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GENERAL DESCRIPTION OF THE STUDY

Relevance of the study. Studies of Vipera genus snakes' venom demonstrated a significant
difference in the mode of action of their diverse components. Such divergence depends on the prey
and the ultimate goal of specific envenomation. The initial analyses of venoms discovered identical
families of enzymes and polypeptides among various types of snakes and common principals of
their activity. However, a deeper analysis revealed the strict specificity of venom components
unique to a given species and even sub-species of snakes. The habitat of a prey and the type of
animal used as food greatly influences the composition of the venom. The specific composition of
venom ensures certain kind of damages for quick death of prey (Daltry JC et al., 1996). On the
whole body level, the prey is being immobilized and disoriented, develops pain syndrome and
hypotonic collapse. Destruction of multiple organs and organ systems occurs on the level of
functional systems. On a molecular level, venom components act with high specificity on
mechanisms of cellular activity of a prey. It is important to mention that the main action of venoms
is not only in a direct interaction of venom component with its target but also in an induction of
hyperactivity and the generalized reaction of the whole organism to the venom. As opposed to plant
poisons, which mainly block a target function in a body of a prey, injected animal venom often
recruits prey’s defense mechanisms to fight against itself (Wu and Huang, 2003). Many venom
components act as bi- or multi-functional agents and depending on the effector site can exhibit
enzymatic activity and/or serve as a ligand for different receptors and signaling systems (Lee and
Albuquerque, 1979).

The focus of our study is the venom of Macrovipera lebetina obtusa (MLO) living in Armenia
and its effect on the cells of myocardium. This species contains several sub-species, which are
characterized by a very specific combination of components (Trummal Ketal., 2005; Kallech-Ziri
Olfa et al., 2005; Sanz L. et al., 2008; Limaml.et al., 2010). Along with common enzymes
characteristic of Vipera species, MLO venom contains unique components specific for “obtusa” sub-
species, such as disintegrin obtustatin (Sanz L. et al., 2008). This and some other components, at
large, define the uniqueness of this venom. MLO venom contents metalloproteinases, phospholipase
A2, serine proteases, L-alfa amino acid oxidase, few kinds of disintegrins and some other active
agents (Sanz L. et al., 2008). The cluster of MLO venom components, such as metalloproteinases,
obtustatin, C-type lectins and few others are known as cell adhesion inhibition molecules, which are
breaking up integrins and cadherins or bind to them (Gutiérrez and Rucavado, 2000; Sanz et al.,
2008; Zychar et al., 2010). Therefore, the adhesion affecting properties of MLO venom and its
action on cell binding in tissue culture was of an interest.

The overreaching objective of this study was to investigate the anti-adhesive actions of
fermentative systems and active polypeptides of MLO snake venom. Specifically, we aim to
examine the effect of active venom’s molecules on the connection of cell with the extracellular
matrix and intercellular connections. Additionally, we aim to examine the survivability of
cardiomyocytes (NRCM) and other non-direct targets of the MLO venom, such as cardiac
fibroblasts (CF) and epithelial HeLa cells. The necessity of such studies is substantiated by the
basic mechanisms of the MLO snake venom’s action. Among well-characterized effects of this
venom is it’s hemolytic activity on erythrocytes; moreover effect on vascular system, results in
damage of histohematic barriers and leakage of plasma proteins into surrounding tissues; and finally
MLO venom affects hemostasis by aggregating platelets and activating different clotting proteins
etc. Among the non-canonical effects of MLO snake venom the following processes need to be
included — the destruction of cellular membranes, induction of pathologic inflammation, apoptosis,
necrosis, ischemia of different organs and organ systems, as well as pre-digestion of prey’s tissues.

The understanding of venom’s specialized and general action mechanisms on the prey’s
organism is necessary for it’s potential use as therapeutic or diagnostic agent. More importantly, it is
necessary to understand the molecular responses of a prey, on order to synthesize easily obtainable
and highly specified medications. Such studies usually transferred from in vivo investigations on the
whole organism level to in vitro or even in silico studies. Special role is given to genetically
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modified animals (knockout mice, chimerical mice that express human MHC molecules, animals
with recombinant fluorescent target proteins, etc.) and to cultures of both primary and immortalized
cells. This allows us to overcome the long process of “tuning” of the effective dose for prospective
medication and allows us to identify the major side effects prior to animal testing.
The specific objectives of this project were:
1. Detecting the general effect of MLO snhake venom on the morphology of cultured
NRCMs, CFs and model epithelial cells.
2. ldentifying the morphological and physiological effects of non-lethal doses of MLO
venom on investigated cell types.
3. Determining the effect of MLO venom exposure time on the adhesion properties of tested
cells.
4. Correlating the dose and time dependent effects to detachment of MLO-treated cells with
their subsequent viability.
5. Investigating the role of the PLA2 component of the MLO venom on the attachment and
viability of tested cells.
6. Investigating the role of MLO venom metalloproteinases on the attachment and viability
of tested cells.

Scientific novelty. In this study, we demonstrated that crude venom from MLO is affecting
adhesion properties of NRCM, CF, and HeLa cells. The LDg, of MLO venom in mice is 18.4 ug per
1 mouse. To date, there is no information about the concentration of the venom that is reaching the
heart after the bite. We estimate it to be in 5-10ug/ml range based on an average adult mouse weight
(20-25 grams) and its volume of blood (being about 6-8% of total body weight or 1.5-2ml of blood).
These estimates suggest that concentrations of the venom used in this study can be in fact
encountered in vivo. Therefore, in this study we systematically investigated the effects of low
concentrations of MLO venom on aforementioned myocardial cells and epithelial cells.

The results of our studies demonstrated that the MLO venom has a significant detaching effect
on all tested cell types. Doses up to lug/ml are not cytotoxic, which means that the cells are
remaining viable upon detachment from the culturing substrate. These cells are capable of
reattaching and functioning when venom is removed. Hence, during the course of our investigations
we identified a dose of MLO venom that affects adhesion properties of aforementioned cells, but
does not cause death. This model provides a unique opportunity to study molecular interactions of
lasting cellular culture and work out conditions for testing components of MLO venom for drug
development. These effects are dose and time dependent for all cells.

In an attempt to understand the mechanisms of such activity, we used inhibitors specific for
individual components of MLO venom. Among those were EDTA-Na, chelating agent, which
effectively neutralized metalloproteinases of MLO venom. The adhesion of tested cells was slightly
improved when EDTA-Na, inhibited venom was applied to cardiomyocytes, cardiac fibroblasts and
HelLa cells. Similar results were obtained with bromophenacyl bromide (BPB)-inhibited venom,
where PLA2 enzyme activity was completely blocked. These results indicate that the aggressive
detaching activity of MLO venom is not delivered by an individual component of the venom, but
rather is a combinatorial effect of several active ingredients.

Scientific and practical significance of the work. The results of our studies set off a series of
questions that we are planning to address in future. First of all, we are planning to investigate a
novel phenomenon — initiation of tachycardia in cardiomyocytes under exposure to non-lethal doses
of MLO venom. It is known that C type natriuretic protein (CNP) is a part of MLO whole venom.
CNP promotes natriuresis and diuresis resulting in loss of sodium and water thereby lowering blood
volume and blood pressure. These properties of CNP make it a prime suspect in altering the
physiology of cardiomyocytes, but direct studies are yet to be done.

Severe detachment was detected as a consequence of MLO venom on all three tested cell types.
Similar effects were detected on other cells, such as skeletal muscle cells, endothelial cells, when
other types of snake venoms were used (Borkow et al., 1995). We discovered that detachment from
the substrate occurs prior to cell-to-cell detachments. We are intending to unravel the mechanisms
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of this phenomenon. Attachment of cells to culture substrates, which simulates extracellular matrix,
is mostly provided by integrins. MLO venom contains a series of disintegrins in their multiple
forms, the most important being obtustatin. Interaction of each tested cell type with culture substrate
and with each other will be the focus of future experiments. On the other hand, the network of
synchronously beating cardiomyocytes is created by desmosomes and tight junctions, which have
complex composition. Understanding of delayed action of MLO venom on these connections will be
another focus of future studies.

Unexpectedly, we discovered that very low concentrations of MLO venom induce increase in
survivability of cardiomyocytes, cardiac fibroblasts and HeLa cells as detected by MTT assay. This
is important to decipher for at least two reasons. First, we plan to investigate whether or not there is
a real increase in number of cells under these conditions. It is possible that at low levels of stress the
proliferative mechanisms are stimulated. If that is the case, this will provide a unique opportunity to
stimulate growth of otherwise proliferatively-limited cardiomyocytes for tissue engineering
purposes. Second, considering the nature of MTT assay, which measures mitochondrial activity, it
is possible that non-lethal doses of MLO venom simply accelerate metabolism. We are planning to
investigate both of these possibilities.

In addition, we are planning to definitively demonstrate the mechanism of action of individual
venom components on detachment, by blocking distinct components of MLO venom or their
combinations. Our initial experiments indicated the involvement of both PLA2 and
metalloproteinases in these processes. However, we detected only slight alterations in venom action
when the venom was inhibited by particularized inhibitors. In addition, there are other enzymatic
components present in MLO venom such as serine proteases. These enzymes are not directly
involved in adhesion mechanisms, however they might play a facilitating/combinatorial role in the
detected phenomenon and thus will be included in our future studies. Systematic application of all
possible inhibitors and testing the effects of their combination will shed more light on MLO venom
action mechanisms.

