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Preface

In vitro utilization of liposomes is now recognized as a powerful tool
in many bioscience investigations and their associated clinical studies,
e.g., liposomes in drug targeting; liposomes in gene transport across plasma
and nuclear membranes; liposomes in enzyme therapy in patients with genetic
disorders. However, before these areas can be effectively explored, many basic
areas in liposome research require elucidation, including: (a) attachment of
liposomes to cell surfaces; (b) permeation of liposomes through the plasma
membranes; and (c) stability of liposomes in cell or nuclear matrices. None of
these areas have been exhaustively explored and liposome researchers have
ample opportunities to contribute to our knowledge.

The aim of Liposome Methods and Protocols is to bring together a wide
range of detailed laboratory protocols covering different aspects of liposome
biology in order to assist researchers in those rapidly advancing medical fields
mentioned earlier. With this goal in mind, in each protocol chapter we have
detailed the materials to be used, followed by a step-by-step protocol. The
Notes section of each protocol is also certain to prove particularly useful,
since the authors include troubleshooting tips straight from their benchtops,
valuable information that is seldom given in restricted methods sections of
standard research journals. For this reason we feel that the book will prove
especially useful for all researchers in the liposome field.

In editing Liposome Methods and Protocols, we attempted to cover
as many biochemical areas as the technique addresses, as the Contents
demonstrates. We should mention here only that the reader will find a good
cross-section of the commonly used liposome techniques, as well as certain
more sophisticated techniques and protocols. Many readers will also find the
current reference lists at the end of each chapter as a valuable source of
background information.

We would like to thank all the authors for their fine contributions. The
wide range of protocols they have so superbly realized will ensure that this is
an indispensable book for researchers across many fields, including
glycoproteins, glycolipids, glycosyltransferases, drug transport, viral transport,
antibody delivery, synthetic peptide delivery to cells, and protease delivery.

4



Vi Preface

Putting our personal convictions aside, however, we must leave final
judgment of the book to the proper scientific communities, and we do so with
confidence. We gratefully acknowledge the tireless help of Mrs. Dorisanne
Nielsen during our editing of this book. We extend our thanks and appreciation
to Dr. Asoke Shukla for his initial inspiration to edit this book.

Subhash Basu
Manju Basu
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Preparation, Isolation, and Characterization
of Liposomes Containing Natural
and Synthetic Lipids

Subroto Chatterjee and Dipak K. Banerjee

1. Introduction

The specificity, homogeneity, and availability of large-batch production of
liposomes with natural lipids and synthetic lipids have made them an extremely
useful tool for the study of diverse cellular phenomena, as well as in medical
applications. In many cases, however, the success of the use of liposomes as
drug carriers or vaccines and in gene delivery depends entirely on both their
formulation and the method of preparation.

Liposomes are synthetic analogues of natural membranes. Consequently,
in view of the fact that the lipid composition of the cell membrane is fixed,
the general concept in the preparation of liposomes is to modify combinations
of these lipid mixtures (to emulate the natural membrane) in the presence or
absence of a variety of bioactive molecules with diverse functions. The methods
for the preparation, isolation, and characterization of liposomes are as diverse
as the applications of these molecules in health and disease. Accordingly,
we feel it is a daunting task to cover each and every method that has been
described for preparing liposomes. Thus, in this chapter we have focused on the
preparation of three classes of liposomes, namely, the multilamellar vesicles
(MLVs), small unilamellar vesicles (SUVs), and large unilamellar vesicles
(LUVs). Several excellent books on liposome technology and its application in
health and disease (I1-3) have been published over the last decade. Readers are
suggested to consult these works to obtain more information on an individual
method relevant to the needs of their studies.

From: Methods in Molecular Biology, vol. 199: Liposome Methods and Protocols
Edited by: S. Basu and M. Basu © Humana Press Inc., Totowa, NJ
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4 Chatterjee and Banerjee

2. Materials

1. Cholesterol is commercially available from several sources, for example, Avanti
Polar Lipids (Alabaster, AL), Matreya, Inc. (Pleasant Gap, PA).

2. Dicetylphosphate (DCP) is available from KMK Laboratories (Fairview, NJ),
Sigma Chemical Co. (St. Louis, MO), and Pierce Biochemicals, (Milwaukee, WI).

3. Dimyristoyl phosphatidylcholine (DMPC) is available from Avanti Polar Lipids,
Sigma Chemical Co., CalBiochem-Behring (San Diego, CA), Pierce Biochemi-
cals, and Matreya, Inc. Several other phospholipids and glycosphingolipids
are available commercially in high quality from Matreya, Inc. as well. (see
Note 1).

4. Organic solvents, typically chloroform (JT Baker, Phillipsburg, NJ), are used
in the solubilization of a variety of lipids. However, often a small amount
of methanol is also required to solubilize gangliosides and relatively polar
lipids, such as phospholipids. Both chloroform and methanol are available com-
mercially. Because chloroform can deteriorate on storage for more than 1-3 mo,
it is a routine practice in many laboratories to redistill chloroform before use in
a variety of biochemical experiments but in particular in liposome preparation.
Subsequent to distillation, 0.7% ethanol is added as a preservative. Pear-shaped
boiling flasks manufactured by Lurex Scientific Inc. (Vineland, NJ) have been
recommended by some investigators for use because they have the best shapes
for the distillation of organic solvents (4). Microbeads used for the distillation
of solvents are commercially available from Cataphote Division of Ferro Corp.
(Cleveland, OH and Jackson, MS).

3. Methods
3.1. Preparation of Multilamellar Liposomes

The strategy for preparation of MLVs is to use well characterized lipids in
order to produce well defined liposomes (4). Equally important is the selec-
tion of bilayer components for toxicity and for shelf life optimization. The
lipids normally used are the unsaturated egg phosphatidylcholine (PC),
phosphatidic acid (PA), phosphatidylglycerol (PG), and the saturated lipids
DMPC, dipalmitoyl phosphatidylcholine (DPPC), dipalmitoyl phosphatidic
acid (DPPA), and dipalmitoyl phosphatidylglycerol (DMPG). Stearylamine is
used when cationic liposomes are preferred; and natural acidic lipids, such as
phosphatidylserine (PS), PG, phosphatidylinositol (PI), PA, and cardiolipin
(CL) are added when anionic liposomes are desired, while cholesterol is
often included to stabilize the bilayer. Small amounts of antioxidants such as
a-tocopherol or B-hydroxytoluidine (BHT) are included when polyunsaturated
neutral lipids are used. A general protocol to prepare MLV is as follows:

1. Prepare a suitable solution of the lipid component in a pear-shaped flask (lipid
concentrations between 5 and 50 mM in either chloroform or in chloroform—
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methanol (3: 1, v/v), and filter the mixture to remove minor insoluble components
or ultrafilter to reduce or eliminate pyrogens.

