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INTRODUCTION

Topic significance. The venom as medicine has interested the scientists since ancient
times, but it is only in recent years that important achievements have been described
(Marcinkiewicz et al., 2003; Calvete, 2013). Snakes have toxins in their venom, which have
unique features due to which they are widely used for scientific and medical purposes
(LEBETOX which can stop bleeding). As a rule, being complex and biologically active, the
greater part of zootoxins is subjected to biotransformation and interacts with biological
membranes after it. In this case the interaction of different venom components with the
membranes is not always the same.

It is common knowledge that at least one component of venom - phospholipase A,
(PLA,), can change membrane permeability, but membrane curvature is essential for this enzyme
(Bell et al., 1996; Susana et al. 2002; Gutiérrez and Lomonte, 2013). Besides nowadays research
has shown that synergistic action of venom proteins may enhance their activities or contribute to
the spread of toxins and the action of one component of venom with membranes can be different
with overall venom effect.

In recent years fluorescent probes have been widely used for the study of biological
membranes (Kirk al., 2007). It makes possible to study substance transport and structural
restoration depending on membrane function (Winnik et al., 1980; Yu et al., 1996; Bagatolli et
al., 1997; Cheng et al., 1997; Garda et al., 1997).

Research goals and tasks. The aim of the present study is to obtain detailed
information about the mechanism and topology of the Macrovipera lebetina obtusa (MLO)
venom in the membrane-binding process and to find out how the presence of such lipid/protein
interaction changes the plastic properties and the ionic permeabilization of membrane.

Our objective was to determine changes in optical spectroscopic and electrical
properties accompanying venom-bilayer complexation and study the influence of venom binding
on the energetics of gel-to-liquid transitions of lipids as a function of base sequence and amino
acid composition of peptides.

Constituted tasks of the research were to:

1. reveal in vivo influence of venom on electrical properties of bilayer lipid
membranes in univalent ion media (Na*, K*, Li*, J°, CI7, Br") for the study of
membrane electropermeabilization, electroporation and ionic permeability;

2. study membrane potential and hydration degree change (with ANS and
LAURDAN fluorescent probes) to estimate energy changes accompanying the
peptide-bilayer binding events;

3. study changes of plastic properties of membrane during lipid/peptide interaction
with the help of membrane fluorescence probes (ANS, pyrene, LAURDAN,
PRODAN);

4.  study morphological changes of giant unilamellar vesicles (GUVs) after
modification with venom components.

Scientific novelty and applied value of the study. We have chosen a number of different
types of membrane models and fluorescent probes which being sensitive criteria of the
physiological condition of lipids and lipid-contained structures make it possible to create simple
and real models of lipid rafting or lipid/peptide interactions.
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In the present study we have shown that MLO venom has a significant influence on different
electrical parameters of artificial lipid membrane and changes the plastic properties of the
membrane. Addition of different snake venoms (Montivipera raddei, Naja kaoutia) apparently
changes the brain obtained BLM conductivity, but in case of MLO this change occurs during high
concentration and has a cumulative nature. The venom influence is more evident on GUVs,
which is the evidence of the curvature role during such an interaction.

For the first time artificial membrane modeling formed from different tissue lipids was
applied after in vivo injection of snake venom, which enables us to study the influence of
secondary processes following the intoxication of the membrane structures. The obtained results
are also new in terms of the study of the GUVs in the venom media, since their fluorescence
microscopy makes it possible to visualize the morphological properties of liposomes with
damaged membranes.

The minimal amino acid content change in the catalytic center of proteins leads to the
activity loss of PLA, which is one of the major components of MLO venom and it has a vital
impact on its interaction with the lipid bilayer.

Main points to present at defense.

1. MLO venom influences lipid bilayer electropermeabilization, electroporation and ionic

permeability changing the morphology of their supramolecular structures as well.

2. in vivo intoxication of MLO venom results in the change of electrical parameters of
different artificial lipid membranes, which is evidence of ongoing cascade and rapid
processes in the organism.

3. The interaction of the components of MLO venom, particularly PLA, with membranes
requires a curvature and it depends on the amino acid sequence in the catalytic center.

Work approbation. The main results of the dissertation were discussed at seminars and
at international scientific conferences.

Publications. According to experimental data observed in dissertation 16 works,
including 6 papers in peer-reviewed journals were published.

Volume and structure of dissertation. The dissertation contains the following chapters:
introduction, literature review (Chapter 1), experimental part (Chapter 2), results and discussion
(Chapter 3), concluding remarks, conclusions and cited literature (total 119 papers and books).

The document consists of 101 pages, 8 tables and 34 figures.
MATERIALS AND METHODS

Animal preparations. Adult (weighing 180-220g) non-purebred male rats were
used in all experiments; they were kept in standard conditions of light (on between 07.00
and 19.00 h) and temperature (22 = 2°C) and fed with laboratory chow and tap water ad
libitum. The animals to be used for in vivo studies were handled gently daily, for a week, to
minimize stress conditions. Experiments were carried out between 08.00 and 09.00 h. All
procedures were done according to our institution's animal care rules and the IACUC’s
ethical guidelines for  Decapitation of  Unanesthetized Mice and Rats
(http://www.utsouthwestern.edu/utsw/cda/dept238828/files/469088.html).
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Tissue Processing. The venom of the Macrovipera lebetina obtusa, Montivipera raddei
and Naja kaouthia was tested for its ability to induce supramolecular changes in rats after short-
term (10 min) intramuscular injection of the venom (0.35 mg/kg approx. 0.5 LD 50), by modeling
of artificial membranes from native lipid content from some organs (liver, heart, brain and
muscle). For this purpose rats were killed by decapitation at either 10 min after venom injection
and tissues were quickly removed (-4°C) for lipid purification. We tried to compare the data of in
vitro and in vivo experiments. For in vitro experiments dried lyophilized toxin of snakes was
dissolved in Tris-HCI buffer (pH 7.4) with a concentration of 3*10°°M.

Phospholipid processing. Lipids fractions were isolated from marked tissues of
rats, according to the original Kates method (Kates, 1972). Then a vacuum pump was used
to remove the chloroform-methanol mixture. For in vitro experiments they were
incubated with venom solution and held at a constant temperature of 37°C for 10 min. Then
lipid sediments were dissolved in nonane (3% solution).

Preparation of pure proteolipids. Proteolipids fraction was separated from the bovine
brain according to the Folch method (Zobolenski et al., 1984). White matter was dissected from
fresh adult bovine brain, and scraped free from gray matter. The white matter is homogenized
with 1:1 chloroform-methanol mixture (1 g of tissue/ 20 ml). The suspension was washed with
distilled water to remove non-lipid substances.

The water which remained between the two phases went into the solution when 1-2ml
methanol was added. Then we added 1/2 chloroform volume (compared to the extract) and dried
in vacuum pump at room temperature (20-22°C). After that distilled water was added in
proportion 33 times as much as the weight of the sediment and the latter was centrifuged for an
hour at 4600g. This procedure was repeated four times. The last one lasted 10 min 200g (2°C).
The sediment was crude proteolipids which was dried in a vacuum pump after which a mixture
(2:1) of sulfur ether and ethanol (150 times as much as the sediment weight) was added and
centrifuged for 10 min 4600g (-10°C). The sediment was pure proteolipids.

