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The effect of three anions, ClÐ, BrÐ and IÐ, on the phase transitions of dipalmitoylphospha-
tidylcholine (DPPC) was measured. Main phase transition was modestly affected by these
anions in the salt concentration range 0.2 M. For ClÐ and BrÐ the temperature of main phase
transition was lower (by about 0.5 ∞C), its half-width modestly larger and enthalpy practically
unchanged, all three parameters were altered to a much larger degree. Main phase transition
temperature was 1.5 ∞C lower and the peak half-width significantly smaller. These changes
were not accompanied by any alteration in main phase transition enthalpy. Iodide shifted the
pretransition temperature toward lower values and increased its half-width to such an extent
that at concentrations above 100 mm it was practically undetectable. Besides cations, the
presence of anions also has a distinct effect on lipid bilayer interface properties.

Introduction

The lipid bilayer, an aqueous solution inter-
face, determines all membrane surface-associated
events and constitutes a complex multicomponent
system that depends on both lipid bilayer and
aqueous phase composition (Cevc, 1990; Langner
and Kubica, 1999). The effect of various ions dis-
solved in the aqueous phase on the lipid bilayer
has been extensively studied in the past (Cevc,
1990; Koynova et al., 1997; Sturtevant, 1998). How-
ever, research has been focused almost exclusively
on cations since they are known to participate in
many cellular events, Ca2+ being the most spectac-
ular example (Berridge, 1993; Goldberg et al.,
1994; Huster et al., 2000).

However, there are limited literature data re-
garding the effect of anions on lipid bilayer state
despite the fact that iodide, for example has been
widely used as a quencher of tryptophan fluores-
cence (Eftnik and Ghiron, 1981; Lakowicz, 1988).
When the quenching technique is applied, an as-
sumption that the quenching compound (iodide)
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does not interfere in protein-membrane interac-
tion is mandatory, especially if the applied concen-
trations are high (up to 1m). It has been shown
that iodide ions bind to the lipid bilayer surface
and are even capable of penetrating its hydropho-
bic core through structural defects [at main phase
transition (Langner and Hui, 1991)]. There are
also limited data that exhibit anions as potent co-
factors in metabolic processes, for instance the ef-
fect of iodide ions in the aqueous phase on the
efficiency of lipid hydrolysis induced by oligonu-
cleotides (Moog et al., 2000). The relative neutral-
ity of anions observed in various studies results
from the fact that naturally occurring lipids are
predominantly neutral or negatively charged,
causing surface anion concentrations to be lower
then that in the bulk and masking their potential
effects (Cevc, 1990). The influence of anions on
lipids can be more subtle (however), i.e. they can
reorganize the layer of bound water at the mem-
brane interface and consequently affect overall
membrane state and/or topology. Altered water
structure can also affect a variety of membrane-
associated processes, such as macromolecule in-
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teraction with lipid surfaces (Gawrish et al., 1992;
Marrink et al., 1996) and membrane fusion (Chiz-
madzhev et al., 2000; Marchi-Artzner et al., 2001),
or interfere with enzymatic reactions that occur at
the membrane interface. The role of anions be-
comes even more relevant when positively
charged amphiphiles are employed as membrane
components (Anwer et al., 2000; Byk and Scher-
man, 2000) or the interactions of amphiphilic salts
with membranes in considered. The influence of
chloride, bromide and iodide as counterion of
amphphilic compounds was shown on the calcium
desorption from liposomes (Różycka-Roszak et
al., 2001), the efficiency of the surfactant to desta-
bilize model membranes (Sarapuk et al., 1999), as
well as thermotrpic phase behaviour of phosphati-
dylcholine (Różycka-Roszak and Pruchnik, 2000),
and phosphatidylcholine/cholesterol bilayers (Ró-
życka-Roszak and Pruchnik, 2000).

In this paper, the effect of three anions (chlo-
ride, iodide and bromide) on the thermotropic
properties of dipalmitoylphosphatidylcholine are
presented. DPPC is known to have two distinct
phase transitions, i.e. pretransition (associated
with changes in lipid headgroup organization) and
main phase transition (reflecting changes in hy-
drocarbon chain organization) (Koynova and Caf-
frey, 1998; Seddon and Tampler, 1995). Salts were
selected as to keep their cations constant (Na+)
whereas the anion varied. The presence of salt
either in or below the physiological concentration
range altered DPPC thermograms, with iodide be-
ing the most potent.

Materials and Methods

Chemicals

1,2-dipalmitoyl-sn-glycero-3-phosphocholine
(DPPC) was purchased from Avanti Polar Lipids
(Birmingham, Alabama, USA). Sodium chloride
(NaCl), bromide (NaBr), iodide (NaI) and all
other chemicals were obtained from Fluka Chemie
AG (Switzerland).

Sample preparation and calorimetric measurements

Differential scanning calorimetry (DSC) was car-
ried out using multilamellar lipid vesicles (MLVs).
Samples were prepared as follows; DPPC dissolved
in chloroform was evaporated and kept under vac-

uum for two hours in order to remove all traces of
chloroform. The dry lipid film was then hydrated
with a water solution of NaCl, NaBr or NaI at an
appropriate concentration. MLVs were formed by
agitation on a vortex mixer. The vesicle suspension
was then heated to 60 ∞C for 15 min and finally left
to 4 ∞C for two days. Such a lipid suspension was
loaded into the sample cell of a DSC microcalorim-
eter (Mettler Toledo Thermal Analysis System
D. S. C. 821). All thermograms were taken at a scan
rate of 2 ∞C/min. The lipid concentration of all sam-
ples was the same, namely 25 mg/ml.