2. Employing a rotary evaporator, remove the solvent, while maintaining a tem-
perature of ~40°C in a water bath under negative pressure (see Note 2). Other
methods of drying include spray drying and lyophilization (5). Traces of organic
solvents are removed employing a vacuum pump, normally overnight at pressures
below milliTorr (~0.1 Pa). Alternatively, the sample may be dried under a very
low vacuum (<50 wmol/mg) for 1-2 h in a dessicator with drierite™ (Fisher
Scientific, Malvern, PA).

3. Subsequent to drying, 100 uL of 0.5 mm glass beads are added to the 10-mL
flask containing the dried lipid mixture, and hydration fluid (0.308 M glucose),
which is equal to the final volume of the liposome suspension, is added.
Typically, the volume of hydration fluid used is determined by the amount of
liposomal phospholipid and is usually in millimolars with respect to the hydration
fluid (1).

4. Vortex mixing the flask for 1-2 min causes all of the dried lipid from the flask to
be dispensed into the hydration fluid. Alternative hydration mediums are distilled
water, buffer solution, saline, or nonelectrolytes such as a sugar solution. For an
in vivo preparation, physiological osmolality (290 mosmol/kg) is recommended
and can be achieved using 0.6% saline, 5% dextrose, or 10% sucrose solution.
MLVs of tens of micrometers to several tenths of a micrometer are spontaneously
formed when an excess volume of aqueous buffer is added to the dry lipid and
the flask is agitated.

5. The “dry” lipid mixture is then hydrated in an aqueous medium containing
buffers, salts, chelating agents, and the drug to be entrapped (see Note 3).

3.2. Preparation of Small Unilamellar Liposomes

High-energy sonic fragmentation processes were introduced in the early
1960s (6) Refinements of these procedures using a high-pressure homogeniza-
tion device followed (7,8). SUVs are prepared by the following methodology to
disperse phospholipids in water to form optically clear suspensions.

3.2.1. Sonication

Methods for the preparation of sonicated SUVs have been reviewed in detail
by Bangham and others (8). Typically the MLV dispersion is placed in test
tubes and sonicated either in a bath sonicator or by tip sonication. Normally a
5-10-min sonication procedure (above T,) is sufficient to prepare SUVs with
radii < 50 nm. With some lipids, radii < 20 nm are also possible while some diacyl
cationic lipids (including 1-[2-(oleoyloxy)-ethyl-2-oleoyl-3-(2-hydroxyethyl)
imidarolinium chloride (DOIC) and dioctadecylamidoglycylspermine (DOGS)
can even form micelles. Dioctadecyl diammonium bromide (DOBAD) neutral
lipid liposomes cannot be sized <130 nm (see Note 4).
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3.2.2. Extrusion

Prefiltering the LMV solution through a filter with pores ~1 um is followed
by prefiltering the solution five times through 0.4- and 0.2-um pores. This
is followed by 5-10 extrusions through a filter with a pore size of 100 nm.
Allowing the formation of LUVs with diameters slightly above presizes
(~110-120 nm). If smaller vesicles are desired, continued filtering through
80- and 50-nm pores is needed. Extrusion through smaller pores (30 nm) or in
the case of some more rigid bilayers, 50 nm, does not reduce the size further but
rather increases it owing to the imposition of too high a curvature to vesicles.
The extrusion method yields the best vesicles with respect to the homogeneity
of size distribution and to control the size distribution of vesicles, especially
for larger (100-500 nm) diameters.

3.2.3. Homogenization

MLVs are dispersed by forcing them through a small hole at 20,000 psi so
they collide into a wall, a small ball, or the tip of the pyramid. The advantages
of this method are its simplicity for scaleup, large capacity, and speed (e.g.,
from 10 mL to hundreds of liters in 1 h). The disadvantages are possible sample
degradation and contamination with very small and some large lipid particles.
Normally, three to five passages through the interaction chamber are enough
to achieve minimal size (see Note 5).

The following two methods produce relatively uniform unilamellar vesicles
with encapsulation efficiencies of 20—45%. Dissolve the lipid mixture solution
in diethyl ether and inject it into an aqueous solution of the material to be
encapsulated at 55-65°C or under reduced pressure (9). The vaporization of
ether leads to the formation of single-layer vesicles of diameters ranging from
50 to 200 nm. Liposomes with buffered pH were produced to study proton-
hydroxyl flux across lipid membranes following this procedure.

Naturally occurring plant lipids in a composition of PC—PA (9: 1 molar ratio)
have also been used (see Note 6). Another method involves using a fluorocarbon
such as Freon 21 (CHFC12) with a boiling point at 9°C at atmospheric pressure
that was used to overcome the hazards of diethyl ether. Large unilamellar
liposomes are formed when Freon 21 lipid mixtures are injected into an
aqueous medium at 37°C (10).

The principle in this procedure is somewhat different. Here the solvent
(ethanol, glycerin, and polyglycols) containing the lipid is diluted by an
excess amount of the aqueous phase. As the solvent concentration is reduced,
liposomes form. Lipids dissolved in ethanol are rapidly injected through a
fine needle into a buffer solution and SUVs are formed instantaneously. The



Liposomes with Natural and Synthetic Lipids 7

procedure is simple, rapid, and gentle to both lipids and the material to be
entrapped (see Note 7).

SUVs can be formed from mixed dispersions of PC and PA provided that
the molar proportion of PC is 70% or less. The liposomes are formed when
the phospholipid mixtures are dispersed either directly in sodium hydroxide
at pH ~10 or in water, the pH of which is then rapidly (~1 s) increased (11).
Exposure of the phospholipids to a high pH level is short (<2 min) and during
this time no degradation is detectable by thin-layer chromatography (TLC).
The size of such liposomes is dependent on the acidic phospholipid used, the
molar ratio of acidic phospholipid to PC, the ratio of counter ion to acidic
phospholipid in the organic phase, and the rate and extent of the pH change.
The technique, however, is limited to charged phospholipids and mixtures of
neutral phospholipids.

3.3. Preparation of Large Unilamellar Liposomes

Large unilamellar liposomes refer to vesicles > 100 nm in diameter bounded
to a single bilayer membrane. LUVs provide a number of advantages compared
to MLVs, including high encapsulation of water-soluble drugs, economy
of lipid, and reproducible drug release rates. These liposomes are the most
difficult type of liposomes to produce; however, a number of techniques for
producing LUVs such as freeze—thaw cycling, slow swelling in nonelectrolytes,
dehydration followed by rehydration, and the dilution or dialysis of lipids have
been reported. The two primary methods used are one involving detergent
dialysis, while the other uses the formation of a water-in-oil emulsion.

