Gen. Physiol. Biophys. (1989), 8, 459 474 459

Central Asian Cobra Venom Cytotoxins-induced
Aggregation, Permeability and Fusion of Liposomes
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Abstract. The processes of membrane aggregation, permeability and fusion
induced by cytotoxins from Central Asian cobra venom were investigated by
studying optical density of liposome samples, permeability of liposome mem-
branes for ferricyanide anions and exchange of lipid material between the
membranes of adjacent liposomes. Cytotoxins V.5 and V.1 were found to induce
aggregation of PC + CL and PC + PS liposomes. Cytotoxin V.5 increased also
the permeability of the liposomes for K [Fe(CN),] and enhanced their fusion.
Cytotoxin V.1 increased membrane permeability and enhanced fusion of
PC + CL samples only. The changes in membrane permeability and fusion were
found to occur within a single value of cytotoxin concentrations. The fusogenic
properties of the cytotoxins studied are supposed to be due to the ability to
dehydrate membrane surface and to destabilize the lipid bilayer structure.
Fusion probability 1s largely defined by the phospholipid composition of the
membranes. A model of interaction of cytotoxins with cardiolipin-containing
membranes is offered.
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Introduction

The fusion of cells and cellular organelles is a necessary stage of numerous
biological processes (Elsbach et al. 1969) and it involves aggregation of mem-
branes and aqueous bulks restricted by the membranes (Chernomordik et al.
1986). A usual approach to study this phenomenon are model lipid bilayer
systems (Diizgiines 1985). A number of experimental (Houg and Vacquier 1986:
Papahadjopoulos et al. 1978) as well as theoretical (Chernomordik et al. 1986;
Markin and Kozlov 1984) papers dealing with these processes have been pu-
blished so far. The conditions required for the membrane to fuse have been
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reported to concern both the properties of the membranes themselves and
external environmental trigger effect (Markin and Kozlov 1984). Membrane
fusion is accompanied by aggregation of vesicles, by leakage of the vesicle
contents into the external solution and, in some cases, by heat release (Wilshut
et al. 1980; Portis et al. 1979).

The aim of the present study was to obtain more information concerning
the nature of the fusion process by studying processes accompanying membrane
fusion: membrane aggregation (Markin and Kozlov 1984) and changes in
permeability (Shragin et al. 1986), exchange of lipid material between the
membranes of neighbooring liposomes (Papahadjopoulos et al. 1979). Cyto-
toxins V.5 and V.1 of Central Asian cobra venom were used as the trigger agents.
The cytotoxins are polycationic amphiphilic polypeptides (m.w. about 7000 D,
pl 11 and pl 9.5 for V.5 and V1, respectively) (Grishin et al. 1974; Yukelson et
al. 1974). The cytotoxins used have all the properties typical of fusogenic
proteins (Markin and Kozlov 1984): they strongly change the bilayer order of
phospholipids (Aripov et al. 1986: Gasonov et al. 1988). neutralize the surface
charge of bilayers (Salakhutdinov and Aripov 1981) and dehydrate the polar
area of membranes (Gasanov and Gasanov 1988). As models lipid membranes
sonicated phosphatidylcholine liposomes containing acid lipids (cardiolipin or
phosphatidylserine) were used.

