RUSSIAN ACADEMY OF SCIENCES
SCIENTIFIC COUNCIL ON PROBLEMS OF BIOLOGICAL PHYSICS
PUSHCHINO SCIENTIFIC CENTER OF BIOLOGICAL RESEARCH
INSTITUTE OF THEORETICAL AND EXPERIMENTAL BIOPHYSICS
INSTITUTE OF CELL BIOPHYSICS

BIOLOGICAL MOTILITY

New facts and hypotheses

Pushchino ¢ 2014




VIIK 577.3
BBK 28.07
B60

Biological motility: new facts and hypotheses. — Pushchino:
ITEB RAS - 2014. — 362 p.

This volume contains the presentations that were made dur-
ing the International Symposium "Biological motility: new
facts and hypotheses". It took place in Pushchino, Moscow re-
gion and was devoted to new ashievements and perspectives in
this area of knowledge.

Materials of the Symposium are of interest for biologists,
medical and other specialists.

Responsible for the issue S.N. Udaltsov

Support of the Symposium by the following sponsors
is gratefully acknowledged:

Russian Foundation
P M for Basic Research,
project 14-04-06003

Ok, | s

ADMALEECHOR CCNENS ADEOPEmOpit

L
't 3

Bi%V'm'um - sartorius

ISBN 978-5-903789-22-1

© Institute of Theoretical and Experimental
Biophysics RAS, 2014



THE PLANT GROWTH REGULATOR - MELAFEN, ACTIONS
TO THE BOVINE SERUM ALBUMIN CONFORMATIONS

O.M. Alekseeva

Institute of Biochemical Physics, RAS, Moscow, 119334, Russia
E-mail: olgavek@yandex.ru

Melafen is a plant growth regulator - heterocyclic organ phos-
phor compound, synthesized at the Arbuzov Institute of Organic and
Physical Chemistry of RAS. Melafen is the melamine salt bis (oxi-
methyl) phosphinic acid. It was acquired by one stage with high step-
ping out of industrially available products. Melafen raises the plants
stress-resistance in the conditions of overcooling and drought, in-
creasing the effectiveness of energy metabolism. In this melafen
cases the change of the fatty acid composition and the microviscosity of
microsome and mitochondrial membranes in vegetable cell [1, 2].

This investigation deals with the influence of melafen, at the
wide concentration range of aqua solutions, applied in agriculture, as of
plant growth regulator, to the structural properties of soluble pro-tein:
bovine serum albumin (BSA) The melafen interactions were tested
by the spectral methods. We did not reveal any noticeable dis-tractions
action to the BSA structure.

Melafen is a hydrophilic polyfunctional substance (fig. 1). It is the
regulator of plants stress tolerance under the bed environment.
Aqueous solutions of Melafen at concentration 107" - M increased the
plant growth, but under the concentration of melafen to 10%, 107 M
plant’s seeds dyed. Therefore, our studies were carried out in a wide
range of concentrations (102" — 102 M). The main purpose was to
determine how the aqueous solutions of melafen in a wide range of
concentrations influence to the structure of BSA.

The selection of BSA as of experimental object was determined by
the number of causes. First, this is one of the first targets for BAS. Second,
BSA is perfect carrier for endogenous, like some free fatty acids, hormones,
metal ions, bilirubin and etc. and exogenous materials. Third, its structure is
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Fig. 1. Structural formula of melafen.
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labile, and varies very easily. The molecular interaction of serum albumins
with transported materials is determined of their structural mobility, condi-
tioned by the loop stowage of polypeptide chain, composed of 582 amino
acid residues. Some changes of serum albumins conformation were regis-
tered on change of extent of quenching its intrinsic fluorescence. The nu-
merous works is performed by this time using of this approach for test ac-
tions of any BAS on albumins [3].

There is the emission of 2 tryptophane residues in hydrophobic re-
gions of molecule BSA. First residue is located is with close to a surface,
second — located at the deep inside of the protein globule. When loosen-
ing or molecule unfolding the availability for quencher - oxygen, disso-
lute in water, increase. The quenching of tryptophane fluorescence was
observed at this case.

Results and discussion

When we study on the effect of aqueous solutions of melafen on
spectrum patterns of BSA we don’t found any important changes in ab-
sorption spectrums BSA. These data provides evidence about absence of
the covalent linkage of melafen with protein BSA molecule. However, in
registration of fluorescence spectrum, presented in figure 2, revealed
facts, indicative of great influence of aqueous solution of Melafen over a
wide range of concentrations on conformation of BSA. Al solutions under
the different concentrations of Melafen was not displaced the wavelength
of fluorescence maximum. However the intensity has undergone a
change. Was found the great quenching of tryptophane fluorescence
when 10" M of melafen and the burst of fluorescence intensity when 10
"M - 10" M (fig. 2, 3). The changes of fluorescence tryptophan inten-
sity residues BSA are introduced on fig. 2.

Fluorescence Intensity (arb.un.)

A (nm)

Fig. 2. The influence of Melafen over a wide range of concentrations
to the intensity of emission spectra of BSA tryptophane residues.
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Fig. 3. The Melafen influence to the fluorescence intensity of BSA.
The control samples in absentia of melafen have been adopted the
fluorescence intensity as 100%. More 100% - is some burst of fluores-
cence intensity, less - is the quenching of fluorescence intensity.

The fluorescence of BSA tryptophan residues was quenched by
Melafen under the wide region of concentration (fig. 3).
As it can be seen from comparison of data, presented at fig. 2 and
3, the shapes of emission spectra were similar. Only the maximal value of
fluorescence intensity was change in dependence from the Melafen con-
centrations. Than, we build a curve of the dependence of value at the
maximum of tryptophan emission from Melafen concentration. We ob-
tained the noticeable tendency of the fluorescence quenching by the Me-
lafen large concentrations. And the burst of fluorescence intensity was
occurred when low and ultra small concentrations of Melafen presented
at the experimental medium. The dose-dependence was polymodal,
which is representative for BAS, effectual in ultra small doses [4]. Evi-
dently, conformational rearrangements occurred in BSA molecules.
These rearrangements were small, and had the different direction.
Conclusion
Evidently, melafen molecules affected to the albumin so that un-
der the small and ultra small concentrations there was the preserving of
the protein tryptophane residues from quenching from oxygen, dissolved
in water. And under the large melafen concentrations the change of pro-
tein conformation became so essential. At this case the tryptophan resi-
dues that deep lying became more available to water (and oxygen, respec-
tively), on that indicated the fluorescence quenching. Occurs “the loosen-
ing” of molecule BSA structure. We may conclude that the soluble pro-
teins that unhardened of the membrane lipids were under the melafen ac-
tions. Taking into account that melafen is the hydrophilic substance, and
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it can change the water environment. At this case we may suppose that
melafen influence to BSA by two ways: mediated through the water, or
directly to the influence to hydrophilic sites of BSA molecules. Mecha-
nism was unknown. These influences were mainly changed in depend-
ence on melafen concentration present in surrounding solution. There
were not clear evidences of BSA-melafen linkage existence. However
mediated action through the change of water medium appears to occur
surrounding the protein’s molecules.

Also the water solutions of melafen may be the regulator of trans-
porting function of albumins, as its will be introduced to the animal’s body.
And it may be take part in extracting fatty acids from any molecules, or
bounding of free fatty acids by albumins. As its known the water solutions
of melafen change the fatty acid’s content of membranes [2].
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CHARACTERISTIC OF BONE MARROW MULTIPOTENT
MESENCHYMAL STROMAL CELLS ABILITY TO INTERACT
WITH ENDOTHELIAL CELLS MONOLAYER
S.A. Alexandrova, A.V. Alexandrova, G.P. Pinaev
Institute of Cytology RAS, Tikhoretzki pr., 4,
St.Petersburg, 196064, Russia,

Dep. of Medical Physics, St.Petersburg State Polytechnical University,
Polytechnicheskaya str., 29, St.Petersburg, 195251, Russia

Despite the identified positive therapeutic effect in a number of
diseases, many aspects of the clinical using of multipotent mesenchymal
stromal cells (MSCs) of bone marrow remain open, in particular, those
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related to their migration through the body after injection into the blood-
stream. According to preliminary studies, MSCs overcome the endothe-
lial barrier in a similar process with leukocytes - selectin-mediated roll-
ing, integrin-mediated adhesion, transendothelial migration (lateral type).
Leukocytes use cytoskeletal protrusions (eg, lamellipodia, pseudopodia
and invadosomes) to cross the endothelium through discrete gaps in in-
tercellular junctions or directly through pores in individual ECs. In turn,
endothelium generates its own actin-dependent protrusions that embrace
the leukocytes. This process occurs with the assistance of a number of
specific adhesion molecules whose expression level is increased at the
lesion site under the influence of pro-inflammatory factors in both cell
types. In addition, there is evidence in the literature that there are other
mechanism that some cells use to migrate from high speed - amoeboid
type of movement, which is typical for metastatic tumor cells and embry-
onic germ cells. However, the molecular and cellular details of process
MSC:s trafficking have not been well-resolved.

The literature data show that bone marrow MSCs expanded ex vivo
and introduced into the bloodstream quickly migrated through the body to
reach the damaged area. The authors also noted such features as the accu-
mulation of the cells in the lung microvascular endothelium, disability of
big part of cell population to overcome the endothelial barrier, the low effi-
ciency of tissue penetration. It is known that bone marrow MSCs, ex-
panded in culture, look like as fibroblasts and are highly adhesive, capable
of slow lateral migration of mesenchymal type. We can assume that micro-
environment have a big influence on MSCs migration during bloodstream
trafficking, in particular, the cells can be exposed to different factors such
as plasma proteins and factors produced at the site of injury (pro-
inflammatory cytokines, such as tumor necrosis factor o, TNFa). Impor-
tantly, the process of MSCs extravazation will also directly affect the endo-
thelial cells (ECs) lining the capillaries. Normally, the endothelium has a
smooth surface coated by a layer of glycocalyx lumen having anti-adhesive
properties and prevent sticking of platelets and other cells. Under the influ-
ence of pro-inflammatory factors ECs express cell adhesion molecules that
bind the cell, migrating to the lesion and promote its movement in the tis-
sue. So transendothelial migration is a complex process, which is attended
by at least two types of cells and a number of soluble factors. The aim of
our work was to characterize the population of primary cultures of rat bone
marrow MSCs based on the organization of the actin cytoskeleton before
and 1 h after exposure to intact and TNFa-activated endothelial cells.



Materials and Methods

We used a population of bone marrow MSCs from outbred rats 3-4
passage cultivation and ECs from EA.hy 926 cell line. ECs were cultured
on glass slides placed in wells of 12-well plates until forming a confluent
monolayer, in some wells were TNFa (200 U/ml), rat plasma (10 %), or
both during 1 day. The suspension of bone marrow cells (200 thousand
cells) stained by vital fluorescent dye CFSE was added to the wells and
incubated with ECs for 1 h. Also MSCs were added on clean glass into the
growth medium with supplements and incubated for 1 hour with goal to
examine non-specific adhesion (controls). Non-adherent cells were re-
moved by means PBS, remaining cells were fixed, treated with a solution
of Triton X-100 and stained with rhodamine-phalloidin (Invitrogen, USA).
Finished products were analyzed using a fluorescence microscope LSM 5
Pascal.

Results and Discussion

When MSCs were attached to glass under standard culture condi-
tions, about half of the population of MSCs has seen as weak sprawled
rounded cells (58+2%). Among them there were the cells of different
size, border cells were uneven, were visible surface “bulge”. Cells con-
tained either submembrane network actin or large round actin aggregates
(often only one pole of the cell). Some of these cells had structure for
contact with the surface - basal microvilli or small lamella. 36+2% of
MSCs were presented more spreaded cells with a broad lamella edge.
Lamella could be noncontinious or could surround the cell by wide layer
around. Actin network was poorly observed, present at the edge of the
lamella, but the majority of actin microfilaments was concentrated in the
center of the cell. The number of such cells was significantly increased in
the presence of TNFa (59+3% ) and 10 % plasma (69+9%). Also we
could noticed single well spreaded cells that were elongated in one or
several directions. They formed numerous lamellipodia with several fil-
lopodia. Actin cytoskeleton of that cells was represented by a network of
microfilaments. Clusters of radial filaments were visible in filolopodia
forming focal contacts with the surface.

When MSCs were attached to the ECs monolayer - number of
weak spreaded rounded cells was also about half the population of
MSCs and varied slightly depending on the conditions (45+5%). Unlike
the cells cultured on glass, there were no cells with broad lamella, sur-
rounded the cells. The most spreading cells looked like rounded cells
containing large aggregates of actin and small bulges on the surface of



cells. And such cells were surrounded around by narrow lamella with
jagged edges, sometimes forming fillopodia or microvilli. Most of these
cells were attached to the surface of endothelium treated with TNFa
(67£2%). Also there were small round cells, the surface of which was
covered with swellings - most likely there has been a so-called
nonapoptotic membrane blebbing. These cells did not form any adhe-
sive structures with ECs or surface. Sometimes it was possible to ob-
serve them in gaps between ECs. Also, could be met well-flattened
elongated bone marrow cells, contacting with ECs using focal contacts.
The greatest number of such cells were observed in preparations where
the endothelium was incubated in the presence of TNFa and plasma si-
multaneously (14+£3%). These cells were located mainly in the gaps be-
tween the ECs, linking them with each other.

It can be concluded that may be several explanations for why only
a small number of MSCs capable to transmigrate from the bloodstream
into the tissues. It may be related to the fact that a significant part of the
MSCs population does not capable of adhesive interactions with the
ECs. At first, it may be associated with a reduction in their viability af-
ter changing their microenvironment. If earlier it had been part of the
monolayer of cells growing on a extracellular matrix, that for infusion
into bloodstream it must be converted into a single cell form, and more-
over there it can be exposed to the new microenvironment (different
cells and soluble factors). At second, in this process an important role
play peculiarities of the interaction between MSCs and ECs. Probably,
migration cells can use mechanism of slow lateral migration, forming
small fillopodia, or use mechanism of fast amoeboid migration with
participation of membrane blebbing. Currently it is impossible to dis-
tinguish of the part of the population of these cells that is not able to
transendothelial migration. With the greatest certainty it can be argued
that the part of MSCs population, that were able to form focal contacts
with the ECs, will not capable to migrate anyway. The number of such
cells were increased in the presence of proinflammatory cytokine TNFa
and blood plasma, which contributed to the formation of gaps between
the ECs, as well as the expression of adhesion molecules. This phe-
nomenon may be connected as with varying degrees of differentiation
cells in MSCs population, so with different functions of different popu-
lations of MSCs partitioning in degree of maturity and expression of
adhesion molecules.



PRIMARY CULTUTER OF RAT CORTICAL NEURONS
AS A MODEL TO INVESTIGATE CENTRAL MECHANISMS
OF EPILEPTIC SEIZURES
S.M. Antonov
Sechenov Institute of Evolutionary Physiology and Biochemistry RAS,
Torez prosp. 44, Saint-Petersburg, 194223, Russia

Embryonic development of brain cortex engages significant changes
of neuronal network. During this period brain is very vulnerable to the gen-
eration of epileptiform activity. Even later in postnatal period the epileptic
focus is often located in cortex. Similar state of neuronal network exists in
neurons at 12 days of in vitro culturing (DIV). The primary culture of cor-
tical neurons is a convenient model to study the physiology of neuronal
network. Glial deficiency and flat topology of culture determine some spe-
cific functional features different from brain slices. Nevertheless primary
cultures of cortex and hippocampus demonstrate epileptiform spiking ac-
tivity of neurons that is similar for those in brain slices. Recording using
extracellular microelectrode arrays from the cortical culture treated with
magnesium free medium reveals recurring spontaneous epileptiform dis-
charges lasting up to several days after treatment. Short-time (few minutes)
block of inhibitory synaptic transmission with bicuculline triggers self-
maintained epileptiform spiking of neurons in brain slices and in brain tis-
sue explants. Both mentioned approaches to induce epileptiform activity
trigger periodic increase in intracellular calcium concentration ([Ca®i).
Despite of numerous investigations of mEPSCs in hippocampus cultures,
there are only few studies concerning postsynaptic currents in cortical cul-
ture. In fact, epileptiform postsynaptic currents in primary culture of rat
cortical neurons were not studied and described previously.

In this study we demonstrate that the primary culture of rat cortical
neurons is a convenient model for investigations of epileptogenesis
mechanisms and specifically, of the postsynaptic epileptiform currents
(EC) reflecting periodical asynchronous glutamate release. Starting from
12 DIV in neurons of rat primary cortical culture spontaneous excitatory
waves are recorded. These waves arise from massive neurotransmitter
release resulting in high amplitude inward currents (up to 5 nA) (fig. 1)
with the decay phase up to 5 seconds. The generation of such waves is
possible in both magnesium containing (fig. 1A) and magnesium free
medium (fig. 1B). However in magnesium-free solution the probability of
generation of these currents was much higher. These ECs were periodic
and resulted from overlapping multiple mEPSCs (fig. 1C). EC produced
significant depolarization of neurons (fig. 1D) promoting action poten-
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tials generation. Whereas in some of neurons ECs were completely sup-
presses with 0.5 uM TTX, in 12 of 24 neurons ECs were resistant to its
action. Apparently EC generation is only partly dependent on action po-
tentials. In turn ECs can trigger action potentials. Recordings in current
clamp mode demonstrate that action potentials appear in response to
strong (up to 30 mV) depolarization caused by ECs.

In magnesium-free medium the block of NMDA receptors
(NMDARSs) with the specific antagonist, AP5 (50 uM) completely inhib-
ited EC generation in all 14 cells tested. Similar effect was observed after
adding of 1 mM MgCl, to perfusate (n = 12). Competitive inhibitor, AP5
prevents NMDARs activation as well as Mg®", which is a noncompetitive
inhibitor blocking the NMDAR channels. Thus, both agents suppress
Ca”" entry into neurons via NMDARs, demonstrating that NMDAR func-
tioning to be critical for the EC generation. AMPA receptors antagonist,
CNQX (30 pM) in magnesium-free solution decreased mEPSC’s ampli-
tude, but did not affect ECs in 9 of 11 cells tested. Thus, the EC genera-
tion is mostly independent of AMPA-receptors, despite of their key role
in excitatory synaptic transmission.

In one fifth of experiments ECs could be provoked by block of
GABA, receptors with bicuculline. Bicuculline (20 pM) application in-
creased spontaneous mEPSC’s frequency, which was followed by mEPSC
synchronization and appearance of ECs lasting even after bicuculline wash-
out. Bicuculline triggered ECs were completely inhibited with TTX, that
distinct them from spontaneous ECs. Taking into account that [Ca*']; con-
trols vesicular neurotransmitter release and then the generation of all types
of postsynaptic currents, we have tested the possibility of EC modulation
by pharmacological treatments increasing or decreasing [Ca*'] in cyto-
plasm. Spontaneous ECs were completely inhibited with receptor saturat-
ing concentration of NMDA (30 uM + 30 uM glycine as NMDARSs co-
agonist) causing stable inward current (» = 22). This current promoted
[Ca®']; elevation in neurons, which was accompanied with mEPSC’s fre-
quency increase. In two of experiments NMDA wash-out partially restored
the EC generation. The accelerated accumulation of free calcium in cyto-
plasm could also be produced by calcium ionophore, ionomycin (2 uM).
This kind of [Ca®; elevation desynchronized ECs and gradually reduced
EC’s amplitude until complete vanishing. At the same time ionomycin sig-
nificantly increased mEPSC’s frequency.

Physiological [Ca>"]; elevation may also result from activation of
IP;-sensitive calcium channels located at the membrane of intracellular
calcium stores and secondary free calcium release. In neurons this process
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Fig. 1. Epileptiform currents (ECs) in neurons of rat primary cortical
culture recorded by patch clamp in whole-cell configuration at -70
mV. Repeated spontaneous ECs in control (A) and in magnesium-free
medium (B). The composition of EC (C) as an overlay of multiple
mEPSCs. Cell membrane depolarizations recorded in current clamp
and produced by ECs (D).

is involved in vesicle’s release synchronization. The block of IPs-
receptors with membrane permeable inhibitor, 2-APB (4 uM) desynchro-
nized ECs (n = 6). The concentration of 2-APB used in our experiments
was enough to block IPs;-receptors. Whereas this concentration is insuffi-
cient to perform 2-APB’s nonspecific pharmacological properties like:
inhibition of TRP-channels, activation of TRPV-channels or suppression
of some calcium-permeable channels of mitochondria or endoplasmatic
reticulum. In the presence of 2-APB high amplitude ECs dissipated into
multiple events of smaller amplitude with further gradual decrease of
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amplitude to the level of mEPSCs. Thus, Ca’" release from intracellular
stores is required to synchronize mEPSCs and to form ECs.

Cytoplasmatic free calcium clearance with Na“/Ca**-exchanger is
critically important mechanism of neuronal calcium homeostasis. Re-
cently we have found, that ouabain at subnanomolar concentrations
does not affect Na/K-ATPase pumping function, but interact with Na/K-
ATPase in ligand-receptor manned and triggers several intracellular
pathways. The fastest of these pathways increases the effectiveness of
calcium removal with Na“/Ca*"-exchanger, which can even save neu-
rons from glutamate receptor hyperactivation induced calcium overload.
This effect manifests only in calcium overloaded states, but does not
affect [Ca*"]; in control. Ouabain at 1 nM did not influence spontaneous
mEPSC’s frequency in control (n = 9). When studies on ECs (n = 9)
ouabain (1 nM) application decreased the number of mEPSCs inside of
each EC in a min. In 5 min 1 nM ouabain treatment caused desynchro-
nization and gradual fading of ECs.

Thus, generation of ECs by cortical neurons in primary culture can
appear in a spontaneous manner or can be provoked either by removal of
magnesium block of NMDA receptors, or by inhibition of GABAergic
synaptic transmission. Most likely ECs depend on oscillations of [Ca™'];
which in turn depends on the NMDA receptor activation and the secondary
release of Ca®" from intracellular depots. Treatments causing calcium over-
load (NMDA, ionomycin) or calcium shortage (BAPTA, ouabain) suppress
the EC generation. Thus, ECs in neurons are activated by intracellular peri-
odic calcium waves within a limited concentration window.

This study was supported by RFBR grant # 14-04-00227.

EFFECTS OF STABILIZING SUBSTITUTIONS IN THE MIDDLE
PART OF TROPOMYOSIN, D137L AND G126R,
ON THE DOMAIN STRUCTURE OF ITS MOLECULE

Natalia V. Artemoval, Alexander M. Matyushenko"z,
Nikolai N. Sluchanko' and Dmitrii I. Levitsky'?
! Bach Institute of Biochemistry, Russian Academy of Sciences,
Moscow, Russia;
? Department of Biochemistry, School of Biology,

Moscow State University, Moscow, Russia;

I Belozersky Institute of Physico-Chemical Biology,
Moscow State University, Moscow, Russia

Recent studies have revealed two non-canonical residues in the
middle part of tropomyosin (Tm), Asp137 and Gly126, whose substitu-
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tions with canonical residues (mutations D137L and G126R) stabilized
the Tm coiled-coil in this region [1, 2]. We applied differential scanning
calorimetry (DSC) in combination with other methods and approaches to
investigate and compare the effects of these mutations on the domain
structure of Tm. Moreover, we for the first time analyzed the structure of
Tm carrying both these substitutions within the same molecule (mutation
D137L/G126R). It has been shown that all these mutations in the middle
part of Tm significantly alter the thermal unfolding of its molecule. The
most surprising effect was observed with the double Tm mutant (Tm
G126R/D137L): this mutant protein demonstrated a new high-
temperature thermal transition at 63.5°C, which has never been observed
in the previous DSC studies on Tm.

In order to examine the effects of the stabilizing amino acid substitu-
tions in the middle part of Tm on the domain structure of Tm molecule, it
was reasonable to identify the thermal transitions (the so-called “calorimet-
ric domains”) observed on the DSC profiles, i.e. to assign them to the cer-
tain parts of the molecule. For this purpose, we applied two special ap-
proaches. One of them utilized a combination of DSC studies with meas-
urements of temperature dependence of pyrene excimer fluorescence,
whose decrease reflected the dissociation of two Tm chains in the vicinity
of a cysteine SH-group to which the label was attached. Another approach
was based on a cross-linking of the two Tm chains by formation of a disul-
fide bond between Cys residues of the Tm dimer in the non-reducing con-
ditions. It has been shown in the previous DSC studies that the cross-
linking at the single Cys residue of Tm WT at position 190 strongly in-
creases the thermal stability of the Tm C-terminal domain where Cys190 is
located [3]. Obviously, the presence of single Cys residue in different parts
of the Tm molecule was required in both these approaches. For this pur-
pose, a number of Tm mutants containing the single Cys residue in differ-
ent parts of Tm was produced: Tm with Cys36 in the N-terminal part (mu-
tation S36C/C190A), Cys123 in the middle part (mutation S123C/C190A),
as well as Tm WT containing Cys190 in the C-terminal part of the mole-
cule. All these Tm mutants were used to investigate effects of D137L,
G126R, and D137L/G126R substitutions in the middle part of Tm on the
domain structure of its molecule.

Preliminary results showed that the investigated substitutions may
stabilize not only the middle part of Tm, but also some other parts, in-
cluding its N- and C-terminal domains, suggesting long-range effects. For
example, the unusual high-temperature thermal transition at 63.5°C,
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which was observed on the DSC profile of Tm G126R/D137L, was as-
signed to the N-terminal domain strongly stabilized by the mutations in
the middle part of Tm. In conclusion, our results indicate that the stabili-
zation of the middle part of Tm by replacement of non-canonical residues
Asp137 and Gly126 (and especially both of them simultaneously) by ca-
nonical ones can be transmitted along the Tm coiled-coil, by this means
stabilizing even remote parts of its molecule.

This work was supported by RFBR (grants 12-04-00411, 13-04-
40099-H, and 14-04-31427) and by the Program “Molecular and Cell
Biology” of the Russian Academy of Sciences.
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EFFECTS OF INTRA-SESSION ENDURANCE
AND STRENGTH TRAINING ON THE EXPRESSION
OF OXIDATIVE AND PROTEOLYTIC GENES
A.V. Bachinin', D.V. Popov'?, E.A. Lysenko',
T.F. Miller', O.L. Vinogradova'’
! Institute for Biomedical Problems, Russian Academy of Sciences,

Khoroshevskoye sh. 764, Moscow, 123007, Russia;

? Faculty of Fundamental Medicine, Lomonosov Moscow State

University, Lomonosovsky prosp. 31-5, Moscow, 117192, Russia

Endurance exercise induces activation of mitochondrial biogenesis
by activation of AMP-dependent protein kinase (AMPK) and p38 mito-
gen-activated protein kinase. This leads to activation of peroxisome pro-
liferatior-activated receptor gamma coactivator 1 alpha (PGC-la) — a
master regulator of mitochondrial biogenesis, and induces expression of
oxidative genes (TFAM, CS) as well as PGC-1a gene. On the other hand,
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aerobic exercise is known not to increase the postexercise fractional syn-
thesis rate of myofibrillar proteins. Moreover, it might be followed by
muscle protein breakdown induced by expression of E3 ubiquitin ligases.
The aim of the present study was to examine possibility to eliminate the
negative effects of endurance exercise on the expression of oxidative and
proteolytic genes by using the sequence of endurance exercise session
followed by strength exercise.

Nine amateur endurance trained males carried out test sessions:
endurance exercise (70 min) and endurance exercise followed by strength
exercise. Biopsy samples from m.vastus lateralis were taken before, 40
min, 5 h and 21 h after termination of endurance exercise. Expression of
oxydative (PGC-la, TFAM, CS) and catabolic (Myostatin, Atrogin-1,
MuRF) genes was evaluated by real-time PCR.

Endurance exercise alone and in combination with strength exercise
was accompanied by significant accumulation of capillary blood lactate
level. Expression of oxidative genes was increased after both exercise ses-
sions, while expression of the markers of exercise-induced catabolism was
different in two groups. Thus intra-session endurance and strength training
may be used to optimize the effect of endurance exercise.

The work was supported by Lomonosov Moscow State University
Program of development and by RFBR grant Ne 14-04-01807.

Ca-DEPENDENT ENZYMES AS REGULATORS
OF SYNAPTIC PLASTICITY IN MOTOR SYNAPSES

O.P. Balezina

Department of Human and Animal Physiology, Moscow State University,
Leninski gory, MSU, 119992, Russia

The phenomenon of synaptic plasticity means the ability of syn-
apses to potentiate or diminish their efficacy due to specific pattern of
stimulation or regulatory influences. Ca-dependent enzymes cal-
cium/calmodulin-dependent protein kinase II (CaMKII), proteinkinase C
(PKC) and others are known to take part in postsynaptic plasticity in cen-
tral synapses [Nichols et al., 2001].