Detergents commonly used for this purpose exhibit a relatively high critical
micelle concentration (CMC) such as bile salts and octylglucoside. During
dialysis, when the detergent is removed, the micelles become progressively
richer in phospholipid levels and finally coalesce to form closed, single-bilayer
vesicles. Liposomes (100 nm in diameter) are formed within a few hours
(see Note 8).

Uniform single-layered phospholipid vesicles of 100 nm are formed when
sonicated, small phospholipid vesicles or dry phospholipid films are mixed with
deoxycholate at a molar ratio of 1:2. Subsequently, the detergent is removed by
passing over a Sephadex G-25 column (12). This procedure separates 100-nm
vesicles from small sonicated vesicles. The phospholipid solution is layered
onto a sucrose gradient and subjected to high-speed centrifugation. The SUVs
form as a sediment, leaving behind detergent in the supernatant layer.

This procedure involves the removal of a nonionic detergent, Triton X-100,
from detergent/phospholipid miceller suspensions. Bio-Beads SM-2 have the
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ability to absorb Triton X-100 rapidly and selectively. Following absorption
of the detergent, the beads are removed by filtration. The final liposome size
depends on the conditions used including lipid composition, buffer composi-
tion, temperature, and, most importantly, the amount and the efficacy of the
detergent-binding capacity of the beads.

Another procedure to prepare LUVs employs water-in-oil emulsions of
phospholipids and buffer in excess. This method is particularly useful to
encapsulate a large amount of a water-soluble drug (13,14). Two phases are
usually emulsified by sonication. Removal of the organic solvent under the
vacuum causes the phospholipid-coated droplets to coalesce and eventually
form a viscous gel. The removal of the final traces of solvent under a high
vacuum or mechanical disruption results in the collapse of the gel into a smooth
suspension of LUVs.

To prepare reverse phase evaporation vesicle (REV)-type liposomes, the
phospholipids are first dissolved in either diethyl ether isopropyl ether or
mixtures of two solvents such as isopropyl ether and chloroform. Emulsification
is most easily accomplished if the density of the organic phase is ~1. The
aqueous phase containing the material to be entrapped is added directly to
the phospholipid—solvent mixture, forming a two-phase system. The ratio of
aqueous phase to organic phase is maintained as 1:3 for ether and 1:6 for
isopropyl ether—chloroform mixtures. The two phases are sonicated for a few
minutes, forming a water-in-oil emulsion, and the organic phase is carefully
removed on a rotary evaporator at 20-30°C. The removal of the last traces of
solvent transforms the gel into large unilamellar liposomes (see Note 9).

3.4. Characterization of Liposomes

Liposomes prepared by one of the preceding methods must be characterized.
The most important parameters of liposome characterization include visual
appearance, turbidity, size distribution, lamellarity, concentration, composition,
presence of degradation products, and stability.

3.4.1 Visual Appearance

Liposome suspensions can range from translucent to milky, depending on
the composition and particle size. If the turbidity has a bluish shade this means
that particles in the sample are homogeneous; a flat, gray color indicates the
presence of a nonliposomal dispersion and is most likely a disperse inverse
hexagonal phase or dispersed microcrystallites. An optical microscope (phase
contrast) can detect liposomes > 0.3 um and contamination with larger particles.
A polarizing microscope can reveal lamellarity of liposomes: LMVs are
birefringent and display a Maltese cross. A waterlike surface tension, slight
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foaming, and quick rising of bubbles are characteristic of liposome solutions.
Slow rising of the “entrapped” bubbles, becoming entrapped easily on shaking,
or not dewetting the glass quickly are indications of nonliposomal lipid
dispersions due to high surface hydrophobicity. Most often these are disper-
sions of hexagonal II phases. Due to high surface charges, nonliposomal and
nonbilayered lipid dispersions or suspensions can be very stable.

3.4.2. Determination of Liposomal Size Distribution

Size distribution is normally measured by dynamic light scattering. This
method is reliable for liposomes with relatively homogeneous size distribution.
A simple but powerful method is gel exclusion chromatography, in which a
truly hydrodynamic radius can be detected. Sephacryl-S1000 can separate
liposomes in the size range of 30-300 nm. Sepharose-4B and -2B columns
(Amersham, Pharmacia, Piscataway, NJ) can separate SUV from micelles.
These columns with positively charged colloidal particles are difficult to
operate because of possible electrostatic interactions with the medium (which
can have a slightly negative charge). The addition of salt can cause aggregation
of the sample and clogging of the column. Many investigators use electron
microscopy to measure liposome size. The most widely used methods are
negative staining and freeze-fracturing; they are prone to artifacts owing
to the changes during sample preparation as well as for geometric reasons.
Cryoelectron microscopy, in which a sample is frozen and directly observed
in the electron beam without any staining, shadowing, or replica preparation,
is much more reliable.

3.4.3. Determination of Lamillarity

The lamellarity of liposomes is measured by electron microscopy or by
spectroscopic techniques. Most frequently the nuclear magnetic resonance
(NMR) (*>P-NMR or '"F-NMR) spectrum of liposomes is recorded with and
without the addition of a paramagnetic agent that shifts or bleaches the signal of
the observed nuclei on the outer surface of liposomes. Encapsulation efficiency
is measured by encapsulating a hydrophilic marker (i.e., radioactive sugar, ion,
fluorescent dye, etc.). Electron spin resonance methods allow the determination
of the internal volume of preformed vesicles. The surface potential is measured
via T-potential. Particles migrate in an electric field, and their movement is
detected either by the naked eye through a microscope or by laser (Doppler
effect). Osmolality is normally checked by vapor pressure osmometer while pH
is checked with a standard pH meter. Phase transition and phase separations are
measured by fluorescence pH indicators, NMR, fluorescence methods, Raman
spectroscopy, and electron spin resonance (1-3).
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3.4.4. Determination of the Lipid Content of Liposomes

