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Calcium ions have an important role in many cellular
processes. The ions bind naturally to negatively
charged phospholipids but rather weakly to zwitterionic lipids as phosphatidylcholine and phosphatidylethanolamine. The preference for Ca2+ binding
weakens with increasing degree of hydrocarbon
chain unsaturation and it is also dependent on the

phase state of phospholipid (gel > liquid–crystal).
We study the formation of unilamellar vesicles due to
binding of Ca2+ ions to the DPPC bilayers, and the
effect of ions on the lipid bilayer.
Dipalmitoylphosphatidylcholine (DPPC) was hydrated
in 0.2 – 60 mM solution of CaCl2 in heavy water and

thoroughly homogenized by freezing-thawing process.
Unilamellar vesicles from DPPC (without Ca2+) were
prepared by extrusion (filter with pores of
diameter 50 nm).
SANS experiments were performed at PAXE, LLB,
Saclay, France and Yellow Submarine, BNC, Budapest,
Hungary.

SANS on DPPC + CaCl2 vesicles

The addition of CaCl2 destroys
the periodic organization of
bilayers what is evidenced by
the reduction of intensity of the
Bragg peak in SANS curves of
DPPC. The surface charge density
higher than ~1.5 μC/cm2 promotes the formation of unilamellar
vesicles. SANS shows formation
of unilamellar vesicles in the
range 1 – 60 mM of CaCl2.

A portion of Ca2+ ions bound to polar head group region was
determined using the Langmuir adsorption isotherm:
Xb
= K(cCa2+ – Xb cL)
1 – nXb

Xb is the number of associated calcium ions per lipid (mol/mol),
n is the number of lipid molecules bound by one calcium ion,
K denotes the binding constant, cL is the concentration of DPPC,
cCa2+ the total Ca2+ concentration. The binding constants 37 and
10 M−1 for gel and liquid–crystalline phase with binding stoichiometry 1:1 (Satoh, 1995) were used for the Xb evaluation.

SANS data analysis

I(q) = N . |F(q)|2 . S(q)
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where Δρi(r) is the SLD contrast and Δdi=RiRi-1 is the thickness of the i-th strip. The total
lipid bilayer thickness dL is then given by
dL=2dH+dC, where dH and dC are thicknesses
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N is the number density of particles, F(q) is
their form factor and S(q) is the interparticle
structure factor, S(q)=1, for dilute and weakly
interacting particles, q is the scattering vector.
For unilamellar vesicles, the bilayer is represented by a strip model given by (Kučerka et
al., 2004):
3

terms of an iterative model-fitting
approach that results in the bilayer
SLD profile. Experimentally obtained
scattering curves have been fitted
with those calculated theoretically
using the function minimization and
error analysis program Minuit (CERN
Program Library entry D506).

of the polar head group region and
hydrocarbon part, respectively. In
addition to dL, the model includes the
number of water molecules nW located in the head group of the lipid, and
the surface area per 1 lipid molecule
on lipid-water interface AL.
Structural parameters are refined in

The neutron scattering function
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Full lines represent the best fit. Curves are shifted vertically for clarity of presentation.

The effect of Ca2+ on the lipid bilayer
Liquid-crystalline phase (60 °C)
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Calcium modifies the structure of DPPC lipid bilayer: its thickness increases at the
expense of the area per molecule at interface, and hydration.
Functions of many transmembrane proteins depend on the lipid bilayer physical
properties. Physiological Ca2+ concentrations generally do not exceed 10 mM, so
calcium ions could affect these functions by affecting the bilayer thickness, lipid
surface and hydration of the polar head group region.

6.8
6.4
6.0
5.6
62

AL (Å2)

AL (Å2)

48
47
46

60

Acknowledgement

58

45
56
51
50

54

dL (Å)

dL (Å)

44
55

Authors thank Dr. L. Almásy (BNC Budapest) for additional SANS measurement of
DPPC in 0.2 mM CaCl2 (Fig. 1).
The research was supported by the JINR project 074106909/2011, and by the MŠ SR
VEGA grants 1/3029/06 and 1/0292/09 to DU

53

49

References

48
52

47
1

10
Calcium concentration (mM)

100

1

10
Calcium concentration (mM)

Dashed lines represent structural parameters of DPPC unilamellar vesicles without calcium obtained with the same model.
(For more details see Uhríková et al. 2008)
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