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The lateral lipid distribution within dipalmitoylphosphatidylethanolamine (DPPE)/dipalmitoylphospha-
tidylserine (DPPS) vesicle membranes was investigated under the influence of Ca’* using a lipid cross-link-
ing method. To characterize the phase transition in DPPE /DPPS vesicles and to correlate the different
phase states of the membrane lipids with the obtained lipid distribution ESR measurements using a fatty acid
spin label were carried out. It is shown that Ca?* has a significant influence on the lateral lipid distribution
within the fluid phase of the membrane lipids; instead of a slight alternating lipid arrangement in absence of
Ca’”* due to the electrostatic interaction between the DPPS headgroups after addition of Ca’* a lateral

cluster structure is characteristic of the fluid phase.

It has been shown that the lipid matrix of
biological membrane influences the activity of
membrane enzymes and, in particular, that a fluid
lipid environment is necessary for the normal
function of many membrane proteins [1-4]. Fur-
thermore, the membrane lipids seem to be essen-
tial to membrane fusion [5-7], membrane trans-
port [8,9] and membrane receptor clustering. On
the other hand, it has become evident that the
different lipids of the lipid matrix are not ran-
domly distributed within the membrane [10-13].
Therefore, the lateral lipid distribution and its
variation possibly induced by Ca?* can be re-
garded as an important factor for the functions of
biological membranes mentioned above.

Recently we have reported a lipid cross-linking
method which allows to determine the nonideality
of lateral mixing of the aminophospholipids di-
palmitoylphosphatidylethanolamine (DPPE) and
dipalmitoylphosphatidylserine (DPPS) within ves-

Abbreviation: DFDNB, 1,5-difluoro-2,4-dinitrobenzene.
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icle membranes [14]. The basic assumptions for
evaluating this method were (i) the same reactivity
of the lipid cross-linker 1,5-difluoro-2,4-dinitro-
benzene (DFDNB) to the aminogroups of DPPE
and DPPS and (ii) the concentrations of the vari-
ous bis-derivatives of the crosslinking reaction are
proportional to the numbers of different nearest-
neighbour contacts of the lipids within the mem-
brane. Taking into account these assumptions the
nonideality parameter » of the binary mixture
[14,15], which is a qualitative measure for the
lateral lipid distribution, could be calculated.

In this paper the influence of Ca?* on the
lateral lipid distribution is investigated by cross-
linking for different temperatures as described in
Ref. 14. The buffer (120 mM NaCl, 40 mM
NaHCO,, pH 8.5) used for the preparation of
unilamellar DPPE/DPPS vesicles additionally
contains 0.1 mM CaCl,. On pure DPPE and pure
DPPS vesicles it was proved that the reactivity of
DPPE and DPPS to the cross-linker DFDNB does
not change significantly after addition of 0.1 mM
CaCl,, so that assumption (i) can be sustained for
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Fig. 1. Temperature dependence of the lipid order parameter S
obtained by ESR measurements, using the fatty acid spin label
1(10,3) (relation between ESR spin label and lipids: 1:100
(n/n)). The ESR spectra were recorded at a Varian E 3
spectrometer, using a microwave frequency of 9.15 GHz, a
microwave power of 20 mW and a modulation amplitude of 1
G. The points indicated are the result of two independent series
of measurements. Curve a (without Ca?*) and curve b (0.1 mM
CaCl,) show a decrease of the lipid order parameter S with
increasing temperature. Each curve is the result of the two
phase transitions of DPPS (pure DPPS: ¢, = 55°C [27]) and
DPPE (pure DPPE: 7, = 63°C [27,28]), respectively. Without
Ca?* (curve a) the phase transition temperatures of the two
aminophospholipids in mixture are shifted to lower tempera-
tures compared with the pure components (DPPS in mixture:
t, = 40°C and DPPE in mixture: ¢, = 58°C). similar results for
DPPE/DPPC mixtures have been determined by NMR experi-
ments by Arnold and co-workers [29]. Addition of Ca%* (curve
b) causes an increase of the absolute values of the lipid order
parameter S as well as a shift of the critical transition tempera-
tures to higher values as in curve a (DPPS in mixture (0.1 mM
CaCl, added): 7. = 55°C and DPPE in mixture (0.1 mM CaCl,
added): 1, = 63°C).

the evaluation of the cross-linking results.

