size distribuion profiles as well as
the mean vesicle size are automatically determined
by the instrument. The mean vesicle size for the
LUV preparations as determined by both methods
agreed very well with each other (265 nm by
negative-stain electron microscopy and 200-250
nm by light scattering). The mean vesicle size
determined by light scattering methods for the
sonicated vesicle preparations was approx. 90 nm.

Fluorescence analysis of vesicles using the
Meridian ACAS 470 Fluorescence Workstation. A
suspension of vesicles containing entrapped CF
was applied to glass slides coated with poly(L-
lysine) (Sigma) and examined under a 180X oil
immersion objective using the Meridian ACAS
470 Fluorescence Workstation (Meridian Instru-
ments; Okemos, MI). The Meridian Fluorescence
Workstation is a commercially available fluores-
cence cell analyzer equipped with a two watt
argon ion laser light source, an Olympus IMT-2
inverted microscope. 2 Hamamatsu R1547 photo-
multiplier, and an IBM AT-compaiible computer
for data analysis. This instrument basically allows
the quantitative determination of fluorescence on
or within individual cells. In the work presented,
we have used this instrument to quantitate fluores-
cence of a water-soluble dye within vesicles. Ex-
perimental details  pertaining to the specific
analyses are given in the respective figure legends.

Assembly of membranolytic terminal complement
complexes on LUVs. Purified complement pro-
teins, C5, C6, C7, C8, and C9 were obtained from
Cytotech (California). Lysis of CF-loaded LUVs
by the terminal complement complexes C5-8 and
C5-9 was accomplished by acid-activated assem-
bly [13] of these complexes on vesicles. For these
experiments, 10 pg of C5 and 6 pg of C6 were
mixed and the pH was reduced to 5.5 using 0.1 M
HCI and immediately returned to 7 with 0.1 M
NaOH to form an activated C56° complex which
could initiate assembly of the terminal complexes.
The activated C56" was then added to 100 pg of
lipid vesicles at 37°C. After a 10 min incubation,
5.8 pg of C7 was added and the mixture was
further incubated at 37°C for an additional 5
min. The vesicles were rapidly separated from
unbound proteins by passage through a 6 ml
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Sepharose 4B column (eluted with PBS) which was
spun at 400 rpm for 15-30 s at 4°C in an IEC
Centra-7R benchtop centrifuge. The eluted vesicles
contained bound C5-7 complexes which remained
stable and active for at least 48 h as determined
by the unaltered ability of C8 and C9 to induce
dye release from vesicles stored over this time
period. The bound C5-7 complexes do not by
themscives mediate CF release. C5-8-mediated
lysis was initiated by the addition of 3 pg of C8 at
37°C to 10 pg of lipid vesicles bearing C5-7.
Similarly, to initiate C5-9-mediated lysis, 3 pg of
C8 and 3 pg of C9 were added to 10 pg of the
above lipid vesicles at 37°C. In either case, CF
release was followed to endpoint in a spectrofluo-
rometer. The amount of dye release typically re-
ached stable vaiuc: within 15 min after addition of
C8 and within 1-2 min a".er addition of C3+ 9
C8-mediated CF release was always less at end-
point than that induced by the combination of C8
and C9.

Fluorometric analysis of all-or-none or graded
release of CF from LUVs. CF release from LUVs
induced by the terminal complement complexes
was monitored using an SLM 8000C spectrofluo-
rometer with the excitation wavelength at 490 nm
and the emission wavelength at 520 nm. The sam-
ple chamber was maintained at 37° C with a Lauda
RMS6 circulating water bath. LUVs bearing C5-7
complexes were added to a cuvette containing PBS
and C8 or C8 and C9 were added to initiate CF
release. After ihe endpoints of CF release were
reached, the vesicle samples were again spun
through 6 ml Sepharose columns eluted with PBS
to separate the released dye from the vesicles.
Aliquots of the eluted vesicles were analyzed for
residual fluorescence in the absence ( F,) and pres-
ence (F,) of Triton X-100. The calculated F,/F,
ratios were used to determine the mode of dye
release according to procedures described by
Weinstein et al. [10). No further leakage of CF
from the vesicles was observed after passage of the
vesicles through the minicolumn, indicating that
true equilibrium of CF efflux had been achieved
within the timeframe of the fluorometric dye re-
lease assay. Additional aliquots of the eluted
vesicles were analyzed for fluorescence distribu-
tion using the Meridian workstation as described
above.
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Fig. 1. Histogram showing the size distribution of CF-loaded
LUVs as determined by negative-stain (phosphotungstic acid)
electron microscopy. Vesicle diameters were measured on pho-
tographic plates of the images. A total of 200+ vesicles were
analyzed.
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Results and Discussion