Materials and Methods

Substances used: phosphatdylcholine (PC) and cardiohpin (CL) (Kharkov Factory. USSR). pho-
sphatidylserine (PS) from bovine brain, dipalmitoylphosphatidylcholine (DPPC) and dimiris-
toylphosphatidylchohne (DMPC) (Sigma. USA). The phospholpids were purified on silica co-
lumns. Liposomes were prepared by 10-min sonication of lipid suspensions in 10 mmol/l Tris-HCl
buffer (pH 7.5), | mmol/l EDTA at 2 4°C in hehum media in an ultrasonic disperser USDN-1
(USSR) at a frequency of 22 kHz during 20 nmin. followed by centrifugation at 200 x g for 60 min;
the liposome samples were incubated in helium atmosphere during 20 hours at 10°C (natural lipids)
or at 45°C (synthetic hipids). Liposome samples for calorimetric measurements were prepared by
mixing synthetic ipid and natural acid lipids (either PS or CL). Liposome samples for 'H-NMR
analysis were prepared with D0, Cytotoxins (CT) V.5 and V.1 were extracted Irom the Central
Asian cobra (Naja naju oxiana) venom according to Grishin et al. (1974). Erythrosine. pyrene and
perylene (Fluka, FRG) were used as luminescent probes. Ferrocene (Sigma. USA). a hydrophobic
probe. was used as the phosphorescence quencher. The probes were imcubated with liposomes
during 24 hours at 4°C at 5 x 10 "mol/l (erythrosine), 10 mol/l (ferrocene). 5 % 10 “ mol/l
(pyrene)and 5 x 10 " mol/l (perylene). To remove free probe the hposome samples were chromato-
graphied on Sephadex G 50 columns (1.8 »x 75 em). Following chromatography the concentration
of lipids was assessed spectrophotometrically, From liposome samples for luminiscent analyses,
oxygen was enzymatically removed by glucoscoxidase (Mekler ¢t al. 1982). The concentrations of
the luminiscent probes. glucoscoxidase and glucose used n the liposome samples did not change
EPR spectra of doxylstearic acid and "H-NMR spectra of liposomes during 24 hours. The detection
of erythrosine phosphorescence quenching by ferrocene and annihilation of retarded perylene
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fluorescence sensibilized by pyrene were detected in a pulsed laser equipment according to Kotel-
nikov et al. (1979). The phosphorescence emission was detected through a hght filter passing light
at A > 700 nm, and that of the sensibilized anmihilation retarded fluorescence through a light filter
passing light at A > 420 nm_ The excited state lifetime of probes was estimated from the dependence
of attenuation of the probe glow on ime in semilogarithmic coordinates. EPR spectra were recorded
with a Varian E-4 spectrometer (USA) at modulation amplitudes not exceeding 2 x 10 * T and
resonator input power exceeding 20 mW. 'H-NMR spectra were recorded with a Varian X1-200
spectrometer (LJSA) with an operating frequency of 200 MHz. The width of the 90° pulse was 8.7 us.
the acquisition time for free induction signal was | s. The optical density was continuously moni-
tored at A = 500 nm using a SF-26 spectrophotometer (USSR). Calorimetric measurements were
performed at a recording rate of 1°C per minute using a differential scanning microcalorimeter
DASM-4 (1ISSR).

Results and Discussion
. Cytotoxin-induced turbidity of liposome samples

The turbidity of sonicated vesicle solution induced by cations (Lansman and
Haynes 1979; 1975) or proteins (Diizglines 1985) has been accounted for by
membrane aggregation. We believe that CT-induced turbidity of liposome
samples is due to the aggregation of the liposomes. The degree of turbidity
(aggregation) was estimated by measuring the optical density of samples. Fig. la
shows changes in optical density of PC + PS liposome solution with time at
different concentrations of V.5 and V.I. The initial V.5 concentration slightly
increased the optical density (to 0.04) which remained then stable for a long
period of time. The first addition of V.1 did not really affect the optical proper-
ties of the liposome solution. The subsequent additions of CT induced a pro-
nounced aggregation, with the increasing concentration further enhancing ag-
gregation. V.5 showed a stronger capacity to induce aggregation of PC + PS
liposomes than did CT V,I.

The change in optical properties of PC + CL liposome solution induced by
cytotoxins is of a different nature than that induced in PC + PS liposomes
(Fig. 1h). The introduction of V.5 into a PC + CL liposome sample enhanced
membrane aggregation followed by an exponential decrease in the optical
density level of the solution. The drop of optical density may be connected with
membrane fusion, the process of liposome desaggregation or with precipitation
of liposome aggregates. The latter possibility was tested, and the shaking of the
liposome sample after clearing did not result in a rise in the optical density. For
V.1 there were almost no changes in turbidity over time. This can be explained
in two ways: either V.1 does not induce liposome aggregation or the aggregation
rate correlates with the membrane fusion rate, resulting in effectively no change
in optical properties of the sample.
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Fig. 1. Changes in optical density induced by cytotoxins V.5 (sohid line) and CT V.1 (dashed line) in
liposome samples: 4 PC + 10 mol® PS hiposomes, 8 PC + 10 mol% CL liposomes. CT — hipid
molar ratios 0.005(1): 0.01(2): 0.015(3): 0.02(4).

