
Abstract Phospholipid/cholesterol vesicles were solu-
bilized by 3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate (CHAPS). Above 30 mol% cholesterol
(Ch) in the lipid vesicles several remarkable changes of the
solubilization process were observed. (i) Two modes of
solubilization: The effective detergent to lipid ratio Rc(M)
for the formation of mixed micelles decreased from
Rc(M) = 43 ± 3 at low lipid concentrations, [L] ≤ 0.15 mM,
to Rc(M) = 2.4 ± 0.3 above [L] = 0.5 mM (40 mol% Ch,
T = 20 °C). (ii) At subsolubilizing CHAPS concentrations,
filamentous and helical microstructures were formed, sim-
ilar to those which were observed in native and model bile.
(iii) The number of observed fibers was about two orders
of magnitude higher in the presence of the negatively
charged lipids phosphatidylglycerol (PG) and phosphatidic
acid (PA) compared to the zwitterionic phosphatidylcho-
line (PC). Fiber formation began after 16–18 h using PG
and PA compared to 3–4 days in the presence of PC.
Screening of the charged lipids by NaCl effectively re-
duced the formation of fibers. Assuming binding of Na+ to
the charged lipid aggregates, an intrinsic binding constant
Kint = 0.6 M–1 was determined by applying the Gouy-
Chapman theory. After the addition of CHAPS to PG/Ch
vesicles, a fast initial solubilization of the vesicles (<1 min)
to mixed micelles (rh = 2.3 ± 0.2 nm) and small vesicles
(rh = 23 ± 1 nm) was observed, followed by an intermediate
period of 2 h, after which the formation of fibers occurred
(>15 h). The microstructures are visualized by darkfield
and electron microscopy. The method of vesicle solubil-
ization is compared to the dilution of concentrated micel-
lar solutions, which is usually applied to model bile
systems.
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Abbreviations CHAPS 3-[(3-cholamidopropyl)dimeth-
ylammonio]-1-propanesulfonate · Ch cholesterol · [DT]c

critical concentration of (total) detergent · [Dw]c critical
concentration of detergent in water · PA phosphatidic 
acid · PC phosphatidylcholine · PG phosphatidylglycerol ·
Rc(M) critical detergent to lipid ratio in the micelles · TC
taurocholate

Introduction

The formation of cholesterol monohydrate crystals in the
bile is known to be the main cause of gallstone disease 
(Salen and Tint 1989; Donovan and Carey 1991). The low
solubility of cholesterol in bile acid solutions is consider-
ably improved by addition of phospholipid (PL) and has
been shown to depend critically on the nature of the bile
acids and the PL species in model bile systems (Bourgès
et al. 1967; van de Heijning et al. 1994; Mazer et al. 1980;
Liu et al. 1994). In native and in model bile systems mi-
cellar as well as vesicular aggregates were found (Mazer
et al. 1980). In bile supersaturated with cholesterol the for-
mation of cholesterol monohydrate crystals was observed.
Recently it has been shown that several metastable inter-
mediate structures are involved in cholesterol crystalliza-
tion, including filamentous, helical and tubular structures
(Konikoff et al. 1992; Chung et al. 1993; Konikoff et al.
1994). Cholesterol, as well as the bile acid derivative
CHAPS, are frequently used for membrane protein solu-
bilization and reconstitution. Addition of cholesterol to
PL-vesicles increases the minimal concentration of
CHAPS, which is necessary for vesicle solubilization 
(Schürholz 1996). Here we show the formation of fibers
and helical superstructures in the presence of CHAPS,
phospholipid and cholesterol and its dependence on the
lipid and salt composition.
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Material and methods

Soybean phosphatidylglycerol 99% (PG), soybean 
phosphatidic acid 99% (PA), and soybean phosphatidyl-
choline 99% (PC) were purchased from Lipoid KG. 3-[(3-
cholamidopropyl)-dimethylammonio]-1-propanesulfo-
nate (CHAPS), cholesterol (Ch), and bile salts were pur-
chased from SIGMA. All chemicals were used without fur-
ther purification.

