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Abstract:

The transport of water across liposome membranes is essential to life and death of cells. In our experiment we want to address that
question by rapidly mixing identical liposomes prepared once with deuterated, once with normal water in the stopped-flow cell and then
following the subsequent water exchange from the interior of the liposomes by SANS. This experiment uses the unique detecting
properties of neutrons and will allow us to cover the kinetics of this process in the 30 ms to 100 min range. These experiments will be
done for pure DOPC liposomes and mixtures with either cholesterol or DPPC to see how these alternative membrane builders affect the
membrane permeability. From these experiments we will then be able to deduce a comprehensive physico-chemical picture of how the
water exchange kinetics is related to the molecular composition of the phospholipid membrane and how it can be controlled by an
appropriate choice of lipids.
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Introduction

We studied the kinetics of solvent exchange in phospholipid vesicles, the most simple
model system for biological cells. Harvesting the H/D isotopic sensitivity of neutrons,
we followed the corresponding change in intensity as a function of the phospholipid
concentration, addition of cholesterol, flow rate and temperature via stopped-flow SANS.

Samples and Experiment

Phospholipid vesicles were prepared by extrusion in shell contrast (D20) and at the
contrast matching point (85% H9O, see fig. 1) using membranes with Z
a pore size of 100nm. We used different concentrations of DOPC
vesicles (0.1wt%, 0.2wt%, 0.5wt%) as well as DOPC with either
DPPC (0.5wt% phospholipid, 5mol% DPPC w.r.t. total phospho-
lipid), Cholesterol (0.5 wt% total, 40 mol% Cholesterol w.r.t. total)
or silica nanoparticles (NP) (0.2 wt% total, 30 NP /vesicle) as an addi-
tive. With the exception of the nanoparticles which were added after
extrusion and have been shown to decorate the vesicles [1], all addi-
tives were included prior to extrusion to ensure their incorporation
into the membrane. Fig. 1. Contrast
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Results

Surprisingly, the changes in scattering intensity were much less than the expected or-
der of magnitude in decrease and heavily flow-rate dependant. For most samples, the
intensity was basically constant at a flow rate

of 4mL/s (the highest flow rate used in this ex-

periment and a commonly used value for this

type of experiment), while changes including 10000
the process of filling the cuvette could be fol- ~
lowed nicely at the lowest flow rate, 0.07 mL/s.
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been ruptured due to the shear acting on them, Fig. 2: Simulation of spectra for DOPC,
thereby finishing the solvent exchange process R = 50nm. Dashed: initial, continuous: final.

before the sample cell was even reached.
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Fig. 3: Flow-rate dependance of the kinetics for the example of DOPC+5% DPPC, total concentration
0.5wt%.
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Fig. 4: Temperature dependance of the kinetics for the example of DOPC, total concentration 0.2wt%
and a flow rate of 0.07mL/s. Left: measurement at 10 °C, right: measurement at room temperature.
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Fig. 5: Influence of Cholesterol on the kinetics for a total concentration of 0.5wt% and a flow rate of
0.07mL/s. Left: 40 mol% Cholesterol w.r.t. total, right: pure DOPC.

Of course, at lower flow rate also the filling of the cuvette then took correspondingly longer
thereby limiting the time resolution. At the same time at lower flow rate the effectiveness
of mixing will also be substantially reduced. This effectiveness of mixing is currently



evaluated by studying other mixing processes in our lab stopped-flow instrument. The
effects observed there will then be employed to further analyse the SANS-sf results. At
the same time we are comparing these results to the mixing effects observed when mixing
not by the stopped-flow equipment, but by simple external solution mixing. Due to the
amount of open questions and the inconclusiveness of the qualitative SANS analysis, by
taking into account these additional experiments a careful quantitative analysis of this
SANS-sf experiment will be carried out. From it we will then hopefully not only be able
to gain information regarding the exchange inside/outside of the vesicles but also about
their mechanical stability in the flow field employed here.
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