Relationship between vesicle size and fluorescence
intensity

Negative-stain electron microscopy of CF-
loaded LUV preparations shows considcrable het-
erogeneity in vesicle size (100-1000 nm) with the
mean size being =265 nm or 2650 A (Fig. 1).
While these dimensions are below the resolution
of the light microscope, a preparation of LUVs
containing 100 mM CF can be visualized on the
CRT of the ACAS 470 workstation as a distribu-
tion of individual particles with fluorescence in-
tensities which are in part dependent on the ves-
icle size (Plate I, p. 256). At the magnification
used, each vesicle acts as a point source of light
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Fig. 2. Fluorescence profile for a population of LUVs. The
percentage of total particles is plotted as a function of fluores-
cence intensity per particle {or pixel). Fach division on the
x-axis represents 15 fluorescence units. These data were ob-
tained using the FLINT and HISTOGRAM programs of the
ACAS 470 software. Instrumental parameters were as stated
above. An average of 600 particles were analyzed per sample.

and is represented by a single fluorescent pixel,
the color of which is determined by fluorescence
intensity according to an arbitrary colos-intensity
scale. The fluorescence distribution can be more
clearly demonstrated by the histogram shown in
Fig. 2. By comparison with the histogram in Fig. 1
showing vesicle size distribuiion, it appears that
particles with fluorescence intensities ranging from
16 to 30 units (39% of the population) roughly
correspond to vesicles in the 200-300 nm range
(41%). Furthermore, the proportion of vesicles in
the 100-400 nm range (82%) is almost equivalent
to the proportion of particles with fluorescence
intensities ranging from 0 io 45 (80%), thus pro-
viding a semi-quantitative method of analyzing
the vesicle size distribution on the basis of particle

Plate 1. A population of carboxyfluorescein-loaded LUVs as seen on the CRT screen of the Meridian ACAS 470 Fluorescence

Workstation. The vesicles were examined on glass slides which were coated with 0.025% poiyiL-lysine) which served to anchor the

vesicles as well as keep them in the same focal plane. Each vesicle is represented by a single-colored pixel. The color is a measure of

fluorescence intensity. The entire field covers an area of 272160 um?. Each pixel corresponds to approximately 3 um. The

instrumental parameters were: PMT, 44%; X-step, 3 um; Y-step, 3 pm; X peari. 150; Y poits, 188; scan sticagth. 6%, stags speed,

2 mm/s; laser power, 200 mW. A 90% cutoff neutral density filter was used for all eaperiments. Scanning the field at smaller step
sizes (e.g., 0.25-1 pm) gave no evidence that any particle was greater than 1 gm in diameler.

Plate II. Ca?*-induced aggregation of vesicles. Graphic representation of aggregated vesicles on the CRT screen of the ACAS 470

workstation. The inset shows a 4-fold erlargement of an aggregate using the ‘zoom’ feature of the ACAS 470 software. At least 50%

of the particles were in clusters in the presence of 5 mM Ca**, Upon incubation with 10 mM EGTA for 1 h after Ca®*-induced
aggregation, only isolated pxels were observed.
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Fig. 3. Fluorescence distribution profiles of LUVs (A) and

sonicazed vesicles (B) obtained using the same instrumental

sertings. The mean fluorescence of the LUVs (mean diameter

=200 nmy war determined 1o he 363 and the mean fluores-

cence of the sonicated vesicles (mean diamater = 0 pm) was

192 in this experiment, Both sets of vesicles are loaded with
100 mM CF.

fluorescence. Additional evidence that the fluores-
cence of individual vesicles is dependent on vesicle
size is given in Fig. 3. In comparison to LUVs
(mean diameter = 200 nm) analyzed at the same
mstrumental settings, the fluorescence profile of
smaller sonicated vesicles with a mean diameter of
90 nm is shifted towards lower intensities. As
shown in Fig_ 3, the major fraction of LUVs has a
mean fluorescence intensity about twice as high as
that of the major fraction of the sonicated vesicles.
This approximately linear relationship between
fluorescence intensity and vesicle diameter instead
of volume probably reflects the fact that the
emitted light is trivially reabsorbed at the center
of the vesicle where the path length is the greatest.