Preparations

Vesicles were prepared with the aid of an extruder as de-
scribed earlier (Schürholz 1996). Polycarbonate filter with
pore sizes of 100 nm were used for dynamic light scatter-
ing measurements and 400 nm for all other measurements.
To analyze vesicle solubilization, CHAPS was added at
different concentrations and the samples were incubated
as indicated in the text. Solubilization of liposomes was
monitored by light scattering (at an angle of 90°, and at
wavelength, λ = 500 nm) in a Hitachi F4010 spectrofluo-
rimeter. To determine the bound detergent (Db) to lipid (L)
ratio Rc(M) = [Db]/[L] in the micelles, different lipid con-
centrations were used (0.04–16 g/L total lipid). The stan-
dard incubation time was 1 day, which is generally suffi-
cient for PL-vesicle solubilization.

Alternatively, cholesterol crystal formation was stud-
ied using the dilution method as described by Konikoff
et al. (1992). In brief, detergents, PLs and Ch were co-pre-
cipitated from CHCl3:MeOH (2:1) at a molar ratio of
97.5 : 0.8 : 1.7 for taurocholate, 97.6 : 0.8 : 1.6 for cholate
and 94.3 : 1.8 : 3.9 for CHAPS. The precipitate was redis-
solved in aqueous buffer, 10 mM HEPES, pH 7.4, 150 mM

NaCl, 3 mM NaN3 at 70 g/L and diluted 6 fold. All ratios and
%-values here and in the other sections are molar quantities.

Dynamic light scattering

Dynamic light scattering measurements were performed in
the VV geometry; vertical polarization of the incident
beam and detection of the vertically polarized scattered
light. The light source was an argon iron laser (Coherent;
Model Innova 90-5) in single mode, operating at
λ = 488 nm. The laser power was optically stabilized at
300 mW. Intensity autocorrelation functions were mea-
sured at a temperature of 20 °C at scattering angles from
30° up to 140°. The scattered light was processed through
an ALV 5000 multiple tau correlator. Inverse Laplace
transformation of the normalized electric field autocorre-
lation function, as provided by CONTIN, was used to cal-
culate the relaxation rates (Droegemeier et al. 1996).

Darkfield microscopy

Darkfield microscopy was carried out with a Olympus BH2
microscope equipped with an oil immersion darkfield con-

denser (n.a. 1.3) using either a 10 × or a 40 × objective. The
micrographs were taken with an OM-2 camera using a 2.5 ×
projection lens and flash light illumination.

Electron microscopy

The samples were diluted to about 0.5 mg/mL of lipid and
negatively stained as described earlier (Schürholz et al.
1992). The samples were viewed at 50 kV in a Zeiss TEM-
109 electron microscope.

Results

The changes in the light scattering intensity (ILS) as a func-
tion of the CHAPS concentration in Fig. 1 indicate size
changes and particle conversions. The particle conversions
may be analyzed in terms of lyotropic phase transitions 
(Schürholz et al. 1989; Schürholz 1996). At a critical
CHAPS concentration [DT]c, ILS reached a low and con-
stant value indicating complete solubilization of vesicles
(breakpoint C). At this stage the lipids were solubilized in
small mixed micelles of average hydrodynamic radius
rh = 2.3 ± 0.2 nm, as determined by dynamic light scatter-
ing. If the law of mass conservation is applied to this crit-
ical point, we obtain (Schürholz et al. 1989):

[DT]c = [D]c + Rc × [L] (1)

where [D]c is a transition constant, which can be the crit-
ical concentration of free detergent [Dw]c. Rc = [Db]/[L] is
the critical ratio of bound detergent in the particles, here
the mixed micelles (M). It should be noted that Rc is an 
average quantity and that micelles with different lipid com-
position and Rc value may coexist (see results below).
Since the concentration of free lipid is very low, the con-
centration of lipid in the micelles and vesicles [L] was 
approximated by the total lipid concentration. For pure 
PG-vesicles breakpoint C corresponded to Rc(M) = 0.44
and a concentration of free detergent [Dw]c = 0.45 mM

(CMC = 4 mM for pure CHAPS). When Ch was added to
the lipid, Rc(M) increased with increasing Ch content up
to Rc(M) = 0.7 at 30% Ch.