Similar Ca-dependent enzymes have been recently identified in pre-
synaptic nerve terminals of peripheral neuro-muscular synapses [NaoCheng
at al., 2006; Wang, 2008; Shakiryanova et al., 2011 Besalduch et al., 2011]).
Numerous presynaptic Ca-inputs are also present in these nerve terminals,
including different types of Ca channels, presynaptic ryanodine receptors
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(RyRs) and Ca-conducting channels of alpha7-nicotinic acetylcholine recep-
tors (alpha7nAChRs) [Catteral et al., 2013]. Which of these presynaptic cal-
cium inputs do participate in activation of individual Ca-dependent enzymes,
regulating mediator release, is poorly understand.

The aim of our work was to study selective Ca-dependent activation
of three Ca dependent enzymes — PKC, CaMKII and PP2B -phosphatase
calcineurin (CaN) in mouse motor nerve terminals, and to clear their role in
regulation of mediator secretion . As probable enzyme activators calcium
ions were tested entering nerve terminals through different pathways.
There were:1) voltage dependent Ca-channel of P/Q- and L-type,
2)channels of alpha7 -nAChRs 3) Ca release from ryanodine receptors.

The electrical activity of neuromuscular synapses of m.diaphragma
of adult mice (20-30 g) were tested. The isolated neuro-muscular prepara-
tion was pinned on a Sylgard-coated Plexiglas chamber and bathed in a
physiological solution, containing 135 mM NaCl, 1.0 mM MgCl,, 4 mM
KCIL, 0.9 mM NaH,POy, 2.0 mM CaCl,, 11 mM glucose, 16 mM NaHCO;,
pH 7.2. Electrical activity of neuro-muscular junctions of m.diapgragma
was recorded using traditional intracellular microelectrode technique. Ner-
vus phrenicus was stimulated via silver bipolar electrodes with square
pulses at 0.3 Hz to evoke single endplate potentials (EPPs) or at 50 Hz to
create rhythmical bursts of evoked EPPs. The muscle fibers were crushed
[Barstad, Lilly, 1968] to prevent twitch response to stimulation. All re-
cordings were performed at room temperature (22-24°C). Data were ana-
lyzed using Mini Analysis software (by Justin Lee). Data are presented as
mean + standard error of the mean (SEM). Mann-Whitney test was used to
evaluate the differences, p<0.05 was regarded as significant. Specific in-
hibitors of PKC —(cheleritrin, GF109203X u R0320432), of CaMKII (KN
62), calcineurin (CysA, CaN-inhibiting peptide CN412 ), of L-type Ca-
channels(nitrendipin) and of alpha7 nAChRs (metyllicaconitine) from
Sigma were used.

Activation of PKC and its influence on mediator secretion were
studied by testing the effects of PKC inhibitors ( cheleritrin, GF109203X
, R0320432) as well as of PKC activator phorbol-12-myristate-13-acetate
(PMA ) on EPPs amplitude and quantal content. This was tested when
different Ca-inputs of nerve terminal were active( opened) - namely P/Q-
and/or L- type Ca channels, alpha7 nAChRs, ryanodine receptors of Ca-
stores. We discovered for the first time the presence of basal PKC activity
in motor nerve terminals, which is aimed to potentiate the evoked ACh
release. This PKC activity was found to be independent on Ca-input per
P/Q-type Ca-channels. Ca-input via alpha7nAChRs was also not able to
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activate PKC and involve it in regulation of mediator secretion. But when
Ca-input through latent presynaptic L-type of Ca channels of nerve ter-
minals was implicated, additional activation of presynaptic pool of PKC
took place. This induced increase of EPPs quantal content to 30% .The
effect can be prevented by cheleritrin or Ca -buffer EGTA-AM. This al-
low us to suggest that Ca-input per L-type of Ca channels can create a
local Ca-signal, which selectively activates a pool of Ca-dependent PKC
in motor nerve terminals participating in presynaptic potentiation of
transmission. We have also used a direct Ca-independent activation of
PKC with the help of phorbol-12-myristat-13acetate (PMA, 10 nM). This
led to increase quantal content of EPPs to 30% recorded during single
and rhythmical synapse activity. Nitrendipine (5 pM), a specific inhibitor
of L-type Ca-channel and ryanodine (2 uM) a specific blocker of Ca-
release from Ca stores were able to block this potentiating effect of PMA.
It allows us to suggest, that in the case of PMA induced PKC activation
enzyme activity is directed to activation (disinhibition) of latent L-type of
Ca-channels and implication of L-type Ca-current in activity of nerve
terminals. This in turn induced activation of RyRs, Ca-release from Ca-
stores and potentiation of transmission (fig. 1).

Activation _and role of calcineurin (CaN) in nerve terminals
were studied using specific CaN inhibitors - cyclosporin A and CaN-
inhibiting peptide CN412. In the presence of these inhibitors disinhibition
of L-type channels activity takes place and significant increase of EPPs
quantal content of single and rythmically evoked EPPs for 25-30%. We
found for the first time that this potentiation is also coupled with RyRs
activation/Ca release from Ca-stores and can be blocked by RyRs inhibi-
tor ryanodine (2 uM) and by Ca-buffer EGTA-AM. It is noteworthy, that
potentiation of transmission by CaN inhibitors was also accompanied by
additional activation of PKC in nerve terminals and can be blocked by
PKC inhibitor cheleritirin.

Role and pattern of CaMKII activation. Application of CaMKII
inhibitor KN 62 (3 uM) does not induce any changes in EPPs parameters
of active motor synapses of mice m.diaphragma. Nevertheless we re-
vealed for the first time a new pattern of CaMKII activation and its regu-
latory role in motor synapses. We found, that application on muscle of
exogenous choline (100 puM), known as a selective agonist of al-
pha7nAChRs, can induce significant depression of evoked ACh release
for 25%. This was seen in quantal content of single EPPs and in bursts of
rhythmically evoked EPPs. Depression of synaptic transmission induced
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Schematic drawing of Ca-inputs of motor nerve terminal, which participate
in selective activation of presynaptic PKC, CaMKII and CaN. Role of Ca,
entering nerve terminal per alpha7 nAChRs/RyRs in activation of CaMKII
is shown. Important role of Ca, entering nerve terminal per disinhibited L-
type Ca-channels in activation of PKC and RyRs is also shown. A conse-
quence of additional PKC activation by PMA is marked, causing disinhibi-
tion of latent L-type channels and potentiation of transmission. Role of con-
stitutive CaN activity in inhibition of L-type channels is also mentioned.

by choline, can be prevented by selective inhibitor of alpha7nAChRs
metyllicaconitine(20 nM). Besides it this depression can successfully
prevented by ryanodine (an inhibitor of RyRs) and apamine (5 uM) —a
selective blocker of Ca-dependent potassium channels of SK-type. Fur-
thermore, it was found for the first time, that selective calmodulin blocker
calmidazol R2457 (1,2 uM) u CaMKII inhibitor KN-93 (3 uM) fully pre-
vent depression of synaptic transmission, induced by presynaptic action
of choline. While the blockade of PKC (using cheleritrin, 4 uM) or PKA
(using H89) does not change the depression. The events following activa-
tion of presynaptic alpha7-nAChR by choline is seen in figure.

Figure demonstrates the hypothetical intracellular cascades which
come next to activation of alpha7-nAChR by presynaptic choline. It is
seen that calcium input activates calcium release from Ca-stores per
RyRs channels and subsequent CaMKII activation. This enzyme in turn
causes activation of small-conducting Ca-dependent K channels of SK-
type. The outgoing transmembrane potassium current per SK-type of Kc,-
channels causes hyperpolarization of presynaptic membrane. This inhibits
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activity of potential-dependent Ca-current through P/Q-channels, causing
reduction of Ca-dependent release of cholinergic vesicles.

Thus, our studies revealed new mechanisms of presynaptic plastic-
ity taken place in motor nerve terminals, when three different Ca-
dependent enzymes are activated . There are presynaptic potentiation in
the case PKC activation and inhibition in the case of specific CaN and
CaMKII activation. The still unknown ways of Ca-signals formation in
nerve terminals are also discovered, created with the help of L-type of
Ca-channels, RyRs, alpha7nAChRs, which are able to activate individual
Ca-dependent enzymes, providing different patterns of short term synap-
tic plasticity of motor synapses.

PRESYNAPTIC CHOLINE EFFECTS IN MOUSE
REGENERATING MOTOR SYNAPSES
O.P. Balezina, P.O. Bogacheva
Moscow State University, Faculty of Biology, Lenin Hills 1/12,
Moscow, 119234, Russia

Choline, a precursor of acetylcholine (ACh) and a product of acetyl-
choline hydrolysis by acetylcholinesterase (AChE), acts as an efficient and
relatively selective agonist of alpha7-nicotinic acetylcholine receptors
(nAChR) in neurons and synapses [6,7]. In central synapses choline is able
to activate presynaptic alpha7-nAChRs, which results in increased release
of mediator secretion in different types of chemical synapses [1]. Our pre-
vious studies of peripheral cholinergic neuromuscular synapses of dia-
phragmal muscle have shown, that presynaptic alpha7-nicotinic cholinore-
ceptors are also present there, but their activation by choline or nicotine
causes decrease of ACh release and depression of synaptic transmission
[2,3]. The aim of this study was to compare the reactivity to choline of ma-
ture and immature regenerating motor synapses of mouse hind limb mus-
cle. The activity of regenerating motor synapses was studied at early stages
of skeletal muscle reinnevation after motor nerve crush.

Materials and methods

Data presented were obtained from the fast-twitch extensor digito-
rum longus muscle (m.EDL) of adult mice (20-30g). Mice were anesthe-
tized with diethyl ether and n. peromeus communis was aseptically
crushed approximately 10 mm from its entrance into the muscle. Animals
were allowed to recover for 11 days prior to testing the activity of newly
formed synapses in isolated neuromuscular preparation. Animals were
sacrificed by decapitation. The isolated neuromuscular preparation was
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pinned on a Sylgard-coated Plexiglas chamber and bathed in a physio-
logical solution, containing 135 mM NaCl, 1.0 mM MgCl,, 4 mM KCI,
0.9 mM NaH,PO,, 2.0 mM CaCl,, 11 mM glucose, 16 mM NaHCO;, pH
7.2. Electrical activity of neuromuscular junctions was recorded using
standard intracellular microelectrode technique. Spontaneous miniature
end plate potentials (MEPPs) and evoked end plate potentials (EPPs)
were recorded. Nerve was stimulated via silver bipolar electrodes with
square pulses at 50 Hz for 1 second to record the bursts of rythmically
evoked EPPs. The isolated muscle fibers of m.EDL were dissected to pre-
vent twitch response to nerve stimulation [4]. All recordings were per-
formed at room temperature (22-24°C). Data were analysed using
MiniAnalysis software (by Justin Lee). All data are presented as mean =+
standard error of mean (SEM). Mann-Whitney test was used to evaluate
the differences, p<0.05 was regarded as significant.
Results and discussion

In the first series of experiments choline (100 microM) was applied
on mature intact isolated m.EDL preparation. Perfusion of choline solu-
tion in course of 60 minutes did not change the membrane potential of
dissected muscle fibers (37,8+1,1, mV in control, 38,1£1,2 in presence of
choline), mean frequency and amplitude of MEPPs.

To further examine possible choline influences on spontaneous ac-
tivity, choline (100 microM) was applied to neuromuscular preparation
with undissected muscle fibers. Still choline did not significantly change
MEPPs amplitude, frequency or time course and, therefore, had no post-
synaptic effects.

During short rhythmic train of stimuli (50 Hz), a special pattern of
synaptic activity is observed: short initial facilitation and subsequent de-
pression of synaptic transmission (fig. 1).

Application of choline to mature neuromuscular preparation caused
a significant 26% decrease of each of the 50 recorded EPPs quantal con-
tent and amplitude throughout all train of 50 stimuli. The pattern of syn-
aptic activity was not affected. Decrease in amplitude and quantal content
of EPPs without altering MEPPs parameters indicates presynaptic inhibi-
tory action of choline.

Blocker of alpha7-nAChR methyllicaconitine (20 nM) had no ef-
fects of spontaneous or evoked activity of mature neuromuscular junctions.
But it fully prevented choline effects: being applied after metyllicaconitine,
choline (100 microM) was not able to decrease amplitude and quantal con-
tent of EPPs. This indicates that choline caused reduction of evoked synap-
tic transmission by acting on its presynaptic alpha7-nAChR.
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Fig. 1. Changes in EPPs quantal content of mature neuromuscular
junctions throughout short rhythmic train of stimuli (50 Hz, 1 s) in
control and after choline (100 microM) application. % - p<0,05.
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Fig. 2. Changes in EPPs quantal content of reinnervated neuromuscu-
lar junctions throughout short rhythmic train of stimuli (50 Hz, 1 s) in
control and after choline (100 microM) application. * - p<0,05.

In regenerating neuromuscular junctions choline also did not alter
the parameters of spontaneous quantal ACh secretion: amplitude, time
course or frequency of MEPPs, and thus showed no postsynaptic effects.

During short rhythmic trains of stimuli (50 Hz, 50 s), newly-
formed reinnervated neuromuscular junctions show a different pattern of
activity than the mature junctions. Initial facilitation is not followed by
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depression of transmission. Instead, EPPs amplitudes reach plateau level,
which is usually 20-30% higher than first EPP in train.

Application of choline (100 pM) caused a significant 22% en-
hancement of synaptic transmission in newly-formed junctions: ampli-
tude and quantal content of each EPP in short train were increased com-
paring to control.

The pattern of synaptic activity in train was not affected (fig. 2). Thus,
in neuromuscular junctions on early stage of reinnervation choline causes
pronounced enhancement of transmission and this effect is presynaptic.

Ability of exogenous choline to modulate synaptic activity was de-
scribed only in mature synapses and presynaptic choline effects on ACh
release were inhibitory [2,3,5]. We showed that these choline effects are
mediated via activation of presynaptic alpha7-nAChR.

Our present data demonstrate for the first time ever, that in regen-
erating cholinergic neuromuscular junctions exogenous choline is able to
enhance synaptic transmission, potentiating the release of ACh. This al-
lows us to suggest that choline can be involved in positive feedback auto-
regulation of cholinergic synaptic transmission on early stages of synaptic
formation in skeletal muscles.
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SIZE AND LOCALIZATION OF THE MYOCARDIAL ISCHEMIA
— WHAT CAN ONE SEE ON ECG? COMPUTER MODELING

0.V. Baum, V.I. Voloshin, L.A. Popov

Institute of Theoretical and Experimental Biophysics, RAS,
Pushchino, 142290, Russia

Introduction. One of the problems of coronary heart disease is the
development of biophysically-based methods for early diagnostics of this
pathology of the cardiac muscle, including identification of localization
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and extensiveness of the ischemic foci. When there are a significant
number of hypotheses and certain difficulties of interpretation of some
facts in this field of knowledge, an important place in scientific studies
takes electrocardiography with its potential reserves at the extended in-
terpretation of the method as well as methods of mathematical and com-
puter modeling of the heart electrical activity.

Aim. The purpose of the present work was to investigate with the
method of computer simulation the influence of localization and extensive-
ness of ischemia on repolarization parameters of the electrocardiosignal
(ECS), as well as examine some hypotheses about information relation of
these parameters with electrophysiological state of the cardiac muscle.

Methods

The work was carried out with the help of a model of the ECS gen-
esis, previously developed in the ITEB RAS [1]. When calculating the
ECSs in the given lead points there is a possibility for modification of the
spatial orientation of the model ventricles by means of rotating the heart
around its own anatomical axis through angles ax, oy, az [2].

To investigate the influence of localization and extensiveness of
the ischemic zone on the ECS parameters a method of segmentation for
the ventricles of the model heart was used, and to estimate contributions
of the “ischemic” segments in the total signal of the different leads a
method of partial curves was applied [3].

Foci of ischemia in the selected area of the ventricles were simulated
by specific changes of such characteristics of the transmembrane action
potential (AP) as the resting potential, AP amplitude, duration of the pla-
teau phase, and steepness of the final phase of rapid repolarization (Fig. 1a)
in accordance with literature data [4, 5], while also taking account of the
preliminary results obtained in [3]. Numerical values of the AP parameters
under norm and ischemia are shown in Fig. 1b. The degree of deviation of
prescribed parameters of the AP from their physiologically normal values
was considered as an “internal” severity (or intensity) of the simulated
ischemia, the concept of which was suggested by us in [3]. The “external”
severity of ischemia can be considered in this case only as visible changes
in the pattern of ST-T interval compared to “conventional norm” of the
model electrocardiogram, which corresponds to the initial parameters of
the model, taken as normal. Approximately in such “external” terms, not
related directly with electrophysiological state of the cardiac muscle, some
ischemic ECG changes in practical electrocardiography are described (“ex-
pressed shift of the ST segment”, “high positive symmetric, or coronary, T
wave”, and so on). Internal expression of pathological changes, in this case
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Fig. 1. Cardiac transmembrane action potential (AP) and its main charac-
teristics. a — Schematic representation of the AP: RP — resting potential;
A, —amplitude, T,, T — durations of the AP phases; o5 — slope of the final
repolarization phase. b — Forms of the AP used in the study on boundary
surfaces of the ventricles: APguq0, AP, — endocardial and epicardial APs
on the surfaces of the normal myocardium; APendo isch, APepiisch — APs on
the proper surfaces of the “ischemic” sectors of the ventricles.

— myocardial ischemia, is hidden from an observer who is being “on the
outer side with respect to recording electrodes”, and in such conditions is
essentially a «black box», i.e. concept with which the cybernetics [6] oper-
ates. One of the tasks of modeling is just searching for causal quantitative
relation between internal and external “expressions” of ischemia what
should, on the one hand, to promote the understanding of mechanisms of
pathological changes in ECS and, on the other hand, to assist in the devel-
opment of new diagnostic algorithms.

In this study, as the object for observation when you change local-
ization and extensiveness of the ischemic focus the following parameters
of the cardiocycle were chosen: ssST80 — shift of the ST segment in the
moment of 80 ms after J point; Gr — relative ventricular gradient; Kg —
modified ventricular gradient, parameter which is calculated as the ratio
of the area under the curve of the ECG signal on a generalized interval JT
to the area under the curve of the signal in modulus on the QRS interval,
and also some other parameters, including several indices for estimating a
symmetry of the T wave — BT , Asym_1, Asym 2, Asym 3 (see in [3]).
The index Asym_3 is considered for the present as a trial estimate. Essen-
tially, it is a certain analogue of the concept of “asymmetry” in the
mathematical statistics under formal consideration of the T wave as some
conditional distribution of a random variable. Measurement and calcula-
tion of the listed ECS parameters was performed for twelve signals of the
standard lead system and for three signals of the orthogonal system (tak-
ing into account assumptions made in [2]). For the model ECS a “medi-
cal” evaluation for changes on the ST-T interval in terms of Minnesota
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Code (MC) was also carried out under selected anatomical position of the
heart and localization of the “ischemic” zone.
Results and Discussion

To study effects of localization and extent of the ischemic focus a
segmentation of the ventricles into separate compartments (segments)
was executed for a coordinate binding the “ischemic focus” to geometry
of the model. The left ventricle is divided by horizontal layers and their
internal division on 17 sectors (fig. 2a), each of which (except the apex of
the heart) has inner (endo) and outer (epi) surfaces. Two more surfaces
belong to the right ventricle.

In computer experiment on examination of influence of ischemia

localization on ECS parameters all the segments of the second layer of
the model (7, 8, ... 12 on fig. 2b) were, one after another, “affected with
an ischemia”, i.e. the normal parameters of AP on endo- and/or epi-
surfaces of the proper sectors were replaced by pathological ones, as de-
scribed in the “Methods” section. Then, for each of the versions the sets
of ECS were calculated in all the leads.
The results obtained have shown that when simulating subendocardial
ischemia the parameters of symmetry in the limb leads, as well as in the
chest leads V1-V3, vary only slightly compared to changes in the group
of leads V4-V6, what is explained by the “projection” effect. The statisti-
cal index Asym 3 in the chest leads varies slightly and irregularly. Val-
ues of Asym_1 and Asym_2 are practically coincide, indicating that their
equivalence. Behavior of the “amplitude” parameters ccst80, Gr, and Kg
in the chest leads one can also explain by positional factors.

When modeling subepicardial ischemia it turned out that parame-
ters Gr and Kg (fig. 3b) vary in opposite phases, which is natural, and

Fig. 2. Segmentation of the heart model (in circles are given numbers of
the segments). a — General view of the model ventricles; b — Middle
layer of the model.
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Fig. 3. Values of the relative ventricular gradient Gr and modified ventricular
gradient Kg in the lead V6 depending on the number of “ischemic” sector
under subendocardial (a) and subepicardial (b) localization of the pathology.

more considerably, than for subendocardial ischemia (Fig. 3a). The
latter is connected, apparently, with two factors. For the chosen method
of segmentation the areas of epicardial surfaces of sectors are more than
areas of endocardial ones (see Fig. 2b), and the distances from the chest
electrodes to the external and internal surfaces of the different sectors, as
well as their ratio, vary from sector to sector. In each concrete case the
given internal expression of ischemia in the model allows, due to the cor-
rectness of the direct problem, explain the behavior of the ECS parame-
ters obtained in different leads. But unpredictable combination of all the
mentioned factors, considering also the possible dispersion of the heart
rotational from patient to patient, suggests that the use of the parameters
examined to identify localization of ischemia is hardly possible.

Study of the influence of the ischemia extensiveness on repolariza-
tion parameters in different leads was carried out by increasing the area of
ischemic focus on the endocardium of the left ventricle according to the
following scheme: On the first step of the experiment the endocardium of
the sector 12 turned “ischemic”, and then endocardial surfaces of sectors 6,
11, 5,7, 1, 16 were involved in this process sequentially. When increasing
the area of “ischemia”, i.e. the amount of pathological elements, one can
express a general considerations about character of the curves obtained de-
pending on the total area of the pathology with due regard for mutual orien-
tation of the lead axes and normals to the surfaces of elements constituting
the segment at the given orientation of the model, as well as taking into
account the curvature of the endocardial and epicardial surfaces.

Conclusion. Thus, with the aid of the computer model effects of lo-
calization and extensiveness of simulated ischemia on patterns of ST-T
interval of electrocardiosignal and its calculated characteristics have been
examined and some complexities of solving the corresponding inverse
problem has been explained. Results of the work have shown importance
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of the choice of an interval and its borders for calculation of indicators of
symmetry and allowed to put a question on expansion of the concept of
symmetry in electrocardiology from symmetry of the T wave up to some
“symmetry” of the process of repolarization, which corresponds to a gener-
alized interval JT on the ECS. Additional complex studies on verified sam-
ples of real electrocardiograms for norm and pathology with involving
models of ECS genesis are needed for searching new informative parame-
ters of the cardiac electric field and for choice of an optimum strategy of
identification of the electrophysiological state of the heart. For this pur-
pose, an illustrated interactive electronic archive for sets of the model input
data and results of modeling is being worked out now in the ITEB RAS.

References

1. Baum O.V., Voloshin V.I. and Popov L.A. Biophysical Models of Cardiac
Electrical Activity // Biophysics (Biofizika). December 2006, Volume 51,
Issue 6, pp 940-954. DOI 10.1134/S0006350906060133.

2. Baum O.V., Voloshin V.I., Popov L.A. Realization of Biophysical Models
of Cardiac Electrical Activity // Biophysics (Biofizika). January 2009.
Volume 54, Issue 1. P. 72-84. DOI 10.1134/S0006350909010138.

3. Baum O.V., Voloshin V.I., Popov L.A. Electrocardiographic Image of
Myocardial Ischemia: Real Measurements and Biophysical Models. Part 11
// Biophysics (Biofizika). October 2012. Volume 57. Issue 5. P. 668-675.
DOI: 10.1134/S0006350912050028.

4. Dolabchyan Z.L. Myocardial infarction and the electromechanical activity
of the heart. // M.: Medicine, 1981.

5. Macfarlane P.W., Oosterom A., Pahlm O., Kligfield P., Janse M., Camm J.
(Eds.) Comprehensive Electrocardiology (2nd Edition). // Springer, 2010.
ISBN 978-1-84882-045-6.

6. W. Ross Ashby. An introduction to cybernetics. London: Chapman &
Hall, 1956. ISBN 0-416-68300-2.

STUDY OF THE INFLUENCE OF INCUBATION MEDIA
COMPOSITION AND MEMBRANOTROPIC AGENTS
ON THE LIPID PALMITATE/Ca*-INDUCED PORE OPENING
IN MITOCHONDRIA AND UNILAMELLAR LIPOSOMES
N.V. Belosludtseva, K.N. Belosludtsev,
M.N. Belosludtsev, G.D. Mironova
Institute of Theoretical and Experimental Biophysics RAS,
Institutskaya st., 3, Pushchino, 142290, Russia

Free fatty acids (FFAs) exert a diverse array of biological effects
and have been implicated in a number of pathophysiological conditions
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such as ischemia—reperfusion injury, apoptosis, obesity, diabetes and oth-
ers. In the presence of Ca%, FFAs are able to induce the mitochondrial
pore opening of two types: cyclosporin A (CsA)-sensitive protein pore
(supercomplex consisting of ADP/ATP antiporter, cyclophilin D, porin
and other mitochondrial membrane proteins — mitochondrial permeability
transition (MPT) pore) and CsA-insensitive lipid pore induced by long-
chain saturated FFAs acids and Ca®".

As shown earlier, the nonselective pore induced by palmitic acid
and Ca*" can be considered as fast-tightening lipid pore formed due to
chemotropic phase transition in the membranes of different types [1]. The
pore opening was observed not only in mitochondria, but also plasma
membrane of erythrocytes, as well as artificial lipid membranes (black
lipid membranes and unilamellar liposomes) [2-3].

Considering the mechanism of the palmitate/Ca*"-induced pore
(PalCaP) formation in lipid bilayer, it is obvious that it is not regulated by
known modulators of MPT pore. Previously we have studied some physio-
logical and regulatory aspects of the pore [4]. All these results were ob-
tained using sucrose medium incubation. However, it is not clear whether
similar effects can be observed in an incubation medium, which is closer to
the intracellular one where K" and CI” are the main ions. It is known that K
ions can influence the surface potential of the membrane, leading to the
conductive properties changes of the lipid bilayer. For example, an increase
in the amount of positive chargers on mitochondrial membrane results in an
acceleration of rates of the substrate transport by some mitochondrial carri-
ers. Additionally, lipophilic agents such as the anionic surfactant sodium
dodecyl sulfate (SDS) and the cationic surfactant cetyltrimethylammonium
bromide (CTAB) that can modulate the surface properties of membranes
are also found to change the membrane permeability [5]. In this regard, it is
important to study the possible effects of the agents affected the surface
potential on the permeability of artificial and biological membranes.

Thus, the aim of this work was to study the influence of the ionic
composition of incubation medium and membranotropic agents on palmi-
tat/Ca”*"-induced lipid pore formation in mitochondria and unilamellar lipo-
somes.

Materials and Methods

Mitochondria were isolated from the liver or heart of Wistar rats
using a standard differential centrifugation technique. Mitochondrial
swelling was measured as a decrease in A540 in a stirred cuvette at room
temperature using an USB-2000 spectroscopy fiber-optic system (Ocean
Optics Inc., USA). The incubation medium contained 210 mM mannitol,

29



70 mM sucrose, 5 mM succinate, 5 uM EGTA, 1 uM rotenone 1 uM
CsA, and 10 mM Hepes/KOH buffer (pH 7.4) or 120 mM KCI, 5 uM
EGTA, 1 uM rotenone 1 uM CsA, and 10 mM Tris/HCI buftfer (pH 7.4).
The concentration of the protein in the cuvette was 0.4 mg/ml or 0.2
mg/ml (liver and heart mitochondria correspondingly).

Large unilamellar lecithin liposomes loaded by fluorescent dye sul-
forhodamine B (SRB) were obtained by a conventional extrusion tech-
nique [1]. The release of SRB from liposomes was evaluated by the in-
crease in fluorescence intensity, as described previously [1]. The buffer
contained 40 mM KCI, 50 uM EGTA and 10 mM Tris-HCI (pH 8.5) or
80 mM sucrose, 50 uM EGTA and 10 mM Tris-HCI (pH 8.5).

Results
Influence of the incubation medium composition on the CsA-insensitive
mitochondrial permeability induced by palmitic acid and Ca’". Fig. 1
shows the CsA- insensitive swelling of rat liver (a) and heart (b) mito-
chondria induced by 15 pM of palmitic acid and 30 pM Ca®* in media
containing sucrose/mannitol or KCI as osmoregulatory agents.

