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Fusion of negatively charged phospholipid vesicles by a-latrotoxin
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a-Latrotoxin-induced fusion of liposomes has been described using large unilamellar vesicles composed of phosphatidylcholine/phosphatidyletha-

nolamine/cardiolipin at a molar ratio of 2:3:5. Vesicle fusion was monitored by terbium/dipicolinic acid assay as well as by fluorescence energy

transfer measurement. The enhancement of the fusogenic effect of LTX by low concentrations (0.1-3 mM) of CaCl, has been demonstrated. The

efficiency of other divalent cations on the LTX fusogenic activity was shown to decrease in the sequence Ca > Cd > Sr > Mg > Ba. LTX-induced

fusion was accompanied by the increase of vesicle size measured by laser correlation spectroscopy. It is concluded that fusogenic action of LTX
may be involved in its effect on synaptic apparatus.

a-Latrotoxin; Membrane fusion; Liposome

1. INTRODUCTION

Membrane fusion is involved in a number of cellular
functions. It is well established that the secretory pro-
cess of neurotransmitters in the nervous system occurs
as a result of fusion of synaptic vesicles with presynap-
tic membrane. This exocytotic release of neurotransmit-
ter is triggered by free Ca®*.

LTX is a presynaptic toxin isolated from the venom
of black widow spider (Latrodectus mactans
tredecimguttatus). It is believed that the mode of its ac-
tion is based on its possibility to form Ca?*-selective
ionic channels in presynaptic membranes [1]. However,
it has been shown that the presynaptic effect of LTX oc-
curs also in the absence of calcium ions in the ex-
tracellular medium [2]. We supposed that LTX by itself
could trigger the fusion process. The experiments with
the model liposome-planar lipid membrane system [3]
and with cell-free model of neurosecretion consisting of
synaptic vesicles and synaptic plasma membrane [4]
substantiates this assumption.

In this paper, we have directly demonstrated the
fusogenic activity of LTX in liposome experiments.
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2. MATERIALS AND METHODS

2.1. Materials

PC, PE and CL were obtained from the Laboratory of
Biotechnology (TINRO, Vladivostok, USSR). All phospholipids were
assayed for purity on thin-layer chromatography and proved to be
pure. Phospholipid was determined by phosphate assay [5].
TbCL;3-6H,O was obtained from Chimreactiv (Kiev, USSR).
Dipicolinic acid (pyridine-2,6-dicarboxylic acid) was from Sigma
Chemical Co. Chlorophylls @ and b were purchased from the Institute
of Bioorganic Chemistry in Kiev, Hepes from Serva. LTX was
purified by means of FPLC (Pharmacia) with a Mono-Q column [6].

2.2, Liposome preparation

Large unilamellar vesicles consisting of a ternary mixture of
PC/PE/CL in the molar ratio 2:3:5, respectively, were prepared by
reverse phase evaporation method [7]. The average size of liposomes
was determined by the method of laser correlation spectroscopy [8].

2.3. Fusion assay

The Tb-dipicolinic acid fusion assay [9] was used for fusion
monitoring. All measurements were carried out on a Hitachi 650-10S
fluorescence spectrophotometer at excitation 276 nm and emission
545 nm through > 530 nm cutoff filter. Assays for the fusion of vesi-
cle content were carried out in the medium of 100 mM NacCl, 5 mM
Hepes, 0.1 mM EDTA, pH 7.4, and Tb- plus DPA-vesicles (50 uM
lipid each).

Fusion experiments were conducted using resonance energy
transfer method with chlorophylls @ and b [10]. Fluorescence was
measured at excitation wavelength of 465 nm, emission - 660 nm for
Chl b, and 672 nm for Chl a through > 640 cutoff filter.

3. RESULTS AND DISCUSSION

Fig. 1 shows the typical experiment demonstrating
the effect of LTX on vesicle fusion. Two populations of
vesicles (one containing Tb, the other - dipicolinic acid)
were mixed and LTX was added to the vesicle suspen-
sion. Clearly, the extent of fusion was dependent on the
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Fig.1. Kinetics of fusion liposomes as a function of a-latrotoxin con-

centrations. (@) 1073 M; (¢) 5x 1078 M; (&) 1077 M; (¢) 5x 1077

M. The maximum fluorescence (at 100% fusion) was set by lysing of

Tb-containing vesicles with 0.5% sodium cholate in the presence of
dipicolinic acid without EDTA.