Above 30% Ch the solubilization curves show first a
marked minimum at breakpoint A followed by a maximum,
breakpoint B. The peak was highest at 60% Ch. At even
higher Ch contents, Ch precipitated during vesicle forma-
tion. In addition, Rc(M) increased markedly above 30%
Ch. Data representation with Eq. (1) indicates a transition
from one mode of CHAPS binding (or micelle formation)
to another one at [L] ≈ 0.2 mM (Fig. 2). For a 6 : 4 mixture
of PG and Ch, and for [L] ≤ 0.15 mM, a value of
Rc(M) = 43 ± 2 was determined. The intercept yields
[D]c = 4.5 ± 0.2 mM (data group labeled C in Fig. 2), which
is a little higher than the CMC = 4 mM of the pure deter-
gent CHAPS. At higher lipid concentrations, Rc(M) de-
creased to the (final) value of Rc(M) = 2.4 (0.5 mM ≤ [L]
≤ 16 mM). Similar transitions of Rc are seen for breakpoints
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A and B at [L] ≈ 0.2 mM in Fig. 2. Here mixed micelles co-
exist with vesicles or crystalline structures (see below) and
the slopes reflect the average composition of all particles.
At breakpoint A (minimum) the partially solubilized ves-
icles had a hydrodynamic radius of rh = 23 ± 1 nm compared
with rh = 54 ± 1 nm before addition of detergent. At 37 °C
higher CHAPS concentrations were needed for complete
solubilization (breakpoint C) and Rc was determined as
Rc(M) = 3.6 (0.5 mM ≤ [L] ≤ 16 mM).

Since the maximum in the solubilization curve was in-
dicative of the formation of larger particles, the samples
were further analyzed by microscopy. In the darkfield mi-
croscope long fibers and helical ribbons were observed
(Fig. 3). In samples which corresponded to the right hand
side of the light scattering maximum in Fig. 1 (towards
higher CHAPS concentrations), small crystalline platelets
were more frequently seen. The aggregate structure de-
pended on the temperature and the time of incubation. At
20 °C, fibers were the dominating structure. At higher tem-
peratures more and more helices developed, which even-
tually transformed into tubes and platelike crystals
(Fig. 3d–g). The helices had different diameters and
pitches without obvious preferences. The average diame-
ter of the helices increased with time up to 10 µm. At 5 °C
the microstructures, thin filaments and rods were aggre-
gated in clusters, also after transformation into transparent
crystals (Fig. 3a, b). The rods could be spotted by plaques
of milky-white appearance. After 1–2 weeks only Ch crys-
tals, vesicles, and micelles were left, independent of the
incubation temperature.

To obtain more structural information on the fibers, neg-
ative stained samples were viewed in the electron micro-
scope. The electron micrograph (Fig. 4) shows fibers of
90 nm diameter. In addition, a ribbon of 500 nm width can
be observed. At one site the ribbon is folded and shows its
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Fig. 2 Detergent-lipid phase diagram. The critical total CHAPS
concentration [CHAPST]c at breakpoints A (e), B (h) and C (s) as
a function of the total lipid concentration [L]. The strong decrease
in the slope (Rc = [Db]/[L]) at [L] ≈ 0.2 mM indicates a lyotropic phase
transformation. The solid lines are based on data, which extend up
to [L] = 16 mM; these data are not shown for a higher resolution of
the transition region. At [L] > 1 mM [CHAPS]T is a linear function
of [L]

Fig. 1 Solubilization curves of phosphatidylglycerol/cholesterol
vesicles (0.5 g/L, 1 d). Light scattering intensity ILS (90°,
λ = 500 nm) as a function of the CHAPS concentration in 10 mM

HEPES, pH 7.4, T = 293 K, 150 mM NaCl. The cholesterol (Ch) 
content is given in mol% of total lipid: · 0%, j 10%, h 40%, d 50%,
s 60%. The breakpoints A, B and C denote the minimum, maximum
and complete solubilization of the vesicles (50% Ch). Between
breakpoint A and C 2 macroscopic phases exist at equilibrium (Ch
monohydrate crystals and a micellar-vesicular phase)

narrow side. It is seen that the thickness of the ribbon com-
pares well with the diameter of the fibers. The material,
which is adsorbed to the fibers probably stems from vesi-
cles or mixed micelles. It is possible that the adsorption is
at least in part an artifact induced by the staining process.

To analyze the initial events of filament formation the
optical density (OD) of the solution at breakpoint B was
measured as a function of time after the addition of CHAPS
(for details see legend to Fig. 5). Three kinetic phases could
be distinguished: (i) A fast solubilization of the vesicles
with a half-life of 0.5 min. (ii) an intermediate period of
about 2 hours of apparently no change in the particle size
and (iii) a strong increase in OD indicating the beginning
of filament formation. In contrast to Ch monohydrate crys-
tal formation (broken line), the formation of filaments with
time appears to be non-monotonous; the point of inflection
is at t ≈ 3 h. In the darkfield microscope the first filaments
were seen after 16 h.