As can be seen, the amplitude and the rate of swelling of liver mito-
chondria were significantly higher in the medium with sucrose/mannitol.
When 120 mM KCI was added instead of sucrose/mannitol, the mitochon-
drial swelling rate was markedly decreased. Moreover, under these condi-
tions the liver mitochondria after the high-amplitude swelling reveals a
tendency to their contraction. As shown in fig. 1b, rat heart mitochondria
after their swelling induced by palmitic acid and Ca** in KCI medium fully
restored their volume in a few minutes.

Effect of ionic composition of the buffer on the permeability of sul-
forhodamine-loaded liposomes induced by palmitic acid and Ca*". It was

a b

1 §—
< 1min

Fig. 1. Palmitate/Ca**-induced swelling of rat liver (a) and heart (b) mito-
chondria in sucrose/mannitol (1) and KCl (2) media.
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Fig. 2. Effects of the membrane surface potential-modulated agents on the
palmitate/Ca**-induced permeability of liposomes.

found that the release of fluorescent probe SRB from lecithin liposomes in-
duced by 15 uM of palmitic acid and 1 mM Ca”>" was considerably (30%)
greater in sucrose buffer than in KCl one. In the case when the incubation
buffer was prepared from salts of other monovalent cations (Li", Rb"), the
permeability of the liposomes was the same as in KCI buffer.

Influence of membranotropic agents on the palmitat/Ca’ -induced
lipid pore opening in mitochondria and liposomes. Fig. 2 shows the effect of
the cationic detergent CTAB, the anionic detergent SDS and the anionic
phospholipid cardiolipin on the palmitate/Ca**-induced liposome permeabil-
ity to fluorescent probe SRB. As can be seen from the figure, CTAB (10 pM)
significantly inhibited the membrane permeabilization caused by Ca®" in the
palmitate-containing liposomes, while SDS (50 pM) facilitated it. It should
be noted that 50 pM SDS itself did not affect the permeability of the lipo-
some membrane, whereas 10 uM CTAB itself induced the release of SRB
from the liposomes by 20%. Liposomes that were prepared from a mixture
of phosphatidylcholine/cardiolipin (25 mol.%) were less resistant to the in-
ducers of the membrane permeabilization that liposomes formed from
phosphatidylcholine only.

Fig. 3 shows the influence of CTAB (10 uM) and SDS (10 uM) on
the rate of CsA-insensitive palmitat/Ca®" -induced swelling of rat liver
mitochondria. As in the case with the liposomes, CTAB inhibited the
PalCaP opening in the mitochondria. At the same time, SDS slightly
stimulated the rate of mitochondrial swelling.

Discussion

In this paper we showed that the presence of K ions in the incuba-

tion medium suppressed the palmitate/Ca -induced membrane permeabi
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Fig. 3. Influence of membranotropic agents on the cyclosporin A-insensitive
rat liver mitochondria swelling induced by palmitic acid and Ca®".

lization of mitochondria and unilamellar liposomes. The data obtained
can be explained by the influence of K on the membrane surface poten-
tial. The quenching of the negative charges on membrane surface by K"
jons is supposed to prevent the binding of fatty acid anions to Ca*" in
membrane. Since the lipid pore was found to tighten and close by reason
of energetic utility [1], the mitochondria after their swelling in KCl incu-
bation medium is expected to restored their initial volume owing to K'/H"
exchange system functioning. Inhibitor of K'/H" exchanger quinidine
blocked the mitochondrial contraction stage but did not affect prior swell-
ing. It was shown that the cationic detergent CTAB inhibited the PalCaP
opening in mitochondria and liposomes, while the anionic detergent SDS
activated the formation of the pore. One can be supposed that SDS being
incorporated into the lipid bilayer increases a total negative charge of the
membrane surface and thereby facilitates the PalCaP formation. The im-
portant role of the negative membrane surface charge in the modulation
of the lipid pore formation can be also confirmed by our results that in-
corporation of anionic phospholipid cardiolipin in liposomes facilitates
the PalCaP opening in lipid bilayer.

Thus, the data obtained are in line with our proposal that the mem-
brane surface potential can modulate the lipid pores formation both in
artificial lipid bilayers and mitochondrial membranes.

The work was supported by RFBR grant (No. 12-04-00430-a) and
RF President scholarship (CI1-2697.2013.4).
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CLONE FORMATION REPRESENTS ONE THE MAIN
MECHANISMS OF MYOCARDIAL SELF-RENEWAL AND
REGENERATION IN THE MAMMALIAN HEART

G.B. Belostotskaya'?, T.A. Golovanova’, L.V. Nerubatskaya'”
!Sechenov Institute of Evolutionary Physiology and Biochemistry, Rus-
sian Academy of Sciences, Thorez av. 44, St.-Petersburg, 194223, Russia
’Federal Almazov Medical Research Centre, Akkuratova str. 2,
St.-Petersburg, 197341, Russia

Current in vitro and in vivo data suggest that cardiomyogenesis is
achieved via the activation and differentiation of endogenous progenitor
cells. However, little information is available on the details of this proc-
ess. We have previously shown that newborn rat heart-derived Sca+, c-
kit+ and Isl1+ resident cardiac stem cells (CSCs) are able to form large
contracting colonies in the primary culture [Belostotskaya and
Golovanova, 2014]. Here we present evidence that CSCs can also gener-
ate colonies in the culture of myocardial cells of 20- and 40-day-old rats.
Although these colonies were shown to be similar in size and morphology
to those grown from CSCs of newborn heart, they were non-contracting
and exhibited early signs of cardiac differentiation only, including ex-
pression of GATA-4 and a-sarcomeric actin. Presumably the inability of
young and adult rat CSCs to undergo full differentiation in culture is due
to the lack of direct contact between CSCs and mature cardiomyocytes
because of the poor attachment of the latter to substrate. However, com-
pact CSC clones consisting of both undifferentiated and a-sarcomeric
actin-, sarcomeric a-actinin- and troponin T-positive cells were identified
in the suspension of freshly isolated cardiac cells obtained from age-
matched rats and adult C57BL mice. In addition, mononuclear mature
cardiomyocytes stemming from CSCs were found ex vivo in adult mouse
myocardium. These results suggest that resident CSCs are able to produce
mature cardiomyocytes by proliferation and differentiation inside the
colonies (clones) both in vitro and in vivo. Thus, clone formation appears
to be one of the main mechanisms of cardiomyogenic CSC differentiation
contributing to myocardial self-renewal and regeneration after injury.
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EFFECT OF THE PEPTIDE DRUG SEMAX ON SYMPATHETIC
INNERVATION OF RATS HEART AND VESSELS AFTER
EXPERIMENTAL MYOCARDIAL INFARCTION
A.B. Berdalin, S.A. Gavrilova, A.D. Nikogosova, D.A. Bazhenova,
A.M. Gorbacheva, G.F. Gubaidullina, E.O. Lebedeva,

A.M. Romanyuk, A.N. Stulova, S.V. Buravkov, V.B. Koshelev
Faculty of Basic Medicine, Moscow State University,
Lomonosovsky prosp. 31/5, Moscow, 119192, Russia

After the development of myocardial infarction due to ischemia or
ischemia-reperfusion, activation of the sympathetic part of the autonomic
nervous system taken place as a result of stress reactions to pain and de-
creased blood pressure. Increased activity of the sympathetic nervous sys-
tem leads to an increase of pre- and afterload on the damaged myocar-
dium. Stimulation of B;-adrenergic receptors may contribute directly in
calcium overload and lead to apoptotic death of cardiomyocytes. Due to
this unfortunate effects on the progression of myocardial infarction f-
blockers became widespread, this drugs, however, do not affect the over-
all activity level of the sympathetic nervous system.

We have previously shown presence of cardioprotective activity at
the peptide drug Semax (AKTG4-7 + Pro-Gly-Pro) (Gavrilova, 2008;
Berdalin, 2011). This effect of the peptide is probably associated with
lowering of overall activity of the sympathetic nervous system.

Goal of this study consist of investigation of influence of the peptide
drug Semax on the amount of sympathetic nerves and adrenergic receptors in
the heart and blood vessels in rats with experimental myocardial infarction.

Materials and methods

Study was performed on male rats weighing 300-400g with irre-
versible ischemia or ischemia-reperfusion after 2.5 hour ischemia with
Selye method. There are 5 experimental groups: intact control, irreversi-
ble ischemia, irreversible ischemia with administration of Semax, ische-
mia-reperfusion, ischemia-reperfusion with Semax administration. Semax
administered intraperitoneally at 150 mg/kg after 15 minutes and 135
minutes from the start of the coronary occlusion at first day and one time
a day at 2-7 experimental days. Control animals received sterile physio-
logical saline solution in the same manner and dose as Semax.

28 days after the operation interventricular septum, segments of
femoral, renal, mesenteric and tail artery were taken. Sympathetic nerves
in the interventricular septum and arteries were stained by condensation
of catecholamines with glyoxylic acid and subsequent fluorescence of the
complex. We made series of randomly oriented micrographs (at least 20-
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30 on one sample). Sympathetic innervation density was evaluated by the
number of intersections of the sympathetic nerves with the grid bundles
superimposed on micrograph with the Paint. NET version 3.5.8. program.
Data are presented as the number of intersections on 100 grid bundles.

Immunohistochemical staining for o;-adrenoreceptors were per-
formed on segments of the tail artery. Material were fixed in 10% neutral
buffered formalin. Paraffin embedding were performed according to
standard histological procedures. Primary rabbit polyclonal antibody
were applied on 5 pm slices, then secondary antibody conjugated with
peroxidase. Intensity of staining was evaluated in the program Image-Pro
Plus followed by counting the relative area of stained sections.

Statistical analysis was performed using STATISTICA 6.0 pro-
gram with nonparametric Mann-Whitney test with Bonferroni correction.
Results

In the intact control mean relative density of sympathetic nerve fi-
bers, as measured by fluorescence of catecholamines in the condensation
with glyoxylic acid, was 0.0 194 + 0,004. Myocardial infarction in the
model of irreversible ischemia did not lead to an increase in the relative
density of sympathetic nerves. Semax also had no effect on this value. In
ischemia-reperfusion group relative density was 0.0334+ 0,004 and were
significantly higher than in the control (p = 0.006). Semax administration
resulted in a statistically significant (p = 0.01) reduction in the density of
sympathetic nerves to 0.0202 £ 0.005. Thus, in ischemia-reperfusion in-
farction model increased density of fluorescence of the sympathetic nerves
were taken place, and Semax administering reduces this index to intact
group level. That is that drug somehow reducing effect of factors reinforc-
ing nerve growth after infarction. On the other hand, the decrease in the
density of sympathetic innervation may itself be the cause of this decrease
in activity of the autonomic nervous system in the postinfarction period.

Relative density of the sympathetic nerves in intact rats in the
femoral and renal arteries were 14 + 3, in mesenteric artery - 29 + 12, and
in the tail artery - 22 + 6. At 28 days after ischemia-reperfusion innerva-
tion of the femoral artery did not change, renal artery innervation (19 +
6), mesenteric (33 £+ 6) and tail (33 £ 9,5) arteries were significantly
higher. This likely reflects an overall central activation of the sympathetic
nervous system as a result of myocardial infarction. Semax administra-
tion in the acute phase at 28 days resulted in an increase of relative den-
sity of sympathetic nerves in the femoral artery (18 + 5,5), renal (18 +
3,5) and tail artery (30 = 9) did not changed. Innervation of the mesen-
teric artery was increased even more - up to 46 = 5. At irreversible
ischemia group we observed an increase in mesenteric (37 + 8) and tail
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(29 £ 9) artery innervation density, which is similar to changes in ische-
mia-reperfusion. Semax influence in irreversible ischemia group were
especially significant in mesenteric artery, where we observed a statisti-
cally significant increase in the density of innervation to 41 + 8. In gen-
eral, the multidirectional effect of the drug on the sympathetic innervation
of the arteries can be explained by differences in vascular function and
general modulating effect of the peptide, normalizing the autonomic
nervous system response to a pathological condition.

To clarify the changes in the sympathetic innervation of blood ves-
sels after myocardial infarction and investigate mechanisms of this Se-
max effect, we assesed density of a;-adrenergic receptors in the wall of
the tail artery, which plays an important role in thermoregulation in rats.

The average relative density of a;-adrenergic receptors in intact rat
tail artery was 0,39 + 0,28. With the development of myocardial infarc-
tion in irreversible ischemia model adrenoceptor density did not change -
0,42 £ 0,31, in the model of ischemia-reperfusion changes also were not
statistically significant (0,39 + 0, 15). Semax significantly increased the
density of a;-adrenoceptors in the rat tail artery in irreversible ischemia
model - 0,56 £ 0,29, and in ischemia-reperfusion model - 0,59 £ 0, 31.

Thus, after the development of myocardial infarction in both models
there is an increase of density of the sympathetic nerves in the tail artery, at
the same time, the amount of a;-adrenoceptors did not changed. As long as
main function of the tail artery is thermoregulation, these changes reflects
the thermoregulation disturbance in the infracted rat caused by heart weak-
ening and blood circulation slowing. Increasing the density of sympathetic
nerves may be due to the need to reduce heat loss in these conditions.

Semax did not influence on the density of sympathetic nerve ter-
minals in tail artery after myocardial infarction, but increase the density
of adrenergic receptors. This is consistent with the hypothesis of central
decrease of the overall activity of the sympathetic nervous system under
the influence of the drug, which led to an increase in adrenergic receptors
amount in rat tail artery.

FLAG-TAGGING METHOD FOR ARCHAELLIN
IDENTIFICATION IN HALOBACTERIUM SALINARUM
ARCHAELLA
S.N. Beznosov, M.G. Pyatibratov and O.V. Fedorov
Institute of Protein Research, Russian Academy of Sciences,
Institutskaya st. 4, Pushchino, Moscow Region, 142290, Russia

The movements of both bacteria and archaea in aqueous media are
accomplished through the rotation of flagella. Because archaeal flagella are
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principally different from their bacterial analogues it has recently been
proposed to call archaeal flagella as archaella, and proteins consisting
archaella as archaellins [1]. A single archaellum has the appearance of a
right-handed helical filament, 4-10um long and 10 to 20 nm thick.
Archaellins have no homology to bacterial flagellins, but at the same time,
they are homologous in N-termini to type IV bacterial pilins and are
processed in a similar manner, with the removal of the leader peptide before
incorporation into supramolecular structure. Archaellins in the archaellum
are often glycosylated. Archaella filament of haloarchaea Halobacterium
salinarum consists of five archaellins - Al, A2, B1, B2 and B3 (FIgAl-
FlgB3), which are encoded by genes located in the flgd and flgB operons.
Archaellins Al and A2 are major filament components, while B1, B2 and B3
are synthesized in much smaller quantities. Earlier by deletion of archaellin
genes it was shown that the helical filaments may be formed only from A-
proteins, and in the absence of A archaellins, B2 archaellin can form
structures similar to the archaellum hook [2-4]. However, the complete
picture of the distribution of archaellins within filaments is still not clear.

In this work we have developed a method of directed modification
of H. salinarum archaellins by insertion of various peptides into a
selected region of the archaellin sequence. Since the detailed structure of
any archaellin is not known, hence we have selected the insertion site
using the following reasons. H. salinarum archaellins are N-glycosylated
and each of them contains 3 glycosylation sites NXT(S). It is known that
glycosylation takes place on the cell surface after the archaellum
assembly. This suggests that archaellin glycosylation sites have to be
exposed on archaella surface and, consequently, the additional peptide
loop introduced nearby glycosylation site will be exposed outside as well
[5]. We decided that one of the most suitable sites is between two
alanines, located about midway between the two glycosylation sites
NLTVRQAXAGADNINLS. Three types of transformed cells synthe-
sizing archaella, containing Al, A2, or B2 archaellin modified with
FLAG peptide (DYKDDDDK) are obtained [6]. Electron microscopy of
archaella has demonstrated that in each case the FLAG peptide is
available for the specific anti-FLAG antibody binding. It was shown at
first time that B2 archaellin like A1 and A2 is found along the whole
filament length, and it is demonstrated that the archaellin modification
method is useful for the identification of proteins within archaellum.

Also by this method of archaellin modification we obtained H.
salinarum archaella, where the gold-binding peptide LKAHLPPSRLPS [7]
was inserted into archaellin A2 [6]. The modified archaella were incubated
with colloidal gold nanoparticles (5 nm) and then analyzed by electron
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microscopy. The gold particles also bound along the whole length of the
filaments. So, depending on the introduced peptide, the method of archaellin
modification can be used not only in studying the archaella composition, but
also as a way to produce new multifunctional nanomaterials.
The presented study was supported by the Russian Foundation for
Basic Research, projects No. 12-04-92691 IND _a, and No. 14-04-01604a.
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STUDY ON INTERACTION OF FULLERENE Cg,
WITH BRAIN Af(1-42)-PEPTIDE
A.G. Bobylev', Y.V. Shatalin', L.G. Bobyleva',
A.D. Ulanova'?, Z.A. Podlubnaya'’
Institute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino, Moscow Region, 142290, Russia
2 Pushchino State Institute of Natural Sciences,
Pushchino, Moscow Region, 142290 Russia;
E-mail: bobylev7@rambler.ru

Fullerenes are molecular compounds belonging to the class of allo-
tropic forms of carbon and representing by themselves polycyclic struc-
tures of spherical shape consisting of carbon atoms bound into six- and
five-membered cycles. Originally a possibility of existence of a structure
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consisting of 60 carbon atoms (fullerene Cg) was substantiated theoreti-
cally. The discovery of fullerenes belongs to Kroto and Smalley [1] who,
using a laser beam setup, had fixed special stability of Cgy and C5, and
then proposed the first structural pictures of these molecules.

Fullerene Cg is an electronegative molecule, which can be easily re-
duced, but oxidizes with difficulties. Therefore the main types of reaction
appear as nucleophilic, radical or cyclo-additions [3—5]. Because the mole-
cule is electrophilic, it presents a strong acceptor of electrons and free radi-
cals. For this reason fullerenes have even been called «radical sponges»
[6]. Fullerenes have other biological properties: inhibition of HIV-1 prote-
ase, photomodification of DNA, neuroprotection and so on [7-9]. Fullere-
nes are insoluble in polar solvents. For studying biological properties of
fullerenes use stable colloid solutions in water [10], noncovalent complexes
of fullerenes with hydrophilic organic molecules (for example, complexes
of fullerene Cq with polyvinylpyrrolidones and cyclodextrins), and also
synthesized water-soluble derivatives of fullerenes.

Earlier we have shown that fullerene Cgy and a series of its deriva-
tives destroyed amyloid fibrils of the brain AB(1-42)-peptide and muscle
X-protein [11-14]. A conclusion was made that fullerene Cq, and its de-
rivatives can be regarded as potential antiamyloid substances.

In this work we investigated the interaction of fullerene Cgo-
polyvinylpyrrolidone (Ceo/PVP) complex with brain AB(1-42)-peptide in
water.

Using a the spectrophotometric assay we have analyzed the
changes occurring in a solution containing AP(1-42)-peptide and
Cso/PVP. The peptide in a concentration of 5 uM is low absorbance at
wavelengths (228, 264, 344, 524 nm). Fullerene Cg, polyvinylpyrroli-
done, and the formed their aggregate AP(1-42)nCqkPVPm have signifi-
cant absorption coefficient. For calculating the stoichiometric coefficients
W¢C use the formula _lg(Dmixture _Dreugent) = f (_lgCreagent)y where Dmixture -
absorbance of the solution containing all three components, D,ugen: and
Creagen: — optical density and the concentration of the titrant containing
complex Cgo/PVP.

It has been found by us that the structure of the aggregate formed
in the solution had the following stoichiometric composition AB(1-42)-
(Cﬁ())1’69_1’82PVPO’22_0’35. Using the Method Bent-French relative blndmg
constants of fullerene Cg¢y with AP(1-42)-peptide and PVP with AB(1-42)-
peptide were determined, which amounted to 4,92-1013 and 3,00-106,
respectively. The data obtained suggest that AP(1-42)-peptide interacts
with complex C¢kPVPm, displaces polyvinylpyrrolidone and form a new
three molecular aggregate.
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PRESUMABLE ROLE OF SPHINGOLIPID MECHANISMS
IN DISUSE ATROPHY OF SKELETAL MUSCLE

I.G. Bryndina, M.N. Shalagina, S.V. Ovechkin
Izhevsk State Medical Academy, Kommunarov St., 281,
Izhevsk, 426034, Russia

The role of diverse sphingolipid species in cell signaling is a subject
of growing interest in physiology, molecular biology and medicine in two
last decades. Sphingolipid derivative ceramide plays a pivotal role in many
processes including cell arrest, apoptosis, generation of free oxygen spe-
cies, inhibition of some intracellular signaling pathways, etc. Ceramide is
produced in cell by three main pathways: sphingomyelin hydrolysis by
sphingomyelinases, de novo synthesis from serine and palmitoyl-CoA and
so-called salvage pathway. Being the important structural component of
cell membrane, ceramide 1s discovered to be also the one of the evolution-
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arily conserved cellular factor generated in response on different stress
stimuli (inflammatory mediators, heat, UV radiation, hypoxia, chemothera-
peutics, and oxidative stress). It is demonstrated that all these stimuli in-
crease ceramide production in diverse type of cells (Bickman et al., 2011).

Now there is much evidence that skeletal muscle may be a target of
ceramide and other sphingolipid species effects. Ceramide is considered by
some authors as a key factor of insulin resistance in adipose and muscle
tissue, particularly in 2 type diabetes mellitus, high fat diet and increased
plasma free fatty acids. Some intracellular targets of ceramide in muscle
are revealed last years: the pathway of PI-3K and Akt/PKB is among them.
It is well known that this pathway is involved in the mechanisms of insulin
and IGF action. Furthermore, it has been shown that ceramide induces the
apoptosis in skeletal muscle myotubes (S.M. Turpin et al., 2006). Another
important sphingolipid molecule is sphingosin-1-phosphate that exerts the
opposite (positive) influence on some processes targeted by ceramide.

The problem of ceramide impact on disuse changes in skeletal mus-
cle is of great importance taking into account the prevalence of diseases
leading to immobility, strong bed rest and restraint. On the other hand, only
few and conflicting data exist regarding the effect of exercise training on
ceramide metabolism in skeletal muscle (decreased, increased ceramide
level or no effect). The problem of ceramide impact on disuse changes in
skeletal muscle is also actual due to intensive exploration of space with
necessity of long-term being of cosmonauts in microgravity environment.
Space flight (especially of long duration) is accompanied by atrophy and
dysfunction of skeletal muscles and changes of their myosin heavy chain
phenotype (mainly in slow postural muscle like m. soleus). But sphingol-
ipid impact on muscles changes in microgravity is “terra incognita” now,
although we can speculate some possible effects of space flight in this as-
pect. We have shown previously (I.G.Bryndina et al., 2009-2012) that 30-
day antiorthostatic hindlimb suspension in mice leads to accumulation of
ceramide in unloaded m. soleus without significant change of its level in
forelimb muscle (m. biceps brachii). So, we hypothesized that unloading
exerts some sphingolipid pathways generating ceramide or limiting its deg-
radation. Our new experiments have demonstrated the effects of short-term
and long-term hindlimb unloading on a number of enzymes involved in
ceramide metabolism processes, e.g., sphingomyelinase and serine palmi-
toyltranspherase (unpublished data).

Thus, we can conclude that exploration of sphingolipid impact on cel-
lular signaling in microgravity is perspective approach in space physiology.
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DEPENDENCE OF THE 1-st ELECTROCARDIOGRAM
LEAD PARAMETERS ON HEART POSITION: REAL
MEASUREMENTS AND BIOPHYSICAL MODELING
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Coronary artery disease (CAD), i.e. cardiac muscle ischemia, in last
decades has been pandemic in behavior. In the USA almost 17 millions
people suffer from CAD. In developed countries CAD is the cause of about
20% of deaths. According to prognostic estimations of the World Health
Organization (WHO), the death-rate due to CAD will reach 23.4 millions
in 2030 [1]. Due to high morbidity and mortality of CAD and the economic
aspects of the disease, early diagnosis of cardiac muscle ischemia is one of
the fundamental targets in daily cardiological routines.

Electrocardiography remains the basic, the most widespread diagnos-
tic method in cardiology. In recent years, electrocardiography experienced a
number of important innovations. One of them is development of miniature
portable electrocardiographic devices, which can be used by patient to some
extent by oneself outside doctor’s office. This tendency is within the current
trend in medical industry, called point-of-care testing (POCT) i.e. medical
test conducted immediately in patient’s whereabouts, outside doctor’s office.

The main idea underlying the use of portable ECG devices, that are
generally single-channel, is life-threatening heart rhythm disorders diag-
nosis (high gradation premature ventricular beats, ventricular and su-
praventricular paroxysmal tachycardia and so on). There are a number of
publications, wherein authors assert that single-channel ECG has value in
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myocardial ischemia diagnosis, with even routine amplitude analysis of
ECG waves and intervals [2, 3]. Especially the value of such analysis in-
creases if more sensitive parameters are applied. Earlier on we thoroughly
analyzed the capability of the 1-st lead electrocardiogram T wave sym-
metry to be such parameter, including biophysical modeling [4]. Never-
theless, while discussing the diagnostic value of the 1-st lead ECG a set
of theoretical considerations emerges inevitably, one of the most impor-
tant among them is the question about dependence of the parameters of
electrocardiogram in one lead on the direction of electrical axis of heart.
In other words, changes of which parameters of the 1-st lead electrocar-
diogram are in fact liable to reflect pathological processes in myocar-
dium, and which one are determined by extracardiac factors, primarily by
anatomic characteristics of subjects.

The purpose of given article is to investigate the relations between
main amplitude-time parameters of electrocardiogram in the 1-st lead and
electrical heart position both in the group of healthy volunteers and with
the help of a biophysical model, in the framework of long-term collabora-
tion between Glushkov Institute of cybernetics and Institute of theoretical
and experimental biophysics.

Materials and methods

Examination of the group of healthy volunteers. 71 healthy volun-
teers (medial age 35+7 years), without history of cardiac pathology, with
normal outcome of physical examination and 12-lead electrocardiogram in
resting state, which was evaluated by applying the Minnesota code, were
examined. Electrocardiogram was recorded by production digital electro-
cardiograph. By means of custom designed software package angle QRS
and a set of amplitude-time parameters of electrocardiogram were routinely
calculated. Afterwards Pearson’s linear correlation coefficient was calcu-
lated between the aQRS angle and 9 parameters of the 1-st lead electrocar-
diogram, more specifically R and T wave amplitudes, T wave symmetry,
evaluated in two various ways, ratio of R amplitude to S amplitude, ST
segment displacement in 0.08 sec after J point, spatial angle QRS-T, QRS
complex duration, ratio of interval duration JT,pe,/JT.

Biophysical modeling. Computer experiments were executed on a
system for 3D-modeling of the cardiac electrical activity with the aid of
earlier developed model of ECG genesis (cellular automaton of about a
million elements of the Myocardium-His-Purkinje type), the parameters
of which are electrophysiological, anatomical, and biophysical character-
istics of the heart muscle. Processing of the model ECG was carried out
with original specially designed program [5, 6].
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Rotation of heart in frontal plane from 25 to 65 degrees with the
step of 5 degrees was performed. Thus, 9 positions of the heart were ob-
tained. In each of these positions the model generated electrocardiograms
in 12 standard leads. On these electrocardiograms above-mentioned 10
amplitude-time parameters of the 1-st lead were calculated. Finally, linear
correlation coefficient between heart position angle in the frontal plane
and calculated parameters was evaluated.

Results

The results of reckoning of correlation coefficients of mentioned
parameters and aQRS angle (real measurements) and position of heart in
the frontal plane (biophysical model) are represented in tables 1 and 2
accordingly.

Table 1. Linear correlation coefficient between aQRS angle and amplitude-
time parameters of the real electrocardiogram in the 1-st lead

R T Tsyml Tsymz R/S Slejpl QRS-Tang_ QRSdur. JTapex/JT
0,84 10,65 | 0,42 0,36 0,88 <0,2 <0,2 <0,2 <0,2

Table 2. Linear correlation coefficient between the angle of heart position in
frontal plane and amplitude-time parameters of the model electrocardiogram
in the 1-st lead

R T Tsym; | Tsym, |R/S [STgsp [QRS-Tue [QRSgur I Tapex/IT
0,91 0,84 0,11 0,41 0,95 | 0,31 0,92 <0,2 0,81

As the tables show, there is a strong relation between the main
waves’ amplitudes and position of the heart. This fact is confirmed by
both analysis of real measurements and modeling. The symmetry of T
wave, QRS duration, and ST segment displacement are far less related to
heart position. These have average or weak correlation relationships.
Concerning these parameters there is also a “consensus” between results
of real measurements and model measurements. As regards such parame-
ters as QRS-T angle and ratio of interval duration JT,,./JT there is a dif-
ference of the results, obtained from real measurements and modeling: no
correlation relationship with heart position in the first case, and strong
correlation in the second case.