Lastly, more cell types will be incorporated in our studies including endothelial cells (HUVEC),
as they are exposed to venom before other cells buried deeper in the tissues, liver cells and others in
order to evaluate the commonality of MLO venom effects.

As another attempt to understand underlying mechanisms of adhesion of NRCM to the
substrate, we tested different coatings for attachment of studied cells to well surface. Among those
coatings were gelatin, laminin, and fibronectin. Gelatin is a water-soluble natural polymer, which is
derived from collagen (Collagen Type I). The key adhesion components of gelatin are a4, ag, s, and
B integrin subunits (Akiyama et al., 1981). Laminin is an important and major component of basal
lamina, which has a direct effect on cell differentiation, migration, and adhesion (Aumailley, 2013).
The main adhesion molecules of laminin are a;, 03, as, 07, and B; (Aumailley, 2013). Fibronectin has
numerous important functions, such as cell adhesion, growth, differentiation, and migration
(Akiyama et al., 1981). It is also secreted by a variety of cells, in particular, primary fibroblasts and
contains the binding part for oz, 0s, ay, and B; integrin subunits (Akiyama et al., 1981). However,
despite the differences of coatings, in these experiments, no visual differences were detected in
effects of MLO crude venom on adhesive properties of aforementioned cells. This indicates that the
mechanism of investigated venom action is more general, superseding specific differences in
integrins composition of ECM proteins we have tested.

Approbation of the work: The main results of this dissertation have been discussed with
experts in the field and presented at seminars and international scientific conferences.

Publications. On the topic of the thesis 3 scientific articles are published.

The structure of the thesis. The thesis consists of an introduction, four chapters, conclusions,
future directions and a list of references numbering 200 titles. The thesis is presented in 115 pages,
includes 40 figures and 2 tables.



LITERATURE REVIEW
The literature review includes: myocardium, morphological and physiological characteristics of
myocardium, cell adhesion, molecular mechanisms of adhesion in myocardium and epithelial cells,
snake venom, models used in this study, and venom-cardiomyocyte studies.

MATERIALS AND METHODS

Cells

Primary rat neonatal cardiomyocytes were obtained according to the previously published
protocol with modifications. Briefly, beating hearts were excised from 1- and 2-day old Sprague-
Dawley rats, rinsed in a cold, calcium- and magnesium-free, Hank's Buffered Salt Solution (CMF-
HBSS), and then minced into ~1mm? pieces. Tissue pieces were incubated overnight at 4°C in fresh
CMF-HBSS containing 0.1 mg/ml trypsin. The next day, heart tissue was washed with fresh CMF-
HBSS and treated with 0.5ml normal rat serum (NRS). The tissue was then collected in Leibovitz's
medium containing 1500U (~4mg/ml) collagenase Il and shaken for 30 min at 37°C. The cells were
then gently triturated, passed through a cell strainer to remove any undigested pieces, and
centrifuged for 5 min at 17.5G. The pellet was resuspended in Dulbecco’s Modified Essential
Medium (DMEM) supplemented with 10% NRS and pre-plated in the 100mm tissue culture dish for
an hour to minimize the presence of fibroblasts, which attach more rapidly than myocytes.
Unattached cells were then collected, counted and plated in a fibronectin, laminin, or gelatin-coated
multiwell cell culture plates at a density of 10°cells/cm? followed by incubation at 37°C in a 5%
humidified incubator for at least 24 hours without being disturbed. Myocytes were then kept under
standard culture conditions in DMEM, supplemented with 5% NRS, 10 U/ml penicillin and lug/ml
streptomycin. Media was changed every other day. Around day three after cell plating,
cardiomyocytes form an interconnected confluent network that exhibited rhythmic spontaneous
contractions.

Primary rat neonatal cardiac fibroblasts were obtained in parallel with the NRCM isolation.
Specifically, the population of cells that rapidly attached during the pre-plating stage of NRCM
isolation was cultured for about 7 days. During that time, cells were re-seeded 2-3 times to remove
accompanying NRCM and, hence, enrich the population of cardiac fibroblasts.

Epithelial cells: HeLa cells were maintained according to the suggested protocol (DMEM
supplemented with 10% Human Serum, 1x Pen/Strep) and seeded in a tissue culture treated
multiwell plates at a maximum density of 2x10°cells/cm®.

Venom collection and desiccation. Venom was milked manually as followed. The membrane
(polyethylene film, PEF) was stretched over a glass Petri dish. The snake was held behind its head,
and the firmness of the grip brings its fangs to the fore. The snake was stimulated to bite through the
thin PEF membrane covering the collecting vial, and pressure was applied to the venom glands. The
venom was collected in the vial. Membrane was removed and then vial was placed in desiccators for
drying. Silica gel was used as desiccant. Venom was kept at a low level of humidity and low
temperature. Fresh venom solutions, prepared daily, were used in experiments.

Venom stock solution preparation and further dilutions. The crude venom of MLO was
collected from local Macrovipera lebetina obtusa snakes and stored in the form of lyophilized
powder. Powdered MLO venom was reconstituted with sterile double distilled water to achieve a
stock solution of 1mg/ml and was filter sterilized. This MLO stock solution was diluted with
complete growth media right before experiments to obtain 0.1ug/ml; lug/ml; 10ug/ml; 20ug/ml;
50ug/ml; 100ug/ml working concentrations.

Preparation of thermally treated venom. To generate solution of thermally denatured MLO
venom, 1mg of dry venom was diluted in 1ml pre-warmed sterile water. The 1mg/ml solution was
vigorously mixed (Vortex) until complete dissolving. Then the tube with stock solution was placed
into boiling water and kept there for 30 min. Thermally treated MLO snake venom stock was
diluted with complete growth media right before experiments to obtain 0.1ug/ml; 1ug/ml; 10ug/ml;
20ug/ml; 50ug/ml; 100ug/ml working solutions.




Preparation of PLA2 inhibited venom. Bromophenacyl bromide (BPB) was used to inhibit the
PLA2 of whole MLO venom: BPB neutralized venom was prepared as follows. BPB stock solution
of 1 mg/ml was prepared prior by diluting it in 1 ml of sterile distilled water and was stored at 4°C.
On the day of experiments 20 units of 1mg/ml solution of venom was mixed with one unit of
Img/ml BPB solution and incubated at 37°C, for 2 hours with periodic mixing, to allow time for
BPB to interact with PLA2 and inhibit this enzyme of MLO venom. The resulting MLO+BPB
mixture was diluted with complete growth media immediately before experiments to obtain
0.1ug/ml; 1ug/ml; 10ug/ml; 20ug/ml; 50ug/ml; 100ug/ml final concentrations. The described ratio
of venom to BPB was established by estimating the enzymatic activity of PLA2 in whole MLO
venom (based on molecular weight of the venom and the venoms PLA2 fraction).

Preparation of metalloproteinases inhibited venom. Ethylenediaminetetraacetic acid
disodium (EDTA-Na,) salt was used to inhibit metalloproteinases of whole MLO venom. The
mixture was prepared as follows: 1mg of dry EDTA-Na, was added to 1mg of lyophilized venom,
and diluted in one milliliter of pre-warmed sterile distilled water. This stock solution was thoroughly
mixed until complete dissolving of both reagents and incubated in the 37°C water bath for 2 hours to
allow inhibition to take place. MLO+EDTA-Na, stock was diluted with complete growth media
immediately before experiments to obtain 0.1ug/ml; Lug/ml; 10ug/ml; 20ug/ml; 50ug/ml; 100ug/ml
working solutions.

Venom enzymatic activity testing

Verification of venom caseinolytic activity in vitro. We used our simple and effective test for
caseinolytic activity of the venom in assay of milk curdling in vitro. MLO venom was added to fresh
milk at the ratio of 1:5000. At this ratio fresh venom leads to milk curdling when incubated for 30
minutes at 38°C (in 100% of cases). The control test tubes were filled with pure whole milk, without
preservatives. Monitoring of pure milk under the same conditions serves as an internal control and
eliminates the errors associated with its spontaneous curdling. Each condition was tested
in triplicates.

Verification of venom phospholipase activity in vitro. Venom phospholipase activity was
determined by simplified method of chicken yolk coagulation in vitro. Fresh chicken egg yolk was
mixed with phosphate buffer (pH 7.4) at the ratio of 1:1 (Yolk Buffer Solution, YBS). Snake venom
was added at to YBS at the ratio of 1:5000. Mixture was incubated in at 38°C for 30 min. Next, the
tubes with YBS/venom mixture were placed in boiling water for 15 minutes. Control mixture
(without the venom) curdles up and changes the color to a lighter shade of yellow. However boiling
of YBS/venom mixture does not lead to coagulation and the yolk retains its bright yellow color,
which indicated the presence of active phospholipase in the venom. Each condition was tested in
triplicates.

Morphological characterization of NRCM, CF, and HelLa cells. In order to determine the
qualitative effects of MLO crude venom on the morphology of the cultured cells, we used phase-
contrast microscopy to monitor cell attachment. All tested cells were seeded at least 24h prior the
experiments to obtain 90% confluent monolayers. Considering different proliferative properties of
tested cells, NRCM were seeded at 2.5x10°cells/cm? and CFs were cultured at 1x10%cells/cm?, HeLa
cells were plated at 3.2x10°cells/em? considering growth properties of each cell type. All
experiments were conducted with monolayers reaching ~90% of confluency by the day of treatment.
The morphological changes were assessed at 1 and 24 hours after addition of MLO venom. All other
parameters were kept identical.