The crude proteolipids contain 40-50 % of protein and 60-50% of lipids. The content of
phospholipids is about 40%. Purified proteolipids contain 70% of protein and 30% of lipids. The
crude and purified proteolipids (as compared with the original lipid extracts from which they
were isolated) are enriched in acidic phospholipids: phosphatidylserine, phosphatidylinositol and
diphosphatidylglycerol. Acidic phospholipids in total lipid extract make up 15-20% of total
phospholipids, in crude proteolipids 25-30% and in purified proteolipids 70-75% where the
greater part is phosphatidylserine (35-40 %).

Planar bilayer lipid membranes (BLMs). The lipid bilayer membranes were formed
from the total lipid fractions of the bovine brain on a Teflon aperture by means of the Muller
method (Mueller et al., 1962). A Teflon cylindrical cup having a 0.8mm hole was coupled to a
glass chamber; so the cup separated two compartments filled with 5 ml electrolyte each.
Electrical access to the baths was through a pair of Ag/AgCl electrodes.

Optical reflectance, electrical resistance and capacitance indicated the formation of planar
lipid bilayers. The electrical parameters of the BLMs were determined on a device equipped with

a Keithley 301 differential feedback amplifier (United States) in a voltage-fixation mode, which
5
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let keep up a membrane potential on any level independently of ionic streams. The potential
setting on exit of generator completely falls on membrane, the resistance of which is much higher
than that of resistance of electrodes, electrolyte and effective resistance of current’s gauge.
Electrometric device can measure a current through membrane under fixed value of
transmembrane difference of potentials. The own resistance of membrane amounting by
following formula:
Rp = RfUm/Uf (Ohm),

Where

Us - potential from source of direct current;

U,, - difference of potentials on membrane;

R~ membrane resistance;

R¢- chain resistance

Membrane conductivity:

Om=1/Ry(Ohm™)

Specific electrical conductance (g) is expressed in Ohm™/mm?, and 0.1 M KCI, NaCl, LiCl
and CaCl, serve as ionic media.

The breaking-potential of membrane recorded in the experiments in shielded camera was
taken as the threshold value of the voltage applied. Potential of membrane rapture was a criterion
for valuation of natural defects of model membranes. Under electrical potential, radius of these
holes increased. There was a critical value of radius (r,) and when r,>r, membrane was
destroyed.

Giant unilamellar vesicles (GUV). GUVs were prepared according to the
electroformation method, developed by Angelova and Dimitrov (Angelova et al., 1992). GUVs
were formed in a temperature-controlled chamber that allows a working temperature range from
20°C to 50°C. GUVs were prepared using the following steps: ~2 ul of the Phospholipid and
proteolipid stock solution was spread on each of the two sample chamber platinum wires, The
chamber was then dried for ~1 h to remove any remaining trace of organic solvent. The chamber
and the buffer (Tris-HCI 0.5 mM, pH 7.4) were separately equilibrated to temperatures above the
lipid mixture phase transition(s) (~10°C over the corresponding transition temperature) and then
2 ml of buffer was added to cover the wires. Immediately after buffer addition, the platinum wires
were connected to a function generator and a low-frequency AC field (sinusoidal wave function
with a frequency of 10 Hz and amplitude of 2V) was applied for 90 min (Bagatolli et al., 1999).
The mean diameter of the GUV's was up to 300 pum.

Fluorescence labeling and measurements. The fluorescence emission was observed
from 350 nm to 600 nm. The membrane fluorescence probes, ANS and pyrene, were used to
assess the state of the membrane and specifically mark the phospholipid domains. ANS and
pyrene allow us to quantify the fluidity changes in the membrane by measuring of the
fluorescence intensity. These probes were added to the sample chamber after the vesicles
formation. 1 uM ANS was added to the sample and then incubated for 5 min in 25°C (Verstraeten
et al., 2005). The fluorescence intensity of ANS is inversely proportional to the value of the

6
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membrane potential. 3 UM pyrene was added to the samples and then incubated by stirring
constantly in 25°C for 2min (Galla et al., 1974).

The 13/1; ratio is quantity that is calculated from fluorescence spectrum from pyrene. The
13/1; ratio has been shown to provide information about the polarity of the medium surrounding
pyrene (Scales et al., 2006, Rao et al., 2007). This ratio is calculated as the ratio of the intensities
of the third (I3, A=386 nm) to first (I3, =375 nm) monomer peaks of the fine vibronic structure of
the steady-state emission spectrum.

For determination of lipid phases we used PRODAN and LAURDAN probes. The
PRODAN mainly gives information when lipid is in liquid crystalline phase. LAURDAN is used
as a membrane probe because of its ability to report the extent of water penetration into the
bilayer surface. Water penetration has been strongly correlated with lipid packing and membrane
fluidity. The emission spectrum of LAURDAN in a single phospholipid bilayer is centered at
440 nm when the membrane is in the gel phase and at 490 nm when in the liquid crystalline
phase. The GP gives a mathematically convenient and quantitative way to measure the emission
shift. The function is given by:

GP = (|44o = lago )/(|44o + |490)
where l440 and l490 are the blue and green emission intensities, respectively.

The fluorescent spectra were acquired on a Varian Eclipse spectrofluorometer instrument;
the excitation wavelength for the pyrene monomers and dimeres are 286nm and 334nm (Lemission
are 395nm and 470 nm, respectively); the excitation and emission wavelengths for ANS are
360nm and 490nm respectively (Bordushkov et al., 1993). Images were collected on an epi-
fluorescent microscope FM320-5M (AmScope, USA).

Statistical Analysis. For quantitative analysis of electrical parameters of BLMs, a
Student’s test was used to compare differences at each time point, considering P< 0.05 as
significant. All data will be presented as mean +SEM (n=number of experiments).

RESULTS AND DISCUSSION

The changes of electrical properties of planar bilayer lipid membranes (BLMs) in the
course of snake venom intoxication

Electrical measurements of planar bilayers provide a means of measuring the changes in
conductance, due to the formation of channels, pores or defects on the membranes, caused by the
binding, insertion and translocation of peptides, at lowest concentrations, at which transient
events can be detected. It also enables the determination of other features as: open probability,
ionic selectivity of the pores and an estimative of pore’s size (Ayvazyan et al., 2012). Table 1
shows the results obtained with the in vitro action of three types of snake venom on the electrical
conductance of BLMs from brain lipids of rats in media of K" ions. For the first series of
experiment aliquots of 0.05ml venom stock solution (concentration 10mg/ml in Tris/HCI buffer,
pH 7.4) was added to the both sides of membrane. After a few minutes of equilibration, -100mV
potential was applied in order to monitor changes in electrical properties of BLMs. Starting at
0.2ml, venoms of MLO and NK showed dramatic changes of the membrane conductance

7
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(macroscopic integral conductance) and venom of MR showed significant activity (Table 1). An
excess venom added in both sides of BLM sharply raised the membrane conductance and
witnessed about cumulative mode of venom-membrane interaction. For the next series of
experiments, after removing the chloroform-methanol mixture the lipid fraction was incubated
with venom stock solution and held at a constant temperature of 37°C for 10 min. Then venom
solution was washed out and BLMs were formed from lipid mixture in nonane. This procedure
didn’t lead to any significant changes in the means of conductance of bilayers induced by MLO
and MR venoms, but BLMs from brain lipids of rats incubated with cobra venom showed a
dependence of electrical resistance of bilayers from processing time (Fig.1, right) and venom
concentration (Fig.1, left). Collectively these results indicate that components of MLO and MR
venom demonstrate surface activity during membrane-peptide interaction, while at least one or
more components of cobra venom definitely penetrate the bilayer. Indeed, single-channel current
svents induced by NK venom have been recorded in BLMs at lowest concentrations (<8*10
mg/ml).