This is connected, most likely, with several factors: effect of the
heart rate variability on time intervals of the cardiocycle for the real elec-
trocardiograms; relationship between the cardiac electric axis and the an-
gles of the heart rotation about its anatomic axes in the model, which is of
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a complicated nature, but can be explained physically and expressed ana-
lytically in terms of functions for the family of aQRS-curves where the
angle of rotation about of axis is the argument and the values of angles of
rotation about the two other axes are the parameters of the family. Addi-
tional study is needed.

Discussion and Conclusion

There are approximately 10-15 types of portable electrocardio-
graphic devices in the market at the present day, mainly single-channel
electrocardiographs. Here are some of them: OMRON (Japan), Health
frontier (Canada), Instant Check (United Kingdom), ReadMyHeart
(USA), FP-80 (China), MB-100 1 MB-100A1 (China), Dimetek (China),
Vitaphone (Germany), Gnom (Russia), Fasagraf (Ukraine), Cardiovisor
(Russia), Cardioplus(Ukraine) and others.

These devices have already become widespread and this segment
of medical device market presents great growth prospects. According to
Global Industry Analyst Inc. analysts, portable electrocardiographs mar-
ket volume in the USA totals US$1.1 billion. Portable electrocardio-
graphic hardware-software complexes (HSC) feature diminutiveness,
great looking, eye-catching design, along with easiness and accessibility
of tests conduction — there is no need of chest electrodes application. To
carry out a measurement one should just place fingers on built-in elec-
trode. It is of utmost importance to position “pocket” electrocardio-
graphic HSCs correctly, i.e. to formulate optimal niche of application as
well as criteria of data analysis.

Thus, it is arguable that while analyzing electrocardiogram in the
first lead it is necessary to orient with reserve towards waves’ amplitudes
(especially R wave), as they depend heavily on such factor as position of
heart in thorax, i.e. on anatomic features of subjects. At the same time such
important parameter of T wave form, as its symmetry much less depends
on position of heart in thorax. Also, independent of subjects’ anatomic fea-
tures are such physiologically based informatory indexes as ST segment
displacement and QRS complex duration. The results obtained are of inter-
est for theoretical and applied aspects of the cardiac muscle science.
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SWITCHING BETWEEN DIFFERENT TYPES OF CELL
MIGRATION IS ADAPTIVE ADVANTAGE OF TUMOR CELLS

A.S. Chikina, A.Y. Alexandrova
Blokhin Cancer Research Center, Russian Academy of Medical Sciences,
Moscow, 115478 Russia

The two main types of migration used by individual cells are mesen-
chymal and amoeboid modes of motility. Mesenchymal migration nor-
mally is used by fibroblasts and fibroblast-like cells. In mesenchymal mo-
tility, cells coordinate actin-based protrusion with the formation of actomy-
osin-associated focal adhesions (FAs) through which contractile forces are
transduced to the underlying substrate. Thus the main features of mesen-
chymal mode of motility is formation of two types of protrusions - lamelli-
podia and ruffles by Arp 2/3 dependent actin polymerization. In this
process Arp2/3 complex binds to lateral side of initial actin filament and
initiates the polymerization of new actin filament with 70 degrees to the
previous one. Thus the growing network of actin filaments creates the
pushing force applied to the plasma membrane, which leads to lamellipodia
formation. When substrate is sufficiently adhesive FA are formed and cell
attaches to substrate, forms stress fibers and could effective moved by
contraction. If the substrate is non-adhesive, cells is not able to attached.
Thereby protrusions will recline, back to the cell. This type of protrusions
calls ruffles. Consequently all types of protrusions formed during
mesenchymal migration develop by the same mechanism, morphological
differences between them are due solely anchorage efficiency of the cell.

Amoeboid type of cell migration is normally used by lymphocytes.
The main feature of this migration mode is blebbs formation which occurs by
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totally different mechanism than it was describe above. For cells
demonstrated amoeboid migration mode cortical actin network underlying
cell membrane and connected with it by linker proteins is typical, while actin
bundles and stress fibers are practically absent. At the first stage of
protrusion formation linker proteins which connect cortical actin
cytoskeleton and plasma membrane disintegrate. Acto-myosin interaction
cause cell contractility what lead to increase of cytoplasmic pressure.
Cytoplasm flows to the gap between cortical actin and plasma membrane,
cortex disassemblies and new protrusion (blebb) forms at this region. After
blebb expansion cortical actin restores by formin-dependent polymerization
of actin filaments, then cell contracts. Thereby stabilization of blebbs should
occur by physical-support from outside, for instance either by collagen fibers
of extracellular matrix or between endotheliocytes during extravasation of
intravasation. Thus protrusion stabilizes by high cytoplasmic pressure therein
and physical cell-substrate interaction during amoeboid migration.

Normally cells migrate by one of these mechanisms, but
undifferentiated and tumor cells could demonstrate plasticity of migra-
tion, what means that cell can choose those type of migration which is
more effective in microenvironmental condition where migration occurs.
Transition from mesenchymal to amoeboid mode of migration calls
mesenchymal-to-amoeboid transition, from amoeboid to mesenchymal
mode calls amoeboid-mesenchymal transition. Plasticity of cell migration
allows cells to migrate effectively through different tissues barriers, for
example basal membrane or dense extracellular matrix, possible helps to
prolong the time of cell re-circulating into blood flow, proceeds extra-
and intravasation and thus probably leads to enhance of effectiveness of
invasion and metastatic formation.

Objective of our investigation was analysis of migration plasticity
of normal and tumor cells. Human subcutaneous fibroblasts (1036 cell
culture) and human fibrosarcoma (HT1080 cell culture) were used for
experiments. It was shown that tumor cells when they couldn’t migrate
by mesenchymal mechanism (due to impairment of substrate
adhesiveness or due to Arp2/3- inhibition) switch to amoeboid type of
cell migration whereas normal fibroblasts just stop and didn’t
demonstrate plasticity of cell migration.

However transition to amoeboid mode does not mean increasing in
efficiency of cell migration in any cases. Efficiency of cell migration
highly depends on structural and dimensional organization of extracellular
matrix. On the 2-dimensional substrate (glass) mesenchymal migrating
tumor cells demonstrate higher velocity (0,24 £ 0,011 pm/min) than
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amoeboid migrating cells (0,18+0,017 pm/min), while in three-dimensional
substrates (agarose gel) the situation was reversed: cells, which used amoe-
boid type of migration moved three-fold faster (0,625+0.04 pm/min) then
mesenchymally migrated cells (0,184+0,017 pm/min).

Using ImagelJ software by kimograph analysis we investigated the
dynamics of the leading edge of mesenchymal and amoeboid-migrating
cells. It was shown frequency of lamellipodia formation was more rare
compare to blebb formation, but their living time was longer. In addition to
differences in the dynamics of the formation of protrusions it was shown
big differences in the entire life cycle of these types of protrusions. Blebb's
phase of expansion is faster then retraction phase (3.87 + 0,004 um/s vs
0.68 + 0,002 um/s), there practically absent stationary phase ( less than 2
seconds). The reverse situation was demonstrated during lamellipodia
formation: expansion is much slower than retraction (0,15 = 0,001 pm/s vs
0,27 + 0,004 um/s), the stationary phase took from 15 seconds to a minute.

Frequengy of Velocity of | Velocity of | Duration of
protrusion X ; .
. expansion, retraction, stationary
formation,
. MKM/S MKM/S phase, s
1\Smin
Blebbs 11,8+0,7 | 3,870,004 0,68 +0,002 <2
Lamellipodias 1,6 £0,1 0,15+ 0,001 0,27 + 0,004 45+0,5

The basis of these differences is likely in the fundamentally
different mechanisms underlying formation of lamellipodia and blebb
described above.

Furthermore, lamellipodia formation occurs in a plane of cell contacts
with a substrate (practically 2D interactions) while blebbing can occur at
different levels ("tiers") of cell (3D formation). This fact may explain the
dependence of the efficiency of cell migration on the spatial organization of
the substrate. The mesenchymal motility mode is more efficient for 2D
substrate, because of forming a flat lamellipodia, which is attached to it with
the FA. In 3D matrix the formation of FA reduced significantly, so
lamellipodia is not so effective type of protrusion to support cell motility.

In the case of amoeboid movement situation is reversed: the two-
dimensional substrate for cell moves extremely inefficient, since, firstly,
blebbs form to all directions, and hence the effective area of interactions
with the substrate is markedly reduced , and secondly , the cell does not
form FAs, and thus could not attach properly to substrate. But in the
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three-dimensional matrix ef-the cells migrating by amoeboid mode have
several advantages : blebbs distributed at multi levels allow the cell to
increase the effective area of interaction with the substrate and anchor
inside it. The mechanism of blebbs formation suggests the stage of blebbs
by "fullness" of the substrate gaps, which can be effectively only in three-
dimensional systems.

We also show that cells with amoeboid morphology more effective
migrated trough filter in Boyden chambers. Increasing the efficiency of
migration in Boyden chambers with mesenchymal- amoeboid transition
may also indicate that formation of blebbs on different layers allows the
cell to find the way of migration ( in this system - the membrane pores )
more effectively, compared with mesenchymal - migrating cells.

Thus improvement the efficiency of tumor cell migration is
provided apparently not so much by the transition from mesenchymal to
amoeboid motility mode, as the acquisition of migratory plasticity
mechanisms and the ability of cells to choose the most effective type of
motion depending on the spatial organization of the substrate.

INTERACTIONS BETWEEN THE IL-6-174G>C GENE
POLYMORPHISM AND CARDIAC AUTONOMIC RESPONSES
IN RELATION TO PRECLINICAL ATHEROSCLEROSIS:
THE YOUNG FINNS STUDY
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Functional interleukin-6 (IL-6) -174G/C single nucleotide poly-
morphism (SNP) may be responsible for individual's vulnerability to
stress-related cardiovascular diseases mediated by negative immune
response. The IL-6G174C SNP regulates I1L-6 production [1,2] and re-
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lates to stress coping [3]: the C allele is related to lower IL-6 levels and to
better stress coping while the G allele - to increased IL-6 concentration
and less stress coping capability [1-3]. Acute mental stress leads to ele-
vated IL-6 release [4-6] inducing stress-evoked activation of immune sys-
tem [5]. We suggest that the 1L-6-174G allele would be associated with
increased cardiac autonomic reactivity and/or with delayed recovery after
brief laboratory stress. We also hypothesized interactions between the G
allele in combination with unfavorable cardiac responses related to in-
creased risk of atherosclerosis. Thus, we examined associations of the IL-
6G174C SNP (rs1800795) with cardiac autonomic responses after acute
stress and interactive effect of cardiac reactivity and the IL-6 gene SNP to
preclinical atherosclerosis in 45 middle-aged healthy participants.
Atherosclerosis was assessed non-invasively by measuring the carotid
intima-media thickness (IMT).
Methods and participants

The participants were 24-39 years old adults derived from the epi-
demiological Young Finns study [7]. The study was established to investi-
gate the development of cardiovascular risk factors in children, adolescents
and young adults at intervals of 3 or 5 years (a total N in 1980 = 3596). In
2001, clinical and ultrasound measurements were taken from 2109 partici-
pants; genotyping for the IL-6G174C SNP (rs1800795) was performed in
2228 subjects. In 1999, physiological stress experiment was administered
for 95 participants. The final sample of the present study consists of 45
men and women. The study was conducted with an agreement of local eth-
ics committees and according the guidelines of the Helsinki Declaration.
All subjects gave their written, informed consent in 1999 and in 2001.

Ultrasound imaging: Ultrasound investigations were carried out
using Sequoia 512 ultrasound mainframes (Acuson, Mountain View, CA,
USA) with 13.0 MHz linear array transducer [8]. Carotid IMT was meas-
ured on the posterior (far) wall of the left carotid artery; at least four
measurements were taken approximately 10 mm proximal to the bifurca-
tion to derive mean carotid IMT. The between-visit coefficient of varia-
tion of IMT measurements was 6.4% and the intra-observer coefficient of
variation was 3.4% [8].

The IL-6-174G>C genotyping: Genomic DNA was extracted from
whole blood using a commercially available kit (Qiagen Inc., Hilden, Ger-
many). The IL-6-174G>C genotyping (rs1800795) was performed using the
S'-nuclease assay and fluorogenic allele-specific TagMan probes and primers
[9]. PCR was performed in 384-well plates in a total volume of 5pl, using
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ABI Prism 7900HT Sequence Detection System (Applied Biosystems, Fos-
ter City, CA, USA) as described in our previous study [10].

Clinical characteristics: Blood pressure was measured with a ran-
dom-zero sphygmomanometer [11]. Average of three measurements was
used in the analysis. Standardized enzymatic methods were used for
measuring levels of triglycerides and HDL-cholesterol [11]. Serum LDL-
cholesterol concentration was calculated by the Friedewald formula
[8,11]. Serum insulin was measured by microparticle enzyme immunoas-
say kit (Abbott Laboratories, Diagnostic Division, Dainabot, Japan) [11].

Psychophysiological experiment: Cardiac autonomic responses:
heart rate (HR, an index of sympathetic/parasympathetic autonomic bal-
ance), respiratory sinus arrhythmia (RSA, an indicator of parasympathetic
drive), and pre-ejection period (PEP, indicates sympathetic activity level)
after brief laboratory stressors were quantified by impedance electrocar-
diography, as previously described [12]. In the current study, the mental
arithmetic and the speech tasks were used for calculating cardiac reactiv-
ity; and two resting periods (after the mental arithmetic and after the
speech) — for computing stress recovery. Average of two tasks reactivity
levels and average of two rests after the tasks were used in the statistical
analyses. Details of the experiment, data treatment and reactiv-
ity/recovery scores calculations were previously described [12].

Statistical analyses: Associations between cardiac autonomic re-
sponses and the IL-6-174G/C SNP as well as interactions between car-
diac reactivity or recovery and IL-6 gene SNP in relation to IMT were
tested by regression analyses using PASW Version 18.0. Clinical meas-
urements were used as covariates.

Results and discussion

Associations between the IL-6-174GG genotype and delayed HR re-
covery were found. PEP reactivity x IL-6 gene SNP interactive effect on
IMT and PEP recovery x IL-6 gene SNP interactive effect on IMT were
shown after adjusting for clinical measurements: serum insulin, serum lipid
levels and blood pressure. Among the G allele carriers, elevated PEP reactiv-
ity was related to increased IMT; among the GG genotype individuals,
slower PEP recovery was related to greater IMTs. High HR is an index of
sympathetic dominance [13]; in addition, elevated PEP reactivity and de-
layed PEP recovery found in our study suggest high sympathetic nervous
system (SNS) activation induced by stress [14]. Unfavorable PEP and HR
responses were found in our study only in the IL.-6-174G allele carriers. Our
results are in line with the recently found mechanism providing links be-
tween SNS beta-adrenergic norepinephrine-dependent activation of GATALI
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transcriptional factor that results in IL-6 gene expression related to diseases
risk [15]. GATAL1 is sensitive to the IL-6-174G allele only in adverse social-
environment conditions, whereas the C allele carriers are protected from ele-
vated stress-induced inflammation response by blocking the SNS/GATALI
signaling [15]. Previous studies have also reported the 1L-6-174G allele (or
GG genotype) associations with increased IMT in healthy adults [16-18] or
in diseases populations [19,20]. Some studies have found conflicting results
providing the IL-6-174C allele and increased atherosclerosis risk associations
or no associations between the IL-6-174G/C SNP and atherosclerosis
[21,22]; however, in these studies, socio-environmental preconditions were
not taken into account. Complicated transcriptional regulation of the 1L-6
gene SNP [15,23,24], complex, not fully investigated effect of the IL-6-
174G/C SNP on IL-6 expression [23,24] and different biochemical mecha-
nisms participating in the realizing of the IL-6 effects [24] may also explain
contradictory findings and suggest that the effect of one SNP on diseases risk
cannot be exaggerated. IL-6 protein may be involved both in atherogenesis
and in stress reactions by influencing sympathetic-parasympathetic balance
resulted from the hypothalamic-pituitary-adrenocortical axis activation [25]
and from increasing catecholaminergic neurotransmitters production in the
brain [26].
Conclusions

The IL-6-174GG genotype (or G allele) may be responsible for ge-
netic predisposition to elevated prolonged sympathetic stimulation and,
therefore, to increased risk of stress-related atherosclerosis.

The study was supported by the Wihuri Research Foundation (N.C.).
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TWO SOURCES FOR THE ENDOGENOUS WATER
AND THEIR POSSIBLE ROLE IN THE FAT METABOLISM
IN THE HUMAN ORGANISM

N.P. Deshcherevskaya, N.O. Deshcherevskaya
Institute of Biochemistry and Physiology of Microorganisms RAS;
E-mail: deshchere@rambler.ru

A "global epidemic" of obesity that is increasing in recent years,
according to WHO, is a serious threat to humanity. Effectiveness of the
use of high doses of water in the fight against obesity leads to the hy-
pothesis of chronic dehydration as one of the causes of overweight and
raises the question about the role of water in fat metabolism [1, 2].

Continuous process of removing water from the living body during
metabolism is compensated not only due to ingested food and drink, but
also due to endogenous water that is produced within the organism. It is
generally assumed that the main source of the endogenous water is the bio-
chemical reactions of the catabolism of nutrients. It is known, that the most
important part of these reactions occurs in the mitochondria. However on
this way, the synthesis of water occurs only at the last stage - in the mito-
chondrial respiratory chain, which uses the reducing equivalents derived in
the biochemical reactions of - oxidation of fatty acids as well as in the
citric acid cycle, which is the final stage of the oxidation of carbohydrates
and of the hydrocarbon skeletons of the protein. Thus, the intensity of the
synthesis process water is directly related to the efficiency of the operation
of the mitochondrial respiratory chain that is largely determined by the ra-
tio of the concentrations of ADP and ATP.

At the same time in the human organism there is the other source
of endogenous water - in the biochemical reactions of the fats biosynthe-
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sis. Under certain conditions, when the rate of ATP hydrolysis in cells is
insufficient and the concentration of ADP in the mitochondria is small
(for example, if there are the excessive eating and the lack of exercise),
the mechanism of respiratory control leads to inhibition of the electron
transport in the respiratory chain of the mitochondria. This slows down
the process of oxidation of NADH to the NAD. The large value of the
NADH / NAD ratio leads to inhibition of the citric acid cycle. This re-
duces the possibility of the production of the endogenous water by the
biochemical reactions of the catabolism of nutrients and increases the role
of the second method of producing endogenous water - by means of the
biosynthesis of fats. In this case, a chronic lack of fluid in the human
body can lead to an increase in body fat stores. A discussed mechanism
may underlie the phenomenon of morbid obesity, arising as a conse-
quence of chronic shortages of fluid in the human body.
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LEFT VENTRICLE CARDIOMYOCYTES
ULTRASTRUCTURE OF YOUNG AND OLD JAPANESE
QUAILS COTURNIX JAPONICA
M.S. Dukhinova, T.V. Lipina, N.B. Serezhnikova, L.S. Pogodina
Biological Faculty, Lomonosov Moscow State University,
Leninskie gori, 1, Moscow, 119991, Russia

Although aging is an inevitable process, a lot of studies aim at
postponing it as late as possible. Search of animal models for aging studies
is one of urgent problems in this field of biology. Japanese quail Coturnix
Japonica is characterized by quick natural aging. One year of quail life is
supposed to be equal to 70 years of human life. Coturnix japonica is a
perspective object for retina age-related changes research because its retina
structure is similar with human one. Recently subcellular aging markers of
retina were described, which are general both for quails and mammals [1].
Like retinal cells, heart ventricle cardiomyocytes undergo heavy oxidative
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stress that is the background of human age-related cardiovascular diseases
[2]. New data demonstrated possible connection between eye and heart
pathologies [3], so comparative studies of aging in these organs have
become more interesting. Therefore, Japanese quail’s heart can serve as a
potential model for investigation not only for retina age-related changes
research, but for heart age-related alterations as well. But there is lack of
data about myocardium and cardiomyocytes structure of the quail and other
birds at senescence.

So in our work the structure of left ventricle myocardium of young
(9-12 weeks of age) and old (47-52-weeks) quails (four birds in each
group) was studied with light and transmission electron microscopy with
subsequent morphometric analysis. The birds were kindly provided by
Department of Photochemistry and Photobiology at Emanuel Institute of
Biochemical Physics of Russian Academy of Sciences.

Age-related changes were not found at light-microscopic level:
cardiomyocytes of young and old birds were long narrow cells about 3
um in diameter, which is much less than mammalian heart cells,
cardiomyocytes had thin sheets of connective tissue between them.

Electron-microscopic study revealed, that in young quails
cardiomyocyte nucleus is singular, situated in center and has elongate
shape and invaginated borders. These facts correspond to data concerning
other birds cardiomycytes [4]. But similar nuclei were described in
mammals myocardium only under pathology conditions [5].

Morphometric analysis revealed that the main part of cytoplasm in left
ventricle quial cardiomyocytes (about 43% of relative volume) was occupied
by myofibrils that organized in parallel rows, the same pattern and volume is
typical for mammalian cardiomycytes. In old quails’ cardiomyocytes this
type of myofibrils’ organization was sometimes damaged and myofibrils'
volume was decreased. At the same time the particular zones where
contractile apparatus was hypertrophied could be seen in cells of old birds.
Similar signs are considered as atrophy features in mammals heart and
described in humans during cardiomyopathy and hypokinesia [6]. In addition
ratio of thick filaments (myozin)\ thin filaments (actin) in cardiomyocytes
cross-sections was 1:6 regardless of age, identical to myofilament
arrangement in mammals ventricle cardiomyocytes.

Mitochondria in young birds heart are localized between
myofibrillar rows as chains or small groups and as clusters in perinuclear
region. It should be noted that subsarcolemmal groups of mitochondria,
typical for mammalian cardiomyocytes, were absent in quails left
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ventricle cardiomyocytes. Mitochondria volume was 30% of cytoplasm at
the average and was increased in the cells of old birds. So, the decrease of
myofibrils/mitochondrial volumes’ ratio happened in left ventricle during
aging of quails.

Mitochondria ultrastructure in cardiomyocytes was not altered at
aging period, but morphometric analysis revealed several changes. The
number density of long mitochondria, longer than 2 um, was increased by
60% from 9 to 52 weeks age (3.6%+0.12 u 5.7+0.5% from total
mitochondria number, respectively). The maximal length of
mitochondrion’s profile measured in the old birds' cardiomyocytes was
twice as much than in young ones: 6.6 um and 3.3 pum, relatively. Similar
ultrastructural change of mitichondria was described also during
cardiovascular disease and in human senescent heart cells [7]. Such
mitochondria elongation can be considered as earlier intracellular aging
marker of quail cardiomyocytes. In retinal pigment epithelium of the
same birds change of mitochondrial shape also serves as intracellular
aging marker [1], although in those cells ring-shaped and dumbell-like
but not elongated organelles number increased with quail age.

Both in interfibrillar and perinuclear zones in quail left ventricle
cardiomyocytes lipid drops can be seen, they have close connections with
mitochondria rather often. Relative volume of lipids was increased from
2.1+0.1% to 2.9+0.2% during analyzed period. Such growth was likely due
to slower lipid peroxidation in mitochondria, which is typical feature of
pathological process in mammal myocardium, such as cardiomyopathy [5].

Lipofuscin is a well-known cell aging marker. But against all expec-
tations lipofuscin granules can be easily detected in left ventricle cardio-
myocytes of both young and old quails, its quantity slightly increased in
old birds cardiomyocytes. Lipofuscin granules in quail’s cardiomyocytes
are heterogeneous electron-dense structures of different shape and size
scattered in cytoplasm. Our recent data showed [1] that in retinal pigment
epithelium of the same quails at the age of 47-52 weeks lipofuscin granules
were increased significantly. So rate of lipofuscin accumulation differs con-
siderably in left ventricle and in retina, appearing in retina earlier. This fact is
in good agreement with data obtained by Flammer and co-authors that retinal
vascular changes predict, to some extent, cardiovascular events [3].

So, Japanese quail’s left ventricle cardiomyocytes have some
similar features with mammalian ones. Our ultrastructural research
showed that left ventricle cardiomyocytes of 47-52 weeks old Japanese
quail Coturnix japonica, in comparison with 9-12 weeks old birds, have
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several differences: increased mitochondria\myofibril ratio, also
increased number of long mitochondria and lipid drop volume. The
described aging process in quails’ cardiomyocytes can reflect earlier
changes in mammalian and human heart during aging and some
cardiovascular pathologies. It shows that quail C. japonica could be
proposed as one of the models for myocardium aging research. But
further studies, including older quails and other heart chambers, are
necessary for testing this model.
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THE CALCIUM-SENSING RECEPTOR
IN CARDIAC HYPERTROPHY

E.A. Dyukova'?, R. Schreckenberg’, G.F. Sitdikova’,
K.-D. Schlueter
!Institute of Physiology, Justus Liebig University,
Ludwigstafe 23, 35390 Gieflen, Germany;
*Institute of Fundamental Medicine and Biology, Kazan Federal
University, Kremlyovskaya 18, Kazan, 420008, Russia

Ca is an important second messenger and plays crucial role in
many intracellular signaling steps. Ca is required for the electromechani-
cal coupling of myocytes. This process can be activated by voltage-
dependent calcium channels or by recently shown calcium-sensing recep-
tors (CaSR). Via these receptors Ca acts as an important first messenger
leading to intracellular signaling pathways which in turns activates cal-
cium release from its intracellular stores.
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Recently it was possible to demonstrate the expression of CaSR in
many organs among them is heart (1). It has also been shown, that along-
side calcium, CaSR has other direct agonists, whose affinity is directly
correlated with positive charges they carry. Among them polyamine pu-
trescine which have been tested in our study (1, 2).

It is also supposed that CaSR may act as a compensatory mecha-
nism in some pathological cases such as hypertrophy. The role of CaSR
in cardiac hypertrophy was investigated here in more details.

Experiments were performed in isolated ventricular cardiomyocytes
and heart muscle strips. Wistar and SHR male rats were used. Heart muscle
strips contraction was measured using special equipment (Biopac Systems,
Inc., USA) with isometric transducers (0-50 gr range). Preparation was
stimulated with 2 silver plated electrodes with 0.1 Hz frequency.

To isolate cardiomyocytes, heart was perfused with buffer contain-
ing collagenases, then choppered and centrifuged carefully increasing Ca
concentration. Then cells were plated to Petry dishes and incubated (3).
Cell shortening was measured with special cell-edge-detection system.
Culture was stimulated with 2 silver electrodes, contraction was meas-
ured in percents comparing to cells diastolic length.

In experiments we used CaSR agonist putrescine (300 pM on strips
and 10 uM on cell culture), CaSR inhibitor NPS (100 uM on strips and 3
uM on cell culture), prohypertrophic stimuli endothelin (ET) (10 uM).

Application of putrescine on heart muscle stripes increased contrac-
tion as well as on cardiomyocytes culture (fig. 1). Inhibition of CaSR led to
the decrease of shortening on cell culture and muscle strips (fig. 2).

Functional role for CaSR in electromechanical coupling is verified.
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Fig. 1. Effects of putrescine on heart muscle strips (a: n=10) and cell culture
(b: n=36) contraction, *p<0,05.
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Fig. 2. Effects of CaSR inhibition on heart muscle stripes (a: #=10) and iso-
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Fig. 3. Downregulation of CaSR over night (a — cell contractility, b — level of
CaSR protein under the same conditions), n=144, *p<0,05.
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We were also able to downregulate the CaSR using NPS (3 uM)
and siRNA (0.05 pM) over night for more confirming the relevance of
our findings (fig 3).
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Fig. 5. Level of CaSR protein in control and with addition of prohypertrophic
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Fig. 6. Levels of mRNA of CaSR in the cell in Wistar and SHR rats, #=6;
*p<0.05 vs. WIS 1.5 Months; ANOVA; Student-Newman-Keul‘s post hoc.

To identify the role of CaSR in pathology we used prohypertrophic
stimuli (fig 4, fig. 5) and spontaneously hypertensive rats (SHR) (fig. 6).
Addition of prohypertrophic ET (over night) decreased cell shortening if
CaSR activity is blocked (fig. 4) and increased CaSR protein level (fig. 5).

As ET in vitro, SHR express higher levels of CaSR in cardiac tis-
sue in vivo.