It was expected that the formation of the filamentous
microstructures depended on either the negative charge of
PG or on its bulky head-group. PG was exchanged by phos-
phatidic acid (PA), which is a charged but less hydrophilic
lipid with a small head-group. Surprisingly, with PA the
same structures and the same temperature dependence
were found. When PG was increasingly replaced by PC,
the formation of fibers at 20 °C was drastically reduced
above 30% PC in the PL moiety. The importance of charge
was further analyzed by the addition of salt to the vesicle
suspension. In Fig. 6 it is seen that the maximum (break-
point B) is already considerably reduced at 150 mM NaCl.
The half maximal value of ILS can be evaluated as
[NaCl]0.5 ≈ 80 mM (see also Discussion).

Since filamentous microstructures had been observed
first in model bile systems containing the uncharged lipid
PC, PC and the bile acids cholate and taurocholate were



included in the investigations. In addition to vesicle solu-
bilization, we also applied the dilution method, which has
been used to test model bile systems (Konikoff et al. 1992).
The observation time was extended to 1 week. In the con-
centrated bile salt/CHAPS solution, which is used for the
dilution method, Ch can be solubilized at higher Ch : PG
(or PC) ratios than in vesicles. By dilution, the surfactant
solution becomes supersaturated with cholesterol and con-
sequently cholesterol is precipitated. The results are sum-
marized in Table 1. The formation of fibers and helices af-
ter dilution of a micellar solution did not markedly differ
from the vesicle solubilization method. Fibers and helices
were obtained at similar final surfactant compositions.

The concentration of CHAPS, at which fiber formation
was observed, was [CHAPS] = 9 mM compared to 21 mM
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Fig. 3a–g Darkfield micrographs of various intermediate struc-
tures found during cholesterol crystal formation. At 5 °C (a, b) thin
filaments and short rods are seen, which are clustered in aggregates
and networks; at 20 °C predominantly long fibers are formed (c),
whereas at 37 °C helices become the dominant structure (d, e); incu-
bation for several days finally leads to the development of crystal-
line tubes and plates (f, g), independent of the temperature. The bar
corresponds to 100 µm (d) and 25 µm (all others)

Fig. 4 Negative stain electron micrograph of the filaments. The lip-
id concentration was [L] = 0.5 g/L in 10 mM HEPES (pH 7.4) and
150 mM NaCl. The bar indicates 1 µm



for the bile salts (0.17 mM PL, 0.37 mM Ch). The develop-
ment of the filamentous and helical structures was much
slower in the presence of PC compared to PG and PA (see
Table 1). However, the different velocities of fiber forma-
tion after sample dilution were not so pronounced as seen
with the vesicle solubilization method. In addition, the
number of the microstructures evaluated from darkfield
microscopy was about 2 orders of magnitude lower when
PC was used. Correspondingly, no light scattering maxi-
mum was seen in the solubilization curve (not shown). The
highest yield of fibers with PC as phospholipid component
was obtained in the presence of taurocholate.

Discussion

The formation of filamentous structures in the quaternary
system “water, cholesterol, phospholipid and CHAPS”
compares well with the development of cholesterol crys-
tals in model bile systems (Konikoff et al. 1992): Addition
of bile salt to PL/Ch vesicles results in the gradual forma-
tion of mixed micelles (Stolk et al. 1994). The partial 
solubilization of vesicles is indicated here by the initial 
decrease of the light scattering intensity (minimum of the
solubilization curve, Fig. 1). In this process more PL than
Ch is extracted from the vesicles into the mixed micelles
causing an increase of the Ch/PL ratio in the vesicles
(Strasberg and Harvey 1990; Cohen et al. 1990). Finally,
supersaturation of Ch in the vesicles should lead to Ch crys-
tallization and finally precipitation (Collins and Phillips

