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Polymyxin B induces interdigitation in dipalmitoylphosphatidylglycerol
lamellar phase with stiff hydrocarbon chains
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1. INTRODUCTION

Polymyxins are broad spectrum antibiotics
exhibiting activity against Gram-positive and
Gram-negative bacteria, yeast and protozoa [l].
These antibiotics are known to cause a rapid
permeability change of the cytoplasmic membrane
resulting in a release of cellular materials [1]. Poly-
myxins are peptidolipids to which the presence of
56 2,4-diaminobutyric acid residues confers a net
positive charge [2]. Recent studies of the interaction
of polymyxins with lipid monolayers [3,4] and bi-
layers [5.8] has revealed a high and specific affinity
of the polymyxins for acidic phospholipids. We
demonstrate here that this antibiotic has the effect
of inducing interdigitation of the hydrocarbon
chains when interacting with dipalmitoylphos-
phatidylglycerol.

2. MATERIAL AND METHODS

rac-DPPG—Na salt was of synthetic origin [9].
The lipid was pure as indicated by thin-layer
chromatography.

Polymyxin B sulphate was purchased from Sigma
(St Louis). It was converted into the iodide form by
titration with barium iodide. The precipitated
bariumsulphate was removed by centrifugation;
the clear aqueous supernatant was lyophilized and
polymyxin B iodide obtained as a white microcrys-
talline powder.

Abbreviations: Rac-DPPG, racemic dipalmitoyl phos-
phatidylglycerol; PxB, polymyxin B
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Polymyxin B/rac-DPPG complexes were obtain-
ed using the following procedure. The two compo-
nents, in the desired molar ratio, were dissolved
in a minimum chloroform/methanol (1/1, v/v)
solution (50 mg/0.1 ml). Addition of acetone (5 ml)
precipitated the peptidolipid complex as a white
powder whereas sodium iodide remained soluble in
the acetone phase. The precipitate was centrifuged
and washed with acetone (5 ml) and finally dried in
vacuo over phosphorus pentoxide. The 5/1, 7/1,
10/1, 20/1 and 25/1 rac-DPPG—PXB complexes
prepared with this procedure were lysophos-
phatidylglycerol free, as revealed by thin-layer
chromatography.

The X-ray diffraction experiments were done as
in [10,11]. The interpretation of low and high angle
diffraction pattern is described in [10,13].

RESULTS

3.1. Dryrac-DPPG—PXB

Five different samples rac-DPPG—-PXB were
studied, at molar (rac-DPPG/PXB) ratios 5/1,7/1,
10/1, 20/1 and 25/1. At room temperature, the 5
samples fall into 3 classes. Two classes (5/1,7/1)
show one lamellar phase (with the same spacing,
d=37.7 A) with stiff interdigitated chains; the organi-
zation of the chains is of type p6. The 10/1 sample
contains two lamellar phases whose spacing are 37.7
and 56.6 A, respectively. According to the high
angle reflections, the hydrocarbon chains are stiff
and the organization of the chains of type p6: it can
be presumed that the chains are interdigitated in the
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thinner phase*. The last two samples (20/1, 25/1)
contain only one lamellar phase LA with spacing

56.7 A and thus with non-interdigitating chains. J(Af rac-DPPG - PXB (7/1)
The presence of sharp reflections at 4.12, 2.4 and C=0.75
2.09 A~ ' show that the chains are stiff and parallel, 50k

oriented at a right-angle to the plane of the lamellae
[12] and organized according to the two-dimen-
sional hexagonal lattice, type p6; this phase is simi-
lar to the one observed with rac-DPPG—NH,4 [13]. o

o

3.2. Hydrated rac-DPPG—PXB 40
The 5 samples, roughly at the same water con-

centration (see fig.1,2), can be sorted in two classes. 0 20 40 T{c)

With the two lowest rac-DPPG—PXB ratios (5/1

and 7/1) a lamellar phase La is observed at high d(A)

temperature (41°C and fig.1). Between 41-0°C, the

lamellar phase present is of type B [12] with stiff 0

e "

rac - DPPG - PXB (5/4)
C- 0.74

* The lamellar repeat distance, d = 37.7 A, is exactly that 5
observed for dry rac-DPPG—Ach sample [13] Coy o 69

Fig.1. Lamellar repeat distances, 4, as a function of temp- 40
erature. The symbols refer to the organization of the

chains; liquid-like (o); two-dimensional lattice p6 (¢): 0 20
two-dimensional lattice cmm (s). For the ordered con-

formation, open symbols indicate interdigitating chains. Fig. 1
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Fig.2. Lamellar repeat distances, 4, as a function of the temperature. The symbols refer to the organization of the chains:
liquid-like (0); two-dimensional lattice p6 (#); two-dimensional lattice cmm (w). For the ordered conformations, open
symbols indicate interdigitating chains, full symbols non-interdigitating chains.
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interdigitated chains, organized according to the
lattice type p6. At < 0—5°C, the packing became
cmm-type (fig.1). At 45°C, the samples 10/1, 20/1
and 25/1 also contain a lamellar phase La (fig.2).
Below 40°C, two lamellar phases are observed
(fig.2) whose packing differs by — 20 A. For the
thinner phase, the chains are stiff and interdigita-
ted. From 40—0°C the organization of the chains is
of type p6 and of type cmm below — 5°C (down to
— 15°C) (fig.2). The other lamellar phase also con-
tains stiff and parallel chains: yet it is not easy to
establish whether the chains are tilted with respect
to the direction perpendicular to the lamellae,
because the overlapping reflections prevents one
checking whether the 4.1 A ~ ! reflection is sharp or
diffuse [12].

4. DISCUSSION

The antibiotic polymyxin B, at molar ratios 5/1
and 7/1 has the effect of inducing interdigitation of
the hydrocarbon chains in the lamellar phase of
rac-DPPG. At higher polymyxin B content and
below 41°C, two lamellar phases are present simultan-
eously; one with interdigitated chains, in which the
rac-DPPG interacts with polymyxin B; the other, of
type LS or LB, apparently contains only
rac-DPPG—NH, and water [13]. An inspection of
the intensities of the reflections shows that the
amount of interdigitated phase decreases with
decreasing PXB content.

The observations reported here and in [13] can be
discussed within the framework of the biological
significance of the polymorphic transitions of lipid—
water systems. This is a long-standing problem
[14,15.21], which has been revived recently by some
1P NMR and electron microscopic observations of
intact membranes and extracted lipids [16--19]. The
structural transition induced by choline, acetylchol-
ine and polymyxin B, involve a remarkable de-
crease of the thickness of the hydrocarbon layer:
since this is the insulating layer in membranes such
shrinkage may be presumed to produce large per-
meability changes. Yet interdigitation has been ob-
served so far under conditions which are unlikely to
prevail in physiologically active membranes,
namely with lipids containing two identical saturated
chains and in phases with stiff chains. From the
physiological standpoint, a more interesting possi-
bility is that the primary effect of PXB (as well as
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choline and acetylcholine) is to increase the
area/polar group of DPPG at the lipid—water
interface, interdigitation being a peculiar effect of
that area expansion, observed only with some lipids
and at low temperature. Indeed, the area/polar
group is a critical parameter for the stabilization of
the different phases of lipids [20—22], and local
alterations of that parameter are likely to induce
local perturbations of the lipid bilayer (the hex-
agonal and the cubic phases are well documented
examples of such perturbations) which in turn may
upset permeability and other physiological proper-
ties of membranes.
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