Physiological characterization of NRCM
Physiological characterization of contracting monolayers of NRCM consists of two main steps:

1.Fluo-4 AM Loading

Ca®" release in the contracting monolayer of cardiomyocytes was imaged using fluorescence
laser scanning confocal microscopy. Unless otherwise specified, loading of NRCM was performed
as follows: complete media was removed, monolayers were washed with PBS, and then cultures
were loaded with Fluo-4 AM (10pg/ml; Molecular Probes) in either Tyrode or phenol red-free
DMEM in order to avoid color associated interference of fluorescent signals. The cultures were
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incubated at 37°C for 45 min. The excess of Fluo-4 was removed by washing the monolayers with
PBS, after which cells were placed in phenol red free media and analyzed immediately under a
confocal microscope. Changes in contractile activity of the cells were recorded as Ca®" transients
traces.

2.Recording and analysis of Ca®* Transients/Sparks in NRCM

The changes in contractile activity of NRCMs we examined as changes in intracellular calcium
levels using laser scanning confocal microscopy (Leica DMi8 Inverted TCS SPE Laser scanning
confocal) As fluctuations in the intensity of calcium indicator Fluo-4. Unless otherwise specified,
loading of NRCM was performed as follows: the complete media was removed and the cultures
were loaded with Fluo-4 AM (10ug/ml; Invitrogen) in Tyrode at room temperature for 20-40
minute. Afterwards, cells were placed in fresh Tyrode solution and imaged immediately under a
confocal microscope. The following parameters were extracted from calcium transient signals:
spontaneous beating rate, amplitude (F1/F0) and peak. The beginning of the upstroke was defined
by the initial deflection from baseline.

Investigation of Ca?" fluorescence was done using confocal imaging with a TCS SPE laser
scanning system (Leica Microsystems, Germany). Images were taken with a x63 oil immersion
objective (numerical aperture (NA) = 1.4) (Fig.7. to be added). Fluo-4 was excited by 488 nm line
of an Argon laser and emission signals over 505 nm were collected. The fluorescent signals
represent the relative level of intracellular [Ca?*); and fluorescence intensity indicates the amount of
released [Ca?']; We utilized a line scan mode for recording Ca*" transients as sparks in fluorescence.
The confocal pinhole was set to render spatial resolutions of 0.4um in the horizontal plane and
0.9um in the axial direction. Ideally, the detector gain is set at around 700 (no digital gain). Line-
scan images were acquired at a sampling rate of 1.54 or 1.92 ms per line, along with the longitudinal
axis of the cell. Each line comprises 512 pixels spaced at 0.14pm intervals. After a sequential
scanning, a two-dimensional (2D) image of 512 x 1000 lines or 512 x 2000 lines were generated
and stored for later analysis. It is not recommended to scan a cell in the same line region for a
prolongedtime because exposure to laser causes photobleaching of fluorescent dye.

MTT viability assay. A standard methyl-thiazolyl-tetrazolium (MTT) colorimetric assay (Cat.
#L.11939) was used to assess cell metabolic activity. Briefly, cells were seeded in multiwell
microplates at 2x10°cells/cm? initial concentration for NRCMs and 1x10%cells/cm? for CFs. When
the cultured cells form a confluent monolayer they were treated with different venom concentrations
and incubated for 24 h. Thereafter, the cultured cells were treated with MTT reagent and incubated
for 3 hours until purple precipitate became visible. After incubation the culture medium was
removed, and MTT solvent (0.4uM HCI, 10% TritonX100 in isopropanol) was added to the wells, to
dissolve formazan crystals. The plate was shaken for 20 min at room temperature to ensure
complete dissolving of formazan crystals. The optical density was measured at 570nm and
referenced at 620 nm wavelength using HiPo MPP-96 Microplate Photometer (Biosan). Recorded
data were quantified using provided Quant Assay software.

Image analyses. Phase contrast images were collected using Zeiss Telaval 31 inverted
microscope. The fluorescent images (static and timeline) were collected Leica DMI8 TCS SPE laser
scanning confocal. The changes in recorded contractile activity of the cells were measured as Ca2+
transients and analyzed using ImageJ program.

Statistics. MTT assays for NRCM, CF, and HeLa cells viability and attachment experiments
included three independent experiments with all conditions run in triplicates. To measure the degree
of cells’ detachment, at least five different view fields were analyzed. Areas covered with cells were
quantitated and related to the areas from which cells detached upon exposure to intact MLO snake
venom, or thermally-inhibited wvenom, or PLA2 inhibited venom (BPB-treated), or
metalloproteinases inhibited venom (EDTA-Na,-treated) at all indicated concentrations and time
points. For quantitative analysis of calcium transients, each MLO concentration was applied to three
different coverslips and Fluo-4 recordings were collected from four to five different fields. All
values are expressed as mean + SE, with p < 0.05 considered statistically significant (*), p < 0.01
considered statistically very significant (**), and p < 0.001 considered statistically the most
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significant (***). Mean values are expressed as a percentage of vehicle control. Statistical analyses

were performed using Student’s t-test (MS Excel). Representative traces and images are shown.
RESULTS

Correlation of MLO doses with morphological/structural changes on tested cells with viability

It is known that MLO snake venom affects different organs and organ systems. To better
understand its effects on cardiovascular system, we decided to assess its effect on cultured
cardiomyocytes and other major cells of cardiac muscle. The initial experiments were designed to
evaluate the effects of whole MLO venom on NRCM, CFs and HelLa cells.

MLO venom effect on NRCM

The MLO venom was added to the cultured NRCM at the following final concentrations of
0.1ug/ml; Lug/ml; 10ug/ml; 20ug/ml; 50ug/ml; 100ug/ml to discover possible reactions such as
detachment/reattachment, changes in contraction frequency, action potential amplitude, etc.

Figure 1A illustrate action potentials registered from un-manipulated control NRCM monolayer,
whereas Figure 1B shows similar measurements taken from monolayer of cells treated with the
lowest 0.1ug/ml concentration. A detailed kinetic analysis of calcium transients revealed associated
changes in amplitude and duration of calcium transients. Interestingly, even the lowest dose of
venom caused a dramatic change in NRCM contraction amplitude (Fig.1B), decrease in Ca2+
release (Fig.1C) and significant increase in NRCM spontaneous beating rate and (Fig.1D). As
expected, increased beating frequency led to shorter durations and significantly decreased amplitude
(F/F0) of calcium transients due to the action of bradykinin potentiating/C-type natriuretic (BPP/C-
NP) peptide in MLO venom.

Cell attachment was minimally affected at both, 1 and 24h of treatment with 0.1ug/ml MLO.
(Fig.2). The rate of NRCM beating also increased upon adding the high dose of 100ug/ml MLO;
however, the rapid contraction was accompanied by detachment from the surface of the culture plate
within 1-5 min post-treatment.
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Fig. 1. MLO crude venom affects both the Ca?* release and spontaneous beating of
NRCMs. Ca?* transients registered from control (A) and venom treated (B) NRCM
monolayers. (C) Peak fluorescence intensity of Ca?* transients shown in A&B. (D)
Spontaneous beating rate significantly increased upon MLO venom explosion.




Initially, NRCM detached from culture plates as contracting clumps and later (in about 30 min) cells
dissociated from each other. After 1-hour, the detached clumps and single-beating cells stop
contracting and the monolayer largely disengaged.

At the lower “clinically relevant” concentration of MLO (from 0.1ug/ml to 10ug/ml) the NRCM
monolayers remain attached which allowed investigation of MLO effect at the later time points.
Therefore, monolayers were assessed 1 and 24 hours post venom exposure (Fig.2A and 2B
respectively). Attachment properties of NRCM were affected by MLO venom in a dose-dependent
manner. In addition time exposure also has an effect on NRCMs attachment to the substrate and to
cell-to-cell contact. Longer exposures times result in higher detachment even at the same MLO
venom concentrations (Fig.2A vs Fig.2B). In order to quantitatively evaluate the detaching effects
of MLO venom on NRCMs, areas covered with cells were compared with those w/o cells after
exposure to MLO venom. As demonstrated in Figure 3A the attachment of NRCM was affected by
MLO crude venom starting at lug/ml concentration and reaching 100% detachment at 100ug/ml
concentration (for 1hour).

o k « g2 _» XA e
F|g 2. Effects of 1 hour (A) and 24 hours (B) exposure of NRCM to |ncreasmg MLO
venom concentrations. The representative phase contrast images of cardiomyocyte
network 1 and 24 hours after MLO venom treatment at the indicated concentrations.