1982; Halpern et al. 1986; Lamont and Carey 1992). The
minimal detergent concentration at breakpoint A,
[D]w(A) = 2.3 mM, is in line with a reduced Ch/PL ratio in
the mixed micelles and thus an accumulation of Ch in the
vesicles ([D]w(C) = 4.5 mM is necessary for complete sol-
ubilization). In addition, the extraction of lipid from the
vesicles into mixed micelles is reflected in the reduction
of the vesicle radius from rh = 54 nm to rh(A) = 23 nm at
breakpoint A. Calorimetric and X-ray measurements
showed a lower miscibility of Ch with PG compared to Ch
with PC (Borochov et al. 1995). Thus phase separation may
be induced in PG-Ch vesicles at a lower Ch content. In gen-
eral, the detergent concentration, which is needed for the
solubilization of natural phospholipids is a linear function
of the lipid concentration (Eq. (1)) (Ollivon et al. 1988; Pa-
ternostre et al. 1988; Schürholz 1996). Here, above 30%
Ch in the lipid (at least) two domains can be distinguished
in the phase diagram (Fig. 2) with respect to Rc. The high
value of Rc = 43 at low lipid concentrations reflects the poor
miscibility of Ch with bile acids and its derivatives. The
about 20 fold decrease of Rc at [L] > 0.2 mM is expected to
correlate with a reorganization of the colloidal structure.
However, below 0.2 mM lipid the light scattering intensity
was to low to analyze the particle size by correlation spec-
troscopy. Yet, the hydrodynamic radius rh = 2.3 nm of the
mixed micelles at [L] = 0.8 mM is close to the value of pure
CHAPS micelles (rh = 1.8–2.1 nm). Assuming that the
mixed micelles at [L] < 0.2 mM are not smaller than the
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Fig. 5 Kinetics of vesicle solubilization and filament formation.
The optical density (OD) at λ = 500 nm of the vesicle suspension
([L] = 2 g/L) after addition of CHAPS as a function of time. The de-
cay in OD reflecting fast vesicle solubilization (half-life ≈ 30 s) is
followed by an intermediate period of only small OD change. The
OD increases again after 2 h indicating the first stages in the forma-
tion of larger structures. The full line corresponds to breakpoint B in
Fig. 1 (filaments), the broken line corresponds to a composition inter-
mediate between breakpoint B and C (mainly Ch monohydrate plate-
let formation)

Table 1 Microstructure formation as a function of lipid, detergent
composition and temperature T. Only the predominant structures are
given. The upper case number by the name of the structure indicates
the relative number of the microstructures on a logarithmic scale
(10x) as evaluated from microscope observations. τ denotes the time
for the beginning of microstructure formation. The standard con-
centration of total lipid was 0.5 g/L, but higher concentrations were
also used. The cholesterol content of the lipid was 40% and 50% in
the solubilization experiments, and 70% in the dilution method

Lipid Detergent T/°C τ Structure

A. Vesicle solubilization

PG CHAPS 5 1 d Cluster2

PG CHAPS 20 18 h Fibers2

PG CHAPS 37 16 h Helices2

PC CHAPS 5 5–6 d Crystals0

PC CHAPS 20 3–4 d Fibers0

PC CHAPS 37 1 d Tubes,
helices0

PG TC 20 4–5 d Fibers,
helices0

PG Cholate 20 6–7 d Fibers,
helices0

PC TC 20 2–3 d Helices0.5

B. Dilution method

PG CHAPS 37 ≤1 d Helices,
fibers2

PC CHAPS 37 1–2 d Helices,
fibers0

PC TC 37 2 d Helices,
fibers0



pure CHAPS micelles, a possible aggregation at higher
lipid concentrations therefore would not exceed double the
initial molecular mass of the mixed micelle.

A sequence of intermediate structures was observed in
model bile systems supersaturated with cholesterol, in-
stead of direct cholesterol monohydrate crystal formation
as was initially proposed (Konikoff et al. 1992; Chung
et al. 1993). The sequence fibers, helices, tubules and crys-
tal plates matches perfectly the structures, which were
found here upon solubilizing PG/Ch vesicles with the zwit-
terionic detergent CHAPS. However, the high yield of fi-
bers and the requirement of negatively charged lipids is
obviously a peculiarity of CHAPS. Since the bile acids are
negatively charged themselves, charge is supplied by the
detergent. According to our experiments, CHAPS is more
effective in Ch solubilization (>2 ×) than TC and cholate.
A dependence of Ch solubilization on the type of steroid
backbone of the bile salt (number and sites of hydroxyl-
groups) has also been reported (van de Heijning et al.
1994).