CaSR affects contractile activity and contributes to the electrome-
chanical coupling of ventricular cardiomyocytes. Its expression is in-
duced in hypertrophic cells. So it’s supposed to compensate for loss of
function normally seen in cardiac hypertrophy.
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MECHANICAL PROPERTIES OF FIBROBLASTS DEPEND
ON LEVEL OF CANCER TRANSFORMATION

Yu.M. Efremov’, M.E. Lomakina’, D.V. Bagrov', P. I. Makhnovskiy',
A.Y. Alexandrova®, M.P. Kirpichnikov', K.V. Shaitan'
" Lomonosov Moscow State University, Faculty of Biology, Leninskie
Gory 1/12, Moscow, 111991, Russia
? Institute of Carcinogenesis, Blokhin Cancer Research Center, Kashir-
skoye shosse 24, Moscow, 115478, Russia

Many facts point at the importance of cell mechanical properties in
tumorigenesis and cancer progression. Recently, it was revealed that tu-
mor cells are significantly softer than normal cells. Although this phe-
nomenon is well known, it is connected with many questions which are
still unanswered. Among these questions are the molecular mechanisms
which cause the change in stiffness and the correlation between cell me-
chanical properties and their metastatic potential.

It was shown that mechanical properties of cells are mainly defined
by actin cytoskeleton structure. The actin cytoskeleton is a network of
microfilaments responsible for cell shape, protrusion formation and mo-
tility. Cancer cells show distinct alterations in morphology and actin cy-
toskeleton structure compared to normal cells. They generally have a re-
duced number of stress fibers, the residual microfilament bundles are in
disorder, maturation of focal adhesions is disturbed. Presumably, cy-
toskeleton characteristics of cancer cells play an important role in their
migration activities, abilities of intravasation and extravasation and thus
determine their metastatic potential. The same cytoskeleton characteris-
tics may lead to essential changes in the mechanical properties of tumor
cells. Ability of cancer cells to migrate and produce metastasis is one of
the main reasons of tumor mortality.

We studied mechanical properties of cells with different level of
cancer transformation. Three cell systems consisting of non-transformed
cells and their derivates with different level of cancer transformation (by
oncogene N-RAS, viral and cells of tumor origin — from mildest to strong-
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est) were investigated. The first system was the Ras-transformation system:
it included 10(3) cells, which are immortalized mouse fibroblasts, as a con-
trol cell line and 10(3)RAS cells obtained by the transfection of 10(3) cells
with a construct containing constitutively active N-RAS*P" gene. The sec-
ond system (SV40-transformation system) included non-transformed
MRC-5 cells (human fetal lung fibroblasts) and their derivatives — the
transformed cells MRC-5V1 and MRC-5V2 obtained by infection of the
initial MRC-5 cells with SV40 virus. The third system included 1036 hu-
man dermal fibroblasts as control and HT-1080 fibrosarcoma (malignant
mesenchymal tumor derived from fibrous connective tissue) cell line.

All studied cell lines were characterized according to their mor-
phology, actin cytoskeleton and focal adhesions organization. Transfor-
mation led to reduction of cell spreading and thus to decrease of cell area,
disorganization of actin cytoskeleton, loss of actin stress fibers and de-
cline in the number and size of focal adhesions. But while in case of N-
Ras-transformation one could see some residual actin bundles, there are
significantly less of them for SV40-transformed cells and for tumor fi-
brosarcoma cells there are no bundles at all. For all cell systems signifi-
cant decrease of focal adhesion size was noticed (by 50-60%). This re-
duction occurs due to disappearance of large matured focal adhesions and
by appearance of new small focal complexes. Violation of maturation of
the focal adhesions as well as disappearance of the stress fibers and cell
area reduction were shown in tumor cells earlier. It should be noticed that
in our systems the changes associated with transformation increased from
cells with mono-oncogene transformation (Ras-transformation) to cells
after viral transformation (SV40-transformation system) and cells of tu-
mor origin (HT1080 fibrosarcoma).

Force spectroscopy by AFM with spherical probes was carried out
to measure the Young’s modulus of cells. In all cases the Young’s moduli
were fitted well by log-normal distribution. It may result from the log-
normal distribution of actin cytoskeleton density or its level of crosslink-
ing. The reduced Young’s modulus of transformed cells was registered in
all the studied systems (by ~40% for 10(3)RAS, ~80% for MRC-5V1 and
MRC5V2, ~70% for HT-1080). For the cell system with a low level of
transformation the difference in stiffness was less pronounced than for
the two other systems. Thus, the reduction of the Young’s modulus in
three studied cell systems correlated with the morphological alterations.

This data suggests that cell mechanical properties change upon
transformation, and acquisition of invasive capabilities is accompanied by
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significant softening. Cell stiffness measured by AFM can be regarded as
a biomarker for determination of cells at early stages of tumor progres-
sion. High compliance of cancer cells can be a consequence of the faster
mitosis rate and dedifferentiation. On the other hand, reduced stiffness
could help cancer cells to move within interstitial cavities, crawl through
extracellular matrix and through vascular walls during invasion, intra-
and extravasation.

The work was partially supported by RFBR, research project No.
13-04-01570 a.

INFLUENCE OF THE LOW-TEMPERATURE ARGON PLASMA
ON HUMAN STEM AND CANCER CELLS

A.M. Ermakov, A.L. Popov
Institute of Theoretical and Experimental Biophysics RAS,
Instituskaya str., 3, Pushchino, Moscow Region, 142290, Russia;
E-mail: ao_ermakovy@rambler.ru

It is known that the low-temperature gas plasma has high biologi-
cal activity. In particular, it is known as a universal sterilizer. Previously,
we have shown that it is capable of activating the regenerative processes
in planarians by activation of stem cell proliferation. Also in the literature
there is evidence of possible influence of the low-temperature gas plasma
on normal and cancerous epithelial cells. The aim of this work - study of
the effects of low-temperature argon plasma (LTAP) on the proliferation
and viability of human stem and cancer cells. We used primary culture of

64



dental pulp stem cells (Th1), and the cancer cell line MNNG. Cells in the
culture medium of a 96 well plate LTAP irradiated for 5, 10, 15 and 20
min. Further every day (for 5 days.) using plate reader determined the
dynamics of change of the surface area occupied by the cells in the wells.
On day 5, cell viability as determined by MTT test. Irradiation and Thl
cells MNNG for 5 and 10 minutes did not lead to significant differences
in proliferative activity in viable cell count during the entire experiment.
Impact LTAP for 15 minutes caused some reduction in the proliferative
activity (25-30%) cells MNNG 2 and subsequent days of the experiment,
and the proliferation of Thl cells was increased by 30% for 3 days. 20
minute exposure LTAP MNNG cells resulted in a significant decrease in
the rate of cell proliferation at day 2 already, and the experiment to de-
crease (50-65%) in the number of viable cells at day 5 of the experiment
(results of MTT-test). At the same time such a regime does not lead to
cell death Thl, but not growth stimulation effect was observed during the
observation period after irradiation. Thus, we have shown that cancer
stem cells and react differently to the impact of LTAP. Further research
in this area may be useful in terms of the possibility of using LTAP in
regenerative medicine and oncology.

This work was supported by RFBR grants Ne14-04-31518 and
Nel14-04-01517-a.

THE ROLE OF PROTEIN PHOSPHATASE 1
IN PLANARIAN REGENERATION

O.N. Ermakova, A.M. Ermakov, A.N. Skavulyak
Institute of Theoretical and Experimental Biophysics RAS,
Instituskaya str., 3, Pushchino, Moscow Region, 142290, Russia,
E-mail: ao_ermakovy@rambler.ru

Planarian - freshwater flatworms, have the unique ability to regen-
erate due to the proliferation and differentiation of stem cells - neoblasts.
Comparative genome analysis of planarians and some regulatory mecha-
nisms of regenerative and morphogenetic processes indicate a strong re-
semblance to those of the higher animals, so planarian can serve as an
adequate model for research in the field of stem cell biology. Activity
control neoblasts provided, in particular, a system of ERK mitogen-
activated protein kinases. These proteins are responsible for the speed and
direction of the proliferation and differentiation of stem cells and planari-
ans in regulating the activity of these kinases in a mammal, in particular
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MEK, protein phosphatase involved, which have not been investigated
flatworms. Therefore, the aim of this work - exploring the role of protein
phosphatase 1 in the regulation of planarian regeneration. Work carried
out on laboratory freshwater planarian asexual race Schmidtea mediterra-
nea. In the genome of these animals we have detected orthologs 3 iso-
forms of protein phosphatase 1 - a, f and y have 100% homology to those
in humans and other mammals. Using RNA interference by dsRNA injec-
tion isoforms of protein phosphatases to the assay was carried out by us
knockout expression of these genes. After 3 successive injections (1 in-
jection per day) were performed after decapitation and screening the re-
sulting regeneration phenotype. We have found that RNA interference of
each isoform 1 protein phosphatase inhibition leads to substantial regen-
eration planarians, which affects the size blastema (five day recovery on
the difference reached 300%). Using immunohistochemistry to H3P was
found that inhibition of regeneration is achieved due to significant sup-
pression neoblasts proliferative activity (inhibition of the proliferation
reached 100%). Thus, we have been found in planarians all isoforms of
protein phosphatase 1 inherent mammalian cells and demonstrated their
important role in the regulation of stem cell proliferation flatworms.

This work was supported by RFBR grants No 14-04-01517-a and
Ne 14-04-31518.

PHOSPHORYLATION REGULATES ACTIN-BINDING
AND CROSS-LINKING ACTIVITY
OF THE MYOSIN LIGHT CHAIN KINASE

V.A. Fediunin, A.Y. Khapchaev, V.P. Shirinsky
Institute of Experimental Cardiology, Russian Cardiology Research
and Production Center, Moscow, 121552, Russia

Ca**/calmodulin (Ca/CaM)-dependent long and short myosin light
chain kinases (MLCK) are involved in a large variety of motile events in
cells through phosphorylation and activation of smooth muscle and non-
muscle myosin II. In the central part of long MLCK, there are five
DFRxxL motifs which are responsible for high affinity binding to actin. In
short MLCK, only three DFRxxL motifs are present, so short MLCK binds
to actin less tightly. Due to multiple actin binding sites, MLCK is able to
bundle actin filaments. Phosphorylation of MLCK isoforms modulates its
enzymatic activity and was suggested to regulate MLCK subcellular local-

ization. Recently, in biosamples taken from cancer patients, Ser’”’ and
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Thr'™® of long MLCK (corresponding to Ser” and Thr’® of short MLCK)
were identified as phosphorylation sites. Interestingly, these sites are lo-
cated within the DFRxxL-rich actin binding domain of MLCK.

Here, using recombinant human MLCK fragments and mass-
spectrometry technique, we show that both Ser” and Thr’® are effectively
phosphorylated by SAPK2 and p44®*' protein kinases in vitro. Modifica-
tion of these sites attenuated MLCK binding to F-actin and abolished bun-
dling of actin filaments by MLCK in vitro. Our findings suggest that phos-
phorylation within the MLCK high affinity actin-binding domain may
‘switch off” at least one of DFRxxXL motifs to fine-tune MLCK binding to
actin-containing stress fibers and/or MLCK localization in cells during cell
cycle or in response to stimulation. Currently we are constructing full-
length MLCK phosphorylation imitating mutants to address the effects of
MLCK phosphorylation at Ser”(Ser’*’) and Thr*® (Thr’”®) in cultured cells.

REDOX-DEPENDENT FERRIC OXIDE NANOPARTICLES
LOADED WITH DOXORUBICIN AND THEIR INFLUENCE
ON THE FUNCTIONS OF MITOCHONDRIA

T.A. Fedotcheva', A.G. Akopdjanov', N.L. Shimanovskii', P.G. Min-
galevz, V.V. Banin3, V.V. Teplova4, N.I. Fedotcheva®
'Pirogov Russian National Research Medical University,
Moscow, 117997, Russia;

’Lomonosov Moscow State University, Department of Chemistry,
Moscow, Russia;
3All-Russian Research Institute of Medicinal and Aromatic Plants,
Moscow, Russia;

*Institute of Theoretical and Experimental Biophysics, Russian
Academy of Sciences, Pushchino, Moscow Region, 142290, Russia;
E-mail: nfedotcheva@mail.ru

Mitochondria are one of important targets for anticancer chemo-
therapy [1, 2]. Chemotherapeutic drugs acting on the mitochondrial apop-
totic pathway inhibit the respiratory function or stimulate the production
of reactive oxygen species (ROS), thereby inducing the cell death. An-
thracyclines, in particular doxorubicin (DOX), act in this way owing to its
capacity to enter the redox cycle via one-electron transfer reactions [2, 3].
Mitochondrial changes induced by DOX involve membrane depolariza-
tion, which precedes alterations in the mitochondrial respiration, the cel-
lular ATP level, and enzymatic activities [3]. It is known that the cyto-
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toxic action of DOX enhances in the presence of iron [4]. This is due to
the fact that DOX directly binds iron and cycles in the presence of oxy-
gen between the iron (II) and iron (III) states, producing ROS. Iron is an
essential transition metal, which is required for normal cell physiology
and plays a prominent role in cell metabolism, heme synthesis, and en-
zyme activity. However, owing to strong reactivity, iron also participates
in the Fenton reaction as an electron donor for hydrogen peroxide with
production of a potent ROS, the hydroxyl radical [5]. This highly reactive
species can create chain reactions that lead to cell death. These effects of
iron, DOX, and of their complex occur not only in tumor cells but also in
normal tissues, producing cytotoxic side effects on the heart, skeletal
muscles, and liver. This challenges the problem of developing various
nanocarriers to transport drugs specifically to tumor sites.

Pharmaceutical nanocarriers possess a broad variety of properties,
such as longevity in the blood, enhanced intracellular penetration, and
stimulus sensitivity, which allows the release of drugs from the carriers
under certain physiological conditions [6, 7]. Due to various targeting
ligands attached to the surface of the nanocarriers, they can deliver the
drug to specific sites. In addition, the nanoparticle-based drug delivery
system is an important strategy for overcoming drug resistance, which is
inherent in tumor cells. DOX-loaded nanoparticles (NP) were found to
move across the membranes of resistant cells via active endocytic path-
ways and to be transported to lysosomes, mitochondria, and the endo-
plasmic reticulum [8]. Magnetic NP based on ferric oxide, especially
magnetite (Fe;O4), have been explored as sensitive probes for magnetic
resonance imaging and therapeutic applications [9-11].

In the present work, we synthesized and characterized ferric oxide and
ferric hydroxide nanoparticles loaded with DOX and stabilized with citric
acid or lysine. All preparations contained 5—-10 mg of ferrite and 1-5 mg of
DOX in 1 ml of a colloidal solution of NP. The spectral and fluorescence
characteristics of resulting NP were compared with those of free DOX, and
their influence on the mitochondrial functions was examined. The measure-
ments were carried out on a USB400 Ocean Optic spectrophotometer and a
HITACHI7000 fluorimeter. The membrane potential of mitochondria was
recorded by a TPP"-selective electrode with computer registration.

Fig. 1 shows the spectral properties of DOX and DOX-loaded NP
of ferric hydroxide in comparison with those of free DOX and of DOX in
the presence of added bivalent iron (FeSO,). As seen in Figs. 1A and 1B,
the absorption spectra of all three species strongly differ: the high ampli-
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Fig. 1. Spectral properties of DOX and ferric hydroxide nanoparticles (NP)
loaded with DOX. A. Absorption spectra of 200 uM DOX (1) and NP (2).
B. Absorption spectra of 50 uM DOX (1) and 50 uM DOX in the presence
of 50 uM FeSO4 (2). C. Fluorescence spectra of 20 uM DOX (1) and 20
uM DOX in the presence of 50 uM FeSO4 (2). D. Fluorescence spectrum
of NP (10 pl into 2 ml).

tude at 480 nm, which is typical of free DOX, abruptly falls after the ad-
dition of bivalent iron and is almost not detected in nanoparticles. The
decrease in the peak at 480 nm is accompanied by an increase in absorp-
tion in the range of 600—-620 nm, which increases with increasing concen-
tration of iron. The fluorescent properties of DOX in the composition of
NP and in the presence of iron also change (Figs. 1C and 1D). The peak
of emission at 580 nm, which is typical of free DOX, though decreases in
the presence of iron but does not disappear, as it occurs in the absorption
spectrum. The peak of the fluorescence of DOX-loaded iron NP is re-
tained and depends on the concentration of NP.

These data indicate that, from changes in the absorption and fluores-
cent properties of DOX, it is possible to determine whether DOX is free or
bound to NP. The spectrophotometric analysis reveals the absence of free
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Fig. 2. Effect of nanoparticles on the accumulation of calcium ions in mito-
chondria. A. Original curves of changes in the membrane potential of mi-
tochondria in response to sequential additions of CaCl2 at a final concentra-
tion of 50 uM in the control and in the presence of 10 ul of a colloidal NP
solution, loaded with DOX and stabilized with lysine. B. A comparison of
the effect of NP and their components, iron and DOX, on the accumulation
of calcium ions: Fe (FeSO4 50 uM); DOX 50 uM; NP1 (ferric oxide—
DOX-—citric acid); NP2 (iron oxide—citric acid-DOX); NP3 (iron oxide na-
noparticles); NP4 (iron oxide-DOX-lysine) (each NP 10 pl into 1 ml ).

DOX in NP, whereas the fluorescence shows the concentration of
DOX bound to NP. As it follows from the data obtained, the concen-
tration of DOX incorporated in NP is about 400 uM in an initial col-
loid solution.

The effects of NP on the membrane potential and the accumulation
of calcium ions in mitochondria are shown in Fig. 2. As compared with
the control, NP loaded with DOX and stabilized with lysine decreased the
Ca”" capacity of mitochondria more than twofold at a concentration of
DOX of 2 uM, which was recalculated by the above-described method.
NP stabilized with citrate increased the Ca®" capacity, which is due to the
known ability of citrate to bind calcium ions. Control experiments with
NP components (DOX and iron) show that they by themselves do not
affect, and in complex decrease, the accumulation of calcium ions in mi-
tochondria (Fig. 2B). The data obtained indicate that the effect produced
by ferric oxide- and ferric hydroxide-loaded NP on mitochondria depends
in particular on the type of stabilizer.

The methods used in the work enable one to determine the pres-
ence or absence of free DOX in NP and estimate the concentration of
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bound DOX, as well as to develop, by changing the type of stabilizing
compound, novel NP constituents that enhance or weaken the direct or
side effects of DOX. Because both components of NP are redox-
sensitive, the effects of NP and the release of DOX from NP can be regu-
lated by the redox states of mitochondria and redox-dependent stimuli,
which is the subject of further studies.
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DYNACTIN VERSUS RHOA AS PHOSPHORYLATION

TARGET FOR LOSK KINASE DURING GUIDE
OF DIRECTED CELL MOVEMENT
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Lomonosov Moscow State University, Moscow, 119991, Russia;
? Institute of Protein Research, Russian Academy of Sciences,
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Directed migration of animal cells is a fundamental process, cru-
cial for the development and maintenance of multicellular organisms.
This process is determinative for tissue formation during embryogenesis,
for angiogenesis, wound healing and immune response. Defects in cell
migration leads to the serious consequences, including intellectual dis-
ability, vascular disease, tumor formation and metastasis. The mecha-
nisms of animal cell migration includes a reorganization of the cytoskele-
ton elements — the actin filaments and the microtubules. Soluble actin
monomers rapidly polymerise at the cell's front to form filaments, which
pushes the leading front forward and is the main motile force for advanc-
ing the cell’s front. Microtubules are required to provide directionality to
cell movement, for tail retraction and modulation of cell adhesion. Both
actin and microtubules are important for establishing and maintaining the
cell’s polarity. The key regulators of cell motility are small GTPases,
which transmit signals from membrane receptors to the cytoskeleton. One
of the most studied member of small GTPases is RhoA protein, which is
responsible for the formation of focal contacts and stress fibers. But de-
spite the progress made in the study of cell migration, many participants
in signaling pathways still remain unknown.

The protein kinase LOSK/SLK was described in our lab as a protein
associated with the centrosome and microtubules (Zinovkina et al., 1997).
It was shown that LOSK/SLK is crucial for the processes of cell polariza-
tion (Burakov et al, 2008) and migration (Roovers et al., 2009; Burakov
and Nadezhdina, 2010). It was shown that LOSK can relax the vascular
smooth muscle cells by phosphorylation of RhoA (Guilluy et al., 2008).
Another substrate for LOSK was demonstrated recently in our lab: LOSK
phosphorylates the p150Glued subunit of dynactin and thus targets it to the
centrosome (Zhapparova et al, 2013). Hovewer, the LOSK-dependent sig-
naling pathways, regulating cell motility, have yet to be determined.

In present study we investigated the migration of fibroblasts into
experimental wound depending on phosphorylation of RhoA and
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p150Glued by kinase LOSK. Using site-directed mutagenesis, we con-
struct the series of fluorescent proteins, mimicking the phosphorylated
and non-phosphorylated status of p150Glued and RhoA proteins in
LOSK phosphorylation site. Such mimicking constructs were transfected
in the cells one at a time or co-transfected with dominant-negative LOSK.
The movement of transfected cells into experimental wound was docu-
mented then using time-lapse video microscopy. Analysis of obtained
data allow us to determine, phosphorylation of which protein is crucial
for the directional migration of fibroblasts.

STIMULATION OF MECHANO-GROWTH FACTOR
EXPRESSION IN MYOBLASTS AND MYOTUBES
BY MYOFIBRILLAR PROTEINS
V. Furalyov !, I. Kravchenko ', S. Chatziefthimiou >,
M. Wilmanns %, V. Popov '

'Bach Institute of Biochemistry, Russian Academy of Sciences,
Leninskiy prospect 33, 119071, Moscow, Russia;,
’European Molecular Biology Laboratory, Hamburg Unit, ¢/o DESY,
Notkestrafie 85, 22603 Hamburg, Germany

Mechano-growth factor (MGF) is a product of alternative splicing of
the insulin-like growth factor 1 (IGF-1) mRNA. MGF is known to stimulate
myoblast proliferation and protect neurons and cardiomyocytes from apop-
tosis. MGF exerts its action through the receptors other than IGF-1. The pos-
sibility to use MGF for the improvement of muscle activity indicators of the
aged people, patients with distinct forms of myodystrophia and sportsmen is
the subject of wide speculation. The mechanisms of induction of MGF ex-
pression are as yet poorly understood. The mechanical load and some cellu-
lar stress factors including hyperthermia and acidification induced MGF ex-
pression in myoblasts in culture. Recently a second messenger, cAMP, was
shown to be implicated in the synthesis of both splice forms of IGF-1
mRNA, IGF-1Ea and MGF, in human and murine myoblasts and differenti-
ated myotubes. In an earlier investigation it was shown that the damaged
muscle release some proteins stimulating MGF expression in myoblasts.

The aim of this work was to isolate and purify these protein induc-
tors of MGF expression, to identify them, to study the ability of their in-
dividual domains to induce synthesis of IGF1 splice forms, MGF in par-
ticular, and to investigate the respective signalling pathways.

The protocol of purification of myofibrillar proteins able to stimu-
late MGF expression was worked up. This protocol includes such stages
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Table 1. Identification of myofibrillar proteins stimulating MGF ex-
pression in myoblasts and myotubes

Pro expected matched sequence
) . identified P peptides/ q
tein NCBI gi . molecular |score coverage,
protein measured o
peak mass . %
peptides

1 | gi|145279198 | myomesin1 | 175342 | 586 | 77/100 44
myosin-binding

2 2i|81910387 |protein C, fast-| 127 273 419 52/76 >2
type
3 gi|123232573 titin 912 959 131 88/126 12

as several extractions and precipitations of proteins with different buffer
solutions, anion exchange chromatography, gel filtration and native
gradient gel electrophoresis. Three electrophoretically pure proteins able
to activate MGF as well as IGF-1Ea expression were isolated.

To identify the purified proteins mass-spectra were obtained and
submitted to the NCBI database using MASCOT. Probability based
MOWSE scores greater 71 were deemed significant (p < 0.05). Three
protein inductors of MGF expression were identified as myomesin 1,
myosin-binding protein C and titin fragment (table 1).

To verify the nature of MGF-inducing proteins the immunoblotting
of three purified protein samples with commercially available antibodies
to titin, myomesin and myosin-binding protein C was carried out.
Antibodies to titin were shown to stain the band of protein identified by
MALDI as fragment of titin and didn't stain the bands of two other
proteins. Similarly, antibodies to myomesin 1 stained the band of protein
identified as myomesin 1 only, whereas the antibodies to myosin-binding
protein C stained the band of this protein but not the other two bands.

Several recombinant proteins corresponding to distinct titin and
myomesin domains were kindly provided by Spyros Chatziefthimiou and
Matthias Wilmanns from European Molecular Biology Laboratory, c/o
DESY, Hamburg, Germany. They include titin domains (TA166-167 with
a. a. 31648-31848, TA170 with a. a. 32047-32143 and TM4 with amino
acid residues 33294-33395) and myomesin domains (My2 with a. a. 273-
374, My3 with a. a. 409-502, My4 with a. a. 503-605, My5 with a. a.
635-731, My7-My9 with a. a. 935-1227, My11-My13 with a. a. 1352-
1666) respectively (Titin HUMAN, Q8WZ42 and MYOM1 HUMAN,
P52179). All proteins were tested for the ability to activate the expression
of MGF and IGF-1. From the tested constructs, My2, My3, My4, My7-9
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and TA166-167 were not able to stimulate neither MGF nor IGF-1 syn-
thesis, whereas My5 and TA170 (composed of Fn III domains) and
Myl11-13, TM4 (Ig domains) were shown to activate the expression of
MGF and IGF-1 (Table 2). This effect was manifested both on mRNA
and protein levels and for both splice forms of IGF-1.

To find out if protein fragments containing different structural pro-
tein domains compete for the same or different receptors, the following
set of competition binding experiments was performed: binding of the
'2[_labeled myomesin 5 fragment (Fn III) with myoblast membrane in
the presence or absence of unlabeled myomesin 11-13 (Ig), titin A170
(Fn III) and titin M4 (Ig) was investigated. It was shown that the frag-
ments containing the other domain type, i.e. Ig, did not compete with
MyS5 since neither My11-13 nor TM4 at 20 ug/ml (0.56 uM and 1.76 uM,
respectively) had any effect on binding of the '*’I-labeled My3, at 50
ng/ml (4.83 nM) with membrane receptors. On the contrary, the protein
fragment containing the same domain type was a potent inhibitor of My5
binding. The unlabeled TA170 (Fn III) at the same concentration inhib-
ited binding 4.8-fold (figure).

The same inhibition pattern was obtained with the protein frag-
ments comprising Ig domains. Binding of the '*I-labeled titin M4 frag-
ment (Ig domain) with myoblast membrane was inhibited 10.5-fold by
My11-13 (same Ig domain) but was not affected by the fragments con-
taining Fn III domains — My5 and TA170.

Linear Scatchard plots of specific binding were obtained for both
My5 (Fn III) and TM4 (Ig), (correlation coefficients 0.943 and 0.952, res-

Table 2. Effects of individual domains of myofibrillar proteins on MGF
and IGF-1 expression in myoblasts

protein . relative MGF frelative IGF—1Ea MGF, peg/mg secreted
fragment domain(s) [mRNA levels,| mRNA levels, of to tzil protein IGF-1,
fold fold pcg/ml
My2 Ig-like 1.1+0.2 0.910.2 6t4 48+15
My3 0.940.1 1.0£0.2 443 4118
Myl1-13 8.611.2 5.440.6 6145 221+17
TM4 7.0+1.3 5.6+0.6 5448 202+17
My4 | Fntypelll | 1.0£0.2 1.0+0.2 442 3314
TA166-167 1.4+0.4 1.240.3 716 39416
My5 13+1.3 9.2+0.8 8416 305+24
TA170 9.8+1.2 6.9+0.7 7947 258+21
My7-9 ;gn lt‘;‘;eaﬁ‘li 1.1+0.3 1.140.2 543 41417
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pectively), suggesting thus a unique class of binding sites for each re-
combinant protein. My5 binding was characterized by an apparent disso-
ciation constant (Kd) of 71+38 nM, whereas the Kd for the TM4 was of
similar value (56+31 nM).

To investigate a possible difference in the mechanisms of intracel-
lular signaling via two signaling pathways employing Ig and Fn III do-
main types, the effect of several inhibitors of regulatory protein kinases
and Ras protein on MGF and IGF-1 induction were studied.

Adenylyl cyclase inhibitor dideoxyadenosine (DDA) and protein
kinase A inhibitor Rp-cAMPS were more potent inhibitors of both the
MGEF and IGF-1 induction processes (both on the protein and mRNA lev-
els) by Ig domains than by Fn III containing protein fragments. The in-
hibitory effects were always 2-2.8 fold more profound in the case of Ig
domains compared to Fn III domains.