In order to differentiate between cytotoxic effect of MLO venom (causing cell death) and its
effect on attachment properties of NRCMs, the viability of described cultures was assessed by MTT
viability assay. To proper assess cells’ survivability, exclude all non-relevant effects of cell
manipulations and set baseline observable facts, we conducted a series of experiments where all
three cell types were exposed to thermally-inhibited MLO venom at different concentrations.
Boiling MLO venom for 30 min ensures denaturing of all venom enzymes, but does not rid of other
non-proteinaceous elements. Therefore we assessed both the viability and the attachment of cells
treated with fully denatured-thermolysed MLO venom at all experimental concentrations.
Monolayers of NRCMs treated with thermo-destroyed MLO venom for 1 and 24 hours post
exposure, remain attached and otherwise unaltered (Fig.3A and 3B). The same cultures were
assessed by MTT viability assay. The results demonstrated that all attached cells were still live and
non-affected by other elements of thermally inhibited venom, which could influence the level of
cells survivability. The viability of the NRCMs remained similar after 1 hour (Fig.3A) and 24 hours
of treatment (Fig.3B). Similar results were obtained with CFs and HelLa cells (data not shown).
Importantly these phenomena correlated with 100% attachment of all cells treated with thermally-
inhibited MLO venom (Fig.3A and 3B).
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NRCM + MLO for 1 hour NRCM +MLO - Thermo for 1 hour

[ -
Venom (ug/ml) | Ougml | 0.1ugimi| lugml | 10ugml | 20ugim! | SOugmi |100ugm
~#=Attached (%)| 100% 100% 99% 53% 45% 2% %

ol | 0.1ugml| lugml | 10ugiml | 20ug S0ug/ml | 100 ug/m!
100% | 100% | 100% | 100¢ o
—W-Viability%6) | 100% | 112% | 125% | 101% | 113% 93% 84% —W-Viability(%) | 100% | 105% | 110% 109% | 105% | 102% 97%

NRCM + MLO for 24 hours NRCM + MLO - Thermo for 24 hours
B 180% D 140%
1oo% 120%
140%
b I I
100¢
120% % 1
100% 80%
0% 60%
60%
40%
40%
- 20%
0% 0%
Venom (ug/mb) | Ougiml | 0lugml| Tugm! | 10ugml | 20ugml | 50ug Venom (uj Ougiml | 0.1uginl | lugiml | 10ugml | 20ugiml | 50ugml [100ugmi
——Auached (%) 100% | 100% | 90% 0% 0% 0% 0% ——Auached (%) 100% | 100% | 100% | 100% | 100% | 100% | 100%

W= Viability(%) | 100% | 116% | 146% 28% 29% 2% 22% -~ Viability(%) | 100% | 109% | 108% | 113% | 113% | 113% | 100%

Fig. 3. Attachment and Viability of NRCM is affected by MLO in a dose- and time-
dependent manner. Attachment (blue lines) and Viability (red lines) of NRCMs treated
with indicated concentrations of either thermally inhibited MLO venom (A&B) or whole
venom (C&D). Effect of MLO whole venom on NRCMs attachment and viability were
assessed after Lhour (C) and 24 hours (D) of treatment. For quantification of attachment
experiments, the ratio of covered areas to uncovered areas of NRCMs cultured for 1 hour
at 0.1ug/ml; 1ug/ml; 10ug/ml; 20ug/ml; 50ug/ml and 100ug/ml concentrations.

Next we tested the effects of native (un-manipulated) MLO venom on viability of NRCMs, CFs
and Hela cells. NRCMs treated with venom for one hour remain alive, regardless of applied MLO
concentrations (Fig.3C). Importantly, survivability of these cells did not correlate with their
attachment. More specifically, NRCMs treated with 10ug/ml of MLO venom for 1 hour, remained
100% live, but demonstrated 40-50% detachment (Fig.3C). Interestingly when identically treated
parallel cultures were kept for additional 23 hours (total of 24 hours of incubation), cell viability
was severely lessened (Fig.3D). Specifically, at 24 hours of incubation, all cells treated with
10ug/ml and higher, lost up to 70-80% of their viability. This phenomenon was correlated with
100% detachment of NRCMs treated with high doses of MLO venom (Fig.3D).

MLO venom effect on CF

Cardiac fibroblasts are essential part of myocardium. Therefore, the next set of experiments was
conducted to evaluate the effects of MLO venom on this type of cells. Toward that goal, cell culture
media was removed from cultured CFs and the diluted MLO venom was added at the final
concentrations of 0.1ug/ml; 1ug/ml; 10ug/ml; 20ug/ml; 50ug/ml; 100ug/ml in triplicates. Cells were
incubated for 1 hour. The data demonstrated that CFs treated with lowest dose (0.1ug/ml) for 1 and
24 hours, show no visible effects of detachment whereas parallel cultures treated with 100ug/ml
were detached even after 1min post-treatment (Fig.4) and more so after 24h incubation.
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Fig. 4. High concentration of MLO venom is detrimental for CFs attachment to a
substrate. CFs (Control) were exposed 100ug/ml of MLO for 1min and 10min.

In order to quantitatively evaluate the detaching effects of indicated concentrations of MLO
crude venom on CFs, areas covered with cells were compared with the areas without cells after
exposure to MLO venom for 1 and 24hours (Fig.5A and 5B respectively). The attachment of CF was
affected by MLO crude venom starting at 1ug/ml concentration and reaching 100% detachment at
100ug/ml concentration. Quantitated data of the attachment properties show that CFs were affected
both in dose and in time dependent manner.

CF +MLO for 1 hour CF + MLO for 24 hours

200%
A 180% i B 160% |

0 00
Venom (ug/m) | Ougmi | 0.1ugmi | Jugmi | 10ugmi | 20ugmi | 50ugmi | 100ugiml Venom (ug/md) | Ougiul | 0.1ugmi| lugml | 10ugml | 20ugml | SOugiml | 100ugml
—~—Atached %) 100% | 100% | 93% 0% | 0% % | 0% ——Auached (%)| 100% | 100% | 80% % 0% 0% 0%
-&-Viability(%) | 100% | 105% | 117% | 131% | 158% | 135% | 112% W-Viability®) | 100% | 111% | 130% | 42% | 41% | 36% | 33%

Fig. 5. Attachment and Viability of CFs is affected by MLO in a dose- and time-
dependent manner. Attachment (blue lines) and Viability (red lines) of CFs treated with
indicated concentrations of whole venom were assessed after 1hour (A) and 24 hours (B) of
treatment. For quantification of attachment experiments, the ratio of covered areas to
uncovered areas of CFs.

In order to differentiate between cytotoxic effect of MLO venom (causing cell death) and its effect
on attachment properties of CFs, the viability of described cultures was assessed by MTT viability
assay. When viability of treated cells was tested after one hour exposure to the venom, most cells
remain alive, regardless of applied MLO concentrations. Similarly to NRCMs, survivability of CFs
did not correlate with their attachment. More specifically, CFs treated with 10ug/ml of MLO venom
for 1 hour, remained 100% live (with slight growth up to 130%), but demonstrated 40-50%
detachment (Fig.5A). Interestingly when identically treated parallel cultures were incubated for 24
hours, cell viability was dramatically decreased (Fig.5B). More specifically, the first significant
difference was observed starting from 10ug/ml and higher concentration, the cells lost up to 60-70%
of their viability. This phenomenon was correlated with 100% detachment of CFs treated with high
doses of MLO venom.

MLO venom effect on HeLa cells

Throughout the study we used HelLa cells as model of epithelial cells. Since myocardium is
heavily vascularized and endothelial cells are the first type of cells within cardiac muscle which are
exposed to the venom, it was important to identify the effect of MLO venom on these type of cells.
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For investigation of the effect of MLO venom on HeLa cells, culture media was removed and the
diluted MLO venom was added to the cultured HeLa cells at the final concentrations of 0.1ug/ml;
1ug/ml; 10ug/ml; 20ug/ml; 50ug/ml; 100ug/ml in triplicates. Cells were incubated for 1 hour. The
data indicate that HeLa cells treated with lowest dose (0.1ug/ml) for 1 hour, show no visible effects
of detachment whereas parallel cultures treated with 10ug/ml and higher concentration reaching
100% detachment after 1 hour of post treatment (Fig.6). In order to quantitatively evaluate the
detaching effects of indicated concentrations of MLO crude venom on HeLa’s, areas covered with
cells were compared with the areas w/o cells after exposure to MLO venom for 1 and 24hours.
Quantitated data of the attachment properties show that HeLa cells were affected both in dose and in
time dependent manner.

After 1 hour
Control 0.1ug/ml 1ug/ml Sug/ml 10ug/ml 100ug/ml

A 15 § A N AR b
. . B | e ﬁ'
After 24 hours
Control 0.1ug/ml lug/ml 10ug/ml 100ug/ml
B > % Set S
E%, aiym
AW v

Fig. 6. (A) HeLa cells detach after MLO exposure at higher concentration (above
lug/ml) and longer time of exposure (B).

As before, to distinguish between cytotoxic effect of MLO venom (causing cell death) and its
effect on attachment properties of HelLa cells, the viability of described cultures was assessed by

HeLa + MLO for 1 hour HeLa + MLO for 24 hours

08
Venom (ug/mb) | Ouginl | 0.1ugiml | lugiml | 10uginl | 20ugml | SOugiml | 100 ugiml
——Amac 100% | 100% | §0% | 10% 0% 0% 0%
W Viability(%) | 100% | 108% | 112% | 116% | 110% | 115% | 100%

Fig. 7. Attachment and Viability of HeLa cells is affected by MLO in a dose- and time-
dependent manner. Attachment (blue lines) and Viability (red lines) of HeLa cells treated
with indicated concentrations of whole venom were assessed after Lhour (A) and 24 hours
(B) of treatment.

MTT viability assay. When viability of treated cells was tested after one hour exposure to the
venom, most cells remain alive, under all applied MLO venom concentrations. Importantly,
survivability of these cells did not correlate with their attachment (Fig.7A). More specifically, HeLa
cells treated with 10ug/ml of MLO venom for 1 hour, remained 100% live, but demonstrated 90%
detachment. Interestingly when identically treated parallel cultures were kept for total of 24 hours
of incubation, cell viability was severely lessened (Fig.7B). Specifically, all cells treated with
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20ug/ml and higher, lost up to 50-60% of their viability. This phenomenon was correlated with
100% detachment of HelLa cells treated with high doses of MLO venom.