The measurement of lipid levels in liposomes is one of the stringent require-
ments in the characterization of liposomes. Figure 1 is a summary of the
lipid isolation procedure used in our laboratory over the last 2)> decades.
The volumes of organic solvents described in Fig. 1 are for ~1-5 mg of lipid
present either in liposomes or in tissues. Various modifications of this method
can be made proportionately depending on the anticipated lipid content of
the liposome. Further details of these procedures are described in several of the
references (15,16). Typically the liposomes and/or tissue are lyophilized into
a powder in a 30-mL Pyrex glass tube. Ten milliliters of chloroform—methanol
(2:1 v/v) is added and a vigorous extraction in a vortex mixer is carried out.
The extract is filtered through a glass fiber filter (Fisher Scientific Products). If
any residual protein is subsequently collected on the filter, it is subject to further
extraction with another round of 10 mL of chloroform-methanol (2:1 v/v)
and then with 5 mL of chloroform—methanol (1:2 vv). The samples are filtered
and the pooled filtrate is then dried under nitrogen at 40°C. The dried lipid
sample is then solubilized in 20 mL of chloroform—methanol (2:1 v/v) Next,
5 mL of 0.1 M KCl is added to the lipid extract, mixed vigorously, and
allowed to settle for about 10 min at room temperature. It is then subjected
to centrifugation (1500 rpm for 10 min). The upper phase, which contains
gangliosides, protein, amino acids, peptides, etc. is saved, and the lower phase
is subjected to further partitioning with 5 mL of theoretical upper phase (chlo-
roform, methanol-KCl, 3:47:48 by vol), mixed, centrifuged, and the upper
phase collected. Finally, to the lower phase 5 mL of chloroform—methanol—
water (3:48:47 by vol) is added, vortex-mixed, centrifuged, and the upper
phase is withdrawn. The pooled upper phase is dried in a nitrogen atmosphere,
resuspended in 2-5 mL of water and subjected to dialysis for 48 h at 4°C
against 4 L of distilled water with a change of water every 24 h. Finally,
the dialyzed sample is lyophilized (fraction 2 in Fig. 1). It consists mostly
of gangliosides and is subjected to TLC analyses on HPTLC (Kieselgel-60)
plates (EM Science Gibbstown, NJ) employing chloroform—methanol-water
(60:40:9 by vol) containing 0.02% CaCl,*2H,0). Gangliosides are revealed
with a resorcinol-HCI reagent (16,17).

The lower phase is dried in nitrogen, resuspended in 1 mL of chloroform,
vortex-mixed vigorously, and applied on a prep-Sep column (Fisher Scientific,
Inc.). After the absorption of the lipid extract it is allowed to settle for about
5 min at room temperature. It is then eluted consecutively with 10 mL each of
chloroform to collect the neutral lipids, acetone—methanol (9:1 v/v) to collect
neutral glycolipids, and finally with methanol to collect the phospholipids. The
neutral lipids are separated into individual molecular species by TLC on Silica
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Liposome

CHCI3-CH30H (2:1) (20 volumes)
CHCI3-CH;3;0H (2:1) (10 volumes)
CHCIl;5-CH;30H (1:2) (5 volumes)
Filter after each extraction

Residue v
Total lipid
Extract
I
I I
Lower phase Upper aqueous phase
Wash 3 times Wash 3 times
with theoretical with theoretical
upper phase lower phase
v
Fraction I
Dialyze
Lyophilize
Prep Sep: v
Silicic acid Fraction II
Column gangliosides
¢CHCI3 (10 ml) Acetone (10 ml) ¢ CH;0H (10 ml) ¢
Neutral lipids CH;0H Phospholipids HPTLC analysis
v 9:1) +
l Glycolipid fraction
HPTLC Analysis
TLC analysis Mild alkali-catalyzed
Methanolysis
HPTLC analysis

Fig. 1. Summary of lipid isolation procedure.

gel-G coated plates (Fisher Scientific) with heptane—ethyl ether—acetic acid
(85:15:1 by vol) as a developing solvent. The plate is then dried in the air
and exposed to iodine vapors and/or sprayed with 50% sulfuric acid in ethanol
and heated to 180°C in an oven. The stained bands are then subjected to
densitometry scanning and quantitation. Appropriate standard solutions of
cholesterol, cholesteryl esters, and triglycerides (10 ug each) are simultaneously
applied on the plate. The acetone—methanol fractions containing mostly neutral
glycolipids are subjected to mild alkali-catalyzed methanolysis to remove
unwanted phospholipids and then subjected to HPTLC analysis employing
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chloroform—methanol-water (100:42:6 by vol) as the developing solvent.
Glycolipids are detected and quantified by densitometry as described previ-
ously. The phospholipid fraction is subjected to TLC analysis on Silica gel-H
coated plates, employing chloroform—methanol-formic acid (65:25:4 by
vol) as the developing solvent. These plates are subsequently sprayed with
molydenium phosphoric acid reagent or exposed to iodine vapors and quantified
(see Note 10).

3.4.5. Liposome Stability

Liposome stability is a complex issue, and consists of physical, chemical,
and biological stability. In the pharmaceutical industry and in drug delivery,
shelf-life stability is also important. Physical stability indicates mostly the
constancy of the size and the ratio of lipid to active agent. The cationic
liposomes can be stable at 4°C for a long period of time, if properly sterilized.

Chemical instability primarily indicates hydrolysis and oxidation of lipids.
Hydrolysis detaches hydrophobic chains of ester bonds (-CO-O-C-). Oxida-
tion is more likely here owing to the presence of unsaturated chains, but an
antioxidant such as BHT can protect them. Biological stability of liposomes
is rather limited. Cationic liposomes in plasma often exhibit leakage and are
prone to aggregation. In vivo stability is even more compromised because
of negatively charged surfaces, colloidal particles in biological systems, and
certain serum components. For example, high-density lipoproteins (HDLs)
are responsible for the destabilization of liposomes prior to interaction with
circulating phagocytic cells such as monocytes (18,19). A plausible mechanism
to explain the phenomenon could involve the exchange of lipids on the interac-
tion of liposomes with HDLs (20). To circumvent this problem the use of
positively charged, stable vesicles containing 60% PC, 30% cholesterol, and
10% stearylamine is recommended (21). Industrial applications of liposomes
require shelf-life stability. Highly charged cationic liposomes can be stable
in liquid form in the presence of low salt solutions (at optimal pH) and
antioxidants. The addition of cryoprecipitants significantly increases the
stability freeze-dried liposomes. For freeze—thawing, 5% dextrose is normally
sufficient, while for freeze—drying and rehydration 10% sucrose seems to be
the optimal cryoprotectant (22).

4. Notes

1. Previously several of these commercially available lipids were subject to further
purification in the laboratories. Some lipids, particularly cholesterol, were
subjected to recrystallization to remove the products of oxidation. However,
because of the high quality and availability of liposome grade phospholipids from
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commercial sources, at present many investigators do not purify these lipids any
further. Instead, they directly use them in the preparation of liposomes. Never-
theless, for quality control purposes, assessment of the purity of lipids prior to
liposome preparation is desirable and recommended.