2. Liposome fusion studied with luminescent probes

Two approaches were adopted to study the CT-induced process of membrane
lipid material exchange using luminescent probes: estimation of desactivation of
erythrosine triplet excited state by a hydrophobic probe (ferrocene) and measu-
rement of annihilation retarded fluorescence of perylene induced by triplet-tri-
plet transfer of excitation energy from pyrene to perylene.

a) Erythrosine phosphorescence queching by ferrocene
Mixing two liposome samples. one containing erythrosine and the other one
ferrocene, resulted in no changes of erythrosine phosphorescence lifetime. This
suggested that there is no lipid or probe exchange between liposomes or that
these processes are very slow. The addition of V.5 to PC + PS or PC + CL
liposomes, or of V.1 to PC + CL samples resulted in phosphorescence quen-
ching suggesting effective probe exchange. When V.1 was added to PC + PS
liposomes, no phosphorescence quenching occurred. To assess the quenching
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Fig. 2. Dependence of erythrosine phosphorescence quenching by ferrocene on relative concentra-
tions of V.5 (empty symbols) and V.1 (filled symbols). 7, — lifetime of erythrosine phosphorescence
in liposome samples without CT. 7, — lifetime of erythrosine phosphorescence with defined CT
concentrations. The solid line shows results for PC + 10 mol% CL liposomes, the dashed line those
for PC + 10 mol% PS liposomes.

efficiency at different CT concentrations in liposome samples relative lifetime
changes or erythrosine phosphorescence — 7,/7, were calculated (7, is the
lifetime of erythrosine phosphorescence in the presence of a given CT concentra-
tion, 7, is erythrosine phosphorescence lifetime in the sample without CT). In
cardiolipin-containing liposomes, V.5 induced quenching at lower concentra-
tions than did V.1 (Fig.2). For both PC + PS and PC + CL liposomes the
quenching was almost identical at initial concentrations of V.1. However, the
phosphorescence lifetime in cardiolipin-containing liposomes dropped sharply
as soon as C¢r/C,, exceeded 0.04, whereas it reached a plateau in PC + PS
liposomes. The lower t,/7, values for PC 4+ CL samples in the presence of V.1
and V.5 as compared with those for PC + PS samples in the presence of V.5, can
be explained by a more effective diffusion of probes in the cytotoxin modified
lecithin-cardiolipin membrane.

With a more rigorous approach, erythrosine phosphorescence quenching by
ferrocene may be explained not only by liposome fusion. Erythrosine in mem-
branes is known to be localized in the area of polar lipid heads (Mekler et al.
1982), and the close contact under conditions of aggregation of neighbouring
liposome bilayers may provide the interaction of erythrosine with ferrocene. To
investigate in detail the conditions of erythrosine phosphorescence quenching
by ferrocene an experiment was performed to study the energy transfer of triplet
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excitation from pyrene to perylene, known to be localized deep in the membrane
hydrophobic region (Wallach et al. 1974; Podo and Blasie 1977).

b) Triplet-tripler energy transfer from pyrene to perylene
The quantum emission of annhilation retarded fluorescence (ARF) occurs at
the interaction of excited triplet molecules: one molecule passes to the basic state
while the other to the excited singlet state (Parker 1972). The quantum emissions
of ARF are known both for pyrene and perylene (Mekler et al. 1983). However
at certain chromophore concentrations and with insufficient power of excitation
laser no ARF of pyrene and perylene may occur. We established the necessary
conditions for detection and defined the chromophore concentrations in liposo-
me solutions required for no ARF for pyrene or perylene to ogcur. When both
liposome systems were sonicated in the presence of pyrene or perylene, glow of
a sufficient intensity was observed with a lifetime of 4.5 x 10 *s. The processes
of the given fluorescence may be described as follows:

1) pyr + hv— pyr’

2) pyr’ + per — pyr + per’

3) per’ + per’ — per' + per

4) per' - per + hv
Pyrene has a somewhat higher triplet level than does pervlene (Parker 1972).
This allows an efficient occupation of the perylene triplet level by triplet-triplet
energy transfer pyr’ + per — pyr + per'; i.e., pyrene acts as a sensibilizer of
perylene ARF. For the first time such a sensibilized retarded fluorescence in a
solution was observed in phenanthrene (donor) + anthracene (acceptor) system
(Parker and Hatchard 1962), and the theory thereof was developed by Parker
(1972). This approach was used to study the cytotoxin-induced process of lipid
exchange for different membranes. The quantum emission of ARF in mixture
of two liposome samples containing different chromophores was found to occur
in PC + CL vesicles at values of Cc/Cy, > 0.01 for V.5; the corresponding
value for V.1 was > 0.0175, and that for PC + PS vesicles and V.5 > 0.015. No
fluorescence was in PC + PS vesicles C/C;, between 0 and 0.1 for V.1.