Unraveling the mechanisms of ML O detaching effects

In order to understand the mechanism of detachment and how it affects the viability of the cells
we have try to inhibit individual enzymatic components of the MLO venom. For this reason we use
2 main inhibitors: one of them BPB was used to inhibit the PLA2 of MLO snake venom, the second
inhibitor which used in this study was EDTA-Na,, which inhibits the Metalloproteinases of the
MLO crude venom.

Effect of MLO+BPB mixture on NRCM

PLA2 activity was inhibited with the use of bromophenacyl bromide (BPB) as described in
Materials and Methods section. NRCM treated with MLO+BPB mixture for one hour demonstrated
40-50% detachment under exposure to 10ug/ml the mix (Fig.8A). This trend continued and reached
80-90% detachment rate at 100ug/ml concentration of MLO+BPB mix, while the cell viability
remained at 100% (Fig.8A). After incubation of parallel cultures for total of 24 hour, attachment of
NRCMs remained unaffected up to the lug/ml venom concentration (Fig.8B). This result proves
that at least a part of the MLO venom activity was inhibited by BPB and attachment of NRCMs was
improved compared with the effect of the same concentration of un-inhibited MLO (Fig.8B
compared with Fig.3B).

Furthermore viability of the same culture treated with MLO+BPB for 24 hours was also slightly
improved for lower venom concentrations, but stating from 10ug/ml MLO+BPB mixture the
viability significantly dropped to 20-30% viable cells (Fig.8B).

NRCM + "MLO + BPB" for 1 hour NRCM + "MLO + BPB" for 24 hours

A v B

0% 0%
Venom mix(ug/ml) Ougiml | 0.1ugml | lugiml | 10ugml | 20ugml | S0ugiml [100ugim! Venom mix(ug/ml) Ougml | 0lugml | lug
——Attached (%), 100% | 100% | 100% 2% 44% 23% 1% —+—Attached (%) 100% | 100%
-8 Viability(%) | 100% | 105% | 120% | 103% | 106% | 91% 83% - Viability(%) | 100% | 115%

Fig.8. Attachment of NRCM cells after 1(A) and 24 (B) hours exposure to MLO+BPB
mixture. Inhibition of PLA2 enzyme activity within MLO venom results in slight increase
viability and attachment of NRCMs at low concentration. Results are more pronounced
after 1 hour of MLO+BPB exposure (A) than at 24-hour exposure (B).

Effect of MLO+BPB mixture on CF

Similar experiments were performed on CFs to assess the BPB inhibitory effects on the action
of PLA2 enzyme of MLO venom. No changes in attachment were detected at 1 and 24 hours of
when cells were exposed to up to 1 ug/ml MLO+BPB mixture. Once CFs were treated lug/ml
concentration with MLO+BPB for 1 (Fig.9A) or 24 hours (Fig.9B), the detachment was determined
to be 5% which is similar to the effect of un-inhibited venom (Fig 5 A&B). However, comparing
these results with the parallel effects of un-inhibited MLO venom on CFs proves that detachment
level of CFs was moderated by the presence of BPB as follows (Fig.9 compared with Fig.5).
Starting from a concentration of 10ug/ml of MLO+BPB mixture detachment rate reached 80-100%
both after 1 and 24 hours of exposure (Fig.9A and 9B respectively). Remarkably, the cell viability
rate remained 100% for the 1 hour treatment (Fig.9A); therefore no correlation exists between
detachment and cell viability. After incubation of parallel cultures for total of 24 hours cell viability
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dropped by 60-70% (Fig.9B). Taken together this indicates that attachment of CF’s is governed by
molecules, which are not significantly affected by PLA2 enzyme, whereas survivability of the same
cells are.

CF+ "MLO + BPB" for 1 hour CF+"MLO + BPB" for 24 hours

A 180% B 160%

Venom mix(ug/m) Ougiml | 0.1ugml| lugmi | 10ugml | 20ugimi | S0ugmi | 100ugimi Venom mix(ug/mf) Ougtml | 0.1ugml | lugml | 10ugml | 20ugml | SOugml | 100ugml
——Atached %) 100% | 100% | 95% | 20% 10% 0% 0% ——Auached )| 100% | 100% | 95% 0% 0% 0% 0%
97% | 109% | 114% | 150% | 145% | 119% - Viability(%s) | 100% | 117% | 129% | 39% 36% | 3% | 31%

Fig.9. MLO venom with inhibited PLA2 activity (MLO+BPB mixture ) demonstrated
negligible difference in effects of detachment of CFs after 1(A) and 24 (B) hours
exposure compared to whole venom effects.

Effect of MLO+BPB mixture on HelLa

HeLa cells treated with MLO+BPB mixture for one hour demonstrated 5% detachment under
exposure to lug/ml of the mix for 1 (Fig.10A) and 24 hours (Fig.10B). When put in comparison
with un-inhibited MLO venom, the degree of detachment of HeLa cells was altered by the presence
of BPB. This result confirms that at least a part of the MLO venom activity was inhibited by BPB
and attachment of HelLa cells was improved compared with the effect of the same concentration of
un-inhibited MLO (Fig.10 compared with Fig.7). Starting from 10ug/ml MLO+BPB mixture

HeLa + "MLO + BPB" for 1 hour HeLa + "MLO + BPB" for 24 hours

A 140% B 180%

0% -
Venom mix(ug/ml) Ougm! | 0.1ugml| lugml | 10ugimi  20ugiml | SOugiml [100ugmi
——Atached (%)| 100% | 100% | 100% | 52% 4% 23% 1%
- Viability(®s) | 100% | 100% | 106% | 108% | 110% | 109% | 102%

0Jugml | Tugml | 10ugiml | 20ugml | SOugml | 100ugml
100% | 95% 0% 0% 0% 0%
18% | 136% | 8% 36% 2% | 26%

Fig.10. Attachment of HeLa cells treated with MLO+BPB mixture (with inhibited PLA2
activity) was improved compared with the effect of the same concentration of un-
inhibited MLO at 1 hour exposure (A) but not at 24 hour exposure (B)

detachment rate of 1 hour treated cells reached 50-100%, while the cell viability remained 100%
(Fig.10A).

Furthermore viability of the same culture treated with MLO+BPB for 24 hours was also slightly
improved for lower venom concentrations, but starting from 10ug/ml MLO+BPB mixture the
viability significantly dropped to 30-60% viable cells (Fig.10B).

Ethylenediaminetetraacetic acid disodium (EDTA-Na,) is known chelating agent. As such it acts
as effective inhibitor for all metalloproteinases. Therefore to inhibit the metalloproteinases of the
MLO venom we prepared MLO+EDTA-Na, mixture, incubated it for 2hours to allow for the
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chelating reaction to take place and test the effects of this mixture on attachment properties and
viability of NRCM, CFs and HeLa cells.

Effect of MLO+EDTA-Na, mixture on NRCM

Metalloproteinases activity was inhibited with the use of Ethylenediaminetetraacetic acid
disodium (EDTA-Na,) as described in Materials and Methods section. NRCM treated with
MLO+EDTA-Na, mixture for one hour demonstrated 30-40% detachment under exposure to
10ug/ml the mix.

NRCM + "MLO + EDTA-Na" for 1 hour NRCM + "MLO + EDTA-Na" for 24 hours

0%

0lugml | lugml | 10ugml | 20ugiml | SOugiml | 100ugml ‘eno gml [0lugm!| lugm! | 10ugml [ 20ugml | SOugim! |100ugml

100% | 100% | 66% 54% i8% 3% Ata 00% | 100% 0% 0% % 0%
106% 115% 99% 112% 102% 85% Vial (%) 00% 0% 29% 29% 31% 24%

Fig. 11. Viability and Attachment of NRCMs were improved when MLO venom was
inhibited with EDTA-Na. Results are more pronounced after 1 hour of MLO+EDTA-Na
exposure (A) than at 24-hour exposure (B).

This trend continued and reached 50-60% detachment rate at 100ug/ml concentration of
MLO+EDTA-Na, mix (Fig.11A). This result proves that at least a part of the MLO venom
metalloproteinases activity was inhibited by EDTA-Na, and attachment of NRCMs was improved
compared with the effect of the same concentration of un-inhibited MLO (Fig.11A compared with
Fig.3A). In the meantime cell viability remained at 100% (Fig.11A). After incubation of parallel
cultures for total of 24 hour, attachment of NRCMs remained unaffected up to the 1ug/ml venom
concentration (Fig.11B). This result proves that attachment of NRCMs was slightly improved
compared with the effect of the same concentration of un-inhibited MLO (Fig.11B compared with
Fig.3B).

Furthermore viability of the same culture treated with MLO+EDTA-Na, for 24 hours was also
slightly improved for lower venom concentrations, but starting from 10ug/ml MLO+BPB mixture
the viability significantly dropped to 20-30% viable cells (Fig.11B).