The opposite phenomenon was observed with Ca**/calmodulin de-
pendent protein kinase II inhibitor KN93. This inhibitor was more effec-
tive in retarding activation processes induced by Fn III domains, com-
pared to the constructs comprising Ig domains. In this case, the difference
varied in the same range (1.7-2.9 fold).

In this study we report that individual subfragments of titin and
myomesin composed of Fn type III and Ig-like domains can activate MGF
expression in human myoblasts both at protein and mRNA level. The ex-
pression of the regular splice form of IGF-1 gene, IGF-1Ea, as well as IGF-
1 protein was also stimulated by these protein fragments. Each of the do-
main-type, Ig or Fn III, was shown to bind to its own receptor on the myo-
cyte surface. Competition between domains of the same type was observed
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but not between domains belonging to different classes. Stimulation of
MGEF and IGF-1 expression induced by domains of two types showed dif-
ferent sensitivity to inhibitors of regulatory cascades. The effect of Fn type
I domains was more sensitive to inhibition of Ca*"/calmodulin dependent
protein kinase activity, whereas the effect of Ig-like domains showed
greater sensitivity to the inhibition of adenylyl cyclase — cAMP — PKA
pathway. Endogenous stimulation of MGF expression in response to a spe-
cific external stimulus could be a viable alternative to therapeutic admini-
stration of exogenous recombinant protein or its fragments. The present
study may serve as a step towards this ultimate goal.

These studies were supported by the grants from the Russian
Foundation for Basic Research (12-04-01090a), the Molecular and Cell
Biology Program of the Russian Academy of Sciences, grant N 6P.

EFFECT OF MUTATIONS IN SALMONELLA FLAGELLIN-
SPECIFIC CHAPERONE FliS AND ANTI-SIGMA FACTOR FIgM
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Pushchino, Moscow Region, 142290, Russia;
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I Trans-Membrane Trafficking Unit, Okinawa Institute of Science
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Flagella are extracellular organelles that propel bacteria to the most
favorable environment (1). The flagellum of Salmonella enterica serovar
Typhimurium is a self-assembled nanomachine; its assembly requires a
complex, tightly regulated machinery that involves more than 60 proteins
that are expressed in hierarchical order (2). Each flagellum consists of
basal body, a long filament, and a hook connecting them. The major pro-
tein of filament is flagellin that has to be exported through the hollow
core of the filament to be assembled at its distal end.

The flagellum-specific export system is evolutionarily related to a
specialized type 3 secretion (T3S) system found in pathogenic bacteria
that is used for bacterial toxin export (3). In this system, special proteins
that facilitate the export, so-called T3S chaperones, are necessary. It is
known, that the N- and C-terminal regions of flagellin molecules are dis-
ordered in solution and become structured during polymerization (fila-
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ment assembly) (4). To prevent premature polymerization of newly syn-
thesized flagellin molecules, FliS, the flagellin-specific T3S chaperone,
binds in 1:1 stoichiometry to the C—terminal region of flagellin and facili-
tates its export (5).

Completion of the hook-basal body and induction of flagellin gene
expression coincide with the secretion of FlgM, an anti-c*® factor, from
bacterial cells. Role of FlgM is to inhibit the function of FliA, a flagellar-
specific 6> RNA polymerase responsible for transcription of late flagel-
lar genes including flagellin (6).

We were the first to demonstrate and characterize the interaction
between FIgM and FliS from S. Typhimurium. Using gel-shift analysis,
we demonstrated that these proteins specifically interact to form a 1:1
complex. We studied competition for FlgM binding between FliS and
FliA and showed that there is no formation of a triple complex, but FliA
displaces FliS from the complex with FlgM (7). We suggested that F1iS
binds to FlgM to keep it stable before FliA is expressed in cells.

Using several different approaches: fluorescence, limited proteoly-
sis and circular dichroism (CD) we suggested that the FIgM and FI1iS pro-
teins interact via their C-terminal regions (7). According to data obtained
for crystal structures of F1iS (in a complex with an F1iC fragment) (8) and
FIgM (in a complex with FliA) from Aquifex acolicus (9), the C-terminal
regions of FIgM and FliS participate in these interactions.

To find residues that participate in F1iS/FIlgM interaction without af-
fecting binding to their other partners we have introduced point mutations
in these regions. The residues were chosen by alignment of FIiS and FlgM
from different bacteria. For FIgM we have removed eight C-terminal resi-
dues by introducing stop codon instead of Ala90. The truncated FlgM [1-
89] was purified and its interaction with F1iS and FliA was tested. No com-
plex band was formed when FlgM [1-89] was mixed with FliS indicating
the drastic decrease in affinity. The truncation had no effect on formation
of the complex with FliA (7). We conclude that while binding sites for F1iS
and F1iA in FIgM overlap, their exact localization differ.

In FIiS we have replaced Ile64 by Asp (164D), the same replace-
ments were made at position 65 (I65D) and 108 (I1108D). The mutated
FIiS proteins were purified and tested in gel-shift binding assay. We were
unable to visualize the mutant proteins on native gels. We concluded that
these mutations lead to protein missfolding accompanied by aggregation
of FIiS proteins.

The study was supported by the RFBR grant Ne 14-04-31502 mol_a.
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THE ROLE OF PANNEXIN 1 IN THE REGULATION
OF ARTERIAL FUNCTION

Dina Gaynullina, Oxana O. Kiryukhina, Olga S. Tarasova,
Valery L. Shestopalov, Yury V. Panchin
Faculty of Biology, M.V. Lomonosov Moscow State University,
Leninskie Gory 1/12, Moscow, 119234, Russia

Vertebrate pannexins were discovered as homologs to invertebrate
gap junction proteins (innexins; Panchin et al., 2000). Pannexin family
consists of three members, Panx 1, 2 and 3, which are structurally very
similar to connexins, the vertebrate gap junction proteins. Panx1 is ubiq-
uitously expressed in vertebrate tissues and was shown to participate in
numerous physiological functions, including calcium waves generation
and purinergic signaling.

In murine systemic arterial network Panx1 is the primary expressed
isoform. Panx1 is abundant in endothelium of all arteries and capillaries,
but the pattern of Panx1 expression depends on the vessel size. In contrast
to larger conduit arteries where Panx1 is expressed primarily in the endo-
thelium, in smaller resistance arteries it is also expressed in smooth muscle
cells (Lohman et al., 2012). In arterial smooth muscle Panx1 was shown to
mediate ATP release, thereby potentiating arterial contractile response to
alpha;-adrenoceptor agonist (Billaud et al., 2011). However, the role of
Panx1 in the functioning of endothelium has never been studied before.
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Thus, we tested the hypothesis, that Panx1 may regulate vascular
tone not only by affecting smooth muscle cell contractility, but also via
endothelium-dependent mechanisms.

Methods

Since truly selective pharmacological blockers of the Panx1 chan-
nel currently are not available, we utilized Panx1”" mice as the ultimate
test model for investigating functional significance of Panx1 activity in
vascular system regulation. Wild type (WT) animals were age-matched
(2-3 months old) male mice of the C57BL/6 background.

The experiments were performed using the preparations of the en-
dothelium-denuded mesenteric and endothelium-intact or —denuded sa-
phenous arteries, representing different patterns on Panx1 expression: in
relatively small mesenteric arteries Panx1 is proposed to be expressed in
both smooth muscle and endothelium, while in relatively large conduit
saphenous artery Panx1 is expressed only in endothelium. For force re-
cording, 2-mm ring preparations were mounted in isometric myograph.
gPCR was used for gene expression analysis.

Results

In order to identify the role of Panx1 in the modulation of smooth
muscle cell functioning, we studied contractile reactions of mesenteric
arteries. Despite previous findings, showing that Panx1 potentiates
smooth muscle contraction to alpha; — adrenoceptor agonist phe-
nylephrine (Billaud et al., 2011), we didn’t observed any difference in the
contractile responses to phenylephrine in mesenteric arteries of Panx1™
and WT mice. However, the difference between the reactions of mesen-
teric arteries of Panx1”” and WT mice appeared, when the vessels were
incubated with ecto-ATPase inhibitor ARL67156. ARL67156 augmented
the contractile responses to phenylephrine in mesenteric arteries of WT
mice, but didn’t affect the responses of Panxl”™ mice. Importantly,
ARL67156 didn’t modify the contractile responses to thromboxane A2
analogue U46619 neither in Panx1” nor in WT mice.

The role Panx1 plays in the functioning of endothelium was tested
in the saphenous arteries of Panx1”~ and WT mice. We found that the ab-
lation of endothelium caused significant reduction of the transcripts of
Panx1 and endothelial marker CD31. Thus, Panx1 is expressed predomi-
nantly in endothelial cells of murine saphenous artery. Phenylephrine-
induced contractile responses of endothelium-denuded arteries did not
differ in WT and Panx1” mice, which is in good agreement with pre-
dominantly endothelial localization of Panxlin murine saphenous arter-
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ies. However, the contractile response to phenylephrine in endothelium-
intact arteries of Panx1”" mice was stronger than of WT mice, indicating
that in saphenous arteries of Panx1”~ mice the anticontractile role of endo-
thelium is impaired. Similar observations were found for contractile re-
sponses to another alpha; — adrenoceptor agonist methoxamine and non-
receptor activation by high-K* depolarization. Thus, Panx] modulates
anticontractile effect of the endothelium.

Another strong evidence for functional role of Panx1 in the endo-
thelium was obtained by comparing the acetylcholine-induced relaxations
of endothelium-intact arteries in WT and Panx1” mice. We found that the
response to acetylcholine was significantly weaker in Panx1” vs. WT
saphenous arteries, indicating that Panx1 participates in the regulation of
the endothelium-dependent dilatory mechanisms.

Conclusions

Our data show that Panx] may modulate arterial smooth muscle
contractile responses to agonist of alpha;-adrenoceptors, but these modu-
latory influences could be masked by the activity of ecto-ATPases.
Moreover, we demonstrate for the first time that Panx1 is involved in the
regulation of anticontractile effect of endothelium and endothelium-
dependent relaxation of conduit arteries.

ISOFLURANE COMPLETELY SUPPRESSES GAMMA AND
SPINDLE BURSTS DURING THE FIRST POSTNATAL WEEK

E.V. Gerasimova', G.F. Sitdikova', J.A. Lebedeva',
A.V. Zakharov'?, R.N. Khazipov'?
'Kazan Federal University, Kremlevskay 18, Kazan, 420012, Russia;
’INMED, INSERM U-901, Marseille, France;
’Kazan State Medical University, Butlerov st., 49, Kazan, 420012 Russia

General inhalation anesthetics such as isoflurane reversibly induce
deep coma and are widely used in clinical practice. In the adult brain,
their effects are associated with the so-called burst-suppression pattern of
electroencephalogram (EEG), which is characterized by hyperexcitability
of the cortex manifested by intermittent, highly synchronized neuronal
discharges (bursts) separated by silence periods (suppression).[1-3]
Volatile anesthetics are also widely used in pediatric patients that require
anesthesia for surgery. However, recent studies raised concern about the
safety of general anesthetics in neonates and infants.[4-6] Prolonged (2—
6 h) exposure to general anesthetics including isoflurane at minimal
alveolar concentration (MAC) (1.9-2.3% isoflurane in P2-9 rats[7]) and
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even at sub-MAC (1.5%) concentrations causes widespread apoptosis and
neurodegeneration in the developing brain, and results in long-lasting
neurological and behavioral deficits in rodents and nonhuman
primates.[8-13] It has been hypothesized that apoptosis is triggered by
suppression of neuronal activity by these agents.[14, 15] While this
hypothesis is compatible with neuroapoptotic effects of the drugs that
suppress the activity of glutamate receptors, sodium channels or enhance
GABAergic inhibition, its consistence with the effects of isoflurane and
other volatile anesthetics on brain activity is less clear. Indeed, if volatile
anesthetics induce a hyperexcitable state and burst-suppression pattern in
the neonates as they do in adults, the neurotoxic effects of these agents
would not support this hypothesis. Hence it is important to determine the
effects of volatile anesthetics on the brain activity in immature animals.
Material and methods

Twenty Wistar rats of both sexes from the second day after birth
[P2] (PO = day of birth) till postnatal day 69 were used. Surgery was
performed under isoflurane anesthesia. In brief, the skull of the animal
was cleaned of skin and periosteum.

During recordings, the head was fixed to the frame of the
stereotaxic apparatus by the attached bars; animals were surrounded by a
cotton nest and heated via a thermal pad (35-37°C). A chlorided silver
wire, placed in the cerebellum or visual cortex, served as a ground
electrode. Isoflurane (0.5-2%, 0.2—0.4 L/min) was administered via mask
adapted to the animal head leaving an access to the whiskers at the
contralateral whisker pad.

Extracellular local field potentials (LFP) and multiple unit activity
(MUA) were recorded using 16-site linear silicon probes (100 pm
separation distance between recording sites, Neuronexus Technologies,
Ann Arbor, MI) placed vertical into the barrel cortex to the depth of 0—
1.5 mm from the cortical surface to trace the columnar activity from all
cortical layers. The principal whisker (PW) was identified by the shortest
latency MUA responses in layer 4. Single whiskers were stimulated by
piezo actuators (2—10 msec pulse duration, backward direction of whisker
deflection, from 2 to 10 sec interstimulus intervals depending on the
animal's age to avoid depression).

Raw data were preprocessed using a custom-developed suite of
programs in Matlab analysis environment.

Results

During the first postnatal week, temporal organization of activity in

barrel cortex was highly discontinuous with intermittent bursts occurring at
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Effects of isoflurane on spontaneous activity in a cortical barrel column of
neonatal rats. (A) Example traces of spontaneous electrical activity in L4
of a cortical barrel column of a P5 rat (LFP-black traces; MUA-red bars
above) in control conditions and after inhalation of 0.5% and 1.5%
isoflurane. Below are shown corresponding wavelet spectrograms and
MUA frequency plots. Note that isoflurane (1.5%) completely suppresses
ongoing LFP and MUA activity. (B) Individual oscillatory burst outlined
by dashed box on panel (A) is shown on expanded time scale. (C)
Dependence of spontaneous bursts frequency and MUA frequency on
isoflurane concentration. (D) Power spectrum of LFP in control
conditions (blue) and in the presence of isoflurane (1.5%) (red). (C-D):
pooled data from six P2-7 rats.

frequency 5.6 £ 1.6 bursts/min (n = 6; P2-7; figure). Bursts were associated
with intermittent LFP oscillations at spindle- and gamma frequency that were
maximal in the L4 and were evident during LFP wavelet analysis and MUA
spectral analysis (Fig. 1A, B, and D) [24, 36, 46]. Isoflurane suppressed
spontaneous gamma and spindle bursts in a concentration-dependent
manner (Fig. 1A and C). While at 0.5% of isoflurane, the frequency of
bursts and MUA were not significantly modified, at surgical anesthesia
levels (1.5-2%) isoflurane completely suppressed spontaneous spindle
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bursts and EGO, that were associated with a reduction in alpha-beta (8—
30Hz) and gamma (30-80 Hz) LFP power from 21+4 uV*Hz to
3+1uV¥Hz and 2.6+0.7uV¥/Hz to 0.6+0.1 pV>/Hz, respectively
(P <0.05; n=6). Suppression of LFP activity was accompanied by almost
complete suppression of neuronal firing with a drop in MUA frequency
from 5.5+2.35s ' to 0.1 £0.1s . While EEG was completely flattened in
P2-5 animals, by the end of the first postnatal week rare (0.7 + 0.3 min'])
spontaneous sharp activity (amplitude of 226 &+ 123 uV; half-duration of
20 + 10 msec) associated with occasional unit firing were apparent under
1.5-2% isoflurane anesthesia (n = 2 rats). Main sinks and MUA associated
with these sharp potentials were located in L4.

In addition to a suppression of spontaneous activity, isoflurane also
completely blocked sensory-evoked oscillatory responses during the first
postnatal week. In control conditions, brief deflection of the PW evoked a
characteristic oscillatory response consisting of EGO followed by spindle-
burst in the corresponding cortical barrel column in P2—7 rats. In keeping
with previous studies, the activity during EGO and spindle bursts was
essentially restricted to the granular and infragranular layers of the
corresponding barrel column without any significant activation of the
supragranular layers.[23] Major sinks of the troughs of the evoked oscillatory
patterns were located in L4, where the majority on neuronal firing during
sensory-evoked responses occurred. Induction of isoflurane anesthesia was
associated with a reduction in the power of sensory-evoked oscillations (both
EGO and spindle bursts) in a concentration-dependent manner and these
oscillatory responses were completely blocked at 1.5-2% of isoflurane.
Fourier analysisof the 500 msec time window following the SEP revealed
that isoflurane (1.5-2%) causes a reduction in a power the evoked gamma
and alpha-beta oscillations from 46+ 17 pV*/Hz to 0.8 +0.2 uV*Hz and
237+ 96 uV*/Hz to 8 + 3 pV*/Hz, respectively; this was accompanied by a
reduction in spikes count from 35.6 + 13.8 units to 0.9 £ 0.5 units (n = 6, P2—
7 rats). While gamma and spindle-burst oscillations were completely
suppressed, SEPs persisted in the presence of isoflurane without any change
in SEP amplitude: SEP amplitudes in control conditions and in the presence
of isoflurane were of 601 + 158 uV and 700 + 154 uV, respectively. Spike
count during SEP was also unchanged (control values, 3.4 + 1.8 units and
isoflurane, 4.0 &+ 1.4 units (n = 6). In the presence of isoflurane, SEPs were
often followed by a second small amplitude trough at 75 + 10 msec after the
stimulus. Stimulation of adjacent whiskers, as well as auditory or visual
stimuli failed to evoke responses in both control conditions and in the
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presence of isoflurane in P2—7 rats (data not shown). Thus, although SEPs
persisted in the presence of isoflurane, there was complete suppression of
sensory-evoked and spontaneous gamma and spindle bursts during the first
postnatal week.

During the first postnatal week isoflurane completely suppressed
spontaneous cortical activity and eliminated sensory-evoked early oscilla-
tory patterns (EGO and spindle bursts).
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HYDROGEN PEROXIDE AND PAIRED-PULSE FACILITATION
OF NEUROTRANSMITTER RELEASE
AT THE FROG NEUROMUSCULAR JUNCTION
A.R. Giniatullin, U.N. Garifullina
Kazan State Medical University, Butlerov st. 49, Kazan, 420012, Russia

A ubiquitous property of synapses is the ability to keep track of the
history of activity. This history is encoded in various forms of activity-
dependent plasticity that shape synaptic output and may form the basis of
learning and memory. Short-term plasticity lasts from tens of milliseconds
to several minutes and is thought to underlie information processing. It can
lead to bidirectional changes in synaptic strength, which can be reduced for
hundreds of milliseconds to seconds (depression), or it can be enhanced for
hundreds of milliseconds to seconds (facilitation), to tens of seconds to
minutes (augmentation and post-tetanic potentiation). Net plasticity at syn-
apses reflects an interaction between multiple forms of plasticity.

The traditional view in the field of free radical biology is that free
radicals and reactive oxygen species (ROS) are toxic, mostly owing to
direct damage of sensitive and biologically significant targets. However,
recent workers in this and in related fields are exploring the view that
superoxide radical and reactive oxygen species exert beneficial effects.
Thus, such ROS are viewed as involved in cellular regulation by acting as
redox signals, and their harmful effects are seen mostly as a result of
compromised signaling, rather than due to direct damage to sensitive tar-
gets. Reactive oxygen species (ROS) such as superoxide anion, hydroxyl
radical, and hydrogen peroxide (H,O,) are continuously produced by mi-
tochondrial respiration, the membrane-associated NADPH oxidase com-
plex, or by the action of hormones, neurotransmitters and neurotrophins.
H,0; is of particular interest among other ROS because H,0, is the most
stable and long-lived ROS; being a mild oxidant, H,O, application for
<30 min does not produce non-specific peroxidation of membrane lipids,
H,0, passes through cell membranes, and H,O, is more stable in ex-
tracellular than in intracellular space and it might serve, therefore, not
only as an intracellular but also as an intercellular messenger. In our pre-
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vious study we showed that low physiological (<1-50 uM) concentra-
tions, H,O, facilitated Ach secretion, while at high concentrations, the
action of H,O, resulted in synaptic depression. While the genome of the
motoneuron is very susceptible to attack by ROS, this data represent fast,
presumably non-genomic, action of H,O, on motoneuron terminals.

In the current study we analyzed the effect of low concentrations of
H,0, and some reagent which change red/ox status in the cell, on synap-
tic enhancement that is prominent on the hundreds of milliseconds time
scale is referred to as facilitation.

Experiments were carried out on frog sartorius muscle preparations
in vitro at room temperature. Briefly, muscles were dissected from tri-
caine-anaesthetized frogs in accordance with the European Communities
Council Directive (24th November 1986; 86/609/EEC). To prevent mus-
cle contractions we used the transverse cutting (‘cut preparation’) of
muscle fibres. Ringer solution contained (mM): NaCl 113, KCI 2.5,
CaCl, 1.8, NaHCO3 2.4, pH adjusted to 7.3 with NaOH. The holding po-
tential for cut preparations was kept at -40 mV while for all other prepa-
rations it was -70 mV. On cut preparations the voltage dependence of the
peak amplitudes of the evoked end-plate currents (EPCs) was linear in the
range from 0 to —100 mV, indicating the effectiveness of the voltage
clamp. The motor nerve was stimulated with electrical pulses of supra-
threshold amplitude and 0.1-0.2 ms duration. Stimuli were initially ap-
plied to the motor nerve at 0.05Hz to establish the baseline quantal con-
tent and the amplitude and time-course parameters of the EPC. Subse-
quently, paired-pulse stimulation (interpulse intervals (At): 5,7,10,20,50,
100,200,300,500 ms) was applied, three to five pairs in cell for each At.
EPC quantal content was determined as the ratio of averaged EPC and
averaged MEPC amplitudes. The paired-pulse facilitation ratio (PPF) was
calculated for each At as 100%. (A2—A1)/Al, where Al and A2 denote
the average amplitudes of EPCs elicited by first (conditioning) and sec-
ond (test) stimuli in the pair, respectively.

First of all on cut preparations of sartorius muscle, we tested the ac-
tion of H,O, on multiquantal EPCs elicited at a frequency of 0.05 Hz. H,0,
at a low (3 uM) concentration reversible enhancement the amplitude of
EPCs (20+3.2%; n=9; P<0.05). This reversible facilitation was stabilized
after 15-20 min in the presence of H,O,. Our data indicate that the motor
nerve terminal is the preferential target for the fast action of exogenous
(and potentially endogenous) H,O,. This was confirmed by the fact that the
amplitude and decay of MEPCs were unchanged by H,O,. The EPCs am-
plitude increase effect of the H,O, application (10 uM) was more weak and
sometimes the moderate decrease in the amplitude was observed.
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Fig. 1. The facilitation of EPC with paired pulses in control (A) or in the
presence of H,O, 3uM (B) and 10uM (C). The original EPC traces were
obtained with At of 5 ms.

Paired-pulse stimulation in control resulted in a significant in-
crease of EPC amplitude (fig. 1A), reflecting the enhancement of the neu-
rotransmitter release. In experiments with 3 and 10 uM H,O, the motor
nerve was stimulated with 0,05 Hz during the 10-11 minutes of the oxi-
dant application and the effect dynamics was monitored, then turned to
the pair stimulation without cleaning. These results (Fig. 1B,C) indicate
that H,O, significantly decrease the intensity of the facilitation , that is
the transmitter release during pair stimulation.

In many cases the biological action of H,O, is related to the gen-
eration of hydroxyl radicals. It is known that in the presence of Fe®',
H,0, is readily converted into the hydroxyl radical and this provides a
reliable tool for ascertaining the mechanism of action. In our experiments
the PPF ratio also was reduced after 100 uM FeSO4 u 130 pM L-
buthionine-sulfoximine (used to induce experimental glutathione defi-
ciency). When the muscle was pretreated with 50-100 uM paraquat di-
chloride, PPF ratio also was reduced. Paraquat toxicity is primarily gen-
erated by ROS elicited by redox-cycling with molecular oxygen and
NADH-dependent formation of superoxide anions. Superoxide can be
further converted to H,O, by the antioxidant enzyme superoxide dismu-
tase. The peroxide is converted to water and oxygen by glutathione per-
oxidase and catalase. When the muscle was pretreated with 1200 Uml™'
catalase or 300 Uml™' PEG catalase, the action of H,O, on PPF ration
was abolished (n=6; P>0.05) in accordance with the selective activity of
this enzyme for this type of ROS.

Short-term synaptic plasticity represents an increase (facilitation)
or decrease (depression) of synaptic strength, which lasts from hundreds
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of milliseconds to seconds and is crucial for information processing.
Short-term synaptic plasticity is Ca*-dependent and predominantly pre-
synaptic, although postsynaptic mechanisms may also contribute. Several
mechanisms have been proposed to account for facilitation One proposed
mechanism for facilitation involves residual calcium (Ca,s) that persists
in the presynaptic terminal following synaptic activation. At the calyx of
Held, linear summation of Ca,s (hundreds of nanomolar) with the high
local calcium levels at a release site evoked by an action potential (Cajocal
of tens to hundreds of micromolar) will not lead to sufficient enhance-
ment of synaptic transmission. It has therefore been hypothesized that
Cares increases the probability of release by binding to a sensor distinct
from synaptotagmin, the sensor for synchronous release, and activating a
site distinct from the low affinity sites on synaptotagmin that are respon-
sible for vesicle fusion. At present no such calcium sensor has been iden-
tified. Another potential mechanism for facilitation involves calcium-
binding proteins within presynaptic terminals that normally intercept cal-
cium ions between calcium channels and release sites, thus reducing the
initial probability of release. In our previous study we showed that 3 uM
H,0O, changed neither the Na’ nor the Ca®" phase of the complex action
potential, implying that the increase in EPCs produced by H,O, was lo-
cated downstream from presynaptic depolarization and Ca*" influx. An-
other potential mechanism for facilitation involves calcium-binding pro-
teins within presynaptic terminals that normally intercept calcium ions
between calcium channels and release sites, thus reducing the initial
probability of release. If the first stimulus leads to calcium occupying
some of these calcium-binding proteins, then more calcium will reach the
release site in response to the second stimulus, and the probability of re-
lease will be elevated. This mechanism of facilitation has been demon-
strated at some neocortical synapses that contain a high concentration of
the calcium binding protein calbindin D-28k.

The obtained data suggest that endogenous H,0,, in the low
physiological concentrations, decrease the intensity of the facilitation
phenomena, perhaps via changing the red/ox station of the effectors
molecules or processers of the transmitter release facilitation. These in-
vestigations for the identification of the obtained effects of the low H,0,
concentrations will be continued.

This work was supported by grants from RFBR (13-04-00106-a
and 12-04-33195 mol_a ved).

89



THE MECHANISMS OF DISSEMINATION
OF CARCINOMA CELLS
N.A. Gloushankova, 1.Y. Zhitnyak, S.N. Rubtsova
Institute of Carcinogenesis, N.N. Blokhin Cancer Research Center
of the Russian Academy of Medical Sciences, Kashirskoe shosse 24,
Moscow, 115478, Russia

Advances in surgery, radiation therapy and chemotherapy have
rendered most tumors largely curable if they are treated before dissemina-
tion. However, if the tumor cells migrate from their original site into ad-
jacent or distant tissue and organs, the tumors become highly morbid.
There are two forms of tumor dissemination: 1) invasion into tissue sur-
rounding the tumour and 2) metastatic dissemination with colonization at
distant sites. Epithelial-mesenchymal transition (EMT), a process by
which epithelial cells acquire characteristics of mesenchymal cells, plays
an important role in invasion and metastasis. There is much evidence that,
using EMT, tumor cell gain migratory and invasive properties. During
EMT, epithelial cells lose cell polarity, diminish cell-cell adhesion, ac-
quire mesenchymal markers (N-cadherin, vimentin) and motile pheno-
type. In the course of invasion and metastasis tumor cells can use
mesenchymal or ameboid type of movement. They can migrate as single
cells or as groups of cells preserving cell-cell contacts with adjacent ma-
lignant cells (collective migration). Studying transformed IAR epithelial
cell lines established from rat liver, we found that malignant cells that
preserved expression of E-cadherin can assemble dynamic E-cadherin-
based adherens junctions. Plasticity of E-cadherin-based AJs is very im-
portant for migration of neoplastic cells. In cultures of 1AR1170 and
IAR-6-1 cells, cell-cell contacts in the islands were unstable. Trans-
formed 1IAR1170 and IAR-6-1 cells could break contacts and migrate in-
dividually forming new contacts with neighboring cells. We found that E-
cadherin-based adherens junctions play an important role in maintenance
of effective collective migration of neoplastic cells. In comparison with
single cells, cell groups moved more directionally.

