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The effect of various concentrations of calcium ion (Ca’>*) on dipalmitoylphosphatidyicholine (DPPC),
distearoylphosphatidylcholine (DSPC) and mixed DPPC/DSPC (1:1) liposomes was studied by differential
scanning calorimetry. Ca>* concentrations of 10 mM and above split the main transition peak of DPPC into
two distinguishable components, and, at 30 mM and above, also resulted in the disappearance of a
pre-transition peak. The effect of Ca>* on DSPC liposomes was even more dramatic in that it induced a
more definitive split in the main transition peak and caused the loss of the pretransition peak at only 10 mM
concentration. The thermograms of the DPPC /DSPC mixed liposomes were unaltered in the presence of
Ca’*, even at a concentration of 50 mM. Whether or not Ca’* is able to alter thermograms of
phosphatidylcholine liposomes appears to be dependent on the degree of molecular order of the bilayer prior

to interaction with Ca?™.

The interaction of divalent cations, particularly
Ca’*, with phospholipids in natural and model
membrane systems has received wide attention.
Such interactions are believed to play an im-
portant role in membrane structure and function
[1]. It is generally accepted that Ca’* binds
strongly to negatively charged phospholipids but
there is some controversy as to whether Ca®*
binds to neutral phospholipids such as phos-
phatidylcholines.

Liposomes have been widely used as a mem-
brane model system to study the effects of Ca’*
on membrane properties such as permeability [2,3]
and fusion charactenstics [4]. Differential scanning
calorimetry (DSC) has increased our understand-
ing of the possible physical changes of bilayers
such as gel — liquid crystalline phase transitions,
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phase separation, and membrane fusion which re-
sult from these interactions [4-7].

It is difficult to study experimentally the inter-
action of Ca’* with naturally occurring phos-
pholipids by DSC since these lipids have low
phase transition temperatures, usually below 13°C,
The majority of investigations of the interactions
of Ca?* with phospholipid liposomes employ
mixed lipid systems consisting of naturally occur-
ring anionic phospholipids and a synthetic,
saturated phosphatidylcholine which has a well
defined, experimentally accessible transition tem-
perature. These systems readily facilitate experi-
mental observations of fluidity changes and phase
separations following exposure of these systems to
Ca?* [8,9]. The resultant changes in the thermo-
grams on exposure of these mixed liposomes to
Ca?* has been attributed solely to the interaction
of Ca?* with the anionic component of the mixed
systems. Whereas this assumption is probably cor-
rect for Ca?* concentrations below 10 mM, we
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will show evidence that higher concentrations in-
fluence the thermograms of pure, saturated phos-
phatidylcholines.

There are reports in the literature which suggest
that Ca?* does not.interact with phosphatidylcho-
lines [10,11], but recent studies employing NMR
[12,13}, radiotracers [14], spectrophotometry [15],
and X-ray diffraction [16] leave little doubt that
Ca®" interacts with the phosphate groups of phos-
phatidylcholine monolayers and bilayers, impar-
ting a charge to them. Simon et al. [17] report that
Cd?* salts specifically interact with DPPC lipo-
somes. On the other hand, Ca?" salts, at con-
centrations of 0.1-100 mM, showed no significant
concentration effects on the transition tempera-
ture, enthalpy, or peak width of the thermograms.

Saturated lecithins, particularly DPPC and
DSPC, are frequently incorporated into liposomes
to be used as model membranes and as potential
drug delivery systems. As part of our studies of
their membrane properties, the effect of various
concentrations of Ca** (1-50 mM) on DPPC,
DSPC and mixed DPPC/DSPC liposomes by DSC
has been examined. For these investigations DPPC
and DSPC were purchased from Sigma Chemical
Co., St. Louis, MO, U.S.A. No detectable impuri-
ties in either of these phospholipids were evident
by TLC. Their purity was further confirmed by
pre-transition and main transition peaks of their
DSC thermograms. The lipids were dissolved in
chloroform and stored under N, at —20°C until
used. Other chemicals used in these studies were of
reagent grade and water was triply distilled using
an all glass still. )

Lipid containing chloroform solutions were
transferred to a 10-ml round-bottom flask and the
solvent was evaporated under N,. During this
procedure, the flask was rotated by hand to pro-
duce a thin layer of lipid at the bottom of the
flask. The flask, containing the thin lipid film was
stored overnight under vacuum to ensure removal
of residual solvent. The lipid film was then sus-
pended at 42°C (DPPC) or 58°C (DSPC) in a
sufficient amount of 10 mM Tris-HCI buffer (pH
7.0) containing 100 mM NaCl and 0.1 mM EDTA
to yield a final concentration of about 30 pmol
lipid per ml by vortexing for 10 min. Liposomes
thus formed were found to be multilamellar as
determined by negative stain electron microscopy.

