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1o the present work it is shown that large unilamellar lecithin/chiolesterol liposomes are able 10 sequester small negatively charged liposomes in
the presence of divalent cations. Evidence is presented suggesting thut the sequestration occurs via the fermation of membrane invaginations
transformed further into intraliposomal vesicles.
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I, INTRODUCTION

Recently, we showed that lecithin/cholesterol LUYs
(7:3, M/M) can scquester polynucleotides in the pres-
ence of Mc* {1]. Both biochemical and microscopic
data indicate that the sequestered material is located
within the vesicles derived from LUY membrane invag-
inations {1]. Here we describe the interaction between
the LUVs and negatively charged SUVs under similar
conditions.

2, MATERIALS AND METHODS

Epg yolk PC and PE were prepared according to [2-4]. All ather
chemieals used were of analytical grade, Dr-R-MN-0 was a generous qufl
of Dr. L.B. Voloduarsky. NBID-PE wassynthesized according io Struck
et al, [5]. PE-R-N-O was prepared by reacung PE with Br-R-N-Q [1].

LUYVs were prepared from DPPC/chalesteral (7:3, M/M) by using
4 reverse-phase evaporation techmque [6]. SUVs were made from
PC/DCP (7 5:2 5, M/M) by sonication [7] and, if required, passed over
& Sephadex G-75 column to remove non-incapsulated malerial

RET was deteciled using donor and acceplor membranes contaming
1% of NBDPE or Rd-DPPE, respectively, us described n [6)

In binding experiments, LUVYs (0.2]1 mM DDPPC) were incubaled
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with [*P]JATP-contuming 3UVs (0.225 mM PC) in 10 mM Tris-HCI
{pH 7.6)/)50 mM sucrose al various CaCl, concenlrations for 5 min
at 20°, alier which LUVs were either pelleted by centrifugation at
10,000 = g for 5 min or made 20 mM in EDTA and washed 34 times
by centrifugation and resuspension in 10 mM Tris-HCI (pH 7 6)/110
mM sucrose/20 mM EDTA. The efficiency of SUY adsorption and
irreversible binding by LUYVs was ealeulated as a pereentage of LUV-
assoeiiled P-racionclvity 1n the former and [atler cases, respeetively.
The efficiency of SUY aggregation was measured as a percentuge of
SUYs pelieted under the same conditions in 19 mM Tris-HCl (pH 7.6)
in the absenge of LUVs,

In electren microscopy expeniments, SUVs (1.5 mg/ml} and LUYs
{1.3 mg/mi) prepared in 10 mM sodium acetale (pH 4.7) were mized
(1:3) and 5 ul alquots applied to carbon-copted discharzed micre-
scopie grids Thirty seconds later, excess liguid was blotted and re-
placed with 4-5 ] of 196 uranyl acelate which was removed in 30 s
by blotting. The preparations were air-dried and examined in i JEM-
100C microseops.

3. RESULTS

To study the interaction of neutrally charged LUVs
with negatively charged particles, SUVYs of PC/DCP
mixture (7.5:2.5, M/M) were used. The presence of PC
was required to diminish the fusion and rearrangement
of SUVs in the presence of Ca® ions (8,9]. The integrity
of SUVs at 10 mM CacCl, was confirmed by using the
CF fluorescence dequenching assay at the intravesiculsr
CF concentration of 50 mM [10). No CF release was
obscrved under these conditions (not shown). There-
fore, the aggregation of SUV: obscrved b’ an increase
in the incubation mixture turbidity afier the addition of
greater than 2 mM CaCl, (Fig. 1a) had little if any effect
on SUVY integrity.

Onee initiated at the concentration of CaCl, over 5
mM, the aggregaiion partially persisied, decreasing by
aboul 90%, after the addition of EDTA Lo the finai
concentration of 20 mM. The fractionation of SUYs by
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chromatography on Sephacryl 8 1000 combined with
EM revealed a Ca**~dependent increase in the average
SUY diameter from 27 to 40,5 nm. The resonance en-
ergy transfer assay with the mixture of SUVs containing
1% of either WBD-PE or Rd-DPPE [6] has shawn signif-
icant fusion of SUVY membranes coincident with the
aggregution (not shown).