Table 1.

Snake venoms in vitro action on the electrical properties of BLMs (resistance Ry,
conductivity g, and breaking-potential U,) formed from brain lipids in media with K",

Control Vipera Montivipera Naja
lebetina raddei kaoutia
Rm (Ohm)  (1+0,7)-10"*  (6+0,8)-10° (1.940,3)-10° (3,340,2).10°
gm (Ohm™)  (240,2).10%  3.3.10° 4100 3.10°
U, (mV) 448+12 27018 580+10 28049

Average value (xSEM) of minimum 7different experiments

_51200- g 1000

1
g 1000 1 2 800
£ o0 5 T 600
¢ 600 )
£ N e 400
S 400 |
R o R 2 2001 - |
E 5 ‘\A | E 0 |
w 2mg/ml 3mg/ml 5 mg/ml 10 mg/ml w 3 min 5 min 10 min

Figure 1. A dependence of electrical resistance of rat’s brain lipids BLMs (incubated with
cobra venom) on the processing time (right) and venom concentration (left).

Planar lipid bilayer modeling for in vivo experiments and ionic permeability of BLMs

Planar lipid bilayers for these series of experiments were formed from solutions of native
lipid mixtures from different tissues of rats (liver, heart, brain and muscle) after short-term (10
8
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min) intramuscular injection of the venom (0.35 mg/kg approx. 0.5 LD 50). The presence of viper
venom in the organism leads to the increase of the electrical resistance of BLMs from liver and
muscle lipids approximately on a sequence, while the BLMs from brain lipids have not shown
noticeable differences of plastic properties compare with the control (Table 2). The same
concentration of cobra venom leads to the decrease of electrical resistance of BLMs from
10'0Ohm till 10%0hm. The low concentration of venom leads to the appearance of channel
activity. It is especially noticeable in liver lipids in media of bivalent ions.

Table 2. Snake venom in vivo effect on the electrical properties of BLMs (resistance Ry,
conductivity g, and breaking-potential U,) formed from different tissue lipids in K™ medium.

Brain Heart Liver Muscle
Rm gm UT Rm gm UT Rm gm UI’ Rm gm UI’
Ohm | Ohm | mV | Ohm | Ohm | mV Ohm Oohm™ | mv | Ohm | Ohm | mV
-1 -1 -1

Control 1.3* | 0.7* 1.3* 16* 2* 5* 2* 5*

10° | 107 | 35 | o0 |10 | 20| 100 | 1o% | 29| 100 | 20 | 2O
Vipera 5.6* 1.8* 6* 1.6* 5.6* 1.7* 4.7* 2*
lebetina 102 10M 309 102 10 228 102 10 291 100 10 225
Vipera 7.3* 1.3* 5.3* 1.9* 46* | 2.1*
raddei 10% 10t 313 - - - 10% 101 239 10% 101 304
Naja 7.4* 1.3* 2.3* 4.3* 4.2* 2.4* 2.9* 4.2*
kaéutla 1010 10—11 407 1010 10—11 252 1010 10—11 249 1010 10—11 232

Each group contained 20 BLMs from four tissues. P>0.01 by Student’s t-test relative to the
corresponding control.

Fluidity changes of GUVs membrane in the course of snake venom intoxication

In the first stage of our experiments we studied the ANS fluorescence intensity with the
liposomes which were formed by the heterogeneous group of lipids and modified by venom. As
you can see in Fig. 2, left ANS fluorescence in the buffer solution (518 nm) undergoes minor
changes under the influence of venom in the same buffer (524 nm). But the decrease of the
fluorescence intensity and the change of the peak to large specter range show that ANS and
venom might be connected. Hence an apparent increase in the surface potential could be caused
by a deeper penetration of ANS probe between the lipid headgroups.

It is interesting to follow the above interactions when we get GUVs from pure proteolipids
instead of usual vesicles: according to the division method, after chemical purification the
proteolipids mainly consist of acid phospholipids (mainly of phosphatidylserine) and membrane
proteins (Zabolenski et al. 1984). Negatively charged phospholipid GUVs interaction with ANS
which is also negatively charged is very superficial. (Fig.2, right).
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Figure 2. ANS fluorescence intensity in phospholipid GUVs (left) and proteolipid GUVs (right)
membrane modified with viper venom.

The study of venom influence on liposome fluidity with the help of pyrene made it possible
to find out certain features of the interaction between fluorescence probe and liposomes modified
by venom. Being a hydrophobic probe pyrene isn't solved in the buffer solution and its
fluorescence intensity is very weak. But after incubation in liposome solution pyrene
fluorescence intensity increases sharply. As you can see in Fig. 3, left there are two peaks which
prove the formation of pyrene excimer in the bilayer lipid membrane. As was noted earlier by
Kalayanasundaram and Thomas, the relative intensity of peak Il (I3, A=386nm) to peak I (I,
A=375nm) is a characteristic parameter, which is used to discuss the environmental effects on
pyrene monomer fluorescence. In our case the peak ratios are higher for GUVs without venom
(13/1;=1.09), indicating a smaller water penetration in these liposomes compared to GUVs
modified with venom (13/1,=0.95). The fluorescence of venom itself at 340nm doesn’t undergo
visible changes after incubation with pyrene as pyrene doesn't interact with protein. We have
absolutely different results in case of pyrene incubation with liposomes modified by venom. The
emission spectrum enables to divide three main interaction parts, one of which is almost entirely
like the pyrene fluorescence in control liposomes (370-400 nm). Besides we can see fluorescence
peak in 346 nm range, which is evidently the pyrene monomer emission spectrum in the area of
lipid- protein contact. A new higher intensity fluorescence peak comes into being in 457nm
range, which corresponds to the pyrene dimmer emission range in the lipid bilayer. The ratio of
the excimer (I",A=457nm) to monomer intensity (I,A=394nm) of the embedded pyrene is an index
of fluidity parameter of its environment and also of its magnitude of incorporation (Nandy et al.,
1983). At a constant temperature the I’/ ratio is directly proportional to the effective
concentration of the probe incorporated within the membrane (I'/1, 2=2.61). These data enable to
conclude that the bilayer fluidity changes as a result of interaction with venom. As you can see
the bilayer fluidity decreases abruptly in those areas where the bilayer interacts with the proteins.
But at the same time the bilayer fluidity fairly increases in the free lipid bilayer areas.

Unlike ANS, pyrene interacts with proteolipid GUVs and this hydrophobic interaction is an
interesting information source for lipid/protein interaction. Pyrene fluorescence was not so
intense, but as a result of proteolipid GUVs, we got two peaks with high intensity which
corresponded to monomer and dimer fluorescence peaks in the lipid/lipid and lipid/protein
contact points. The study of venom influence on GUVs fluidity with the help of pyrene made it
possible to find out certain features of the interaction between fluorescence probe and GUVs

10
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modified by venom. Being a hydrophobic probe, pyrene isn't solved in the buffer solution and its
fluorescence intensity is very weak. But after incubation in GUVs solution pyrene fluorescence
intensity sharply increases (Fig. 3, right). Pyrene monomer fluorescence is more intense, which
is due to the great number of lipid/protein contacts. It is natural, as according to the chemical
structure of the proteolipids, there are fewer free lipid bilayer areas in these vesicles, as these
phospholipids are hydrophobic. If we compare pyrene interaction in the GUVs modified by
venom and in proteolipid GUVs, we can see that having protein properties, the components of the
venom could play the role of membrane protein themselves. But in case of negatively charged
proteolipids the venom bhinding mechanisms are superficial.