2. Note that as dried lipids deteriorate rapidly they must be discarded if not used
within 1 wk.

3. Hydration influences the type of liposomes formed (number of layers, size,
and entrapped volume). The nature of the dry lipids, its surface area, and its
porosity determine the formation of thin to thick film, flaky to fine powder,
granular pellets, etc. Other factors influencing the rate of liposome formation
and morphology are the rates at which the aqueous phase is added, temperature,
agitation, and ionic conditions. Liposomes produced during hydration are hetero-
geneous in size but can be downsized by extrusion or mechanical fragmentation.
The encapsulated drug can also be removed and recovered by centrifugation,
dialysis, or diafiltration. Hydration time, conditions of agitation, temperature,
and the thickness of the film can result in markedly different preparations of
MLVs, in spite of identical lipid concentrations and compositions and volume of
suspending aqueous phase. Most cationic lipids contain dioleoyl or dimyristoyl
chains and working at room temperature is sufficient. Charged analogues
have lower values of T, than their phospholipid counterparts. The transition
temperature of DODAB is 37°C; hydration therefore should be performed
at temperatures above the T, of the most rigid lipid during vigorous mixing,
shaking, or stirring, with the recommendation that it last at least 1 h. Often aging
(standing overnight) eases downsizing. Highly charged lipids may swell into
very viscous gel when hydrated with low ionic strength solutions. The gel can
be broken by the addition of salt or by downsizing the sample. With liposomes
that contain more than 20-40% neutral lipid, gel normally does not occur.
An alternative hydration method is to dissolve the lipids in either ethanol,
isopropanol, or propylene glycol, injecting this solution directly into the aqueous
phase while stirring vigorously. This step may require additional dialysis or
diafiltration to remove organic solvent, but for topical applications these solvents
are normally not removed, as they provide sterile protection.

One of the major drawbacks of thin-film and powder hydration methods is
the relatively poor encapsulation efficiency (5-15%) of water-soluble drugs.
Papahadjopoulus and co-workers (22) have developed a method that begins with
a two-phase system consisting of equal volumes of petroleum ether containing
a lipid mixture and an aqueous phase. The phases are emulsified by vigorous
vortex-mixing and the ether phase is removed by passing a stream of nitrogen
gas over the emulsion. A similar method was reported by Gruner et al. (23),
except that the diethyl ether was used as the solvent, sonication was used in
place of vortex-mixing, and the aqueous phase was reduced to a relatively small
proportion in relation to the organic phase. For example, the lipid dissolved in
5 mL of ether, and 0.3 mL of the aqueous phase to be entrapped is added. The
resulting MLVs encapsulate up to 40% of the aqueous phase.
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4. Bath sonication is preferred because of better temperature control. The sonicator
tip can, during direct sonification, also shed titanium particles, which must
be removed by centrifugation. Bath sonication requires small sample volumes
(1 mL/tube) and is most suitable for samples that do not swell well or are in
jelly form. Tip sonication dissipates more energy and the sample size may vary
from 1 to 5 mL.

5. Precautions must be taken not to overdo the homogenization procedure without
controlling the temperature well. Otherwise, the lipids with unsaturated dioleoyl
chains can oxidize and hydrolyze.

6. The method is relatively simple and applicable to a wide variety of lipid mixtures
and aqueous solutions. The primary drawbacks are that the organic solvent used
may be harmful to certain classes of solute and the method cannot be used to
incorporate proteins into liposomes.

7. Unfortunately, the method is restricted to the production of relatively dilute
SUVs. If the final concentration of ethanol exceeds 10—-20% by volume, the
SUVs either will not form, or they will grow in size soon after formation. The
removal of residual ethanol by vacuum distillation also poses a problem. Its
partial pressure at low residual concentrations is small compared to that of
water; therefore, ultrafiltration represents a suitable alternative. The major
disadvantage, however, is that some biologically active macromolecules tend
to become inactive in the presence of even low amounts of ethanol. Polyhydric
alcohols (such as glycerol, propylene glycol, polyglycerol, and ethylene glycol as
well as glyceroesters) are claimed to adequately solubilize lipids and have been
used as alternative water-miscible solvents to produce liposomes.

8. Shortcomings of the approach include leakage and dilution of drugs during
liposome formation, and the high cost, quality control, and difficulty of removing
the last traces of the detergent. Additional methods to remove detergent are
column chromatography, centrifugation, and the use of Bio-Beads.

9. The principal disadvantage of this method is exposure to organic solvents and
mechanical agitation, which leads to the denaturation of some proteins. The high
encapsulation provided by the REV method, however, is a real advantage, and
with the development of safer systems, most obstacles can be overcome.

10. Although HPTLC analyses of several lipid species have been shown to be
quantitative, it is desirable to pursue vigorous quantitative analyses employing
gas—liquid chromatography (GLC) and/or HPLC. For example, cholesterol can
be quantified by GLC analyses (24) and neutral glycolipids can be quantified
following perbenzolyation and quantitation by HPLC (25,26). The phospholipids
can be quantified by the measurement of inorganic phosphate (26). A method
to quantify gangliosides employing HPLC has also been developed and is
recommended for the quantitation of these novel lipids (25).
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Preparation and Use of Liposomes
for the Study of Sphingolipid Segregation
in Membrane Model Systems

Massimo Masserini, Paola Palestini, Marina Pitto,
Vanna Chigorno, and Sandro Sonnino

1. Introduction

Several investigations, carried out in either artificial or cellular models and
using a variety of techniques (I-3), confirmed the prediction of Singer and
Nicholson (4) about the presence of domains in biological membranes, that is,
of zones where the concentration of the components and the physicochemical
properties differ from the surrounding environment. Some domains have
been better characterized in terms of the morphological, compositional, and
functional aspects. This is the case for caveolae, flask-shaped invaginations of
the plasma membrane, characteristically enriched in proteins of the caveolin
family (5). However, the techniques used to isolate caveolae, when applied to
cells apparently lacking caveolin, lead to the isolation of membrane fractions
(caveolae-like) having characteristics in common with caveolae, such as their
peculiar protein and lipid composition (6-9). In fact, caveolae and caveolae-
like domains are enriched with functionally related proteins, suggesting a role
of these domains in the mechanisms of signal transduction, cell adhesion, and
lipid/protein sorting (6). Among lipids, sphingolipids (namely glycolipids and
sphingomyelin) and cholesterol are characteristically enriched. In particular,
GMI1 ganglioside (10) has been proposed as a marker for these membrane
structures in cells where this glycolipid is expressed. The peculiar lipid
composition has suggested the involvement of glycolipid-enriched domains
(“rafts”) in lipid/protein sorting at the trans-Golgi network (TGN) level, and,
in general, in all cell membranes (11).