Recently we also demonstrated the importance of E-cadherin-based
adherens junctions in dissemination of neoplastic cells in epithelial struc-
tures. We found that transformed IAR-6-1 cells were able to form hybrid
E-cadherin-mediated cell-cell contacts with non-transformed IAR-2 epi-
thelial cells. Transformed IAR-6-1 can migrate across the top of mono-
layer of non-transformed cells. More often, however, (20-40%), trans-
formed cells invaded the continuous monolayer of non-transformed IAR-
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2 epithelial cells and migrated across the glass substrate underneath I1AR-
2 cells. In the majority of cases, neoplastic cells traversed the monolayer
at the borders between cells where they destructed cell-cell contacts of
normal cells. IAR1162 cells that lost E-cadherin expression in the course
of neoplastic transformation and IAR6-1 cells stably transfected with
construct of dNE-cadherin were less successful in the adhesion and pene-
tration of epithelial monolayer. It is tempting to speculate that retention
of expression of E-cadherin in some cases of neoplastic transformation
may be important for carcinoma cell dissemination.

RELATIONSHIP BETWEEN MITOCHONDRIA-ASSOCIATED
FLUORESCENCE AND HEMOCYTE MOTILITY
IN GROMPHADORHINA PORTENTOSA
E.A. Grebtsova, A.A. Prisny
Belgorod State University, Pobedy str., 85, Belgorod, 308015, Russia

In recent years, fluorescent dyes for measuring the mitochondrial
membrane potential (Aym) have become commonly used tools for moni-
toring changes in this important physiologic mitochondrial parameter as it
relates to cells’ capacity to generate ATP by oxidative phosphorylation.
As such, the Aym is a key indicator of cell health or injury, and cell ac-
tivity. An increase or a decrease in DeltaPsi(m) (that depends on the fluo-
rescence intensity) consequently followed an increase or a decrease in the
cellular ATP contents [4, 5].

Insects hemocytes compose the cellular army of their innate immune
system. Plasmatocytes, putative homologues to mammalian macrophages,
and granulocytes in Gromphadorhina portentosa, represent, 70% of the
migratory hemocyte population in circulation and are responsible for the
phagocytosis of bacteria and apoptotic tissues that arise during metamor-
phosis [1]. It is not known as to how hemocytes become activated from a
sessile state in response to such infectious and developmental cues.

We used noninvasive fluorescence method to determinate and
monitoring the fluorescence intensity, using rhodamine B. Rhodamine B
distributes across biological membranes in response to the electrical
transmembrane potential. Hemolymph of adult insects was collected us-
ing standard methods. The collected hemolymph incubated in physiologi-
cal solution, in hypo- and hyper medium, and with cells of Saccharomy-
ces cerevisiae.

Hemocytes of G. portentosa are motile, phagocytic cells that are
present at all stages of the life cycle and represent the cellular component
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of the animal’s innate immune system at postembryonic life stages [3].
The most common cell types are plasmatocytes and granulocytes. Ac-
cordingly, the main function of post-embryonic hemocytes is to clear in-
fection from invading microorganisms as well as debris from apoptotic
cells by performing phagocytosis [2, 3].

As a brief description, the most common morphology of untreated
hemocytes (incubated in physiological solution for insects) — “normal
spread” represented a fully adhered cell with a uniformly protruding and
retracting cell membrane (at all angles surrounding the central region).
Normal spread represented the quiescent sessile behavior of these
hemocytes. The two active morphological classes, “non-polarized” and
“polarized”, are predominant at medium with S. cerevisiae. Both of “non-
polarized” and “polarized” morphology are typical for granulocytes, and
only “non-polarized” characteristic for plasmatocytes.

Both classes represent a fully adhered cell that exhibits an extreme-
ly active cell membrane that protrudes and retracts at varied angles to the
cell central region producing multiple membrane ruffles. The essential
difference between these two classes is that polarized cells produce a vis-
ual lamellopodium and trailing edge during random migration

Ex vivo hemocytes exhibited 100% normal membrane spread.
Rizopodium are uniformly distributed over the surface of the membrane,
and their length was no higher 1,5 um. The fluorescence intensity equals
249451 for granulocytes and 212451 for plasmatocytes.

Both of granulocytes and plasmatocytes activity rapidly decreased in
hypotonic medium. But energy needs to maintain membrane integrity un-
der the conditions of low osmotic pressure were conducive to growth in
fluorescence intensity, which equals 314+28 and 38740 for granulocytes
and plasmatocytes, respectively. Over a period of time rizopodium length
shorten to 0,9 um in hypertonic medium. The rate of spreading was de-
creased considerably. These hemocytes have maximum fluorescence inten-
sity among the cells incubated in different solutions which attains 554+48
for granulocytes and 420+36 for plasmatocytes. Experiments in medium
with high osmotic pressure revealed no changes in the hemocytes activity
as compared with cells incubated in physiological solution.

S. cerevisiae addition to hemocytes in physiological solution led to
appearance 34% of normal spread granulocytes, 40% -“polarized” and 26%
“non-polarized”. Among the plasmatocytes no some of polarized, 92% non-
polarized and 8% normal spread cells. Beyond the rhizopodium (which rami-
fication was at the elongation of 1 um), has came up long filopodium about
3,5 um in length. Both of pseudopodia types located irregu larly on the
membrane surface leading in the direction of the yeast cells.
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Granulocytes Plasmatocytes
normal non- . normal non-
spread polarized polarized spread polarized
34660 581467 596182 245+48 425+54

Hypertonic medium and non-self objects identically affect the fluo-
rescence intensity. Moreover, fluorescence intensity of normal spread
phagocytes higher in medium with S. cerevisiae, and had maximal value
for “non-polarised” and “polarized” hemocytes. High values of fluores-
cence intensity enables us to speak of great needs of energy to recognize
non-self objects and kill them.
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GENE EXPRESSION AND TITIN CONTENT IN STRIATED
MUSCLES OF CHRONIC ETHANOL-FED RATS
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It is known that chronic alcoholic intoxication results in the devel-
opment of symptom complex of alcohol-induced injury both of the skele-
tal (alcoholic myopathy) and cardiac (alcoholic cardiomyopathy) muscles

93



[1,2]. The main characteristics of alcohol-induced damages in the mus-
cles are successfully modeled on animals, in particular on rats. It has been
shown, that development of alcoholic myopathy/cardiomyopathy in man
and animals is accompanied by atrophy and skeletal muscle weakness,
damages of cardiac muscular contractility [1,3]. A decrease of total quan-
tity of RNA, DNA and proteins (for example, heavy chains of myosin,
actin, desmin, troponin-I) [3-5], as well as damages of functional proper-
ties of contractile proteins, in particular a decrease ATPase activity of
myosin [6] activated by actin, make contribution to these changes. A mo-
lecular mechanism of the development of alcohol-induced damages in the
muscles is unclear, however, it has been shown that ethanol and, mainly,
the product of its oxidation, acetaldehyde, participate both in suppression
of protein synthesis and activation of proteolysis [2,7,8].

Titin (connectin), a giant elastic protein forming the third type of
the filaments in myofibrils (for reference see [9]), is an important compo-
nent of striated muscles of sarcomeres in the vertebrates. It has been
shown that titin is a scaffold for assemble thick filaments and sarcomere,
participates in the maintenance highly-ordered sarcomere structure and,
consequently, in contracting function of the muscle; contributes to pas-
sive tension at muscle stretch and develops restoring force at contraction
of sarcomere; participates in triggering and regulation of actin-myosin
interaction and regulation of intracellular signaling processes. In striated
muscles of the mammals and a man titin is presented by several isoforms:
NT, N2A, N2BA and N2B with molecular weight of their isoforms
~3000-3700 kDa (for reference see [9]).

In this study, changes of titin gene expression, as well as the con-
tent of its NT, N2A, N2BA and N2B-isoforms in myocardium (left ven-
tricle) and skeletal (m. soleus, m. longissimus dorsi) muscles of chronical-
ly alcoholized rats are investigated. Since it has been recently shown that
heat shock protein Hsp90 changes stability of titin molecule [10], study
the changes of gene expression of proteins Hsp90 and Hsp70 was an ad-
ditional goal of the work.

Materials and methods

Chronic alcoholization of the rats was carried out for 6 months ac-
cording to [11]. The rats were divided into two groups: the control one
(“Control”, n=8): animals were fed standard food, 1% agarose and drink-
ing water; and the test one: chronically alcoholized rats were fed standard
food, 1% agarose with the ethanol content 30% and 10% ethanol solution
in water as a single source of liquid for 6 months. The daily alcohol con-
sumption was about 20-25 g/kg.
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Investigation of the changes of isoform composition and the con-
tent of huge proteins titin in sarcomeric skeletal (molecular mass 2000-
3700 kDa) and nebulin (700-900 kDA) in rats’ muscles was perfomed
using the method of SDS electrophoresis in 2.1% polyacrylamide gel
with 0.5% agarose content according to the method [12] with our modifi-
cations [13]. Titin and nebulin content relative to the content of myosin
heavy chains was estimated by densitometry (program Total Lab v.1.11).
Phosphorylation of titin was carried out according to the method de-
scribed in [14] with slight modifications. The level of protein phosphory-
lation was estimated by using fluorescent dye Pro-Q Diamond (Invitro-
gen) in a gel for phosphoproteins. For this purpose the gel was fixed in
solution with 50% ethanol and 10% acetic acid for 12-18 hours. The
stained gel was washed in Pro-Q Diamond phosphoprotein gel destaining
solution (Invitrogen). The protein bands with phosphogroups were
viewed by using system Pharos (“Bio-rad”); the gels were stained with
Coomassie Brilliant Blue (G-250 and R-250), mixed in a 1 : 1 ratio to
make control estimation of the protein content.

Total RNA was extracted from the muscle tissue of rats using the
Aurum™ Total RNA Fatty and Fibrous Tissue Kit (Bio-Rad, United States)
according to the manufacturer’s instructions. cDNA was synthesized using
M-MLYV reverse transcriptase (Eurogen, Russia). RT-PCR was performed
with DT-322 amplifier (DNA-Technology, Russia) with Tag DNA poly-
merase (Eurogen, Russia) and SYBR Green | fluorescent dye (Invitrogen).
The quantity of titin mRNA relative to the amount of mMRNA housekeeping
gen GAPDH was determined according to the method 2. In the work
we used the following primers: forward primer 5'- cagcagccaagaaggccgct-
3, reverse primer 5'-gtcccgcagtctcatagtctcaccac-3' for gene ttn N2A-
isoform; forward primer 5'-ccaagctcactgtgggagaaa-3' and reverse primer 5'-
cttaactcgggaaccttcatcg-3' for the gene ttn N2B and N2BA exons 49-50;
forward primer 5'-acgccaacggcatcctgaac-3, reverse  primer 5'-
ggcggactcgttcctectct-3'  for  gene  Hsp70;  forward  primer 5'-
ctttccegtcaagatgectgag-3', reverse primer 5'-agagattacgaagtctacgggacc-3'
for gene Hsp90. PCR was performed using the following regime: hot start
at 95°C for 5 min, denaturation at 95°C for 15 s, annealing with primers at
60°C for 20 s, elongation at 72 for 20 s (35 cycles). The PCR products
were then analyzed by electrophoresis in 7% polyacrylamide gel. Data
were statistically processed using the Manna-Whitney nonparametric U-
criterion. In our study, differences were considered significant at p < 0.01.

Results and discussion

A decrease (by ~30%) of mass m. soleus in chronically alcoholized

rats and a tendency to decreased mass of cardiac muscle relative to the
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body mass has been revealed. These results indicate the development of
atrophic changes in the muscles of animals from the Alcohol group,
which agrees with the published data [15].

In case of atrophic changes in m. soleus of chronically alcoholized
rats, a slight increase gene expression of titin (3-4 times) and decreasing
the content of this protein (NT- and N2A-isoforms) by 1.4 times was ob-
served (figure). Decreasing of content titin, the most important protein of
sarcomeric  cytoskeleton, involved in maintaining highly-ordered
sarcomeric structure and contracting capability of the muscles, is a proof
of the development of alcohol-induced pathological changes in m. soleus.
Such a decreasing of titin content followed by the damages of sarcomeric
structure and contractile capability of the muscles was observed in our
earlier experiment in human and rat’s m. soleus at development of atro-
phy under conditions of gravitation unload and in m. soleus of patients
with post-apoplectic muscle spasticity [9]. It is interesting that at the de-
velopment of pathological changes indicated above in human and rat’s
“slow” muscle soleus the increase in the content of “rapid” isoform lla of
heavy myosin chains was observed [9]. Such a shift of myosin phenotype
was revealed also in m. soleus of chronically alcoholized rats [16].
Hence, changes of isoform composition and the content of important sar-
comere titin and myosin proteins in m. soleus of chronically alcoholized
rats point to the development of pathological process in this muscle.

=Y Pasm Composition of titin isoforms
in m. soleus of control (1) and

(2) chronically alcoholized
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Nebulin content (a giant pro-

tein of actin filaments) re-

mained unchanged in m. so-

leus of chronically alcoholized
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No statistically significant changes in titin content were found in
myocardium of chronically alcoholized rats. However, in a number of
cases at electrophoretic studies of the samples in myocardium of “Alco-
hol” group rats, a significant decrease (~1.7 times) of the titin content
(N2B-, N2BA- and NT-isoforms) was observed. These evidences, as well
as data about a decrease of titin gene expression by 9 times in cardiac
muscle chronically alcoholized rats, indicating the development of patho-
logic changes also in cardiac muscle of these animals.

What is the cause of the decreased titin content in muscles of
chronically alcoholized rats? It is known that titin is a substrate for cal-
cium-dependent calpain proteases [17]. It is assumed that the turnover
of proteins in the sarcomere is initiated by the cleavage of titin and oth-
er proteins of myosin and actin-containing fibrils by calpains, which
then degrade by the ubiquitin-proteasome pathway [17]. Taking into
account the recently published data that ethanol contributes to the en-
hanced degradation of muscle proteins via the ubiquity-proteasome
pathway [18], one may suppose that the activity of calpain proteases
increases in alcoholized rats. Nevertheless, this hypothesis requires ver-
ification.

In m. longissimus dorsi rats of the “Alcohol” group we observed
neither decrease of titin content nor changes of gene expression. Howev-
er, a two-fold increasing of phosphorylation level of T2-fragment titin
connected with myosin filaments in sarcomere A-disk was revealed. In
earlier investigations in vitro it has been shown, that an increase of titin
phosphorylation leads to a decreasing of actin-activated ATPase activity
of myosin [19]. Based on these data it is possible to claim that an increas-
ing of the level of titin phosphorylation in spinal muscle of chronically
alcoholized rats has a pathologic character that will contribute to decreas-
ing contractility.

Since it has been recently shown that heat shock protein Hsp90
changes the stability of titin molecule [10], another research problem
was to study changes of gene expression of proteins Hsp90 and Hsp70
in the muscles chronically alcoholized rats. Taking into account data
obtained about decreasing of titin content in m. soleus and cardiac mus-
cle of these rats we expected to observe a decreasing of gene expression
of heat shock proteins. However, no significant changes in the content
of mMRNA Hsp90 and Hsp70 in muscles under study were observed.
Thus, it may be supposed that the main reason of decreasing titin con-
tent in the muscles of chronically alcoholized rats is increased activity
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of Ca?*-dependent calpain proteases. A decrease of titin content simul-
taneously with the increased level of its phosphorylation will, undoubt-
edly, contribute to the development of alcohol-induced damages in the
muscles of the rats.
This work was supported by the Russian Foundation for Basic Re-
search (grants No. 13-04-00281, 14-04-32171, 14-04-32240, 14-04-00112).
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Today it is known that a number of pathologies including those
related to the biological mobility are associated with the development of
oxidative stress. In this work, the influence of biologically relevant
anions on the generation of reactive oxygen spicies under the action of
non-ionizing factors is investigated. Non-ionizing physical factors under
study include heat, laser radiation and modulated electromagnetic
radiation of extremely high frequency (EHF EMR).

The influence of biologically relevant anions at a concentration of 1
mM on the formation of hydrogen peroxide in water under the action of
laser radiation with a wavelength of 632.8 nm (0.7 mW/mm?, 5 min) was
studied. It is shown that laser radiation under the chosen conditions of
exposure produces about 5.5 nM of hydrogen peroxide. It is found that
organic anions such as succinate, acetate, citrate and nitrite lead to
reduced formation of hydrogen peroxide by the action of laser radiation
with a wavelength corresponding to the maximum absorption of one of
the lines of molecular oxygen by about 25-40%. Chloride anions at a
concentration of 1 mM do not, in fact, affect the formation of hydrogen
peroxide. Nitrate anions as well as mono- and dibasic phosphate anions
increase the production of hydrogen peroxide by the action of the laser
radiation by approximately 50%. Bicarbonate anions increase the
formation of hydrogen peroxide about two-fold. The impact of
biologically relevant anions at a concentration of 1 mM on the generation
of hydroxyl radicals in water under the action of laser radiation with a
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wavelength of 632.8 nm (0.7 mW/mm? 5 min) was investigated. It is
established that under the action of laser radiation (a) succinate, acetate,
citrate anions lead to a reduction in the formation of hydroxyl radicals,
(b) chloride and nitrate anions do not substantially affect the generation
of hydroxyl radicals, and (c) nitrite as well as mono- and dibasic
phosphate anions increase the production of hydroxyl radicals.

The influence of biologically relevant anions at a concentration of 1
mM on the formation of hydrogen peroxide in water under the action of
heat (4 h, 40°C) was studied. It is shown that heat under the chosen
conditions of exposure produces about 4 nM of hydrogen peroxide. It is
found that organic anions such as succinate, acetate, citrate lead to
reduced formation of hydrogen peroxide by the action of heat by about
30-50%. Chloride anions at a concentration of 1 mM do not, in fact,
affect the formation of hydrogen peroxide. Bicarbonate and nitrate anions
increase the formation of hydrogen peroxide by about 30%. The impact
of biologically relevant anions at a concentration of 1 mM on the genera-
tion of hydroxyl radicals in water under the action of heat was
investigated. It is established that under the action of heat (a) succinate,
acetate anions lead to a reduction in the formation of hydroxyl radicals,
(b) citrate, chloride and nitrate anions do not substantially affect the
generation of hydroxyl radicals, and (c) nitrite as well as bicarbonate,
mono- and dibasic phosphate anions increase the production of hydroxyl
radicals 1.3-2.5 times.

The influence of biologically relevant anions at a concentration of 1
mM on the formation of hydrogen peroxide in water under the action of
EHF EMR (42.2 GHz, modulation 16 Hz, 100 pW/cm? 20 min) was
studied. It is shown that EHF EMR radiation under the chosen conditions
of exposure produces about 11.5 nM of hydrogen peroxide. It is found
that organic anions such as succinate, acetate, citrate lead to reduced
formation of hydrogen peroxide by the action of EHF EMR by about
50%. Mono- and dibasic phosphate, nitrate anions lead to reduced
formation of hydrogen peroxide by the action of EHF EMR by about 20-
35%. Chloride anions at a concentration of 1 mM do not, in fact, affect
the formation of hydrogen peroxide. Bicarbonate as well as nitrate anions
increase the production of hydrogen peroxide by the action of the laser
radiation by approximately 20-30%. The impact of biologically relevant
anions at a concentration of 1 mM on the generation of hydroxyl radicals
in water under the action of EHF EMR was investigated. It is established
that under the action of EHF EMR (a) succinate, acetate, citrate anions
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lead to a reduction in the formation of hydroxyl radicals by about 30-
35%, (b) chloride and nitrate anions do not substantially affect the
generation of hydroxyl radicals, and (c) nitrite as well as mono- and diba-
sic phosphate anions increase the production of hydroxyl radicals.

Thus, it was shown that reactive oxygen species are formed in the
water upon exposure to radiation of a helium-neon laser, heat and EHF
electromagnetic radiation. Anions are capable of influencng this process
to a large extent.

This work was supported by the Russian Foundation for Basic
Research (project 13-04-00730a).

SEASONAL EXPRESSION OF Ca’*-ATPase ISOFORM IN
MYOCARDIUM OF GROUND SQUIRREL Spermophilus undulatus

E.V. Karaduleva', I.M. Santalova?, N.M. Zakharova'
! Institute of Cell Biophysics of the Russian Academy of Sciences,
Pushchino, Moscow Region, 142290, Russia;
2 Institute of Theoretical and Experimental Biophysics of the Russian
Academy of Sciences, Pushchino, Moscow Region, 142290, Russia

Hibernating animals demonstrate perfect adaptation to hypothermal
conditions, at which non-hibernating animals and human would die. For ex-
ample, contraction rate of the myocardium in hibernating animals occur at
body temperature near zero and reverts to normal euthermal level at every
interbout arousal without any pathological alterations [Johansson, 1996].

It is known that the main reason of pathological alterations of my-
ocardium functioning during hypothermia is imbalance of calcium home-
ostasis [Wang et al., 2002]. Ca**-ATPase of sarcoplasmic reticulum (SR)
of the myocardium is responsible for deletion of Ca®* from cytoplasm to
cisterns of SR for its recycling during further contraction-relaxation cy-
cles and for avoiding calcium overloads. Decrease of body temperature in
non-hibernating animals leads to decrease of rate of excess calcium re-
moval from cytosol by Ca®*-ATPase of the reticulum. In hibernating an-
imals, no such effect was observed [Liu et al., 1997; Belke et al., 1991].
Up to today, a large amount of data is accumulated on morphological,
physiological and biochemical changes related to functioning of Ca?*-
ATPase of the SR [Rubtsov, 2005; Giroud et al., 2013], whereas molecu-
lar features of regulation of the synthesis of cardiac isoform of Ca®'-
ATPase are not clear yet. Beside that, in studies on hibernation mecha-
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nisms, torpor phase is usually compared to summer or interbout activity,
without paying much attention to other conditions of an animal during
hibernation season. Meanwhile, we have earlier shown in our laboratory
that preparation for hibernation begins long before actual hibernation, in
late summer or early autumn. In this period, titin expression and its iso-
form composition in the heart of ground squirrel are altering [Karaduleva
E.V. et al.,, 2010], and an increase in calcium capacity of cardiac SR
along with decrease of blood calcium level are being revealed [Zakharova
et al.,, 2009]. These data brought in the tasks of the current work:
ultrastructural analysis of the myocardium in order to reveal alterations in
relative area of SR (summer, autumn) and investigation of ATP2A2 gene
expression in myocardium of ground squirrels at different stages of hi-
bernation (entrance into torpor, torpor, arousal from torpor, interbout ac-
tivity) in comparison to summer and autumn activities.

For morphological and molecular analysis, tissue samples were ob-
tained from subendocardial part of left ventricle. Expression level of car-
diac isoform of SR Ca?*-ATPase gene was determined during entrance
into torpor and arousal from torpor at equal heart temperatures around
16°C according to the suggestion that the highest value of Qy, quotient for
heart rate during entrance into torpor was detected for heart tempetature
around 15°C - 20°C [Ignat'ev et al., 2001]. The identical temperature for
arousing ground squirrels was taken for comparison. Treatment of tissue
samples and estimation of relative sarcoplasmic reticulum area were car-
ried out as described earlier [Santalova et al., 2008]. For comparative
analysis of ATP2A2 gene expression level, a real-time polymerase chain
reaction method (QRT-PCR) was used as described earlier [Karaduleva
E.V. et al., 2010]. The statistical analysis was carried out by means of
non-parametric Mann-Whitney U-test and Student t-test. The probability
of randomness between the samples was p<0.05.

The results of ultrastructural analysis showed that relative area of
the SR significantly increased in autumn compared to summer period.

The gRT-PCR data showed that expression of cardiac isoform of
Ca?*-ATPase gene dramatically decreases in myocardium of ground squir-
rels in autumn period compared to active summer period. The mRNA level
of ATP2A2 gene remains low during entering hibernation and during tor-
por without significant difference between these two states. During active
interbout state and arousal, a tendency for restoration of mRNA level to
normal euthermal level of active summer animals is observed.

It is most possible that expression of cardiac isoform of of Ca*'-
ATPase gene alters in active autumn animals in response to the need for
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myocardial functioning in torpor mode. It is not the only case of decrease
of gene expression during entering hibernation shown in our laboratory.
Our earlier study on expression of titin gene in the myocardium of hiber-
nating ground squirrels showed significant changes in expression of this
protein’s isoforms already in autumn activity [Karaduleva E.V. et al.,
2010]. The revealed suppression of ATP2A2 gene expression in myocar-
dium of ground squirrels during preparation for torpor state, as well as
during the whole hibernation period, could have its cause in minimization
of energy consumption, because transcription process is quite energy-
consuming. Maintenance of relatively stable mRNA level in hibernation
period could facilitate rapid protein synthesis during arousal from torpor
[Epperson & Martin, 2002].

It is interesting that in torpor period, when the level of ATP2A2 gene
expression is small, cardiomyocytes of hibernating animals are accumulat-
ing larger amount of Ca?" in internal cisterns of SR compared to active
summer animals [Tang et al., 1995 Wang et al., 2002], while the enzymatic
activity of SR Ca®*-ATPase is not being altered during hibernation [Belke
et al., 1991]. It is supposed that the increase of calcium consumption in SR
in torpor period is related to the increase of number of Ca**-ATPase mole-
cules along with increase of the area of SR [Tang et al., 1995].

Western-blot analysis showed that the level of SERCAZ2a protein
during hibernation increases by 3 times [Yatani et al., 2004]. Thus, at
lower levels of SERCA2a mRNA the number of SR Ca**-ATPase mole-
cules is increasing. The difference between mRNA and protein levels
could be due to translation regulation and/or posttranslational modifica-
tion. A similar case has been already described by us on the example of
one of titin isoforms in myocardium of hibernating ground squirrels
[Karaduleva E.V. et al., 2010]. Accumulation of Ca*-ATPase can occur
during pre-hibernation period, particularly during entering hibernation.
The results of our work, showing increase of sarcoplasmic reticulum area,
are also giving evidence on the increase of SR capacity, approving the
earlier results of electrophysiological tests on papillary muscles
[Nakipova et al., 2007; Zakharova et al., 2009].

Our data on ATP2A2 gene expression during torpor and arousal do
not accord to data obtained by other authors. In studies of SERCAZ2a gene
expression, an increase of its MRNA amount in the heart of marmot dur-
ing hibernation compared to active summer animals was observed
[Yatani et al., 2004]. The increase of SERCAZ2a expression during hiber-
nation was also detected in myocardium of thirteen-lined ground squirrel
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[Brauch et al., 2005]. A study on arctic ground squirrel [Yan et al., 2008]
showed significant decrease of ATP2A2 during arousal compared to tor-
por. Such contradictory data could be explained by use of non-equal
physiological states of animal during hibernation cycle and/or non-
identical methods of studying gene expression, and/or by choice of
housekeeping genes for data normalization. The contradictions of data
require adequate approaches for their solution and for the search of alter-
native ways to avoid technical errors.
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Coordinated functioning of neuronal networks depends on the
uninterrupted reproduction and transport of neurotransmitters, various
proteins, mitochondria, etc. within the neuron. In this paper we consider
mathematical models of molecular motors (MM): kinesin and myosin V
(MV) that play the leading role in the transport of these ingredients in
vesicles in the direction from the nucleus of the neuron to synaptic
endings and in the opposite direction with their disintegration products
created during synaptic transmission of signals to the cell-targets [1]. The
mathematical models take into account fluctuations of various kinds.
Models of regular dynamics of kinesin and kindred MM - F1ATPase
were presented in [2-4]. The result of this work was a system of
equations (1) for kinesin walking along the tubulin microtubule (MT) and
similar equations for MV walking along actin filament (AF).

The torques in the heads of kinesin (HK) and their elastic
deformations are produced by sorption of ATP molecules in their active
sites (AS) by turns. Force bond between HK is created by the "necks"
connecting them and produce torque moving load along the MT. System
(1) describes the step of kinesin:

Pr=M(B) -1 +&p; Bo=M(B) -7, - ¢p 1)

uty=Kkpy -1 uiy =Kpp =17,
Here: () and S»(t) - angles describing the closing "pockets" of AS
during the sorption of ATP molecules in them, z;(t) and z,(t) - the elastic
tensions produced by deformations of the HK. z;(t) and z,(t) are delayed
relatively to the elastic forces k5, and kS, due to ATP hydrolysis
(disintegration) processes in the AS. M(f,) and M(p,) - torques that are
created in the AS "pockets" deformated . Note that variation 48 ~ /6
corresponds to movement of kinesin per one step ~ 8 nm. The values of
care determined by Stokes resistance to cargo transported, the value of
wis time of ATP hydrolysis, and k - elasticity of the HK. Torques
produced by forces of ATP molecules sorption or hydrolysis products in
the AS are defined by the expression:
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M(B)=Mqy(B8-B"In) n=3,57.. (2

There are some examples of simulation results below.