The data repeat the results obtained by prof. Bagatolli’s in the recent studies on PLA,
mechanisms in liposomes through probes LAURDAN and PRODAN, but it is worth mentioning
that unlike prof. Bagatolli’s lab results we study the complex structure of venom and the
interaction of its separate particles on bilayers may be different.

At the same time the studies with the fluorescence probes (PRODAN and LAURDAN) show
that PLA, changes bilayer fluidity and lipid packaging.

250 famard 5 P
Venom 2 Vernm
m——asrr 2eaas _Som A i
= <0.00 315 257 Pyrene 2004 { 1 1-6Vs wih pyrere
ROS 7y :. . f T I - .
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Figure 3. Pyrene fluorescence intensity in phospholipid GUVs (left) and proteolipid GUVs
(right) membrane modified with viper venom.

To better understand the interaction between lipid membranes and venom components we
have made use of probes LAURDAN and PRODAN, which makes it possible to understand the
water penetration into the bilayer and gel-liquid condition of hydrophobic segments. LAURDAN
emission intensily increases after incubation with GUVs. In this case GP value is 0,156 which
decreases in case of venom modified liposomes GP= 0.096. This is proof of the water penetration
into the bilayer. We observe the similar effect in case of PRODAN.

We also conducted experiments with PLA, enzyme isolated from Bothrops jararacussu
snake venom in order to see GUVs interaction and in this case GP value also underwent
significant changes in control GUVs and after PLA, modification.

11
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The changes of electrical properties of planar bilayer lipid membranes (BLMs)
reconstructed with liposomes modified by Macrovipera lebetina obtusa venom

Our studies also emphasize the importance of a membrane surface curvature for its
interaction with enzymatic components of venom. And we worked out the following scheme
relying on the fact that some principal components of the venom such as PLA, can’t go into the
flat bilayer. That is, under the influence of electric current these vesicles approach the bilayer flat
membrane of Teflon aperture and become part of BLMs.

The introduction of the modified GUVs into the BLMs is easier, as a lipid/lipid
interaction takes place and as a result BLMs is modified by venom components. The addition of
modified GUVs leads to the channel-like activity, which is periodic in case of high voltage (200
mV). In fact the penetration of GUVs bilayer is larger and results in the described effect. It is
worth mentioning that the insertion of clean proteolipids with BLMs leads to a different kind of
interaction. The BLMs modified with such proteolipids have low resistance (10’-10%0Ohm,
U,,=50mV) and channel-like activity, which is not periodic and show the work of different
membrane proteins.

Morphological changes of GUVs during snake venom interaction and their visualization
with ANS probe and fluorescence microscope

GUVs were visualized with the membrane fluorophore ANS during experiments on MLO
venom hydrolysis. ANS integrates into the membrane and emits with sufficient intensity to
follow the changes produced on the GUVs after the addition of the venom. Fig.4 shows the
noticeable increase of liposomes in the course of modification with a low concentration of venom
at 21°C in the liquid phase. The higher concentration of venom leads to the very fast increase of
the fluorescent intensity, after which the vesicle shrinks until there is virtually nothing of the
vesicle remaining (Fig.5).

The other series of experiments was done with a visualization of GUVs modified with
MLO venom in the course of liposome formation. This was done to ensure the involvement of
venom components in the membrane and investigation of the properties and morphological
characteristics of GUVs with damaged lipid bilayer. Fig.6 shows a time sequence of fluorescence
intensity images obtained from GUVs formed in the environment of low concentration of venom
(at 21°C in the liquid phase). After the addition of the venom to the ionic media of GUVs in the
course of formation, the vesicles demonstrated time-dependent changes in the estimated surface
area of the GUVs as hydrolysis proceeds. Liposomes were aggregating and merging within
approximately 15-20 min and then disappearing. We tried to form giant vesicles also in the media
of high concentration of MLO venom, but there was no visible micelliar structure. The image of
this non-structured lipid mixture obtained after the electroformation in the venom environment is
plotted in Fig.7.
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Figure 4. Macrovipera lebetina obtusa venom-dependent increase of the GUV size is shown.
Dried lyophilized toxin of MLO was dissolved in Tris-HCI buffer (pH 7.4) with a final
concentration of 3*10° M, and 1.1pl of this solution were added to the fluorescent microscope
sample.

Figure 5. Rapid changes of the fluorescent intensity of the ANS-containing GUVs in the course
of MLO venom processing (30 s). Dried lyophilized toxin of MLO was dissolved in Tris-HCI
buffer (pH 7.4) with a final concentration of 3*10°° M, and 2.2ul of this solution were added to
the fluorescent microscope sample.

Figure 6. Time-dependent aggregation and merging of the ANS-containing GUVs, modified with
MLO venom in the course of liposome formation. GUVs were prepared according to the
electroformation method in a temperature- chamber containing Tris-HCI buffer (pH 7.4) with a
final concentration of MLO 107 M.

Figure 7. The fluorescent image of non-structured ANS-containing lipids,
damaged with MLO venom in course of liposome formation. GUVs were
tried to prepare according to the electroformation method in a temperature-
controlled chamber containing Tris-HCI buffer (pH 7.4) with a final
concentration of MLO 107 M.
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Figure 8. Rapid changes of the size of the ANS-containing p-GUVs in the course of MLO venom
addition (47s). Dried lyophilized toxin of MLO was dissolved in Tris-HCI buffer (pH 7.4), final
concentration 3*10°M, 1.1 ul of this solution were added to the fluorescent microscope sample.
The initial size of GUV was 249 micron.

So, in the next stage of our research we combined the proteolipid GUVs (p-GUVs) formation
technique and fluorescence microscopy for the visualization of the above mentioned interaction.
Fig. 8 shows the obvious decrease of p-GUVs size in the course of modification with venom (low
concentration) at 21°C in the liquid phase. During 47 second the p-GUVs shrink until nothing
virtually remains of the vesicle (instead of the usual vesicles formed from phospholipids
(Ayvazyan et al. 2012). It is worth noting that p-GUVs with high concentration of proteins are
more stable and there is little increase in size unlike the p-GUVs with low concentration of
proteins.

The other series of experiments was done with a visualization of p-GUVs modified with
MLO venom in the course of GUVs formation. This was done to ensure the involvement of
venom components in the membrane and investigation of the properties and morphological
characteristics of p-GUVs with a damaged lipid bilayer. The p-GUVs with high concentration of
proteins are again stable instead of vesicles with low concentration of proteins, where there were
no structured p-GUVs of the media of low venom concentration. We also tried to form p-GUVs
in the media of high venom concentration. Our preliminary results have shown that some p-
GUVs formed in the media of high venom concentration, have some shape deformation and a
very short life period so we suppose that it is a reason for lipid package violation (Fig. 9).

Figure 9. Rapid changes of the size of the ANS-containing p-GUVs formed in MLO venom
solution (58s). We tried to prepare p-GUVs according to the electroformation method in a
temperature controlled chamber containing Tris-HCI buffer (pH 7.4), final concentration of MLO
10°M.