From: Methods in Molecular Biology, vol. 199: Liposome Methods and Protocols
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Preparation of model membranes mimicking the lipid assembly of caveolae
and caveolae-like domains is available and is fundamental in order to study
the biochemical, functional, and architectural features of domains. In recent
years, several investigations clarified the fundamental features of sphingolipid
domain formation in model membranes.

In this chapter, preparation of phospholipid vesicles containing sphingolipids
in different segregation states is described. For this purpose, some known
features affecting their segregation properties are taken into account. First,
it is known that glycolipid segregation increases with increasing number of
saccharide units (1,12,13). In this respect, GDla ganglioside has a strong
tendency toward lateral phase separation; and, for this reason, preparation of
monolamellar phospholipid vesicles containing GD1a domains is described.
Second, the segregation of sphingolipids depends on their ceramide moiety:
when ceramide length and unsaturation are different from the membrane envi-
ronment, glycolipids undergo domain formation. This has been demonstrated
in model membranes (14) and in rabbit brain microsomal membranes (14,15).
For this reason, and given the central role of GM1 ganglioside in caveolae and
caveolae-like domains, the preparation of monolamellar phospholipid vesicles
containing GM1 ganglioside domains is described. Third, the formation of
sphingolipid domains depends on the presence of cholesterol. This occurrence
has been reported for a large number of cellular systems (16) and in model
membranes (17). For this reason, the preparation of monolamellar phospholipid
vesicles containing glycolipids, cholesterol, and sphingomyelin domains is
described. Starting from these experimental premises, this chapter describes the
preparation of monolamellar liposomes of 100 nm diameter, in which different
types of domains are realized, simply varying the nature and the proportion
among the components.

In brief, after mixing lipids in organic solvent in the preestablished propor-
tions, the solvent is evaporated and a lipid film is formed on the walls of a
test tube. Lipids are soaked in buffer at a temperature higher than the gel to
liquid-crystalline temperature transition of the lipid mixture. Finally, lipid
mixtures are extruded 10 times, always at a temperature above the gel to
liquid-crystalline temperature transition, through two stacked filters having
controlled pores of 100 nm.

2. Materials

1. Thin-layer chromatography (TLC) plates, RP-8 high-performance liquid chro-
matography (HPLC) columns, and silica gel 100 for column chromatoghraphy
are available from Merck GmbH. Filters (100 nm pore size) can be purchased
from Nucleopore (Pleasanton, CA, USA).

2. Deionized water was distilled in a glass apparatus.
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3. Phospholipids and cholesterol: Dipalmitoylphosphatidylcholine (DPPC), palmitoyl-
sphingomyelin (SM), and cholesterol are available from Avanti Polar Lipids.
All lipids can be stored at —20°C, either in a dried state or in stock solutions
in chloroform-methanol (2:1 v/v), and are stable for several months at —20°C
under nitrogen.

4. Gangliosides: Gangliosides GM1 and GDla can be either prepared by fraction-

ation of the total ganglioside mixture extracted from mammal brains by the

tetrahydrofuran—phosphate buffer and purified from the glycerolipid contamina-

tion by partitioning with diethyl ether (18) followed by an alkaline treatment (19),

or purchased from suppliers. Ganglioside molecular species of GM1 and GDla

with homogeneous ceramide moieties can be prepared by reversed-phase HPLC.

The purity of gangliosides is very important. Spend some time to check for their

purity: small impurities can have a large impact on the final result. Purity can be

easily checked by TLC. Gangliosides must be stored at —20°C as dried powder.

0.05 M Sodium acetate, 1 mM CaCl,, pH 5.5.

Clostridium perfringens sialidase.

LiChroprep RP18 column.

p-Dimethylaminobenzaldehyde.

10% Ammonium sulfate.

WX

3. Methods
3.1. Lipids
3.1.1. Assay and Assessment of Purity of Phospholipids

The assay of phospholipid amount can be carried out spectrophotometrically
by assaying the phosphorus content (20). The purity of phospholipids is very
important. Purity can be easily checked by TLC. For this purpose, the TLC
plate is overloaded with approx 15 nmol of a single lipid. The plate is developed
with chloroform-methanol-water (60:35:4, by vol), and stopped when the
solvent is at 0.5 cm from the top of the plate, usually after 20 min. Visualization
of the phospholipid is carried out with a spray reagent to detect phosphorus
(21). Only one spot must be visible in the TLC under these conditions.

3.1.2. Preparation of Ganglioside GM1

Ganglioside GM1 is 10-20% (molar) of the total ganglioside mixture from
most mammalian brains. The GM1 content can be increased by treatment of
the ganglioside mixture with bacterial sialidase. This treatment acting on the
ganglioside sialosyl chains transforms the polysialogangliosides into GM1 (22).

1. The ganglioside mixture is dissolved (40 mg/mL) in prewarmed (36°C) 0.05 M
sodium acetate, 1 mM CaCl, buffer, pH 5.5.

2. Clostridium perfringens sialidase (50 mU/g of ganglioside mixture) is added to
the solution every 12 h. Incubation at 36°C is maintained for 2 d while stirring.
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3. The sialidase-treated ganglioside mixture is then applied to a LiChroprep RP18
column (3—4 mL gel/g of ganglioside mixture) and, after washing with water to
remove salts and free sialic acid, the gangliosides are eluted with methanol.

4. The methanolic solution is dried, dissolved in the minimum volume of chloroform—
methanol-water (60:35:8 by vol), and applied to a silica gel 100 column
(180-200 mL of gel/g of ganglioside mixture) chromatography, equilibrated,
and eluted with the same solvent system; the chromatography elution profile is
monitored by TLC (see Subheading 3.1.5.).

5. Fractions containing GM1 are collected, dried, and the residue dissolved in the
minimum volume of propan-1-ol-water (7:3 v/v), and precipitated by adding
four volumes of cold acetone.

6. After centrifugation (15,000g) the pellet is separated from the acetone and dried
under high vacuum. By this procedure GM1 is obtained with homogeneity >99.9%
(assessed by TLC; see Subheading 3.1.5.). This procedure is suitable for a
very large range of ganglioside mixture amounts, from a few milligrams to
several grams.

3.1.3. Preparation of Ganglioside GD1a

GD1a is the main ganglioside of the ganglioside mixtures from mammalian
brains, covering 30-45% as molar fraction of the total ganglioside mixture.

1. The ganglioside mixture is dissolved in the minimum volume of chloroform—
methanol-water (60:35:8 by vol) and applied to a silica gel 100 column
chromatography (300-320 mL of gel/g of ganglioside mixture), equilibrated,
and eluted with the same solvent system; the chromatography elution profile is
monitored by TLC (see Subheading 3.1.5.).

2. Fractions containing GDla are collected, dried, and the residue subjected to
a further chromatographic purification using the same conditions described in
the preceding.