The incubation of 8UVs with LUVYs was carried out
in medium allowing precipitation of LUYs but not
SUVs by centrifugation. The adsorption of SUVs on
LUYs, detected by SUVs co-precipitation, was strictly
Ca**-dependent (Fig. 1b) and inhibited by EDTA (not
shown). However, EDTA added after Ca** could not
conpletely dissociate LUV-SUV complexes. A sinall
fraction of the SUVs was found in the pellet even after
exteusive washing of the LUVs with EDTA-containing
buffer (Fig. 1c). The irreversible binding of SUVs corre-
lated with SUY adsorption (Fig. 1b.c) and was inversely
dependent on SUV aggregation (IFig. 1a,c). Similar iso-
therms for SUY aggregation, adsorption and irreversi-
ble binding were obtained using other divalent metal
ions, in particular uranyl ions (Fig. 1d.e and f, respec-
tively).

The irreversible binding of SUVs caused no changes
in the self-quenching of intravesicular CF fluorescence,
which ruled out the possibility of fusion beiween LUVs
and 8U Vs under the experimental ¢conditions. No mem-
brane fusion has been detected by a resonance energy
transfer assay with NBD-PE-labeled LU¥s and Rd-
DPPE-labeled SUVs (notl shown; [6]).

The binding experiments with spin-labeled SUVs [11]
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as deseribad in seclion 2,
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Fig. 2. Accessibility of irreversibly bound S8UVs 1o 1™-ions. Fluores-
cently labeled PC/DCR/NBD-PE SUVs (74.5:25:0.5, M/M) were incu-
bated with LUYVYs and then washed out as desenibed in section 2. (a)
The LUV were 1esuspended in 10 mM Tris-HCI (pH 7.6)/150 mM
suerose to the final lipid concentration of 0.2 mM and titrated with
5 M K1 NBD fluorescence was detected at 535 nm {(@xeitation wave-
length = 468 nm) with a Huachi MPE-4 wstrument. (b) The imitial
SUYs were anulyzed at the same lipid concentration,

showed that, once irreversibly bound, SUVs were
poorly accessible to ascorbate ions during short-term
incubation (Fig. 2). Low accessibility, if any, of the
irreversibly bound 3UVs to small molecules in the me-
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Fig 3. Accessibility of irreversibly bound SUYs to ascorbate ions.
PC/DCP/PE-R-N-Q SUVs (74;25:1, M/M) were incubated with LUVs
and then washed out as deseribed in section 2. The LUVYs were resus-
pended in 10 mM Tris-HCI (pI1 7 671 5¢ mM sucrose/10 mM sodium
ascarbate to the final hpid coneentration of 0.2 mM and the ESR
signal was Measured 1 an ER-200-8SKC Bruker mstrument al 2.74
MHg (a). The initial SUVs (b) and spinslabeled DPPC/cholesterol/PE-
R-N-O LUVs (69.30.1, M/M) (¢) were analyzed at the some lipid
concentralion
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Fig. 4. Micrographs of uranyl ions-mediated SUY/LUY complexe:

nvaguiations (b), and appurently in the LUV nner vol

dium was also observed with NBD-labeled SUVs [12]
probed with iodide ions (Fig. 3). These results strongly
suggest the location of irreversibly bound SUVs within
the LUVs. An alternative explaination might be dehy-
dration of the SUV surface regions interacting with
LUYVs. However, il seems highly unlikely since no Me*"-
mediated dehydrated contacts between phospholipid
membranes in the presence of EDTA have been so [ar
observed with a variety of experimental systems.

It has been shown by using a Tb/dipicelinic acid assay
[13] that sequestration of SUVs is not associated with
LUV fusion. The intensity of terbium fluorescence,
which was 50-100 times lower than that derived by
co-sonicating Tb**- and dipicolinic acid-containing
LUYs, was independent of the order of adding CaCl,
and EDTA. Similarly, no fusion of LUVs associated
with SUYV sequestration has been detected by using the
RET technique ([0]; not shown).

Electron microscopy showed that the SUVs incu-
bated with LUVs in the presence of uranyl ions were
either (i} adsorbed on the LUV surface (Fig. 4a), (ii)
sequestered wilhin membrane invaginations (Fig. 4b),

s, SUVs were observed on the LUV surface (a), within LUY membrane
lume encoated by an additional membrane (). Bar=0.03 ym,

or (iii) apparently located within the LUVs being ¢n-
coated with an additional membrane (Fig. 4¢). It is
likely that the described struciures might appear in this
order in the course of SUV internalization.

4, DISCUSSION

The tesults in this study indicate that neutrally
charged LUVs can sequester negatively charged vesicles
as well as polynucleotides in a Me**~dependent way. In
both systems, the sequestration is similarly affected by
a number of different factors (concentration of Me*",
LUV aggregaiion etc.), which suggests a common se-
questration mechanism [1,6}. Generally, one might ex-
pect that muliisite binding of a particle with a phospho-
lipid membrane would be an essential prerequisite for
its translocation across the membrane.
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