We have also shown that PLA, amino acid sequence replacement with Lys 49 (K49)
leads to PLA, enzyme activity loss which can be seen from the absence of morphological
changes during the interaction with GUVs.
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Figure 10. ANS-containing GUVs deformation in the course of MLO venom addition (PLA,
inhibited). Dried lyophilized toxin of MLO was dissolved in Tris-HCI buffer (pH 7.4), to which
we added BaCl, (0.1 M) final concentration 3*10°M, 1.1 pl of this solution were added to the
fluorescent microscope sample (5 minute).

BaZ* ions inhibit the PLA, activity in the complex venom and influence GUVs which is
expressed with the morphological changes of the GUVs and lets us conclude that the other
components of the venom also participate in the interaction with the lipid membrane (Fig. 10).

CONCLUDING REMARKS

The binding of venom components to lipid interfaces is dependent on many properties of the
membrane surface. It has been a generally accepted hypothesis that the secreted PLA,s are
particularly active in the presence of transient “membrane defects,” and borders between
coexisting lipid phases have been postulated to be a source of these defects (Burack et al., 1997;
Maloney and Grainger, 1993; Sanchez et al., 2002). One of the recurrent questions in this respect
is that concerning the preferential interactions of this enzyme and other proteins from snake
venom with different lipid domains or with the lipid domain borders. Our experimental approach
can help to answer this question by direct visualization of the peptides on unsupported lipid
bilayers (GUVSs).

As we can see from the experiments with planar lipid layers, the hydrophobic effect is thus
not sufficient to maintain a deep embedding of the peptides within the lipids. So the components
of venom are very probably adsorbed at such a lipid interface with a few non-polar residues at the
contact with the lipid chain. This is in agreement with the data concerning the interaction of
different peptides from snake venoms (Ohkura et al., 1997; Jan et al., 2002). In such cases the
binding to lipids was also strictly curvature-dependent.

We used ANS, pyrene, PRODAN and LAURDAN as fluorescence probes, which makes it
possible to estimate the state of the membrane, the degree of water molecule penetration in the
bilayer. the change in polarity during the interaction with the protein as well as gel liquid crystal
phase transition degree.

The studies following the changes in the plastic properties of membranes of different tissues
during snake venom envenomation are scarce (Ayvazyan et al., 2012). The analysis of the results
obtained in the experiments with the whole venom is difficult because of the complexity of
ongoing processes, each of which may induce various cascades of tissue damages.
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Biochemically, snake venoms are a complex mixture of pharmacologically active proteins and
polypeptides (Sanz et al., 2008). All of these components act in concert. The synergistic action of
venom proteins may enhance their activities or contribute to the spread of toxins (Calvete et al.,
2009). The synergy is especially important for the sub-family Vipera, because they don’t have
real toxins in the venom (like three-finger toxins of Elapidae or cytotoxins of pit vipers). In most
cases, snake venom enzymes act as monomers and exhibit optimal pharmacological properties
and contribute to toxicity. But in case of Vipera sub-family snake venoms, they form complexes
with other non-enzymatic proteins to achieve higher efficiency through synergy. By the injection
of venom we are launching out the cascade of processes and the results obtained here allow us to
conclude that this 10-min treatment with the snake venom leads to harmful changes even in the
tissues which are rather far from the bite which accounts for the so called spreading effect in
organisms, i.e. the rapid spread of the venom which is due not only to the venom components but
to the secondary products of their interaction with the tissues (lisophospholipids and so on) as
well.

The data obtained during our research enable us to suppose that being a complex of
biologically active substances the snake venom interacts with GUVs.

The hypothesis that there may be profound effects on the vesicle structure because of PLA; is
not new and has been discussed by Biltonen et al. (Sanchez et al., 2002; Bagatolli and Gratton,
2000), but never for the whole venom. While many toxicological studies have been conducted
with purified components of venom, all previous observations of sPLA,-dependent GUV
morphology changes have been the shrinking response to sPLA,.

Our results show that addition of snake venom on GUV results in serious morphological
changes, both GUV membrane damage and size increase.

The experimental methods of K49 type with no PLA, activity and those of the whole venom
with inhibited activity make it possible to make conclusions about the role of the different
molecule points and other low molecular proteins in the venom during interaction with PLA,
dimer membrane on intoxication.

The approximate orientation by which dimers of PLA, approach a membrane.
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CONCLUSIONS

The following conclusions were made based on experimentally obtained data:

. It has been shown in vivo, that the existence of Macrovipera lebetina obtusa venom (10
min, 0.35mg/kg) in the organism resulted in the increase of electrical resistance of liver
and muscle BLM, while the brain lipid BLMs didn’t demonstrate a significant
difference as compared with the control.

. It has been shown with the help of fluorescence probes (ANS, pyrene, PRODAN and
LAURDAN) that modification with the venom leads to the membrane fluidity decrease
of the liposomes formed from heterogeneous lipids in the protein/lipid contact point,
while in contrast the lipid bilayer fluidity increases, and the membrane fluidity of
liposomes formed from pure proteolipids decreases both in the protein/lipid contact
point and in the lipid bilayer.

. It has been discovered that the liposomes restored with the above mentioned venom
facilitate the input of venom components into the lipid bilayer interacting with the
BLMs and as a result the bilayer demonstrates channel like activity which is periodical
in case of high voltage (200mV).

. Interacting with the BLMs proteolipid liposomes are inserted into the lipid bilayer and
demonstrate channel like activity (50mV) with no particular periodicity. In both cases
the venom is a blockader for the formed channels and it reduces channel conductivity.

. It has been shown that modification with the venom leads to the liposome membrane
damage and liposome lysis both in phospholipid liposomes and in liposomes formed
from proteolipids. Neither phospholipid liposomes nor proteolipid liposomes are
formed in the media with high venom concentration, but some proteolipid liposomes
that are formed have a short life span (a few seconds) and are deformed.

. It has been shown that PLA, amino acid sequence replacement with Lys 49 leads to PLA,
enzyme activity loss which can be seen from the absence of morphological changes
during the interaction with GUVs. At the same time the studies with the fluorescence
probes (PRODAN and LAURDAN) show that PLA, changes bilayer fluidity and lipid
packaging.

. As a result of Ba?* ion inhibition the complex venom influence on GUVs is expressed
with the morphological changes of the latter and lets us conclude that the other
components of the venom also participate in the interaction with the lipid membrane.

17

© National Library of Armenia



10.

11.

12.

LIST OF PUBLICATIONS AS A PART OF DISSERTATION TOPIC

Ghazaryan N.A., Ghulikyan L.A., Ayvazyan N.M. (2013) Morphological changes of
proteolipid giant unilamellar vesicles affected by Macrovipera lebetina obtusa venom
visualized with fluorescence microscope. Journal of Membrane Biology. DOI
10.1007/s00232-013-9576-1. Accepted.

Ghazaryan N.A., Ghulikyan L.A., Ayvazyan N.M. (2012) Macrovipera lebetina obtusa
venom action on giant unilamellar vesicles from brain proteolipids. International
Young Scientists Conference “Perspectives for development of molecular and cellular
biology”, Yerevan, Armenia, pp.77-81.

Ayvazyan N.M., Ghazaryan N.A., Zagarian N.A. (2012) Electroporation and
electropermeabilization of lipid bilayer membranes in the course of snakes’ venom
intoxication. Journal of Biophysical Chemistry, 3(1):44-48.

Ayvazyan N.M., Zagarian N.A., Ghazaryan N.A. (2012) Molecular events associated
with Macrovipera lebetina obtusa and Montivipera raddei venom intoxication and
condition of biomembranes. BBA-Biomembranes, 1818(5):1359-1364.