3. Fractions containing only GDl1a are collected, dried, and the residue dissolved
in the minimum volume of propan-1-ol:water (7:3 v/v), and precipitated by
adding four volumes of cold acetone.

4. After centrifugation (15,000g) the pellet is separated from the acetone and dried
under high vacuum. By this procedure GDla with homogeneity > 99.9% is
prepared (by TLC analysis; see Subheading 3.1.5.). This procedure is suitable to
be adapted to a very large range of ganglioside mixture amounts.

3.1.4. Preparation of GM1 and GD1a Ganglioside Species
Homogeneous in the Lipid Portions

Gangliosides GM1 and GD1a purified from brain gangliosides are character-
ized by a high content of stearic acid (> 90% of the total fatty acid content)
and by the presence of both the molecular species containing C;g- and C,y-
sphingosine (94-96% of the total species). Thus, by reversed-phase HPLC,
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each ganglioside homogeneous in the oligosaccharide chain is fractionated
mainly into two species containing stearic acid and C;g- or C,-sphingosine
(18,23). Reversed-phase chromatographic columns show very high resolution
in separating the ganglioside species differing in the length of sphingosine,
only when a small amount of ganglioside is loaded. We suggest to load a
25 X 4 cm column with a quantity of 5-6 umol of ganglioside.

1. Five-micromole portions of GM1 or GD1a are dissolved in 1 mL of acetonitrile—
water (1:1 v/v), and applied to a reversed-phase LiChrosphere RP8 column,
25 x 4 cm internal diameter, 5 wm average particle diameter (Merck, Darmstadt,
FRGQG) through a syringe-loading sample injector equipped with a 1-mL loop.

2. Chromatography is carried out at 20°C with the solvent mixtures: acetonitrile—
5 mM phosphate buffer, pH 7.0, in the ratio of 3:2 and 1:1 for GM1 and GDla,
respectively. The flow rate is 13 mL/min and the elution profile is monitored
by flow-through detection of UV absorbance at 195 nm. The overall procedure
requires about 90 min.

3.1.5. Ganglioside Homogeneity

1. Twenty to thirty micrograms of GM1 or GDla, heterogeneous in the ceramide
moiety, are applied for a width of 3—4 mm on silica gel HPTLC plates, then
developed with the solvent system chloroform—methanol-0.2% aqueous CaCl,
(50:42:11 by vol).

2. Twenty to thirty micrograms of GM1 or GDla species, homogeneous in the
ceramide moiety and containing C,g- or C,4-sphingosine, are applied as a 3—4 mm
line on reversed-phase RP18-HPTLC plates, then developed 2 times with the
solvent system methanol-acetonitrile—water (18:6:1 by vol).

3. After TLC, the gangliosides are made visible by treatment with an anisaldehyde
reagent followed by heating at 140°C for 15 min (24), with a p-dimethylamino-
benzaldehyde reagent followed by heating at 120°C for 20 min (25), and with
10% ammonium sulfate followed by heating up to 160°C. Quantification of the
ganglioside spots is performed with a densitometer.

3.1.6. Ganglioside Assay

Ganglioside concentrations can be assessed using the sialic acid Svenner-
holm’s assay (26).

3.1.7. Preparation of Stock Solutions of Lipids

Separate stock solutions are prepared in chloroform—methanol (2:1 v/v)
containing 100 umol/mL of one of the following lipids: DPPC, SM, or
cholesterol. Prepare stock solutions of gangliosides containing 10 umol/mL in
chloroform-methanol (2:1 v/v).
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3.2. Liposomes

3.2.1. Liposomes Composed of DPPC, Containing GD1a
Ganglioside Domains

The main characteristics of these liposomes are the following: size 100 nm
(1000 A); shape monolamellar; gel to liquid-crystalline temperature transition
(T,,) 42.5°C, determined by high-sensitivity differential scanning calorimetry.
Therefore, the physical state up to this temperature is gel, and this feature
should be taken into account anytime the physical state is important for the
particular experiment to be performed.

For the preparation of these liposomes, containing 10% molar ganglioside,
mix 90 uL of the stock solution of DPPC with 100 uL of the stock solution of
GD1a ganglioside and proceed as described in Subheading 3.3. The approxi-
mate final concentration of liposomes is 9 umol of phospholipid/mL, 1 wmol
of ganglioside/mL. The exact final concentration should be checked by
phospholipid and sialic acid assay. The reference temperature for this mixture,
important for the preparation of liposomes, is 45°C.

3.2.2. Liposomes of DPPC, Containing Domains of GM1 Ganglioside

For the preparation of liposomes carrying such domains, the use of the
molecular species of GM1 ganglioside carrying C,y-sphingosine is required, as
formation of domains is dependent on the phospholipid environment. The main
characteristics of these liposomes are the following: size 100 nm (1000 A);
shape monolamellar; gel to liquid-crystalline temperature transition (7,,)
41.5°C, determined by high-sensitivity differential scanning calorimetry.
Therefore, the liposomes are in the physical state of gel up to this temperature,
and this feature should be taken into accout anytime the physical state is
important for the particular experiment to be performed.

For the preparation of these liposomes containing 10% molar ganglioside,
mix 90 uL of the stock solution of DPPC with 100 uL of the stock solution
of C,y-sphingosine GM1 ganglioside. The approximate final concentration of
liposomes is 9 umol of phospholipid/mL, 1 wmol of ganglioside/mL. The exact
final concentration should be checked by phospholipid and sialic acid assay.

3.2.3. Liposomes Composed of SM, Containing Domains
of Cholesterol and of GM1 Ganglioside

In these liposomes, distinct SM/cholesterol and SM/ganglioside domains
coexist. The main characteristics of these liposomes are the following: size
100 nm (1000 A); shape monolamellar; gel to liquid-crystalline temperature
transition (7},) 38°C, determined by high-sensitivity differential scanning
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calorimetry. Therefore, the liposomes are in the physical state of gel up to this
temperature, and this feature should be taken into account anytime the physical
state is important for the particular experiment. For the preparation of these
liposomes containing 10% molar ganglioside, mix 80 uL of the stock solution
of SM with 100 uL of the stock solution of GM1 ganglioside and with 10 uL
of the stock solution of cholesterol. The approximate final concentration of
liposomes is 8 umol of phospholipid/mL, 1 umol of ganglioside/mL, 1 umol
of cholesterol/mL. The exact final concentration should be checked by phos-
pholipid, cholesterol, and sialic acid assay. The reference temperature for this
mixture important for the preparation of liposomes is 45°C.