Effect of MLO+EDTA-Na, mixture on CF

CFs treated with MLO+EDTA-Na, mixture demonstrated no changes in viability properties at 1
and 24 hours across tested concentrations of MLO + EDTA mixture (Fig.12A&B and Fig 5).
However, the situation is significantly different when we assessed the attachment of the same cells.
The attachment of CFs was significantly increased compared with the attachment of CFs treated
with identical concentration of un-inhibited MLO (Fig.12A compared with Fig.5A). Specifically, the
cell viability rate remained 100% for 1 and 24 hours of treatment for the indicated concentrations
(Fig.12A and 12B); therefore there is a direct correlation between inhibition of metalloproteinases
activity of MLO venom and cell attachment. Remarkably, CFs treated with MLO+EDTA-Na,
mixture for one hour demonstrated 50% detachment under exposure to 10ug/ml the mix (Fig.12A).
This trend continued and reached 100% detachment rate at 100ug/ml concentration of
MLO+EDTA-Na, mix both after 1 and 24 hours of exposure. Remarkably, the cell viability rate
remained 100% for all the concentrations of 1 hour treatment (Fig.12A). Starting from 10ug/ml
concentration of MLO+EDTA-Na, mixture the viability rate of 24hour treated culture dropped by
60-70% (Fig.12B).
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CF + "MLO + EDTA-Na" for 1 hour CF + "MLO + EDTA-Na" for 24 hours

mb| Ougiml |0lughml| lughml | 10ugiml | 20ughul | SOugml | 100ughml
- (%e)| 100% 100% 100% 66% 54% 48% 43%

mf) Ougiml | 0.lugmi| lugim! | 10ugmi | 20ugiml | SOugml | 100ugml
- Visbility(%s) | 100% | 105% | 119% | 145% | 170% | 153% | 119%

100% | 100% 10% % 2% 0%
100% | 122% | 139% 41% 38%

Fig.12. Attachment but not viability of CFs was positively affected by inhibiting
metalloproteinases of MLO venom. Attachment (blue lines) and Viability (red lines) of
CFs treated with indicated concentrations of MLO+EDTA-Na were assessed after 1hour
(A) and 24 hours (B) of treatment.

Effect of MLO+EDTA-Na, mixture on HeLa

Parallel experiments were performed to assess the role of metalloproteinases enzyme of MLO
venom by inhibiting them with EDTA-Na,. Interestingly when dealing with HelLa cells, no changes
in viability were detected at 1 and 24 hours across all tested concentrations of MLO+EDTA mixture
(Fig.13A&B vs Fig.7). The cell viability rate remained 100% for 1 and 24 hours of treatment for the
indicated concentrations. Similarly to CFs, when metalloproteinases activity was inhibited by
EDTA-Na, and attachment of HelLa cells was significantly increased compared with the effect of

HeLa+ "MLO + EDTA-Na" for 1 hour HeLa + "MLO + EDTA-Na" for 24 hours

A 160% B 60%

0%

Venom mix(ug/ml) Ougiml | 0.lugimi| lugml | 10ugiml | 20ugiml | SOugmi [100ugiml Veno
- 100% | 100% | 100% | 50% 20% 10% 0%

- Visbility(%) | 100% | 107% | 112% | 118% | 118% | 117% | 104%

50
100% | 100% | 100% 10% 0% 0% 0%
iability(%s) | 100% | 110% | 124% 77% 41% 36% 31%

¥t

Fig.13. An increase in HelLa cells attachment is detected when MLO venom
metalloproteinases are inhibited by EDTA-Na2. Attachment (blue lines) and Viability (red
lines) of HelLa cells treated with indicated concentrations of MLO+EDTA-Na were
assessed after 1hour (A) and 24 hours (B) of treatment at indicated concentrations.

the same concentration of un-inhibited MLO (Fig.13A compared with Fig.7A). Therefore, we
hypothesize that metalloproteinases are directly affect adhesion of HeLa cells to the substrate and to
each other. HelLa cells, treated with MLO+EDTA-Na, mixture for one hour, demonstrated 50%
detachment under exposure to 10ug/ml the mix (Fig.13A). This trend continued and reached 100%
detachment rate at 100ug/ml concentration of MLO+EDTA-Na, mix both after 1 and 24 hours of
exposure. Importantly, the cell HeLa cells remained 100% viable for all the concentrations of 1 hour
treatment (Fig.13A). Starting from 20ug/ml concentration of MLO+EDTA-Na, mixture, the
viability rate of 24-hour treatment culture dropped by 30-50% (Fig.13B).

All in all our data proves the direct effects of MLO venom to adherent properties of myocardial
cells and HeLa cells. It influences both the adhesion to the extracellular matrix and, differently, the
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adhesion of cells to each other. In our working model, closely resembling the estimated
concentrations of the venom in the bloodstream of a prey, we found that 1ug/ml concentrations
demonstrates the most obvious changes in the tested characteristics of studies cells, namely
attachment and viability. This concentration was also found to be the one that does not cause
mortality of the cells, but rather simulates a lower level of venom, that is associates with morbidity
of a prey and thus is more important to be studied. Table 2 summarizes the results of exposure of all
tested cells to whole MLO and its inhibited forms for one and 24-hour periods obtained under
Lug/ml venom concentrations to illustrate the most significant results of our studies.

o Treatment type at 1 ug/ml MLO
S o
8 E
e = MLO- MLO | MLO+EDTA- | MLO+
L>u< Thermo Na, BPB
_ | Attachment 100% 99% 100% 100%
— é Viability 110% 125% 115% 120%
=
< Attachment 100% 90% 100% 95%
z 2
S S
~e Viability 108% 146% 140% 135%
Attachment 100% 93% 100% 95%
- S —
@ = Viability 103% 117% 119% 109%
Sl
= © Attachment 100% 80% 100% 95%
(%2}
3 S5
2 Viability 110% 130% 139% 129%
Attachment 100% 80% 100% 100%
- —
= Viability 114% 112% 112% 106%
(1]
-
T Attachment 100% 80% 100% 95%
(%2}
33
2 Viability 116% 127% 124% 136%
Table 1. Summary of attachment and viability data for all types of cells treated with
lug/ml of each treatment.
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CONCLUSIONS

Macrovipera lebetina obtusa is one of the most poisonous snakes in Armenia, which bites
causes unavoidable morbidity and sometimes mortality of a prey. Cardiovascular system is one of
the neglected targets of this venom. In our studies we develop a model for investigating MLO
venom effects on cultured myocardial and endothelial cells. In this study we used neonatal rat
cardiomyocyte preparation method to address the toxicity of this venom considering the
organization of cardiac muscle. Based on the results of presented investigation we made the
following conclusions:

1)
2)
3)

4)

5)
6)

7

MLO venom has a direct affect on cultured myocardial cells such as cardiomyocytes and
cardiac fibroblast and epithelial cells, by severely altering their attachment properties.
MLO venom induced detachment is dose and time dependent in all testes cell types.

The tolerable dose of MLO exposure is optimal dose for investigating adhesive
properties of myocardial and epithelial cells. This was estimated to be in 0.1 and 1
ug/ml range.

Cardiomyocytes exposed to tolerable doses of the MLO venom demonstrates dramatic
increase in contraction frequency, due to C-type natriuretic peptide, which in turn
results in significant decrease of contraction amplitude.

Identified detachment is characterized by specific order of events: initially cells detach
from culturing substrate and later cells detach from each other.

Chelated MLO venom causes less detachment in all tested cells types, indicating the
involvement of venom metalloproteinases.

BPB inhibited MLO venom is also less detaching for cells, indicating the involvement
of PLA2 enzyme of the venom in this process.
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UpGunwlbuywu Kndhwuubu Ypkdh

MACROVIPERA LEBETINA OBTUSA Oah (3Nh3Lh UNMEShHhL URIESNRE3NKLL
ursuuyuvh UNRLShYUSYUD PRPRULEMP Uru

uveneughr

Pwbuyh pwnbp. Macrovipera lebetina obtusa, odh pnyl, Lupnhndhnghy, upipuyht
Phppnppwuip, in vitro Yniypnipw, wnhbghw, ppinpuplynipyntl

Macrovipera gtinh o&tiph pnyuh nwnwuwuhpnyeyniubipp gnyg Gu wdby, np pnyuh
tmwpptip - pwnwnphsubph - wqnbignyegniuubph - dbfuwupqdutph dbg qquwih
wmwppbpngyniuutp Ywu:  “Hpwup  Ywiudwd Gu gnhh wbuwyhg Lo uwbghdhy
pniwynpdwt  phpwfuhg: Lwputwlwt hGnwgnungeyniiubpp gnyg Gu - wygb), np
wnwppbip wnbuwyh odbiph pnyunud Ywu dtipdtunubiph W wynihwybwwhnubph unyuwudwu
punwuhpubin: Uwlwju wdbh funpu nwnuluwuhpnipniuutipp gnyg wygbtight enyutiph
pwnwnphsubph fuhuwn npnawyh wnwuduwhwwnynigyniutbp, npnup Gquyh Gu wju Yuwd
wju  wbuwyh L unyuhuy bGupwwbuwlh odtiph hwdwp: (Fnyuh jnipwhwwnny
pwnwnpnijniup wnwowgund £ npnpwlyh Juwudwépubin, npnup L hwugbgunud bu
gnhph huwpwynphu wpwg dwhywu (Daltry JC et al.,1996): 2nhUu wupwpdwunw L
wwwynndunpnoynd k, www qupquund b guwyjwiht hwdwlunwuh? b hhwynwinuply
Ynjwwu, juwuqwpynwd Gu  wmwppbp  opqwuubph UL opqwu  hwdwlwpgbiph
$niiyghwubpp:  Uniynquwihtt - dwlwpnuiyny  pnyuh - pwnwnphsubipp  pwpap
punpnnulwunigyntu Gu npulinpnid:

h wnwppbipnyeyntt pnuwlwu pnyutiph, npnup gnhh dnwn hhduwlwunw wpgbijwynwd
GUu npuk phpwfuwihu gnpdwnnype, YEunwuwlywu pnyutipp hwwfu <hwplwnpnd» Gu
gnhh ywounuwwuwlwu dbfuwuhgqiubpht wywjpwpb| hp huly nkd (Wu and Huang, 2003):
(Gnyuh owwn pwnunphsubip hwunbiu Gu quihu npwbu bpYy- Ywd pwgdwdniuyghnuw)
unipbp, U Ywiujws wgnbgniejwu wbnwdwuhg' Ywpnn Gu gniguwpbipt) $bpdbunwihu
wlwnhynyeyniu Whwd dwnwjb| npwbu |hquun' wwppbp puywihsubph bW wgnwuwuwhtu
hwdwywpgbiph hwdwp:

