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STUDYING THE EFFECT OF THE IONIC STRENGTH ON THE 
SOLUBILIZATION OF CHARGED LIPOSOMES USING TIME RESOLVED SAXS 

 
O. López1, M.Cócera1, J. Pereira1, J. Caelles1, H. Amenitsch2, A. de la Maza1, I. Carrera1, 
R. Pons1 
 
1.) IIQAB-CSIC, Jordi Girona 18-26 08034 Barcelona, Spain. 
2.) Institute of Biophysics and X-ray Structure Research, Austrian Academy of Sciences, Schmiedlstr. 6, A-8042 

Graz, Austria 
 
The mechanism that induces the solubilization of liposomes by surfactants consists in a 
monomeric adsorption of surfactant on the bilayers and a desorption of mixed micelles from 
the liposome surface to the aqueous medium. Extremely fast rates have been associated with 
these two processes [1]. This fact makes necessary the use of high time resolution techniques 
as stopped-flow time resolved small angle X-ray scattering (SAXS) using a Synchrotron 
radiation source. Earlier experiments performed at ELETTRA have reported interesting 
information about the kinetics of these initial steps of solubilization, as well as about the 
effect n this process of a small amount of electrostatic charge. Our results showed the 
cohexistence of different structures (bilayers, pure micelles and mixed micelles) in short time 
intervals during the solubilization. The electrostatic charges could either accelerate or slow 
down the processes involved [2, 3]. 
 
In this work we seek to study the effect of the liposome electrostatic charge and the ionic 
strength on the solubilization of liposomes. Neutral liposomes as well as liposomes containing 
20% in weight of ionic lipids (negative and positive) were formed. This amount of surface 
charge mimicks the proportion presents in some biological membranes. The anionic surfactant 
sodium dodecyl sulfate (SDS) was mixed with the liposomes using a stopped-flow cell and 
the changes produced in the systems were monitored by SAXS. In order to evaluate the effect 
of the ionic strength, the experiments were carried out in deionized water and in Tris buffer 
5mM with 100 mM NaCl.  
 
The x-ray scattering curves showed clearly two bands in all the lipid-surfactant systems. Figure 1 
shows the scattering curves of the interaction of neutral liposome with SDS after different times 
from mixing. The band corresponding with the bilayer was detected at q values about 0.100 Å-1, 
which correspond with bilayer thickness of about 63 Å. Other band was detected approximately 
at q=0.151 Å-1. After fitting to a two shell model [4], this band was attributed to spherical 
particles of 41 Å. Both, pure micelles and mixed micelles could contribute to this band. 
 

 
 

 
 
 
 
Figure 1. X-ray scattering patterns for the 
system neutral liposome-SDS after different 
times from mixing.  
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The analysis of the intensity variation of each scattering band (corresponding to liposomes 
and micelles) as a function of time at low and high ionic strength are shown in Figures 2 and 
3 respectively. 
 

   
 
Figure 2. Intensity of the bands associated with the liposome bilayer (●) and micelles (■) as a 
function of time. Liposomes used were cationic (A), anionic (B) and non-ionic (C) at low 
ionic streng 

   
Figure 3. Intensity of the peaks associated with the liposome bilayer (●) and micelles (■) as a 
function of time. Liposomes used were cationic (A), anionic (B) and non-ionic (C) at high 
ionic strength. 
 
These results seem to indicate that, in presence of the anionic surfactant SDS, liposomes 
containing 20% of ionic lipids show faster kinetics of both absorption of surfactant and 
desorption of mixed micelles than non-ionic liposomes. This could be related with the fact 
that the presence of electrostatic charge in cells may facilitate some adsorption and/or 
desorption processes.  
Our experiments also indicate that the kinetics of the processes inducing liposome 
solubilization can be modulated by the ionic strength of the medium, although this modulator 
effect is dependent on the electrostatic charge of the membranes. Thus, in charged liposomes 
the ionic strength accelerates the interaction lipid-surfactant, whereas in neutral liposomes  the 
ionic strength seems to slow down this interaction.  
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