Ayvazyan N.M., Ghazaryan N.A. (2012) Lipid bilayer condition abnormalities
following Macrovipera lebetina obtusa snake envenomation. TOXICON, 60 (4):607-
613.

Ghazaryan N.A. (2011) Electroporation and electropermeabilization of lipid bilayer
membranes in the course of snakes’ venom intoxication. Biological Journal of
Armenia, 63 (3):99-104.

Ayvazyan N.M., Zaqgarian A.E., Ghazaryan N.A. (2011) Free radical oxidation and
condition of membranes from brain lipids of vertebrates in the course of Vipera
Lebetina Obtusa venom interaction. The new Armenian Medical journal, 5 (3):4-10.
Ghazaryan N.A., Ghulikyan L.A., Ayvazyan N.M. (2013) Behavior of proteolipid
GUVs formed in Macrovipera lebetina obtusa venom solution. Biophysical Society 571"
Annual Meeting, Philadelphia, Pennsylvania, USA, p. 35.

Ghazaryan N.A., Ghulikyan L.A., Ayvazyan N.M. (2012) Molecular mechanisms of
Macrovipera lebetina obtusa venom action on giant unilamellar vesicles from high
density lipoproteins. Second European Symposium on Microbial Lipids, Microbial
Lipids: Diversity in Structure and Function, Bern, Switzerland, p.49.

Ayvazian N.M., Ghazaryan N.A., Ghulikyan L.A. (2012) Lipid Bilayer Condition
Abnormalities Following Macrovipera lebetina obtusa and Montivipera raddei Snake
Envenomation. Toxicon Special Issue: 17" World Congress of the International Society
on Toxinology and Venom Week 2012, 4™ International Scientific Symposium on All
Things Venomous, Honolulu, Hawaii, 60 (2):167.

Ghazaryan N.A., Ghulikyan L.A., Ayvazyan N.M. (2012) Molecular mechanisms of
GUVs from high density lipoproteins under the influence of MLO venom. 11" Greta
Pifat-Mrzljak International School of Biophysics, Primosten, Croatia, p. 67.

Ayvazian N.M., Zagaryan N.A., Ghazaryan N.A. (2011) Snake venom and chemical
engineering of artificial lipid vesicles and bilayer membranes: theory to experiment.
17" Congress of the European Section of the International Society on Toxinology.
Valencia, Spain, p.201.

18

© National Library of Armenia


http://www.sciencedirect.com/science/journal/00410101/60/4
http://www.sciencedirect.com/science/article/pii/S0041010112002383
http://www.sciencedirect.com/science/article/pii/S0041010112002383
http://www.sciencedirect.com/science/article/pii/S0041010112002383
http://www.sciencedirect.com/science/article/pii/S0041010112002383

13.

14.

15.

16.

Ayvazian N.M., Zagaryan N.A., Ghazaryan N.A. (2011) lonic Permeability of Mixed-
Lipid Giant Unilamellar Vesicles Modified with Vipera lebetina obtusa Venom.
“Solvation and lonic Effects in Biomolecular Recognition: Theory to Experiment”,
Tsakhkadzor, Armenia, p.51.

Ayvazian N.M., Zagaryan N.A., Ghazaryan N.A. (2010) Fluorescence microscopy of
the viper venom’s interaction with Mixed-Lipid Giant Unilamellar Vesicles from
bovine brain. Journal of Neurochemistry, Supplment: 4™ ISN Special Conference
“Membrane domains in CNS Physiology and Pathology”, Sicily, Italy, 113:2.

Ayvazian N.M., Zagaryan N.A., Ghazaryan N.A. (2010) Chemical engineering of
artificial lipid vesicles and bilayer membrane in toxicological studying: theory to
experiment. Joint EUROMAR 2010 and 17" ISMAR Conference “WWMR2010”,
Florence, Italy, p.143.

Ayvazian N.M., Zagaryan N.A., Ghazaryan N.A. (2009) Single Mixed-Lipid GUV
Method Reveals Interaction of Viper venom with Lipid Membranes. FEBS Journal 276
(Suppl. 1): 34" FEBS Congress, Prague, Czech Republic, p.177.

19

© National Library of Armenia



UQUN3UL LULrhLE ULRELSh

MACROVIPERA LEBETINA OBTUSA O2b NR3LP ULTESNRE3UL
UTULPQULE T Ur26USUYUL BrYTES LhMhUSHL fUNULELEND YU

Ualthnipuaghp
Zwlgniguyhtt punkp® Macrovipera lebetina obtusa, pwunuupuyhtt Unghjubp,
hHEjumpuynpughw, pjuquub wnwnbkiughw), PLA, K49, hthwnpwputhwighihnipmnil,
$ninplugbitnuyhtt qnunkn:

Bnyup  pununphstph uwnudp  jhyhgh hkn qupfws o punuitph
dwljtptuh dh pwpp hwwnlnmpenitubphg: Lhyhnuyhtt tplokpnp tjundwup PLA-h
wlwmhynipniip owwnn hbwnwgnuinpubtp puguwupnid  Ehe Eplpobpnnud jupduwnl
“dwljipbuwght nphdtinubph” wnluympyudp (Burack et al., 1997; Maloney and Grainger,
1993; Sanchez et al., 2002): dnudnhwywqubpp twppbnpnd o juqldulbpyduws
lhywhnuyhtt  unipunpuwnbbpp  jhyhnutph bwquyhtt | wbgnudubph dnun
ohipdwunhdwinid 1t dwubwynpuybu ks wlnpynipmnit Gu gniguphpnid PLA,-h
gpohutph Wquundwdp htug wyn ohpdwunhfwinid: Uju wkuwltnhg jupbnpugny
hwpgtphg hwunhuwind £ wyu jud odh pnyup wy) uyhwwlniguyhtt pununphsutph
tnlwgpbgnipmip (hyhgh wwppkp hwndusutph htn: Ukp  dinpdwpupului
Uninbgnudp Yupny koqiilk] wuwwnwupiwbiknt wju hwpghtt' mnnulh Jhgniuhqughtyng
uwhrnuynigutpp wowbg htbwpwih (hyhguyht Gplotnnud (2U):

bPusywbtu btpunwd E BLE-ph Jpu Juuwpws hbunwgqnuunmpniihg, h
wnwpphpnipinit Ynppugh poyuh, hdh pnyth LEjunpwunnwnhl hwnlnipmniaubpp
wuydwbwynpqus & (hyhguyhtt Eplokpuinud uyhnnwlniguyhtt punqunpudwubph
ptunfwlgmpyundp: - Ujugghum]™  hhgpndnp  Epkljnp  pufwpup  sE - (hwhnughl
Eplotipninud uyhwwlnigubph unpp tkpppuwt hwdwp, pwth np Jupbnp £ bwb
lhwhnuyhtt punwbph Ynpoipmbp, npp ujqpoibpuyght ghp E Juunwpnud npnp
uy hnnwlmgubiph punuiph dbe tbpgpdwh hwdwp (Ohkura et al., 1997, Jan et al., 2002):

Ujuyhuny, dkp Ynnuhg phupdus pninplugbivnught gnuntpp (GLU, whpk,
LUMLYUL, NNTYUL), punphhy tpokpnh hkwn hphig juwdwb wnwninghuyhp,
htwpuwynpnipinit ki mwwihu quuwhwunbim punuuph yhdwyp, btplhokpnh dke oph
Uniynyubtph  Ukppuwthwigdwt  wunphdwip, uwhwwlnigh htw  Ginjuwgpljhu
pluinwjwinipjut thnthnjunieniip, htyybu btwb ghp/htinndyy poiptn hoyuyhtt wbhgdwb
wuwnhdwbp:

Lhy Ll odh pnyund potbhwynpiuil dwudwbwl wwppbip  hpruduspubtph
dbdppwtibtph  wjwuwnhy hwwnlmpmibubph  othnpumpnitubph Jepupbkpug
niunidbwuhpmipeiniinipp (Ayvazyan et al., 2012): Udpnnowlut pununphstinny poyuh
wqpbgnipjubt  wpyniupubph  Jhposnipniip puduljut gpddup B plpwugnn
gnpépupwgubph pupnnipjut yuwwndwnny, puth np tpwbighg jnipupwbsnipp upnn &
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wnwowgul] hmiujusdph’ hpwp hwenpnnn Juwujuspubp: Pugh wyy wpwbdhi
punuppuuwubkph  wnpuhlmpmpitp hwjwunwiyui  odkph  wbkuwlubph  pnyuh
nhuypnud sh ghpuquiignid 1%-p: Cunn pununpnipjut odh pnyip dwpdwljninghwlju
wlnhy uyhwnwlnigubph b ynhybwwhnubph fowntnipn k (Sanz et al., 2008): Lhukinyg
$hpukntitiph b guspuunEyniup vhugmpinibibph hunjwp wji odn]ws E npnpwlh
uhttpghquny, b wpwbdhtt pwnuppudwubph thnjuwmqpbgnipmiip punuupught
Juopnygubph htn wwppipdoud | poyuh pughwinip wqpbignipjut dbjuwthquubphg:
Pnyuh uywhwnwlniguyhtt pununpudwubph uhubpghl wqpbgnipmitip Ywupnn k
ndbnugub] pnyth wqpbkgmpemniup, hywbu twb Jupnn b bywuwnk] wnnpuhh
wmwpwddwip (Calvete et al., 2009): Zwwnljuwyku uhukpghqup owwn Yuplnp L Vipera
Eupwptunwthpnud, pwh np tpuip sniukb hpwlwb wnpuhtt (husybu opptwly three-
finger wnpuhup Elapidae-nid) b pnyuh dhpdkunnughtt wlinhynipnit nibkgnn
pununphsubpp ny dpdktnughtt wlnhynipmit niubkgnn uyhwwlnigutph hbtwn
Aluynpnud Eu Yndwkputikp, npytiugh hwutkt wykh dbs wppynibwybnnipwi: Ukp
htunwgnunipnibtbpnid poyuh dhoudwbughtt tkpupldwi dhongny dkup ujhqp kup
nunid Uh owpp Juwulwnuwihtt ywpnghuubph, b uvnnwgdws wpyniipubpp poy) B nwihu
Eqpuijugubkint, np 0odh pnyuny 10 pnybwing dowlnudp phipnud | unyuhuly jpwypenghg
pwujwlwuht htpnt quuynn hniuduspubph Juwuwlup thnpjuwlbpydwip, husngd b
wpunwhuwynymd b Jhinuih opquithquubpmd wjuwybu Ynydus “spreading” thhlunp,
wjuhlipl pnyth wpwq mwpwsdnidp, nph hwdwp Wuunwuppwbwwnnt b ns vhuyt poyth
pununpuuwubpp, wy; gputg hnruusputph htn thnpjuwqpbgnipyun pypnpnughe
wponnnignikpp ((hqndnupnihuhnitkp b wyib):

Zhnwgnuinipnibubph  wpynipmd vnwgws  wdujitpp poy; b wwhu
Eqpuljuguk], np odh pnyup, (hubkny YEtuwpwiunpbt wlwnhy wnmiptph dh pupn
wunnenipinily, thnjuwqnmid £ ZU9-ph htwn: Uju hhwynptqp, np 2U49-ph Jpu junp
wqnbgnipnit jupnn b niikiwg PLA-p, tnp sk b putwpldl) E Phpinnth Ynnuhg
(Sanchez et al., 2002; Bagatolli and Gratton, 2000), puyg tppkp nw gnyg sh wpybp
wdpnnowlwi pnyuh nhwypnud: Ukp wpynibpubpp gnyg ko wiwhu, np 2049-ph dpu
pnyup wybkjugnudp pipnud £ nipg dnpdninghwjut thnthnjunmpinibubp, htyybu 204-
nh punuiph Juuwunid, wytybu i swihbph didwgnid:

PLA,-h winhynipinil sniikgnn K49 mupwnbtuwyh (Lomonte and Rangel, 2012) L
PLAz-h upyus wljnhymipjuup punhwinip poyuh, thopdwpwpulut Uninkgnidubpp
poy B mwhu wil) kqpuhwignidubp PLA-h nhubph punuiph htw (hnjuwqpbne
nupwugpnid dnjklnijh mwppkp nknudwubph b poyunid wnlw wy guspudniklnijjunp
uyhwnwlnigutph nkph dwuht hinnpuhjughwih dudwbuly:
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KA3APSH HAPUHE AJIbBBEPTOBHA

MEXAHU3MBI JEMCTBIS 3MEMHOL'O SIJIA MACROVIPERA LEBETINA
OBTUSA HA UCKYCCTBEHHBIE BUCJIOMHBIE JIMITUHBIE MEMBPAHBI

PE3IOME

Kirouesslie ciioBa: Macrovipera lebetina obtusa, MemOpaHHbIe MOAEIH, 3IEKTPONIOPALIUS,
noTeHiman npobos, PLA,, K49, snekrponponunaeMocTs, GpIrOpeCleHTHBIE 30HIbL.

CBs3bIBaHHE COCTABJIAIOIIMX $ha C JMNUAAMH 3aBUCHT OT psla OCOOGHHOCTEH
MeMOpaHHBI. AKTUBHOCTh PLA, 10 OTHOIICHUIO K JUIUAHOMY OHMCIOI0 MHOTHE HCCIEAOBATENN
OOBSCHSIOT HAJIMYHMEM B HUX IOBEpXHOCTHBIX aedektoB (Burack et al., 1997; Maloney and
Grainger, 1993; Sanchez et al., 2002). ®ochonunassl MPeaNOYUTAIOT JUNUIHbIE CYOCTpaTsl B
TeMIepeaTypax OIM3KHX K (pa30BBIM HepexojaM JIMIHAOB, B YaCTHOCTH aKTHBHOCTH K aTakaM
PLA, noBeImaeTcsi IMEHHO B yCIOBHSIX TeMmepatyp (asoBoro nepexonga. C 3Toif TOUKH 3peHUs
BOKHEHIIMM BOIIPOCOM SIBJISICTCSA B3aUMOJCHCTBHE OCNKOBBIX KOMIIOHEHTOB fa 3MEH C
JMIHAHBIME  (parMeHTaMHu. Hamr sSkcriepuMeHTalHBIl MOAXOJ MOXET CIIOCOOCTBOBaTh B
PEIICHUH JaHHOW MPOOJIEeMbl MOCPEICTBOM MPSAMOH BHU3yalM3aluy OEJKOB B JIMIUIHOM OHCIIOE
6€3 MOATOXKKH.