3. Calorimetric study of liposome fusion

The differential scanning microcalorimetry was used as an additional method
for the study of lipid exchange processes between membranes. The capacities of
the method in studies of liposome fusion processes have been discussed by
Papahadjopoulos et al. (1977).

The phase transition temperature is known to depend on the hydrocarbon
chain length, polar head structures and charge (Ivkov and Berestovsky 1981)
and may provide information about the character of bilayers composed of a
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Fig. 3. Calorimetric curves for liposome samples: @ — DMPC + 2.5 mol% CL liposomes: b
DPPC + 2.5 mol% CL liposomes: ¢ — a mixture of two liposome populations: d — a mixture of
two liposome populations containing V.1: ¢ — a mixture of liposome populations containing V.5,

single phospholipid type. For a mixture of two phospholipids the calorimetric
curve would show a peak of heat absorbance corresponding to the phase
transition of the two-component system (Ivkov and Berestovsky 1981). Hence
the transition temperature parallels a portion of each component in the mixture
(Ivkov and Berestovsky 1981).

In the present work DMPC and DPC, with a difference in transition
temperatures of 18°C, were chosen. These phospholipids are also known as
ideally mixing systems both in solid and liquid phase (Ivkov and Berestovsky
1981). The calorimetric curve of a mixture of separately sonicated DMPC and
DPPC showed two transitions at 23 °C and 41 °C which corresponded to phase
transition of DMPC and DPPC respectively. When the two lipids were soni-
cated together, one peak of heat absorbance appeared, and at an equimolar
concentration the temperature was equal to half the sum of DMPC and DPPC
phase transition temperatures. The lipid systems used for the study of interac-
tions between membranes and CT included negatively charged phospholipids
(5mol% PS and 2.5 mol% CL). The comparatively lower proportion of CL
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Fig. 4. Calorimetric curves for liposome samples: @ DMPC + Smol% PS: h  DPPC +
+ 5mol% PS; ¢ a4 mixture of two liposome populations: o a muxture of two liposome
populations containing V,1: ¢ — a mixture ol two liposome populations containing V5.

used was due to the fact that CL appreciably disturbs the ordered packing
of hydrocarbon chains, this notably reducing the degree of transition coopera-
tivity. It is responsible for considerable broadening of calorimetric curves and
makes difficult (or even impossible) interpretation of experimental data. In our
experiments, the concentrations of CL and PS used only insignificantly
broadened and shifted phase transition peaks. The calorimetric curves for
DMPC + CL and DPPC + CL liposomes each have two peaks of basic phase
transitions (Fig. 3¢) corresponding to phase transitions of two liposome popula-
tions. The calorimetric curves of liposome mixtures containing V.5 (Fig. 3d) and
V.1 (Fig. 3¢) show one phase transition peak. According to Papahadjopoulos et
al. (1979) this should be taken as evidence for complete mixing of different
system liposome lipids and considered as reflecting fusion of two liposome
populations. The addition of V.l to a sample of two liposome populations
prepared of DMPC + PS and DPPC + PS (Fig. 4d) resulted in a broadening
and a shift by 0.7°C of the lower phase transition temperature peak towards
higher temperatures, and a shift by 0.9°C of the higher transition temperature
peak towards lower temperatures; most likely, this suggests some mixing of
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Fig. 5. '"H-NMR signals of trimethylammonium groups of PC liposomes interacting with increasing
CT concentrations in the presence of potassium ferrycianide. 4 — V.1 and B — V,5 both in PC +
+10mol% CL: € — V1land b V.5 both in PC + 10 mol% PS.

lipids of the two liposome populations. However the degree of the association
is insufficient for fusion as indicated by the calorimetric peak of two liposome
system preserved at least during 24 hours. The addition of V.5 to a mixture of
two liposome populations DMPC + PS and DPPC + PS induced considerable
changes of the calorimetric curves. The melting curve of the sample represents
three superposed peaks (Fig. 4¢), two of which correspond to the melting of two
initial liposome populations. with the third one (an intermediate peak) corres-
ponding to melting of fused liposomes. This fact is rather unequivocally indica-
tive of an effective lipid material exchange between membranes.