The dependence of fiber formation on salt concentra-
tion can be described by the dissociation of Na+ from mixed
lipid aggregates (vesicles, micelles), which serve as nuclei
for fiber (F) formation:

(2)

It is assumed that the dissociation of Na+ from the bind-
ing site A on the lipid aggregates is an equilibrium reac-
tion with the apparent equilibrium constant KD. Applying
mass conservation, [A] = [A0] – [A · Na], the degree of salt
binding Θ can be defined as

(3)

Assuming proportionality, [F] ∝ [A] = [A0](1–Θ) and
ILS ∝ [F] we obtain1

(4)

where I0
LS and I∞

LS are the light scattering intensity at zero
and high NaCl concentration, respectively. I∞

LS accounts for
the basic light scattering, which is not caused by the fibers.
The curve in Fig. 6b was obtained with KD = 76 mM. The
Gouy-Chapman approach may be applied to calculate the
surface potential ψ0 at a given salt concentration. At high
electrostatic potentials (ψ0 · e0 > kT) ψ0 is given by (Cevc
and Marsh 1987):

ψ0 = (2 kT/ze) ln [(ze/kT) (σel λ /εε0)]
= (– 51 mV) z–1 ln (0.36 Ac c0.5) (5)

Here ze is the charge of the symmetrical electrolyte, σel
the surface charge density of the lipid particle, Ac the sur-
face area per charge in nm2, c the electrolyte concentration
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A
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in mol/L, k the Boltzmann constant, T the temperature, 
ε the relative permittivity, and ε0 the permittivity of the
vacuum. At 50% saturation of the Na+-binding sites Ac can
be estimated as Ac = 2 nm2. Then the surface potential is
ψ = –80 mV, as calculated by Eq. (5). Considering the elec-
trostatic contribution to the standard value of the free en-
ergy of association, the intrinsic association constant Kint
can be determined as

Kint = KD
–1 · eFψ /RT H 0.6 M–1 . (6)

This value equals Kint = 0.6 M–1 for Na+-association,
which was calculated from measurements of the electro-
phoretic mobility of PG-vesicles (Eisenberg et al. 1979).
At high salt concentrations the reduction of the headgroup
hydration may also affect the structural changes.

For example, in Fig. 6A it is seen that the at high [NaCl]
the vesicles are more resistant to CHAPS. The CHAPS con-
centration, which corresponds to ILS = 0.5 · ILS,max is
shifted from [CHAPS] = 1.2 mM at [NaCl] = 0 mM to 
[CHAPS] = 5.5 mM at [NaCl] = 750 mM. This increased
stability of the bilayer state is in line with the expected re-
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1 Under the microscope it is seen that the number of fibers is re-
duced with increasing salt concentration, the structure of the fibers
is not affected. Therefore the approximation ILS ∝ [F] is justified

Fig. 6a, b Filament formation as a function of [NaCl]. a Solubil-
ization curves of lipid vesicles (0.8 mM, PG:Ch = 6:4); static light
scattering intensity ILS (90°, λ = 500 nm, 293 K) as a function of 
[CHAPS] in 10 mM HEPES-Na (pH 7.4). [NaCl]: . 0 mM, 
, 150 mM, j 250 mM, h 500 mM, d 750 mM. b ILS at the peak in a
([CHAPS] = 11.3 mM) as a function of [NaCl]. The curve was 
obtained using Eq. (2) and K–1 = 76 mM. The surface potential 
ψ0 of the vesicles was calculated using Eq. (5) and a surface area of
2 nm2/chrge (B50% saturation)



duction of the effective head-group area (Seddon and Cevc
1993). Although PA has a smaller head-group than PG, the
same yield of filament formation was measured. Thus, the
size of the head-group seems to be of minor importance
with regard to filament formation.

It has been proposed that aggregation or fusion of Ch
saturated vesicles is the initial step of filament formation
(Halpern et al. 1986). High surface charge and low salt con-
centration ar known to impede vesicle fusion. As we have
shown, both conditions favor the formation of filaments.
Therefore, fusion of vesicles probably is not involved in
the process of filament formation. Nevertheless phase sep-
aration of Ch in Ch oversaturated vesicles may serve as nu-
clei for Ch crystallization.

Our results have shown that the charge of the detergent
and of the lipid head group critically change the solubil-
ization and precipitation of Ch from lipid vesicles, which
is an important step in gallstone formation. In addition, the
results may be used for the optimization of protein recon-
stitution into cholesterol containing vesicles or supported
bilayers.
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