Kak BpusicHMIoch u3 uncciemoBanmidi Ha BJIM, mo cpaBHEHHIO C SITOM KOODEL,
JJIEKTPOCTAaTUYECKNE CBOMCTBA sI/a TAIIOK O0YCIOBIEHBI CPOACTBOM OENKOBBIX KOMIIOHEHTOB K
manugHOMy Omcioro.  TakuM oOpasom Tombko TuapodoOHBIT 3¢d¢dexT HemocTaTodeH Ui
IITyOOKOTO BHEApEHHsS O€NKOB B JIMIMAHBI OWCIOH, YTO COOTBETICBYET JaHHBIM IIO
B3aMMOJIEHCTBUIO OTHENbHBIX OEIKOB M3 sia 3Med ¢ junuaHeiMu Oucnosmu  (Ohkura et al.,
1997, Jan et al., 2002). B 3Tux cny4asx oueHb BaKHa KPUBH3HA JIUIMUAHON MEMOpPaHbI, KOTOpast
UrpaeT KIUYEBYIO POJIb BO BHEJPEHUU HEKOTOPBIX OEIKOB B OUCIIO.

Taxum o6pazom BeiOpaHHbIe Hamu (iropecueHTHbie 3086 (AHC, mupen, JIAYPIAH,
[NPOJAH), Gmaromaps TOMOJOTMH CBS3BIBAaHUS C OHMCIOEM, MO3BOJIAIOT OLEHHUTh COCTOSIHHE
MeMOpaHBbI, CTEIICHb IIPOHMUIAEMOCTH OUCIIOS Ul MOJIEKY] BOJBI, M3MEHEHHE IOJSIPHOCTH NPH
B3aMMOJICHCTBUHY C OEIKaMH, a TAKKe CTeNeHb (Pa30BOro mepexo/a refib — KUIAKAN KPUCTAIL.

Ha naHHBI MOMEHT HET JOCTAaTOYHBIX MHCCIEHOBAHMHM OTHOCHUTENHFHO H3MEHEHHH
[UIACTUYECKUX CBOMCTB MeMOpaH pa3HbIX TKaHeW MpH OTpaBieHHH sioM 3MeH (Ayvazyan et al.,
2012). AHanu3 pe3ynabTaTOB JCUCTBHA LEJIOCTHBIX KOMIIOHEHTOB $ia JOCTaTOYHO
npo0JIeMaTHYeH W3-3a CJIOXKHOCTH TIPOLIECCOB, TaK KaK KaKIblii M3 HHMX MOXKET BBI3BIBATDH
MOCTIEAYIOIME MOBpeXAeHHUsT TKaHed. OJHAKo, Hapsxy ¢ BBIICYKa3aHHBIM, TOKCHYHOCTD
OT/IENBbHBIX KOMIIOHEHTOB SI/IOB Pa3HBIX BHIOB apMSHCKHX 3Meif, He mpesbimaer 1%. S 3men
MpeJICTaBIIAET cO00M cMech (PapMaKoIOTrHYeCKH aKTHBHBIX OCIKOB M MOJHUIENTHAOB (Sanz et al.,
2008). SIBiAACH COBOKYNHOCTBIO (DEPMEHTOB M HU3KOMOJIEKYJISIPHBIX COCIUHEHHH, eMy
CBOMCTBEH PE3KO BBIPaXXCHHBIH CHHEPIU3M, U B3aMMOJACHCTBHE OT/ACIBHBIX KOMIIOHEHTOB $1/1a CO
CTPYKTYpamMu MeMOpaHbI OTJIMYaeTCs OT MEXaHHM30B JIEUCTBUS LENbHOro saa. CHHEpruuHOCTh
OEIKOBBIX KOMITOHEHTOB sIJIa MOKET YCHJIUTH €ro 3QQEeKT, a Takke CIoCOOCTBOBATH OBICTPOMY
pacopoctpanenuto Tokcuua (Calvete et al., 2009). Cuneprusm ocobeHHO BakeH B poxy Vipera,
TaK KaK 3TH T'aJlOKOBBIC, KaK MPABHJIO, HE MMEIOT B COCTaBEe sJa MCTUHHBIX TOKCHHOB (Kak,
narnpumep, three-finger tokcun y Elapidae) u ¢epmenraTtnBHO-akTHBHBIE KOMIIOHEHTHI si[a C

22

© National Library of Armenia



HEIH3MMATHYSCKUMH KOMIIOHEHTaMH MOTYT 00pa30BaTh KOMILJICKCH. B HalIMX HMCCISIOBAHUIX
[OCPEACTBOM BHYTPHUMBIIICYHONH HHBEKLIHM [aeTCsl HAayallo Py KacKagHbIX IPOLECCOB M
[OJIy4aHHbBIC PE3YJbTAaThl MMO3BOJSIOT 3aKIIOYUTh, 4TO 10-MHHYTHOE BO3JCHCTBHE si/1a THOP3BI
[PUBOJIUT K MOBPEKICHHIO JIaXKe OTHATCHHBIX OT YKyca TKaHeH, IeMOHCTPUPYS TaK Ha3bIBaeMbIii
“spreading” a¢ddekT B KHUBOM OpraHu3Me, TO €CTh OBICTPOE PaCIpOCTPaHEHHE saa, KOTOPOe
00YCIIOBJIEHO HE TOJIBKO €r0 KOMIIOHEHTaMH, HO U BTOPHYHBIMH MPOIYKTaMH B3aHMOJCHUCTBUSI
JIAHHBIX KOMIIOHEHTOB € TKaHSIMH (1130(0COIMIUIBI U T.11.).

JlaHHbIe HAIIUX HCCICHOBAHUM MAlOT BO3MOXHOCTH 3aKIIIOUUTh, YTO S 3MEH, SBISSICH
CIIOHBIM €IMHCTBOM OHOJIOTMYECKH AKTHUBHBIX BEIIECTB, B3aUMOJICHCTBYET C JIUIIOCOMAaMHU.
l'unoresa, uto PLA; MoxeT uMeTh r1y0oKoe BO3ICHCTBHE HA JMMHUIHBIN OHCIION HE SBIsAETCA
HOBOIl n ommcana buntoHom (Sanchez et al., 2002; Bagatolli and Gratton, 2000), HO Takoe
B3aMMOJICHCTBHE HE OBUIO OMMCAHO TS LEIBHOTO 1A C JINIOCOMaMH.

Hamy pe3ynbTarhl MOKa3bIBAIOT, 4TO 00aBICHHE sla K I'MTAHTCKUM YHHJIaMEIUIIPHBIM
BE3MKYJIaM HPHBOIUT K TITyOOKHM MOP()OJIOTHIECKUM H3MEHEHHUSM, HaOII01aeTCsl TIOBPEXKIACHUE
MeMOpaHBI JIMIIOCOM U YBEIMYCHHE X Pa3MEpOB.

DKCreprMEHTalbHBIC MOAXO0AbI C HCMoib30BaHieM TokcuHa K49 (Lomonte and Rangel,
2012) e umerorero GpochornasHoi aKTHBHOCTH M OOIIETO sia ¢ GIIOKHPOBAHHBIM (DePMEHTOM
PLA, n03BOJIAIOT AenaTh BBIBOJBI OTHOCHTEIBFHO POJIM PA3HBIX HU3KOMOJICKYJISIPHBIX OEIKOBBIX
KOMIIOHCHTOB 5ia M Pa3HBIX IEHTHIHBIX JOMECHOB MOJICKYJNIBI IIPH HHTOKCHKAIUH: BO BpEMs
B3aumojericTeus aumepa PLA, ¢ MeMOpaHOH.
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