Alternatively, this result may also be explained by
the high fluorescence intensity of dye molecules
bound to the membrane as monomers. In either
case, if the vesicle were large enough to be re-
solved, the fluorescence would appear strongest at
the periphery. Thus, the overall fluorescence in-
tensity of a single vesicle loaded with dye at a
self-quenching concentration would be mostly de-
pendent on the vesicle circumference which is a
linear function of diameter. Rather than being a
substitute for the more conventional methods of
determining actual vesicle size (e.g., EM and light
scattering), this method provides complementary
information on relative vesicle size and, more im-
portantly, allows the monitoring of changes in the
size distribution of dye-loaded vesicles after reac-
tion with a membranolytic agent (as will be shown
with the C5-9 complement complex). That is, it is
possible to determine whether or not there is a
vesicle size preference for protein interaction
within a vesicle population of predetermined size
heterogeneity. This latter determination is not
possible with conventional sizing methods since
EM and light scattering methods cannot dis-
tinguish between dye-loaded and empty vesicles.
With the method described, empty vesicles are
‘invisible’,

Vesicle aggregates can be distinguished from large
single vesicles

While the preceding data suggested that vesicles
can be differentiated fluorometrically on the basis
of size, it was important to demonstrate that par-
ticles with higher fluorescence intensities were not
merely aggregates of smaller vesicles. To de-
terraine what the particles would look like under
conditions favoring aggregation, Ca?* was added
10 suspensions of negatively-charged sonicated
vesicles. Plate 11 shows that in the presence of
Ca™*, clusters of colored pixels appear. Such mul-
ticolored aggregates are clearly distinct from the
highly fluorescent single pixels represeating indi-
vidual vesicles (Plate I). Aggregation (i.e., clusters
of pixels) is virtually non-existent in suspensions
without Ca®* and can be reversed upon addition
of EGTA to Ca®*-aggregated vesicles (data not
shown). Thus, a population of dispersed vesicles
can be readily distingvished from aggregates of
vesicles. In addition, Ca®*-induced aggregation of
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Fig. 4. Fluorescence distribution jrofiles for control vesicles,
vesicles in the presence of S mM Ca*2, and vesicles incubated
sequentially for 1 h with 5 mM Ca*2 and 10 mM Mg-EGTA.
As for all the previous experiments described, the fluorescence
is quantitated for each pixel. Thus, the fluorescence of each
pixel in an aggregate is separately determined. Fusion results
in the increase of vesicle size which is consistent with the
observed shift in the fluorescence distribution profile towards
higher intensities /pixel relative to the control,

vesicles was accompanied by some amount of
fusion. Fusion is suggested by a shift in the flu-
orescence distribution profile of the Ca®*-treated
vesicles lowards higher particle (i.e., single pixel)
intensitics (Fig. 4). Although the addition of EGTA
to Ca®*-containing samples reverses aggregation
such that no clusters of pixels are seen, the flu-
orescence distribution profile remains shifted to-
wards higher intensities relative to the control.
These observations are consistent with the net
productioi of larger-sized particles during incuba-
tion with CaZ*. Time-based fluorometric analysis
of the Ca®*-treated vesicles using a spectrofluo-
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rometer indicates that the fusion occurred without
leakage of dye contents (data not shown).