The influence of Ca?* on the phase transition in
DPPE/DPPS vesicles was investigated by ESR
measurements, using the fatty acid spin label
1(10,3) (2-(3-carboxypropyl)-2-decyl-4,4-dimethyl-
3-oxazolidinyloxyl). From the ESR spectra ob-
tained the lipid order parameter S was calculated
[14,16-18]. The decrease of the lipid order param-
eter with increasing temperature is presented in
Fig. 1. For both preparations (curve a: without
Ca?* and curve b: 0.1 mM CaCl,) two tempera-
ture regions in which the order parameter S alters
drastically could be detected. These changes of the
order parameter .S correspond to the thermotropic
phase transitions of the two different types of

lipids as shown by others [19,20]. However, addi-
tion of Ca’* leads to an increase of the lipid order
parameter S and to a shift of the transition
temperatures to higher values possibly due to elec-
trostatic interaction between Ca?* and the
headgroups of the lipid molecules [21,22].

In Fig. 2. the temperature dependence of the
nonideality parameter » calculated from the mea-
sured concentrations of the cross-linking deriva-
tives 1s shown. Curve a is the result of cross-link-
ing of mixed DPPE/DPPS vesicles in Ca®*-free
buffer [14], while curve b indicates the data ob-
tained, using a buffer with additional 0.1 mM
CaCl,. It can be seen (cf. Figs. 1 and 2) that the
phase transitions of the lipids DPPE and DPPS in
the mixture influence the lateral lipid distribution
in both preparations. Comparing both curves of
Fig. 2 the lateral lipid distribution in the gel phase
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Fig. 2. Temperature dependence of the nonideality parameter »
as a qualitative measure of the lateral lipid distribution in a
binaty mixture of DPPE/DPPS (1:1, n/n) in vesicles. The
nonideality parameter » attains its minimum » = 0 for a total
lateral separation of the two lipids. » =1 means ideal mixing
and » becomes maximum » = 2 and » = 4 /3 for a total alternat-
ing lipid arrangement in a square and hexagonal lattice, respec-
tively. The nonideality parameter » was determined from the
obtained cross-linking data as described by Ref. 14. Vertical
bar indicates S.E. of the mean of ten samples. Curve a (without
Ca?*) as well as curve b (0.1 mM CaCl, ) show the influence of
the lipid phase transition detected by ESR (cf. Fig. 1) on the
lateral lipid distribution. Significant differences between the
two curves appear above the phase transition of DPPE within
the fluid phase of the membrane lipids: without Ca2™ (curve a)
the lipids are arranged in an alternating structure, possibly due
to the electrostatic repulsion between the negatively charged
headgroups of DPPS, and addition of Ca2™ (curve b) produces
a cluster structure of the lipids also in the fluid phase. Statisti-
cal evaluations were carried out by means of Student’s t-test.
The »-values of both preparations differ significantly (at 60°C,
65°C and 70°C) using the sensitive one-sided r-test with P = 0.1.



of the vesicle lipids (at a temperature below the
critical phase transition temperature of DPPS) re-
mains nearly unchanged by addition of Ca®*.
Within the temperature interval between the phase
transitions of DPPS and DPPE (cf. Fig. 1) an
increase of the lipid cluster size is caused by phase
separation in both preparations. Addition of Ca®*
possibly enhances the lipid clustering within this
region (the mean value of the nonideality parame-
ter » is altered from » = 0.3 without Ca®>* to» = 0.1,
using 0.1 mM CaCl,). Assuming these values of »,
a rough estimation of the mean cluster size [23]
provides a Ca’*-induced increase from approxi-
mately 100 to 600 lipids per cluster. Statistical
significant differences between both preparations
exist only in the fluid phase state of the vesicle
lipids (above the phase transition temperature of
DPPE). In this temperature region Ca>* produces
a transition from an alternating lipid arrangement
(v =1.2) to a lipid cluster structure (v = 0.7).

This result indicates that a prerequisite for
Ca’*-induced alteration of the lateral lipid distri-
bution is the fluid phase state of the membrane
lipids. If it is assumed that the lateral lipid distri-
bution is an essential factor for regulating the
membrane function it becomes evident that the
fluid state of the membrane lipids is necessary for
optimal membrane function [24-26].
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