Macrovipera lebetina obtusa o&h pnyuh ny pwgwhwjn phpwlup upnwunpwhu
hwdwywpqu  E: (enyuph  wanbgnieiniut nwnwWuwuppbint - hwdwp  dbp
htitnwgnunigyniuubpnud dowlybp Gup Ynynhjugywd upnwdlwuwhtu b Ewhebijwhu
(HeLa) pohoubiph dnnbjutip: Snpupynieniut nunwiuwuppbint hwdwp, hwoyh wnubiny
upnwdlywup pohoubinh Yuwquwybpwywsdnipiniup, htnwgnunigniuubpnud Yhpwnb) Gup
unpwdhu wnubinubiph upwintiphg pohoubinh wugwwndwu U Ynyinhjwgdwu dbpnnp:

M. lebetina wnbuwlhu punpny punhwunip $bipdbunubph hbn dehnbn' MLO pnyup
wwpniuwynd £ twlb  jnpwhwondy pwnwnphsubp (opptuwly' opninwinwnhu
nhghuwbigphup), npnup hwwnly Gu  obtusa bupwwbuwyhu: Wu W npny  wy
pwnwnphsubpp  dhwuht npnond BU wyju o8h  pnyuh  Jnpwhwnynyeiniup:  (nyup
wwpniwwynd £ dGwnwnupninbwqubp (UM), $nubnhwywqu A2 (PLA2), ubphuwhu
wpnunbwqutip, L-wibw wdhuwppywihu opuhnwg, dh pwuh nbuwlyh nhghunbtigpphuubip
U wj) wywhy wgbuwnubp (Sanz L. et al., 2008): MLO pnyuh dh 2wnpp pwnwnphsutip (UM,
opinwwwwhup, C-inhwh |GBYwnptutpp b wyu), hwpnth Gu npwbu hwlwwnhbghy
dnjtynyubip, npnup fuwpwpnd Gu punbgphutbpu ne Yunhbphuubpp Ywd Yuwynd Gu
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npwug: Ubtup nwnwuwupptp Gup wlwhy pnyuh  dnynyubph - wgnbignieniup
dhopgowyhi L pohg-wipuwpgowihts  dwwnphpu  Yuwbiph  dpw (hwlwwnhbghy
wanbignipniu), huswbu twl Ywpnhndhnghwubph (4U), upwnwihtu $hppnpjwuwmubiph
(Ud) U HelLa pohoubinh YLuuntuwynipniup: (dnyup dwhwgnt swihwpwduh 50%-p 1
dywu hwdwp 18.4dyg E: Un wjuop hwynuh sk, pb fuwyenghg hbwn pnyuh hus
swihwpwdhu £ hwutund uppwn: Cunn dbp hwodwpyubph' wyu Ywgdnwd £ 5-10dyg/d):
Lwyquwnyp hhduws £ hwuniu dyutiph dhoht pwoh (20-25q) b wpjwu dwywih (Jwpduh
quugywsh 6-8% Ywd 1,5-2d) Ypw: Uyu hwodwplubiphg htinnbnd £, np wluwwnwupnu
oquwgnnpdywsd Ynugbunmpwghwubipp, thwuwmwghnpbt, Ywpnn Gu hwunhwby in vivo:
Wuwhuny' dbp hGwnwgnunngyniuubpnud dbup hwdwlwpgdwd Yapwny nwunwuwuppb
tup MLO pnyuh gwdp Ynugtiuitnpughwubinh wanbignueyniuttipp updwsd pohoubinh ypw:

Lbwnwgnunnieniutbiph wpryniupubipp gnyg wdbight, np MLO pnyuu niih qquwih
hwlwwnhtghy hwwynieniu: 1dyg/d-hg gwdp swihwpwdhuubpp ghwnunpuhly sku.
pohoubipp, suwjwd np wniynwd Gu  unipunpwnhg, wjunuwdbuwgupy, dJdunwd Gu
Ytuuntwwly: fSnyup hbnwgubint nbwpnd npwup nuwy o Ypyht  wdpwwg
untpunpuwnht b Ybpwywuqutp $niuyghwubipp: Utp Ynndhg hwjnuwpbpytght MLO
pnyuh  wju swihwpwdhuubpp, npnup wagnnud  Bu updwd  pohoutiph  wnhtighy
hwwnynigyniuubph Jpw'  dpluunyu  dwdwuwl  shwugbgubiny  pohoubiph  Jwhywu:
Ogquwgnpdywsd dnnbip Gquyh htwpwynpnipniu £ viwhu nwnwitwuhpbine dngGyniwihu
thntuwgnbignipniuttipp poowihtu tiplwpwdwdybn Ynywnipwynid: Uu twb unbindnud
hhdptin  MLO pnyuh pwnwnphsubiph  nwnutwuhpdwu  hwdwp, husp Yupnn |
ogunwgnndybi ninwdhongubtiph wpunwnpniejwu db:

MLO pnyuh wgnbignipjwu dbfuwuhqdubpp wwnpgbint hwdwp dbup oguwagnndti tiup
pnyuh wnwudht pwnwnphsubipht uwtighdhly huhhphwinpubp: Hwughg EDTA-Na,-u
(jubjwwnwgunn Ynye) wprynituwybunnpbu segnpwgunud £ pnyuh UM: EDTA-Nay,-ny
huhhphghwjh Gupwpltihu enyuh hwlwwnhbghy hwnynyeyniutipp thnpp-htg ujwqby
Gu: Ldwuwwhwy wprynipubp G unwgyl) twb ppndndbitiwghp ppndhnny  (BPB)
huhpphghwjh Gupwplyws enyuh Yhpwndw ntwpnad: BPB-ny |phy wpgbjulydnu E
pnyuh PLA2 $tpdtunh wywnhynieiniup: Unwgywd wnpryniupubpp gnyg Gu wwihu, np
pnyuh hwwwnhtghy wgnbgnieniup wwjdwuwynpyws £ ny el enyuh npuk wnwudhu
pwnwnphgny, wyp dh pwth wiwhy pwnwnphgubinh hwdwntn wqnbgnipjudp:
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ApecrakecsH OBanHec BpexxoBuu

CIELIMO®UYECKOE JIEMCTBUE SIJIA 3MEU MACROVIPERA LEBETINA OBTUSA HA
KVJIbTUBUPYEMBIE KJIETKU MUOKAPJIA

PE3IOME

Knrouesvie cnoea: Macrovipera lebetina obtusa, smeunsut 50, xkapouomuowum, cepoeunvlii
¢ubpoonacm, Kynemypa in Vitro, adzesus, moxcuunocms

HUccnenoBaunust sna poaa Macrovipera nokasainy 3HAUMTEIBHYIO PasHHIYY B Crocobe AeiicTBust
UX Pa3NYHBIX KOMIIOHEHTOB. Takas JMBEPreHIMs 3aBHCHT OT THUIA JOOBIYM M KOHEYHOIl Ienu
crienuduyueckoil MHTOKCHKAaUWMu. I[lepBOHAuYalbHBIH aHANM3 SA0B OOHAPYXHI HICHTHYHBIC
ceMmeiicTBa (DePMECHTOB U TMOJHUIIENTHIOB CPEIH PA3IMYHBIX BHAOB 3MEH M OOLINX TPUHIKIIOB HX
nestenbHOCTH. OnHaKo Goiee TyOOKMil aHAIHM3 BBISBIII CTPOTYIO CHEU(UIHOCTE KOMIIOHEHTOB
sa, YHUKaJIbHBIX Ul JaHHOTO BHAQ M J@Xe MOABHIA 3Meil. MecTooOHWTaHHE KEPTBBI M THII
’KUBOTHOTO, HCIOJIb3YEeMOr0 B Ka4yeCTBE ULV, CHIBHO BJIMSIIOT Ha cOCTaB sijia. KOHKpETHBIH
COCTaB si/1a 00eCIeYnBaeT ONpe/IeICHHBIA B MOBPEKIACHHHN it ObicTpoil rubenu sxeptesr (Daltry
JC et al., 1996). Ha opraHmsMeHHOM YPOBHE >KepTBa OOC3IBIDKHBACTCS M JC30PUCHTHPYETCH,
pa3BUBaeTCs OOJIEBBIl CHHIPOM M IMIOTOHMYECKUH KoJuamc. Pa3pylieHne HeCKOJIBKHX OPraHOB U
CHCTEM OPraHOB MPOUCXOJHUT Ha YPOBHE (DYHKIMOHAIBHBIX CHCTEM. Ha MOJEKyIsIpHOM YpOBHE,
KOMITOHEHTHI 5i/1a ACHCTBYIOT ¢ BBICOKOW CIIEHM()HYHOCTHIO HA MEXaHU3MbI KJIETOUHOH aKTHBHOCTH
J00BIYM. BaKHO OTMETHTH, YTO OCHOBHOC JCHCTBHE $0B 3aKIIOYACTCS HE TOJBKO B INPSMOM
B3aMMOJICHCTBHM KOMITOHEHTa sla C €ro MHIICHbIO, HO W B HHIYKIHH THIEPAKTHBHOCTH H
0000IIEHHO! peaKkIK BCEro Oprann3Ma Ha sij.