All measurements were repeated at least three
times for independently prepared samples, so as to
ensure reproducibility. Selected samples were mea-
sured several times (4), making the calculation of
deviation from average values possible. The repro-
ducibility of sample preparations was evaluated
with the help of DPPC thermograms in water. Sam-
ple series were discarded when the DPPC thermo-
gram deviated from the expected one.

Results and Discussion

Differential Scanning Calorimetry was used to
study the effect of three selected anions (chloride
ClÐ, iodide IÐ and bromide BrÐ) on DPPC lipid
bilayer phase transitions in the continuous pres-
ence of the Na+ cation. Their effect on pre- and
main phase transition temperatures, and transition
pick-width and enthalpies was determined. The
dependence of main phase transition temperature
on salt concentration is summarized in Figure 1A:
the temperature of main phase transition is lower
in all cases. This shows that the presence of any
salt alters lipid bilayer hydrocarbon chain organ-
ization. The effect is most evident when IÐ is pre-
sent in the aqueous phase. When iodide concentra-
tion grows to 50 mm, main phase transition
temperature decreases from 41.4 ∞C down to
40.9 ∞C (ð 0.05 ∞C), and remains constant at
higher concentrations. The decrease in main phase
transition temperature was much smaller for the
two remaining salts, i.e. from 41.4 ∞C to 41.1 ∞C.
With rising salt concentration the peak half-width
of main phase transition broadened for NaCl and
NaBr, whereas it sharpened for NaI. Such behavi-
our indicates increased cooperativity in the hy-
drocarbon chain region for this salt (Fig. 1B). The
presence of all salts (up to 100 mm) altered main
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Fig. 1. The dependences of main phase transition charac-
teristics on the concentration of NaCl (triangles), NaBr
(circles) and NaI (cross).
(Tm Ð the temperature of main phase transition; ∆T /
Tm Ð the relative half-width of the main phase transi-
tion peak; ∆Hm Ð the enthalpy of main phase transi-
tion.)

phase transition enthalpy in a non-monotonous
meaner (Fig. 1C). Enthalpy increases for rising
concentrations up to 100 mm, and drops down for
higher ones.

A more prominent effect was observed upon
pretransition analysis. For all salts pretransition
temperature was significantly shifted toward lower
ones (Fig. 2A). Again, the effect of IÐ was the
largest Ð pretransition temperature fell by 3.5 ∞C

Fig. 2. The dependences of pretransition characteristics
on the concentration of NaCl (triangles), NaBr (circles)
and NaI (cross).
(Tp Ð the temperature of pretransition; ∆T / Tp Ð the
relative half-width of pretransition peak; ∆Hp Ð the en-
thalpy of pretransition.)

(from 36.5 ∞C to 33 ∞C). The shift was much
smaller for the two other salts (by about 1.5 ∞C).
Determining pretransition half-width is difficult as
its peak becomes smeared. Crude estimation re-
veals half-width to have increased twice as much
for 100 mm of NaI than for 100 mm the two
remaining salts (Fig. 2B). When pretransition
enthalpy was calculated, there were no measur-
able changes in the entire NaCl and NaBr concen-
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tration range, whereas it dropped to zero for
NaI concentrations above 100 mm. This indicates
significant alteration of the interfacial region
(Fig. 2C).

Presented data confirm previous observations
presented in literature that the presence of salt al-
ters lipid bilayer phase behavior (Cevc, 1990;
Cevc, 1991; Koynova et al., 1997). Most studies up
to date were focused on the effect of cations, in
light of their physiological relevancy (Koynova
and Caffrey, 1998), and with major emphasis on
calcium (Goldberg et al., 1994; Sturtevant, 1998)
due to its role in second messenger cascades (Ber-
ridge, 1993). Only recently has the ability of ions
to alter water structure been included in studies of
membrane associated phenomena (Collins, 1997;
Collins, 1995; Koynova et al., 1997). In this respect,
the ability of anions to affect lipid bilayer state
follows the Hofmeister series IÐ, BrÐ, ClÐ, which
reflects charge density and the ratio of ion-water
to water-water interaction strengths. The ability of
such ions to disturb the water layer that is adjacent
to the membrane is likely to be an important
factor (Cevc, 1991; Gawrish et al., 1992; Marrink
et al., 1996). Since the biological membrane sur-
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face is neutral or negatively charged, the presence
of a small amount of anions there can have only
limited effect in terms of electrostatic interactions.
However, if surface potential was positive, it
would be expected to become substantial (Cevc,
1990). Such a situation is anticipated when cationic
liposome-DNA complexes are studied. Our own
observations show that the presence of iodide in
the millimolar range is capable of inducing the nu-
cleotide dissociation from the positively charged
membrane surface.

In addition, the presented data are relevant for
methodological reasons, since iodide is frequently
applied as a fluorescence quencher of tryptophans.
Iodide concentrations are then significantly higher
than those used in this paper, making iodide inter-
ference in protein-membrane interactions feasible.
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