Fluorescence distribution profile of vesicles is also
dependent on entrapped dye concentration

Aside from the determination of possible
changes in vesicle size distribution upon reaction
with terminal complement complexes, we were
interested in establishing whether the fluorescence
profile of the vesicle population would change
under conditions allowing the graded release of
dye from vesicles. Since CF release by a graded
mechanism would result in partial dequenching
(and hence increased intrinsic fluorescence) of the
dye remaining entrapped within vesicles after
marker release had reached an endpoint, we asked
whether a population of vesicles with a lower
concentration of entrapped dye could be dis-
tinguished from a population of vesicles contain-
ing a higher concentration of quenched dye. For
this experimeni, we prepared LUVs coniaining
100 mM CF and 30 mM CF in which CF fluores-
cence is 91% and 74% quenched, respectively (Ref.
10; Solow, R., unpublished data). As shown in
Fig. 5, the fluorescence of the vesicles containing
30 mM CF in notably higher than the fluorescence
of the vesicles containing 100 mM CF when
analyzed at the same instrument settings. This is
despite the fact that the size heterogeneity of the
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Fig. 5. Fluorescence profiles of (a) LUVs containing 30 mM
CF and (b) LUVs containing 100 mM CF.
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100 mM CF vesicles is nearly identical to that of
the 30 mM CF vesicles. Therefore, a decrease in
entrapped dye concentration caused by graded
release from individual vesicles containing highly
quenched dye would be expected to result in an
upward shift in the overall {luorescence profile of
a given vesicle population, provided that the same
instrument parameters are used throughout the
analysis.

Effect of membranolytic terminal complement com-
Pplexes on the intrinsic fluorescence of LUVs

Lysis of CF-loaded LUVs by the terminal com-
plement complexes C5-8 and C5-9 was accom-
plished by acid-activated assembly [13] of these
complexes on vesicles. The progress of CF release
was monitored fluorometrically as described in
Methods. After marker release had reached an
endpoint, the vesicles were separated from free
dye by centrifugation through a Sepharose 4B
minicolumn and then analyzed for residual fluo-
rescence both in the absence (F,) and presence
(F,) of Triton X-100 to determine the concentra-
tion of the remaining entrapped CF. An F,/F,
ratio equivalent to that of the control preparation
would indicate no change in trapped dye con-
centration and an ‘all-or-none’ process involving
total dye release from affected vesicles. In con-
trast, a “graded release’ process is indicated by an
F,/F, ratio higher than the control as a result of
the decrease in trapped dye concentration and
subsequent fluorescence dequenching of the re-
maining entrapped dye. As shown in Table 1,
C5-8-mediated lysis of LUVs was accompanied
by an increase in the F,/F, ratio relative to the
control preparation whereas the F,/F, ratio of
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Fig. 6. Fluorescence profiles of LUVs with C5-7 complexes,
C5-8 complexes, and C5-9 complexes. The PMT setting for
this set of experiments was increased to 51% for greater
sensitivity.

vesicles treated with C5-9 was essentially the same
as the control. These results indicate that CF is
released in a graded manner from C5-8-treated
vesicles and in an all-or-none fashion from C5-9
vesicles. When these vesicles (after separation from
released dye) were examined with the ACAS 470
fluorescence workstation, the predicted change in
the fluorescence intensity profile towards a greater
proportion of more fluorescent particles relative to
the C5-7 control was observed for C5-8-treated
vesicles (Fig. 6). This increase occurs without a

TABLE 1

INTERNAL FLUORESCENCE AFTER CF RELEASE FROM LUVs INDUCED BY C5-§ AND C5-9

Sample % CF release * Predicted F,/F, Predicted F,/F, Measured
for all-or none for graded release ” F,/F,

C5-17 0 (control) - - 0.06 +£0.01

C5-8 2 0.06 0.095 0.10£001

C5-5 32 0.06 0.11 0.05+0.01

* Determined by following CF rclcase to endpoint on a spectrofluorometer. 100% release is detetmined in the presence of Triton

X-100.