B oTiMuHe OT pacTUTENBHBIX 0B, KOTOPbIE TNIABHBIM 00pa3oM GIOKHUPYIOT LEeNeBYI0 (OYHKIUIO
B OpPraHM3Me XKEPTBbI, HHBELUPYEMbIil KUBOTHBIH S YaCTO PeKPYTHPYeT 3alUTHbIC MEXaHU3MBI
XKepTBbI it 60pr0BI ¢ camum coboit (Wu and Huang, 2003). MHOrine KOMIOHEHTHI i3 ACHCTBYIOT
Kak OW- Tak 1 MHOTO()YHKIIMOHABHBIE areHTHl M B 3aBUCHMOCTH OT 3()()EKTOPHOTO yJacTKa MOTYT
MPOSBIATH HA (DEPMEHTATHBHYIO aKTHBHOCTb H/WITH CIYXKHUTh B KAQUeCTBE JIUTAH/A JUIS Pa3IHYHBIX
PELEenTOpPOB U CUCTEM CHTHAJIM3AIHH.

Macrovipera lebetina obtusa - omxa w3 cambIx sOBUTHIX 3Medl B ApPMEHHH, YKyC KOTOPOit
BBI3BIBACT HEU30EXKHYIO OO0JIE3HB, a MHOTAA M CMEPTh NOObH. CepIedHo-cocyaucTas CHCTeMa
SIBJSICTCSL OJJHOM W3 Ileliell medcTBMS 3TOTO siia. B HaIMX HCCIEMOBaHUSIX MBI pa3pabaThiBacM
Mozens it uccnenoBanus dpdexktoB MLO-s1a Ha KyJIbTHBUpYEMbIe KIETKH MHOKapaa U KIETKH
HeLa. B 1aHHOM WCCICIOBaHWH MBI HCIOJB30BAIM METOJ MOArOTOBKHM KapJHOMHOLIUTOB
HOBOPOXKACHHBIX KPBIC YISl H3YYEHUsS] TOKCHYHOCTH 3TOTO sija C y4E€TOM OpPTraHU3allMH CepleqHOi
MBILIIBL.

Hapsiny ¢ obummu (epmeHtamu, xapaktepusiMu st BumoB Macrovipera lebetina, ssm MLO
COJCPXKUT YHMKAJIbHBIE KOMITOHEHTHI, cneumbuqﬂble JUIL  TIOATUIIOB «obtusa», Takue Kak
nesunterpud obtustatin, SIx MLO coxepxur metammonpoTenHassl, Gpochonunasy A2, cepHHOBbBIC
nporeassl, L-anbgha-okcuaasbl aMHHOKHCIOT, HECKOJNBKO BHIOB JW3MHTETPHHOB W HEKOTOPHIC
npyrue aktiBHble areHThl (Sanz L. et al., 2008). Kmactep xommoneHToB MLO-s1a, Takux Kak
METaIONPOTEHHA3bI, OKYCTATHH, JICKTHHBI C-THIIA U HEKOTOPHIC IPYrHe, H3BECTHBI KAK MOJICKYJIbI
WHIHOMPOBAaHMS KIJICTOYHOH aJre3nu, KOTOPhIC pa3pyLIaloT HHTEIPUHBI W KaJTCPUHBl WIH
CBSI3BIBAIOT KX. Ilo3TOMY ajiresus, BiHsomias Ha cBoiictBa sga MLO u ero peiicTeue Ha
CBSI3bIBAaHHE KJICTOK B TKAHEBOH KyJbType, ObLla B [ICHTPE HAIEro BHUMaHHsA. B 4acTHOCTH, MbI
UCCIICJIOBAIN BJIMSHHE AKTHBHBIX MOJIEKYJ $0B Ha COEIMHECHHE KIETKM C BHEKJICTOYHBIMHU
MaTpHLAMH U BHYTPHKIETOYHBIMHM COCIMHEHMSIMH, a TAKXKE BBDKMBAEMOCTb KapJHMOMHOLMTOB
(NRCM) u apyrux kierok - Henpsimbix Mutneneir MLO, takux kak cepaeunsie Gpubpooiactsr (CF)
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U MOJCNIbHBIE JIUTENUaNbHBIE KIETKH, Takue Kak kiuetku Hela. B stom wmccnenoBanmm Mer
MIPOIEMOHCTPUPOBAIH, UTO chipol st MLO Bimsier Ha anresnonHble cBoiicTBa kiietok NRCM, CF u
HelLa. LDsy sitma MLO y wmbimeit coctaBmsier 18,4 MKkr Ha Mbinib. Ha ceropHsmiHuii IeHb HET
nHGOPMAIMU O KOHLEHTPALUK sJ1a, KOTOPBI JOCTUTaeT cepiua mocie ykyca 3Med. Mbl OLeHHIN
ero B auana3one 5-10 Mkr / Mi, ucxoas u3 cpeaneit Maccel B3pocioit Meitu (20-25 1) u o6bema ee
KpoBH (OKosO 6-8% oOT obmeil maccel Tema unu 1,5-2 M KpoBH). OTH OLEHKH IO3BOJISTIOT
MIPeONAraroT, YTO KOHICHTPAINH S/1a, UCIOJIb3yeMbIe B 3TOM HCCIEJOBAaHUH, MOTYT OBITH OJIH3KH
K KOHIICHTpALMsAM BCTpEYarouMucs in Vivo. Takum o0pa3oM, B 3TOM HCCICHAOBAHHH MBI
CHCTEMaTHUECKH HCCIIEJOBAM BIMSHHAC HU3KHX KoHIeHTpammii MLO sma Ha BBIIEYIOMSHYTHIE
MHOKapIuaibHble KIeTKH U KieTkn Hela.

PesynbraThl HAIMX MCCIEGAOBAaHMHA mokasanu, u4To A MLO okasbiBaeT 3HauUTENbHOE
OTCIIauBarolee JeiicTBUEe Ha BCE THIIBI TECTUPYEMBIX KIETOK. JI03bl O 1 MK / MII HE SBISIOTCS
LIUTOTOKCHYHBIMH, a 3TO 03HAYAET, YTO KJIETKH OCTAIOTCS JKM3HECIIOCOOHBIMH, XOTS OHU OTJIECJICHBI
OT KYJIBTYypaJIbHOTO CyOcTpaTa. DTH KIETKH CIIOCOOHBI K IIOBTOPHOMY COSAWHEHHUIO K CYOCTpaTy H
(YHKIMOHMPOBaHUIO TNpH ynaneHuHn sna. ClienoBaTenbHO, B XOJE HAIIMX HCCIEIOBAHHH MBI
omnpexnemy 103y sina MLO, koTopast BiAnseT Ha aAre3MOHHbIE CBOMCTBA BBILICYIIOMSHYTHIX KIETOK,
HO HE BBI3BIBAaCT WX THOeNb. DTa MOAENb IMPENOCTAaBIACT YHUKAIGHYIO BO3MOXKHOCTb H3YYHUTh
MOJIEKYJIIPHBIC B3aHMOZIEHCTBHS TOJATOCPOYHON KIETOUHOM KYJIBTYpHI M pa3paboTaTh yCIOBUS JUIS
TeCTUPOBaHUS KOMIIOHEHTOB siga MLO mist pa3paboTku JiekapcTBeHHBIX cpeicTB. OmucaHHbIE
3 (HeKTHI 3aBUCAT OT 1036l U BPEMEHH IS BCEX KIICTOK.

Jns Toro 4tro0 HOHATH MEXaHM3Mbl TAKOW AKTUBHOCTH MbI HCIOJIB30BAIM HHIHOUTOPBI,
crerudUYIHbIe T OTAeHbHBIX KOMIOHEeHTOB sima MLO. Cpenu HUX ObUT XeTaTHPYIOLUIMHA areHT
EDTA-Na,, xotopslii >(dexkTnBHO HeHTpamuzyeT MeTamionporenHassl sima MLO. Anresus
TECTHPYEMBIX KJIETOK ObLIa ClieTKa yJydIleHa NpH npuMeHeHnn uHruouposannoro EDTA-Na, sina
K KapIHOMHOIIMTaM, CepAeUHbIM (HuOpodIacTaM U kietkaMm Hela. AHanorudHbie pe3yabTaThl ObLIH
nonyuers! ¢ 6pompenannndpomuaom (BPB) -HHIHOHPOBaHHBIM sJIOM, IJie aKTHBHOCTh (pepmeHTa
PLA2 momHOCTBIO OJIOKHpPOBAJIaCh. OJTH pPE3YNbTaThl TOKA3bIBAIOT, YTO SPKO BBIpAKEHHAS
oTensomas aktuBHOCTh sina MLO He ompenensercss OTIENbHBIM KOMIIOHGHTOM s71a, a
MIPECTaBIAET COO0H KOMOWHATOPHBIHN AP PEKT HECKOIBKUX aKTUBHBIX HHTPEIHECHTOB.
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