LTX concentration. The rate of membrane fusion
under the low LTX concentration (10~% M) was very
small, but it increased dramatically at 5x 10”7 M.
Little wonder that LTX promoted the fusion of other
negatively charged phospholipid vesicles containing
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Fig.2. Enhancement of a-latrotoxin-induced fusion of liposomes as a

function of Ca* concentrations. (@) LTX, without Ca*; (#) LTX

+ 0.1 mM Ca’*; () LTX + 1 mM Ca®*; (6) LTX + 2 mM Ca?*;

(O)LTX + 3 mM Ca’*. Concentration of added LTX was 10~7 M.

The maximum fluorescence (at 100% fusion) was set by lysing of Tb-

containing vesicles with 0.5% sodium cholate in the presence of
dipicolinic acid without EDTA.
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Fig.3. Emission spectra of pigmented liposomes before (—*~) and 5
min after ( ) addition of a-latrotoxin (10~7 M) with Ca®*
(3 mM).

phosphatidylserine or PC/CL (1:1 molar ratio) (data
not shown).

It has been clearly shown in Fig. 2 that Ca?* enhanc-
ed the fusogenic effect of LTX. It should be stressed
that the large unilamellar vesicles used do not fuse at
this (0.12-3 mM) Ca®* concentration. When LTX and
Ca’* were simultaneously added to the suspension of
vesicles, the extent of fusion was significantly increas-
ed. The rate of fusion is dependent on the concentration
of Ca’*. It should be kept in mind that all the buffers
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Fig.4. Effect of divalent cations (3 mM) of the time course of a-

latrotoxin-induced fusion of liposomes. Concentration of added LTX

was 10 =7 M. The maximum fluorescence (at 100% fusion) was set by

lysing of Tb-containing vesicles with 0.5% sodium cholate in the
presence of dipicolinic acid without EDTA.
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used in these experiments contained 0.1 mM EDTA,
therefore the actual free Ca’* concentration was
respectively lower. It will be reasonable to suppose that
LTX as a synexin [11] lowers the threshold of Ca%*
concentration required for the fusion of vesicles.

Fusion of phospholipid vesicles has been also studied
by monitoring of liposomic membrane intermixing. The
data obtained by this method supported the results of
Tb-dipicolinic acid assay, but the sensitivity of this
method did not allow one to make the kinetic fusion
measurements. LTX in the presence of Ca?* (3 mM) in-
duces effectively the fusion of pigmented liposomes
with non-pigmented ones and the reduction in energy
transfer from Chl b to Chl g was observed (Fig. 3).

The synergism of the fusion effect of LTX and Ca?*
was also demonstrated by the method of laser correla-
tion spectroscopy. According to these data the average
diameter of the vesicles after incubation with LTX and
Ca’* (3 mM) increased from 170 nm to 260 nm.

The efficiency of other divalent cations in the
enhancement of LTX-induced fusion of acidic
liposomes has been shown in Fig. 4. The extent of fu-
sion in the presence of Ca®* was higher than that with
other divalent cations. It appears that the sequence of
cation efficiency for LTX-induced fusion was
Ca’* >Cd** >Sr** >Mg?* > Ba**.

The participation of proteins in membrane fusion in
various systems has been reported [12]. A number of
proteins and peptides such as synexin [11], clathrin [13],
diphtheria toxin [14], tetanus toxin [15] have been
found to induce fusion of liposomes and their fusion
mechanism has been studied. The results have proved
that protonation, change in conformation, exposure of
hydrophobic segments of proteins, and their insertion
into the membrane definitely contribute to the fusion of
liposomes.

The key finding reported in this paper is that LTX
promotes the fusion of negatively charged vesicles and
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this effect is enhanced by Ca?* and other divalent ca-
tions. It would be of particular interest to see the
physiological relevance of the phenomenon.

The investigation on the mechanism of LTX
fusogenic effect is now in progress.
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