3.2.4. Liposomes of DPPC, Containing GM1 Ganglioside Carrying
C,s-Sphingosine, Not Forming Domains in This Phospholipid

For the preparation of these liposomes containing 10% molar ganglioside,
90 uL of the stock solution of DPPC is mixed with 100 uL of the stock
solution of ganglioside. The approximate final concentration of liposomes
is 9 umol of phospholipid/mL, 1 wmol of ganglioside/mL. The exact final
concentration should be checked by phospholipid and sialic acid assay.
The reference temperature for this mixture, which will be important for the
preparation of liposomes, is 45°C.

3.2.5. Liposomes Having Different Proportions Among the Components

Liposomes containing domains of GM1 or GD1a ganglioside, in proportions
different from those described in the preceding in the standard procedure
can be prepared, simply varying the amount of ganglioside in the standard
recipe. Up to 20% molar percent GM1 ganglioside and up to 15% GD1a can be
utilized. At higher molar percentages the stability of liposomes decreases while
increasing their tendency to form mixed micelles instead of bilayers.

For SM/cholesterol/GM1 ganglioside liposomes, molar percentages can be
varied up to 30% for cholesterol and up to 20% for ganglioside.

3.3. Preparation of Liposomes
3.3.1. Preparation of the Lipid Film

This step must be carried out the day before the actual preparation of
liposomes. Usually, it is advisable to perform this first step in the afternoon
and the subsequent steps on the following day.

1. Lipids are mixed in a vacuum-fitting test tube of 5 mL total volume, withdraw-
ing proper amounts of each lipid from the stock solutions, in the proportions
described in the preceding for the various types of liposomes.
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2. Chloroform—methanol (2:1 v/v) is added to obtain a total volume of 400 uL. The
solvent is slowly evaporated using a gentle stream of nitrogen, under the hood.
During this step, the test tube must be kept inclined and continuously rotated.
This can be achieved or rotating the test tube by hand or, better, fitting it to a
rotating mechanical device (at about 60 rpm). Removal of solvent will produce
the deposition of lipids as a film on the bottom and on the walls of the test tube.
The removal must be slow (it should take about 5 min) in order to allow the
proper mixing among the components. Alternatively, use a rotatory evaporator. In
this case, be careful that no drops are ejected from the solution. Fit the tube to a
lyophilizer and lyophilize overnight. Lyophilization overnight is recommended.
If limited time is available, the lyophilization time can be reduced to 3 h, but
this is not recommended. The presence of traces of solvent is deleterious for
the assembly of domains.

3.3.2. Use of the Extruder

The extruder is assembled as specified by the manufacturer (Lipoprep). Two
overlaying Nucleopore filters are placed in the extruder, handling them only
with a flat-tip tweezers. The filters must be placed in the extruder maintaining
the same orientation (up/down) as they are taken from their box.

The connected circulating bath is turned on and the temperature inside the
extruder is set to reach is the reference temperature indicated for each type of
liposomes. If the setting temperature is not known, the procedure is as follows:
1 mL of buffer, preheated at the reference temperature, is placed inside the
extruder, then wait 10 min. The temperature of the buffer inside the extruder is
measured until the reference temperature is reached. The circulating bath is run
for about 30 min before proceeding with the following steps.

The extruder is loaded with 1.5 mL of distilled water using a Pasteur pipet.
After 10 min the water is extruded. The pressure from the extruder is released
and replaced. All the water at this point shall be removed. This is repeated
two times.

To condition the filters, 1.5 mL of the buffer to be utilized for the preparation
of liposomes needs to be extruded two times. Using a Pasteur pipet, 1.5 mL
buffer is loaded. After a 10-min extrusion, pressure removal and repressuriza-
tion are carried out. All the buffer will be removed after this step.

A tube containing about 3 mL of buffer, the tube containing the lipid film,
and a glass pipet are placed in an oven at the temperature given below for the
various types of liposomes. After thermostating for 20 min, 1 mL of buffer is
withdrawn with the pipet. A propipet is used when hot. The buffer is added
to the lipid film and vortex-mixed for 1 min. This is put in the oven for 5 min
and vortex-mixed again for 1 min. The suspension is maintained at the reference
temperature.



Liposomes Containing Sphingolipids 25

3.3.3. Extrusion of Liposomes

The extruder is loaded with the lipid suspension. Wait 5 min to ensure ther-
mostatting. The suspension is extruded and collected in a test tube maintained
at the reference temperature. The liposomes are extruded again, ten times,
and collected in different test tubes each time, always thermostatted at the
reference temperature.

4. Notes

Please consider the following points for a correct preparation of liposomes.

1. The final lipid concentration of liposomes is much lower than expected. Possible
causes are: (a) the temperature of the solution in the extruder is lower than the
reference temperature indicated for each type of liposomes (check the temperature
inside the extruder as described in the preceding); (b) the concentration of stock
solutions is not correct (assay the lipid concentration of stock solutions).

2. Liposomes are not coming out from the extruder. Possible causes are: (a) the
temperature is not adequate (too low: adjust the temperature of the circulating
bath); (b) the filters are clogged (raise the temperature and the pressure: if no
effect is noticed, withdraw the lipid suspension from the extruder and replace
the filters).

3. Liposomes are coming out too fast from the extruder or the lipid suspension is
not becoming clearer after some extrusion steps. This occurs if the filters have
been damaged. Commonly this is due to misuse of the Pasteur pipet used to
load the extruder, or the tweezers used to handle the filters. Withdraw the lipid
suspension from the extruder and replace the filters. Be careful not to touch the
filters with the Pasteur pipet. Check the tweezers.
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Peptide-Induced Fusion of Liposomes

Eve-lsabelle Pécheur and Dick Hoekstra

1. Introduction

Current experimental evidence suggests that the merging of two closely
apposed lipid bilayers to form one continuum is mediated by specific fusion
proteins. The dissection of the molecular pathways eventually leading to
membrane merging can be accomplished by various approaches, including
genetic, immunological, biochemical, or biophysical technology. However,
our understanding of the mechanisms of biological membrane fusion is still
rudimentary, and in this context, the use of artificial membranes such as
liposomes and model peptide systems is of great value to simulate protein-
induced fusion.

Until now, most studies on peptide-induced fusion have employed synthetic
peptides corresponding to the putative fusion domains of fusogenic proteins
which are added to the liposome suspension as free monomers. Fusion is
then monitored by following the mixing of membranes and that of liposomal
aqueous contents, using a variety of fluorescence assays. These peptides usually
induce efficient lipid mixing but cause extensive content leakage, reflecting
poor control of the fusion event.

We therefore aimed to design a simplified membrane system, consisting
of a liposome-anchored short fusogenic peptide, that allowed for studying
the regulation of fusion. Peptide-lipid and peptide—peptide interactions on
the pathway 