4. "H-NMR studies of cytotoxin-lipid interactions

'H-NMR spectroscopy allows detailed investigations of packing and movement
of polar groups and hydrocarbon chains in a “liquid™ bilayer (Ivkov and
Berestovsky 1982). As for sonicated vesicles, paramagnetic metal ions used as
shift reagents considerably extend the capacity of the method (Bergelson 1976).
Paramagnetic ions allow to separate NMR signals of polar lipid groups on outer
and inner membrane surfaces. It makes possible the observation of the state of
two monolayers and the examination of the membrane structure stability (Ivkov
and Berestovsky 1982). This approach was used to study the annealing process
of small lecithin vesicles (Lawaczech et al. 1975) as well as the process of fusion
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of membranes induced by sonication at temperatures below the phase transition
(Lawaczech et al. 1976).

In the present work ferricyanide anion [Fe(CN)]' was used as the shift
reagent: its addition to samples of sonicated vesicles resulted in a shift of the
signal of trimethylammonium groups of the outer lecithin monolayer towards
higher values. It is a characteristic of the ferricyanide anion that within a defined
concentration range it does not induce membrane fusion (Ivkov and Berestov-
sky 1982) and allows to study bilayer permeability for paramagnetic ions under
conditions of cytotoxin induced liposome samples broadened the signal, while
relative V.5 concentrations equal to or exceeding 0.01 shifted signals of the inner
monolayer N* (CH,), groups from the weak field towards the resonance domain
of the trimethylammonium groups of the outer monolayer (Fig. 5D). The
broadening of '"H-NMR signals may be explained by membrane aggregation of
fusion (Smith et al. 1981) and/or by limited mobility of the phospholipid mole-
cules (Hauser and Phillips 1973). The shift of the inner monolayer N (CH,),
group signal towards the stronger field suggests that the membrane is permeable
for ferricyanide ions. The 1atio of intensities of inner (/) and outer (/,) mono-
layer N* (CH,), signals was used to assess the rate of ferricyanide penetration
into the internal velume of liposomes (Fig. 6). Upon increasing the concentra-
tion of V.5 up to a value of Cr;/C, 0of 0.03 the ratio /, /I, also increased. Further
increasing V.5 concentration was associated with a drop of the [ /I, ratio. The
increase of [,/ indicates that V.5 induces a greater broadening, and hence
decrease, in the outer monolayer signal intensity as compared to that of the
inner monolayer signal. This may be due to a cytotoxin-induced reduction of the
mobility of the outer monolayer phospholipid since membrane aggregation and
fusion broaden both signals leaving the intensity ratio unchanged. The reduc-
tion of the /7 /I, value suggests that the ferricyanide ion penetrates into the
liposomes and shifts the resonance of N*(CH,), group towards stronger fields.
Fig. 6 illustrates the dependence of the change of 'H-NMR signal half-width Av
of hydrocarbon chain CH,-groups on CT concentration. For V.5 in PC + PS
liposomes Av,/Av, starts increasing within the same CT concentration range as
does the process of ferricyanide ion penetration into the liposome interior start.
Hence, the disturbance of the bilayer structure and the permeability enhance-
ment coincide with the process of membrane fusion or aggregation.

The addition of V.1 to PC + PS liposome samples induced broadening of
'H-NMR peaks (Fig. 5C). Nevertheless, the signal from the inner monolayer
choline groups did not disappear suggesting that the bilayer has preserved its
integrity. The growing value of the [ /I, ratio over the entire range of V.l
concentrations tested (Fig. 6) suggests a limited mobility of the outer monolayer
choline groups. The Av,/Av, value most likely reflects two processes: membrane
aggregation and compaction of the outer monolayer phospholipid packing.
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Fig. 6. The dependence of the relative changes in the ratio of "H-NMR signal 1ntensity from
trimethylammonium groups of ianer (£,) and outer (/) monolayers (4,4, where 4 = [ /1 ) and the
dependence of relative changes of 'I-NMR signal haltwidths from CH,-groups of hydrocarbon
chains (Av;/Av,) on relative concentration of V.5 (filled symbols) and V1 (empty sybals). a — lipo-
somes of PC 4+ 10 mol% PS; b - liposomes of PC + 10 mol% CL. Circles 4 A, squares
AviAy,,