An aliquot of these liposomol dispersions was
incubated with various concentrations of CaCl,
(0-50 mM final concentration) for 1 h at the phase
transition temperatures of the lipids.

Thermograms were obtained using a Perkin-
Elmer DSC-2C scanning calorimeter. Samples were
placed in sample pans for volatile matter and were
properly sealed. Each sample was usually of 16 pl
and contained approx. 0.3-0.6 pmol lipid. An
equal amount of buffer was placed in the reference
pan. All the scans were obtained at a heating rate
of 5°C/min. and a range setting of 1mcal/s.
Indium standard and water were used to calibrate
the calorimeter. After each run, the amount of
lipid in the sample pan was estimated following
the methods of Fiske and SubbaRow [18]. All
experiments were performed in triplicate.

The thermograms for DPPC, DSPC and
DPPC/DSPC (1:1) in the absence and presence
of Ca’* are shown in Fig. 1. In the absence of
Ca’*, DPPC shows a pre-transition peak at 36°C
and a sharp main transition peak at 41°C (Fig.
1A), whereas DSPC shows a pre-transition peak at
55°C and a sharp main transition peak at 57°C
(Fig. 1B). These values are in good agreement with
the literature [8,9,19]. DPPC /DSPC shows a single,
comparatively broader transition peak midway be-
tween the main transition peaks of the pure phos-
pholipid components (50.5°C) (Fig. 1C). There is
no indication of pre-transition peaks or of main
peaks corresponding to that of the individual com-
ponents of the mixture, indicating good molecular
mixing [6].

Incubation of DPPC with ImM and SmM
Ca?* at 42°C did not alter the thermogram. When
the Ca?* concentration was increased to 10 mM,
the main transition peak was split into two dis-
tinguishable components centered at 41°C and
42.5°C. Further increases in Ca’* concentration
(30 mM and 50 mM) resulted in sharper resolution
of the split peaks, slight upward peak temperature
shifts (42°C and 43°C), and disappearance of the
pre-transition peak (Fig. 1A).

DSPC liposomes were even more sensitive to
Ca’*. Only 10 mM Ca’* was necessary to
eliminate the pre-transition peak. Furthermore,
Ca’* (10 mM-50 mM) induced a more definitive
split in DSPC systems as compared to DPPC (Fig.
1B).



oE

10mM Ca

30mM Ca

ENDOTHERMIC

50mM Ca

247

) @
©

35 45 55

65 47 63

TEMPERATURE ( °c)

Fig. 1. Thermograms of (A) DPPC, (B) DSPC and (C) DPPC/DSPC (1: 1) liposomes dispersed in 10 mM Tris-HCI buffer (pH 7.0)
containing 100 mM NaCl and 0.1 mM EDTA, in the presence and absence of Ca’*. Heating rate was 5°C/min.

Incubation of the mixed DPPC/DSPC lipo-
somes with Ca?* at 50°C (the transition temper-
ature of the mix) or at 58°C (the transition tem-
perature of DSPC) was without effect on the ther-
mogram (Fig. 1C).

Our data clearly show that Ca’* affects the
physical properties of DPPC and DSPC bilayers.
It has been reported that at 30 mM Ca?*, about 1
in 20 DPPC molecules bear a Ca** [20]. These
rather weak ionic interactions alter molecular
packing within the bilayer resulting in observed
changes in thermal properties. Since the polar
head group is the same for each of the systems
tested, the absence of an observed effect by Ca?*
in the DPPC/DSPC system may be the result of
less molecular cooperativity of the lipids in the
bilayer prior to Ca?* addition, as is indicated by
its broad endothermic peak. Slight changes in

packing arrangements induced by Ca?* will there-
fore not be as evident as in the case of the pure
lipids which show very sharp transition peaks.

Most of the recent studies [13,15,16,20], includ-
ing the study reported here, clearly demonstrate
that Ca?* does interact with neutral phospholi-
pids. A highly ordered gel state for phosphati-
dylcholine appears to be needed to clearly observe
the perturbation effect of Ca?*. The use of more
disordered systems such as monolayer studies using
naturally occurring phospholipids [11,14], or our
mixed synthetic phosphatidylcholine systems do
not possess the molecular packing features re-
quired to observe physical changes due to phos-
phatidylcholine-Ca?* interactions.

Natural membranes contain a mixture of lipids
of varying degree of saturation, chain length, and
polar groups, leading to a disordered packing
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arrangement as compared to a pure saturated
phospholipid. Thus, caution should be exercised in
interpreting results. of Ca’*-membrane interac-
tions since any Ca?* -phosphatidylcholine interac-
tions that may be present in these systems will not
be easily observed.

This work was partially supported by Research
Grant, NS 13792 from the National Institutes of
Health.
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