® Predicted on the basis of a quenching curve determined as described in Ref. 10,



concomitant decrease in the number of particles
per field, suggesting that the cause of the shift
towards more highly fluorescent particles is de-
quenching of the dye within individual vesicles
and not vesicle fusion. Data obtained with the
ACAS 470 workstation thus corroborate that ob-
tained fluorometrically and moreover show the
increase in intrinsic fluorescence at the level of
individual vesicles. The results of these analyses
indicate that the C5-8 complex does not form a
stable pore or lesion in the vesicle membrane since
CF efflux ceases before equilibrium is established,
resulting in sealed vesicles containing less than the
original concentration of enirapped dye. These
results have been confirmed using vesicles contain-
ing both CF and sucrose which achieves the same
endpoint release value as CF (Solow, R., uipub-
lished data). At present, it is difficult to explain
why dye efflux from the C5-8 lesion does not
achieve thermodynamic equilibrium. If the C5-8
complex forms a structural channel, the events
leading to channel closing in this vesicle system
are unclear. In a study using black lipid mem-
branes, the ionic conductance induced by the
C5b-8 complex was reportedly dependent on the
polarity of the applied voltage while that induced
by the C5b-9 complex was not [14}. In this respect,
it is possible that CF efflux from a vesicle could
result in a change in membrane potential which
closes or alters the C5-8 channel. Alternatively,
the daia could be interpreted in terms of a tran-
sient destabilization of bilayer structure during
insertion of C8 which results in leakage of dye.
The distinction between these two possibilities
requires further investigation. In contrast, the
C5-9 complex forms a stable channel within the
timeframe of these experiments, such that total
CF release from a given vesicle can occur.

Effect of vesicle size on the susceptibility to comple-
ment attack

In contrast to data obtained with C5-8-treated
vesicles, CF release from LUVs treated with C5-9
results in an overall decrease in the number of
fluorescent vesicles/ field examined even though
the lipid concentration of the C5-9 vesicle sam-
ples examined was equivalent to that of the C5-7
and C5-8 samples. This decrease in the density of
fluorescent particles was consistent with the data
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obtained fluorometrically on bulk vesicle solutions
which indicated that vesicles with active C5-9
complexes released dye in an all-or-none manner.
Thus, vesicles damaged by C5-9 were empty of
dye and consequently invisible on the ACAS 470
fluorescence workstation. Interestingly, the de-
crease in the number of fluorescent vesicles was
accompanied by a shift in the fluorescence distri-
bution of the remaining dye-containing vesicles
towards the lowest intensity or smallest particles,
suggesting that the smallest vesicles within the
population were preferentially spared (Fig. 6). 1f
there were absolutely no vesicle size preference
with respect to C5-9 channel formation, the fluo-
rescence distribution profile should be the same as
for the C5-7 control, even though the overall
number of fluorescent particles would be smaller
as a result of total dye release from affected
vesicles. As expected, light scattering analysis of
the C5-9 vesicle population showed no difference
in size distribution from the C5-7 control since
both dye-loaded and empty vesicles .osiibuicd to
the size analysis (data not shown».

Conclusion

Using a digitalized fluorescence imaging
method, we have shown that carboxyfluorescein-
loaded vesicles can be visualized as individual
colored pixels with fluorescence intensities which
are dependent in part on vesicle size. In addition,
we have shown that the aggregation state of these
vesicles can be monitored by this method. Fusion
as well as graded leakage of dye from these vesicles
both lead to a shift in the fluorescence distribution
profile towards particles of higher fluorescence
intensities but these two phenomena may be dis-
tinguished by additional assessment of the number
of fluorescent particles per field and CF leakage
into the medium. Although exact vesicle size
determinations cannot be made, the primary ad-
vantage of this method is the ability to determine
whether dye-loaded vesicles (whose size hetero-
geneity has been determined by other means) are
selectively damaged by membrane-perturbing or
channel-forming proteins on the basis of size.
Other methods for determining vesicle size distri-
butions such as electron microscopy and light
scattering methods cannot be used for this
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determination since they canno! distinguish dye-
loaded vesicles from empty ones. Using this
method, we determined that the terminal com-
plexes preferenually attacked medivm and larger-
sized vesicles (i.e, > 200 nu in diameter), With
respect to complement-mediated membrane per-
meability changes, we have identified two modes
of dye release. The C5-8 complex mediated a
graded release of dye from vesicles whereas C5-9
releases dye in an all-or-none manner. These re-
sults suggest that, in contrast to the C5-9 com-
plex, the C5-8 complex forms an unstable pore on
lipid vesicles which closes before CF efflux re-
aches equilibrium values. This couid also be inter-
preted as a transient perturbation of membrane
structure by the C5-8 complex.
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