Fig. 54, B shows shape changes of N' (CH,), proton signal from outer and
inner monolayers of PC + CL liposomes upon the interaction with V.1 and V.5.
The resonance line was broadened with both toxins. while at Ce/C,, equal to
or exceeding 0.012, N"(CH,), signals from the inner monolayer groups were
shifted towards stronger fields. The resonance signals of N (CH,), groups were
thus modified and appeared as a peak with a sufficiently pronounced weak-field
shoulder at final CT concentrations. With both toxins added simultaneously the
peak maximum was markedly shifted, relative to the signal peaks of choline
groups from the outer monolayer of to nonmodified CT membrane. towards
stronger fields. This may indicate that the bilayer packing of phospholipids
undergoes structural modification responsible for the new conditions of interac-
tion between ferricyanide ions and lecithin choline groups, resulting in a re-
sonance frequency shift.

For PC + CL liposomes variations of (/,/1,)/(f,/1,) and Av, Ay, values
accompanying increasing CT concentrations (Fig. 6) were analyzed. The
pattern of changes suggests that also here the cytotoxin-induced permeability
enhancement and destabilization of the lipid bilayer packing is accompanied by
membrane aggregation and fusion. In this case however, the membrane outer
monolayer is compacted to lesser extent as compared with phosphatidylserine
liposomes.

The results of the present study and recent reports by other autors allow us
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Fig. 7. A model of interacuion of cytotoxins V.5 and V.1 with cardiolipin-containing membranes.
The shape. size and penctration depth of CT molecule nto the bilayer are illustrated according o
Oimmatov ¢t al (1986). The nonpolar region of the CT molecule is shaded.

to draw conclusions concerning some features of the fusion mechanism in model
system discussed above. The major factors determining fusion probability in-
clude hposome aggregation (Houg and Vacquier 1986), dehydration of mem-
brane contact area (Sundler et al. 1981: Hoekstra 1982; Hui et al. 1981; Ekerdt
and Papahadjopoulos 1982). membrane transiton destabilization (Houg and
Vacquier 1986: Shragin et al. 1986). all of which lead to the formation of a
non-bilaver structure resulting in an increased probability of the fluctuation
phenomenon (Shragin et al. 1986: Koter et al. 1978: Shragin et al. 1985). It was
shown earlier that cytotoxins considerably reduce the spectral anisotropy of
doxylstearic acid in oriented PC + CL membranes (Aripov et al. 1986; Gasanov
et al. 1988). due to the formation of lipid phase sites with isotropic orientation
of the phospholipid molecule long axes (Aripov et al. 1986). it 1s probable that
similar structures are formed at the contact of two membranes; as a result of the
CT-induced dehvdration of phospholipid polar heads the CL molecules take the
form of reverse wedges which. under conditions of aggregation caused by the
polycationic nature of CT. leads to the formation of inverted micelles involving
the cytotoxin molecule (Fig. 7). Further evolution of these formations may
result in liposome fusion.

Investigations of CT interactions with membranes of phospholipids form-
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ing stable bilayers show that CT induce lipid phase compaction (Aripov et al.
1984: 1987). According to the results of the present study and other reports
(Oimatov et al. 1986) CT compacts the outer monolayer only. Markin et al.
(1984) provided the theory of stresses and breaks in a membrane resulting from
molecule compaction in the outer monolayer. From the theory it follows that
stresses arising from molecule crystallization in the contact area of two mem-
branes are capable of breaking membranes in this area, i.e. bringing into
operation the adhesive-condensation mechanism of membrane fusion (Markin
and Kozlov 1984). Such a fusion mechanism occurs when V.5 interacts with
PC + PS liposomes. No fusion occurs on interaction of V.1 with PC + PS
liposomes. In contrast to V.5, V.1 does not induce in the given lipid system the
necessary destabilization of the phospholipid bilayer structure as suggested by
membrane impermeability for the ferricyanide anion. The different levels of
PC + PS membrane destabilization by V.5 and V.| may be accounted for by
some differences in the structural arrangement of these cytotoxins (Grishin et al.
1974; 1976; Yukelson et al. 1974).

In summary. both cytotoxins studied are characterized by fusogenic activity
within certain lipid systems. The fusion probability is determined not only by
natural features of fusogenic substances but, to a great extent. also by the
phospholipid composition of the interacting membranes.
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