§ [nm]

100 e

L
[i] 0 M,

Fig. 1. a) "stairs" of kinesin steps depending on fluctuations of p and ATP
molecule waiting time (ATP concentration values: line 1 - 1 mMol / I, line
2 - 0.1 mMol / I'); histogram of duration of time intervals between Kinesin
steps at ATP concentrations: b) 1 mMol /1, ¢) 0.1 mMol /| (1o = 0.5 ms).

Fig. 2. Scheme of MV front head
interaction with AF (by [7]). 1)
head with an open "mouth" in
contact with the AF, lever is
elastically deformed. 2) there is
no ATP and reaction products in
the AS of the head, "mouth” is
closing and stimulating the rota-
tion of the lever and the
movement of load.

Similar models are considered for myosin V (MV) walking along
the actin filament (AF). However, there are significant differences. Fig. 2
shows the scheme of interaction MV and AF (by [7]).

Sorption of ATP in the AS "pocket" closes it (the angle B
decreases), that causes opening of the "mouth™ and disconnecting of the
MV head from AF. In order to close the "mouth” again with turning the
lever to its original position, ATP hydrolysis must occur in the AS and
products of reaction must exit from AC. During ATP sorption into AS the
energy of elastic deformation is stored. But the energy is not expended
for moving of a cargo. Time interval required for these events is
substantially greater than the time of pulling of the load that determined
by the torque and Stokes resistance. Then cycle repeats in the case of a
new contact of head with the AF. Solutions of system (1) for both kinesin
and MV are represented in the phase planes (5, 7).
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Other approaches to modelling of MM stochastic dynamics are
considered in [5, 6]. We would like conclude theses by the following
statement. MM mathematical models considered as well as FitzHugh -
Nagumo equations, and many other models of active systems in biophysics
can be reduced to systems of two or three generalized Rayleigh equations.
Of course, their parameters are identified from the experimental data [4, 8].
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THE ROLE OF TROPOMYOSIN POSITION IN THE
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ACTIN-MYOSIN INTERACTION DURING THE ATPase CYCLE
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The regulation of striated muscle contraction involves cooperative
interactions between actin filaments, myosin heads, tropomyosin, troponin,
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and calcium. The critically important factor of this regulation is calcium-
dependent azimuthal movements of tropomyosin strands over the surface
of the actin filament induced by the binding of either S1 or troponin I to
actin. The polarized fluorescence technique allows us to characterize con-
cordant conformational changes of actin, myosin head and tropomyosin
occurring in a reconstituted ghost fiber at several simulated stages of the
ATPase cycle. Each transition between the intermediate stages of the cycle
is characterized by definite interdependent conformational changes of F-
actin and myosin heads. The overall change is interpreted as a right-hand
rotation of actin subdomain-1 relative to the thin filament axis and an op-
positely directed azimuthal movement of myosin SH1 helix (or myosin
head) at transition from the weak- to strong-binding states. The actomyosin
conformational state at each step of the ATPase cycle is shown to be strict-
ly correlated to a definite conformation and specific position of
tropomyosin strands on the surface of the thin filament. Tropomyosin shifts
towards the center of the thin filament (to the “open” position) at strong-
binding and towards the periphery of the thin filament (to the “blocked”
position) at weak-binding states thereby increasing the amplitude of myo-
sin SH1 helix movement and actin subdomain-1 rotation. Troponin modu-
lates those movements in a Ca”*-dependent manner.

Mutations in tropomyosin are able to stabilize its strands in the
“open” position and to increase the proportion of the strong-binding
actomyosin states, as was shown for the Glu180Gly and Asp175Asn a-
tropomyosin mutations, associated with hypertrophic cardiomyopathy.
On the other hand, these mutations prevent the formation of the weak-
binding state of the myosin head thus causing the incomplete relaxation
of the actomyosin system and leading to the enhanced contractility. The
mutations Glu40Lys in a-tropomyosin and Glul17Lys in p-tropomyosin,
on the contrary, prevent the shifting of tropomyosin strands to the “open”
position stabilizing them at the periphery of the thin filament (closer to
the “blocked” position) and inhibiting tropomyosin ability to move rela-
tive to actin. This behavior of the mutant tropomyosin causes a signifi-
cant inhibition of the strong-binding actomyosin states formation and of
the conformational changes of actin monomers and the myosin heads.
The effect of the Glu40Lys and Glul1l7Lys mutations may explain the
muscle weakness observed in dilated cardiomyopathy (DCM) and con-
genital fiber type disproportion, respectively.

Anomalous positioning of mutant tropomyosin close to the periph-
ery of actin filaments may also disturb the coordination of the conforma-
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tional changes of actin and the myosin head during the ATPase cycle, as
was observed with DCM-causing Glu54Lys mutation in a-tropomyosin,
that prevents the transition of actin to the weak-binding structural state
inhibiting the conformational changes of actin, but has a little impact on
the work of the myosin head. The aberrant position of the mutant
tropomyosin close to the center of actin filament in the case of GIn147Pro
mutation in B-tropomyosin affects the weak-binding state of actomyosin
increasing the proportion of strong-binding actomyosin states in the pres-
ence of ATP. This mutation associates with cap-myopathy and probably
causes enhanced contractility. Defined alterations of tropomyosin posi-
tion are likely to underlie the contractile deficit or vice versa gain of mus-
cle function, which initiates the disease remodeling.

This work was supported by the Russian Foundation for Basic Re-
search (grants No. 14-04-00454a, 14-04-31527a).

NEW ASPECTS OF ACTIN-TROPOMYOSIN INTERACTION
S.Yu. Khaitlina
Institute of Cytology RAS, Tyhoretsky prosp. 4,
St.Petersburg, 194064, Russia

Tropomyosin is a major regulatory protein of contractile systems
and cytoskeleton, which lateral position along actin filaments modulates
actin-myosin interaction (Perry, 2001). Tropomyosin isoforms have been
also revealed in a variety of cytoskeleton systems, not necessarily con-
nected with actin-myosin interaction and contraction. Thereby, in many
cases the diversity of tropomyosin isoforms is paralleled by a diversity of
cytoskeleton functions, i.e. many functions of the actin cytoskeleton are
related to spatial segregation and non-redundant functional diversity of
tropomyosin isoforms (Gunning et al. 2008; 2013). These aspects of
tropomyosin biology have been extensively studied using cell biology
and molecular genetics approached (reviewed in: Gunning et al. 2008;
2013; Wang, Coluccio, 2010; Lees et al., 2011). However, at the molecu-
lar level, the mechanisms underlying the tropomyosin functions are still
unclear. To reveal these mechanisms it is important to understand how
tropomyosin interacts both with actin and actin-binding proteins that are
involved in the regulation of actin dynamics. Here we present biochemi-
cal data on the effects of tropomyosin on actin assembly and dynamics, as
well as on the modulation of these effects by actin-binding proteins.

We show that in proteolytically modified F-actin where the turnover
of subunits is strongly enhanced, tropomyosin slows down polymerization of
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this actin but did not stabilize it against the disruptive effects of centrifugal
forces and shear stress. Instead of this, tropomyosin inhibited the steady-state
ATP hydrolysis of proteolytically modified actin in a cooperative manner,
with half-maximal and maximal effects observed at TM:actin molar ratios of
about 1:50 and 1:8, respectively. Since the sites of F-actin-tropomyosin in-
teraction do not interfere with the actin-actin contact sites, our data suggest
that tropomyosin regulates dynamics of actin filaments by allosterically mod-
ifying the subunit conformation and thereby strengthening intermonomer
contacts both along and across the filament strands.

Tropomyosin can also be involved in the regulation of actin dy-
namics by modulating activity of other actin-binding proteins. Previously
tropomyosin has been shown to slow down depolymerization of actin
with DNase | (Hitchcock et al., 1976), protect actin filaments from disas-
sembly by ADF/cofilin (Ono, Ono, 2002; Mazur et al., 2010) and from
branching by Arp2/3 (Blanchoin et al., 2001). Tropomyosin can also
function as an activator of formin as a processive capper of the fast-
growing actin filament end: binding of tropomyosin to formin enhances
actin filament elongation and prevents association of formin with the fil-
ament sides. These reactions may also be associated with tropomyosin-
induced conformational changes within actin filaments.

Earlier works showed also that both skeletal tropomyosin partially
protected F-actin from gelsolin-induced fragmentation (Ishikawa et al.,
1989; Nyakern-Meazza et al., 2002). On the other hand, the presence of
tropomyosin either along actin filaments or at their barbed ends did not
prevent binding of gelsolin to actin (Gonsior, Hinssen, 1995; Michels et al.,
1998; Nyakern-Meazza et al., 2002). To re-investigate the influence of
tropomyosin on the actin filament severing activity of gelsolin we meas-
ured both the F-actin viscosity and the relative number concentrations of
filaments after fragmentation by either gelsolin alone or by gelsolin/tropo-
myosin complexes. Our results show that the association of muscle
tropomyosin with F-actin did not significantly protect the filaments from
being severed by gelsolin. On the other hand, preceding interaction of
gelsolin with tropomyosin reduced the severing activity of gelsolin by up to
80%. These results suggest that tropomyosin is involved in the modulation
of actin dynamics not via the protection of the filaments against severing,
but rather by binding gelsolin in solution to prevent it from severing.

Cellular actin isoforms differ from each other in polymerization
kinetics, filament dynamics and in their affinity for tropomyosin. Combi-
nation of these properties with the modulating activity of tropomyosin
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may provide at least some mechanisms underlying the regulatory role of
tropomyosin in cytoskeleton dynamics. Thereby the experimental ap-
proaches used here may be useful to distinguish the effects of different
tropomyosin isoforms on actin dynamics.

STUDY OF THE RESPONSE OF CONTRACTING MUSCLE
FIBRE TO THE RAMP STRETCH
P.V. Kochubey and S.Y .Bershitsky
Institute of Immunlogy and Physiology, Ural Branch of RAS,
Yekaterinburg, 620049, Russia

When isometrically contracting muscle fibre is subjected to a ramp
stretch, its tension increases in two phases. At first it rises linearly and
rather quickly, than velocity of the rise decreases either smoothly or with
an overshoot. Intersection of linear regressions of these two slopes gives
a point called critical tension, or P.. This type of tension transient in mus-
cle is known for a long time however underlying mechanism(s) is still
unclear. There are different views on the nature of this phenomenon:
some authors suppose the change in the tension rise velocity is due to a
re-attachment of myosin heads to actin filaments (1) while others attrib-
ute it to a transition the heads from powerstroke to pre-powerstroke state
(2,3), the third view is a combination of these two (4).

We studied this phenomenon in single fully activated permeabilized
fibre from rabbit psoas muscle. Ramp stretches of 5% muscle length at 1.7
muscle length per second (L/s) and 5 L/s were applied to the fibre contract-
ing at ~3°C and ~28°C. High temperature was achieved with temperature
jump (5). Changes in tension and stiffness were monitored as well as sar-
comere length with the use of a laser diffractometer. Fibre stiffness was
measured with small-amplitude sinusoidal oscillation of changes its length
and subsequent detection of changes in tension (ibid). The ratio of myosin
heads in powerstroke and pre-powerstroke states was disturbed by tempera-
ture and adding blebbistatin (6).

Results

Fig. 1 shows a typical run of experimental protocol and traces of
changes in tension, sarcomere length and stiffness. It is seen that during ramp
stretch fibre tension rises in two phases with clearly distinct slopes while
stiffness increases in one phase (occasionally with a modest overshoot) and
sets at new level several milliseconds before tension achieves P..

Effects of temperature, velocity of stretch and blebbistatin on tension
and stiffness collected from three muscle fibres are shown in table.
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Fig.1. Example of experimental record. Isometrically contracting muscle fi-
bre was stretched with linear motor (5) by 5% for 30 ms. Dashed black trace
shows change in fibre length, AL (right scale). Solid black trace is fibre ten-
sion (left scale), bold grey trace is change sarcomere length, ASL (in nanome-
ters per half sarcomere; right scale) and thin grey is fibre stiffness (left scale).
Fibre dimentions: length 3.12 mm, cross-section area 5,284 pm?, sarcomere
length 2.5 pum, temperature 3°C.

In the absence of blebbistatin increase of temperature from 3°C to
28°C led to a six-fold rise in isometric tension and ~30% increase in stiff-
ness similar to that described earlier (5). It also increased P, by 35-45%
but had little or no effect on the velocity of tension rise in both phases as
well as on stiffness rise during the ramp stretch. Increase in the velocity
of stretching from 1.7 L/s to 5 L/s mostly affected the velocity of tension
rise during the first phase (3.3- 5-fold) and in less extend during the se-
cond phase (1.5- 2.5-fold). At this P, rose by 15-25% and increase in
stiffness did not depend on the velocity of the ramp stretch.

With 5 ¢#M blebbisratin added both isometric tension and stiffness
were suppressed. Isometric tension decreased ~1.5-fold at low temperature
and ~3.5-fold at higher temperature, stiffness dropped to a steady level and
became completely temperature insensitive. Change in temperature virtual-
ly did not affect the velocities of tension rise in both phases and stiffness
during the ramp stretch. Temperature dependence of P, virtually disap-
peared. Velocities of the first and second phases of tension rise followed
changes in the velocity of the ramp stretch. Note that adding of blebbistatin
suppressed the velocity of the first phase of tension rise but accelerated the
velocity of the second phase at high temperature. Change in P, at three-fold
change of the ramp velocity was less than 20%.
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Dependence of tension, stiffness and critical tension on temperature,
velocity of fibre stretch and blebbistatin

Tem- _ | Isomet- ISOmet- | yittness | VElOCIty Velocity of
perature; | . i ric duri of tension tension rise | Pc
stretch | "¢ ten stiff- uring rise in - '
velocity, sion, iy stretch, phase 1, in phase 2, | kPa
%/ms kPa MPa MPa kPa/ms kPa/ms
No blebbistatin
3°C; 32.7+ 20.8+ 5.8+ 262+
0.17 423+ | 16.6x 3.6 3.8 1.7 34
3°C; 9.3 11 30.2+ 68.8+ 8.7 328+
0.50 2.4 13.3 2,1 25
28°C; 30.0+ 14.2+ 4.3+ 383+
0.17 255+ 21.8+ 4,1 4.2 0.6 21
28°C; 65 3.0 35.8+ 72.2+ 10.5+ 435+
0.50 7.3 16.18 2.7 93
5 uM blebbistatin
3°C; 26.2+ 13.7+ 5.2+ 209+
0.17 28.9+ 9.9+ 55 3.2 1.8 68
3°C; 12.8 3.2 24,5+ 45.3+ 15.4+ 240+
0.50 5,0 8,6 4.2 65
28°C; 22.5+ 10.9+ 6.0+ 181+
0.17 748+ | 10.1% 6.9 3.1 1.7 55
28°C; 25.5 4.6 30.8+ 37.5+ 16.3+ 216+
0.50 8.9 7.7 4.6 68

Significant suppression of fibre tension and rather moderate de-
crease in stiffness at high temperature in the presence of blebbistatin indi-
cates a reduction in force generating ability of myosin heads. This obser-
vation is in a good agreement with the explanation by Allingham et al.
(6) that blebbistatin biases myosin heads into myosin-actin-ADP state(s)
thus preventing their transition to power stroke state. The decrease of ten-
sion rise velocity in the first phase and the acceleration of the second
phase also indicate a re-distribution of cross-bridges in favour of non-
stereo-specifically attached states including pre-force generating state.

Taken together, our results can explain the mechanism of change in
the velocity of tension rise during ramp stretch on the base of recently
suggested model (7) with two assumptions. Fig. 2 illustrates this explana-
tion. Assumption 1 is that strength of binding of stereo-specifically at-
tached myosin head is such high that the ramp stretch first bends its lever
arm domain and only after that pulls out the head from stereo-specific bin-
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Fig. 2. Schematic model of the behavior of myosin heads upon ramp stretch
of muscle that explains our data. During isometric contraction (state 1) only
one (black) of two heads of myosin molecule is stereo-specifically bound to
actin. Stretch first bends its lever arm domain thus promoting non-stereo-
specific attachment of the second (gray) head (state 2) and then unlocks the
bound head to a non-stereo-specifically attached state 3. As both heads are
bound non-stereo-specifically, their resistance to the stretch becomes weak-
er and velocity of tension rise decreases.

ding. In this case bending of the lever arm may allow non-stereo-specific
attachment of the second head that would increase both stiffness and ten-
sion (transition 1-2 in fig. 2). Further stretching leads to the break of
stereo-specific bond (2—3) and both heads become non-stereo-
specifically attached. Assumption 2 is that the non-stereo-specific bond is
mechanically weaker than the stereo-specific bond. This means that dur-
ing stretching they will show lower force when both heads are non-
stereo-specific than when one of them is stereo-specific.

This explanation does not contradict to the X-ray data obtained
during ramp stretching of contracting muscle fibre (7) which showed a
decrease in the intensity of the first actin layer line, A1, in the diffraction
pattern at high stiffness of the fibre. Interpretation of the results was that
the stiffness during the stretch provided largely by non-stereo-specifically
attached heads, which contribute to Al intensity significantly less than
stereo-specifically bound heads.
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VALIDATION OF BETA-ACTIN AS A REFERENCE GENE
IN SINGLE-CELL GENE EXPRESSION ANALYSIS

A. Kolesnikova, A. Cherkashin, A. Khokhlov, M. Bystrova
Institute of Cell Biophysics RAS, Institutskaya ulitsa 3, Pushchino,
142290, Russia

Beta-actin is one of the six different but highly conserved actin
isoforms in vertebrates, which are involved in cell structure, motility, in-
tegrity, and cohesion. Beta-actin protein is present at a constant level in
different types of normal and pathological tissues and under different
treatment conditions, thus representing a useful loading control in West-
ern blot analysis to verify that the gel lanes have been evenly loaded. Be-
ta-actin is also commonly used to normalize molecular expression studies
due to its high conservation as an internal reference marker. It is known
as an endogenous housekeeping gene, which shows stable, unregulated,
high-level expression in all cell types. Housekeeping genes are used to
normalize mRNA levels between different samples in quantitative RT-
PCR analysis to account for sample handling, loading and experimental
variation. Quantification of the mRNA of the target and the housekeeping
gene in the sample ensures that the changes in transcript levels will influ-
ence both genes equally. However, the important question remains
whether beta-actin can be used as a reference gene for normalization pur-
poses in single-cell gene expression studies. Therefore, the aim of this
study was to evaluate the invariance in the expression level of beta-actin
gene among individual cells of the same type. We performed single-cell
RT-PCR analysis of beta-actin in individual olfactory neurons isolated
from olfactory epithelium of transgenic OMP-GFP mice.
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Materials and methods

Isolation of single cells. Olfactory epithelium was dissected from
adult OMP-GFP mice (a kind gift from Prof. H. Breer (Germany)). Olfac-
tory epithelial turbinates were soaked in an extracellular solution (in mM:
135 NaCl, 5 KCI, 1 MgCl,, 1 CaCl,, 10 glucose, and 10 HEPES, pH 7.4
with NaOH) to remove superficial blood and debris. The turbinates were
rinsed 3 times at 3 min intervals. Olfactory epithelium was dissociated for
15 min in a solution containing 0.05% tripsin, 140 mM NaCl, 5 mM KClI,
1 mMEGTA, 1 mM EDTA, 10 mM Hepes (pH 7.0) at room temperature.
The tissue was then removed and rinsed 3 times with the extracellular
solution. To isolate individual cells, a piece of the olfactory epithelium
was first shredded by a steel needle and then gently triturated by a fire-
polished glass pipette. Dispersed cells were then plated on dishes. Cells
that were adhered to the dish were carefully rinsed with the bath solution
containing 140 mM NacCl, 2.5 mM KCI, 1mM MgCl,, 1 mM CaCl,, and
10 mM HEPES (pH 7.4 with NaOH) to minimize possible contamina-
tions with RNA from lysed cells. Dissociated cells were visualized under
a Ziess Axioscope-2 microscope and identified by their characteristic
morphology. A single olfactory neuron was sucked into a firepolished
glass micropipette with an opening of 4-10 um, expelled into a PCR tube
filled with a solution for first-strand cDNA synthesis, snap-frozen, and
stored at -70°C. Cell lysis was subsequently performed at 70°C.

Single-cell RT-PCR analysis. The cellular material was utilized for
the SMART (switching mechanism at the 5' end of RNA templates) cDNA
synthesis using Mint cDNA synthesis kit (Evrogen) based on slightly mod-
ified protocols described in the user manual. Specifically, a modified oligo-
dT primer containing a T7 promoter sequence was used in reverse tran-
scription reaction. First-strand cDNA was synthesized directly from cell
lysate harvested via glass micropipette and expelled into a PCR tube con-
taining 3.3 pmol T7- oligo(dT);s oligonucleotide and 5 pmol template-
switching primer in water. As negative control, the bath solution with no
cell was sucked into a pipette and expelled into a PCR tube. The sample
(2.3 ul) was incubated at 70°C for 2 min, cooled to 42°C, and then a 2,7 pl
RT mixture was added (1 ul 5X RT buffer; 0.5 ul 0.1 mM DTT; 0.5 ul 10
mM dNTPs; 8 U RNaseOUT Inhibitor (Invitrogen); 0.5 ul Mint Reverse
Transcriptase). The reaction mixture was incubated at 42°C for 30 min, and
after the addition of the 2.5 ul IP solution for incorporation of template-
switching primer (Evrogen), it was additionally incubated at 42°C for 1 h
30 min. For global cDNA amplification, 67.5 pul PCR mixture (7.5 ul 10X
buffer; 1.5 ul 10 mM dNTP mix; 1.5 ul 10 uM (each) oligonucleotides (5’-
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AAGCAGTGGTATCAACGCAGAGT-3’ and 5-
AAACGACGGCCAGTGAATTGTAATACGACTCAC-3%), 1.5 ul En-
cyclo Polymerase Mix; 54 ul water) was added to the tube, and a 20-cycle
PCR amplification was performed according to the schedule from the kit
user manual. After completion, the sample was purified using a High Pure
PCR Cleanup Micro Kit (Roche). The subsequent antisense RNA (aRNA)
amplification of the sample by in vitro transcription from the T7 promoter
sequence was carried out in 100 pl reaction mixture for 4 h with the use of
T7 RNA polymerase (Promega) following the manufacturer’s instructions.
After aRNA amplification, DNA template was removed by incubation of
the reaction with 4 U DNase | (Sigma) for 15 min. Amplified aRNA was
purified using RNeasy MinElute Kit (Qiagen) and reverse-transcribed with
SuperScript 111 (Invitrogen) and random hexanucleotides in a 20 pl reaction
at 50°C for 1h. The globally amplified cDNAs of an individual cell was
used as templates in sequence-specific PCR. Intron-spanning primers for
beta-actin were designed to amplify cDNA but not genomic DNA. PCR
products were analyzed on a 1.4% agarose gel electrophoresis using
GeneRuler 1 kb DNA ladder (Fermentas) to assess amplicon sizes.
Results

Single cells present specific challenges for gene expression profil-
ing because their mRNA is not readily accessible by conventional meth-
ods of isolation. Another problem is minute amount of mMRNA present in
individual cells. It is generally assumed that a single cell contains approx-
imately 10-20 pg of total RNA, 1-3% of which represent mRNA. The
problem of limiting RNA can be resolved with the use of RNA amplifica-
tion techniques that enable generating sufficient targets from sub-
picogram quantities of starting sample (Eberwine et al. 1992). Another
challenge for single-cell analysis is the procedure of cell isolation from a
tissue and correct identification of the type of an isolated cell. The proce-
dure of mechanical and enzymatic dissociation of the tissue enables liber-
ation of individual cells of various types, however dissociated cells lose
their native shape and distinct morphology and their cellular identity can-
not be established visually with certainty based on generally accepted
criteria. To obtain the homogeneous cell population from the tissue con-
taining diverse cell types we used here a transgenic reporter mouse whose
olfactory sensory neurons express green fluorescent protein (GFP) driven
by the olfactory marker protein (OMP) promoter.

In OMP-GFP mouse, GFP is strongly expressed throughout the cy-
toplasm of the mature olfactory sensory neurons labeling them in living
cells (Steve M. Potter et al, 2001). The olfactory sensory neurons reside
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Fig. 1. Fluorescent image of dissociated olfactory neurons isolated from
OMP-GFP mice.
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Fig. 2. RT-PCR analysis of the beta-actin gene expression in individual ol-
factory neurons isolated from OMP-GFP mice.

in the olfactory epithelium tissue. The olfactory epithelium contains three
major cell types: olfactory neurons, sustentacular cells, and basal cells.
The mature olfactory neurons from OMP-GFP mice are easily identified
among other cell types following the procedure of mechanical and enzy-
matic dissociation by green fluorescence (fig. 1).

The approach we used here for single-cell gene expression analysis
relied on a combination of SMART PCR and T7 polymerase-based am-
plification techniques. It involved: (1) first-strand cDNA synthesis using
T7-oligo-dT primer and 3’- tailing of the single-stranded cDNA by tem-
plate switching mechanism; (2) first-round amplification of single-cell
cDNA by a sequence non-specific SMART-PCR protocol; 3) second-
round amplification with T7 RNA polymerase leading to conversion of
cDNA to aRNA,; (4) removal of DNA template by digestion with DNase
I; (5) reverse transcription of the total aRNA pool of a single cell fol-
lowed by sequence-specific PCR. With this approach, we analyzed 17
individual neurons and succeeded in the amplification of beta-actin PCR
products from each of them (fig. 2).
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The results of single-cell RT-PCR analysis presented here demon-
strate cell-to cell variation in the beta-actin expression level. The intensi-
ties of the RT-PCR bands are different in samples processed from indi-
vidual cells (Fig.2). Note that all cells with green fluorescence express
olfactory marker protein. Therefore, they represent the subpopulation of
mature functionally active olfactory neurons with the established synaptic
contacts in the olfactory bulb. The molecular analysis of individual olfac-
tory neurons demonstrated clear heterogeneity in the expression level of
beta-actin within homogeneous cell population.

Conclusion

To be used as a reference, a gene should show invariable expres-
sion level in the analyzed samples. Our work provides evidence that beta-
actin is not a reliable marker for internal control in single-cell gene ex-
pression analysis.

This work was supported by a grant from RFBR 13-04-00913.

ROLE OF ISOFORMS OF CARDIAC CONTRACTILE
AND REGULATORY PROTEINS IN CALCIUM REGULATION
OF ACTIN-MYOSIN INTERACTION

G.V. Kopylova, D.V. Shchepkin, L.V. Nikitina
Institute of Immunology and Physiology of the RAS, Laboratory
of Biological Motility, Pervomayskaya ul., 91,
Yekaterinburg , 62004, Russia

Contractile function of heart depends on pattern of contractile and
regulatory proteins of cardiomyocytes. Changing conditions of the work-
ing heart leads to change of sarcomere proteins of cardiomyocyte. Thus
Izumo et al. [1] shown that at pressure overload of the heart an expression
of certain proteins (B-chain of tropomyosin, skeletal actin, p- myosin
heavy chain) is increased. Research with dilated cardiomyopathy mutant
tropomyosin mice demonstrated an increased expression of both [-
myosin heavy chain and skeletal a-actin [2]. Previously we shown that -
actin isoforms affect calcium regulation of actin-myosin interaction in
myocardium and this is specific for the isoforms of cardiac myosin [3].

The experiments with overexpression of B-tropomyosin in the adult
murine hearts showed that the increase of B-chain up to 50-60% increased
calcium sensitivity of “pCa-force” relationship, decreased the maximum
rate of relaxation and resulted in diastolic dysfunction [4]. Further in-
crease of B-tropomyosin expression up to 75-80% led to animal death
shortly after birth [5].
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The aim of this work was to study the role of B-tropomyosin for
functioning of myocardium. For this Ca®*-regulatory effect of
tropomyosin isoforms (with different content of a- and p-chains) on ac-
tin-myosin interaction was studied in the in vitro motility assay with car-
diac myosin and a-actin isoforms.

Homodimer of a-chains of tropomyosin (aa-TM), cardiac actin and
troponin were obtained from left ventricles of euthyroid rabbit. Heterodi-
mer of a- and B-chains of tropomyosin (af-TM) was isolated from left ven-
tricles of bovine heart and contained 10% B-chain. Skeletal actin was pre-
pared from m. psoas of rabbit. V1 and V3 cardiac myosin isoforms were
obtained from left ventricles of hyper- and hypothyroid rabbit, respectively.
Myosin from the left ventricles of hyperthyroid rabbits contained 90% o-
and 10% B- heavy chain, myosin from hypothyroid rabbits contained 10%
and 90% o- and B-heavy chain, respectively. The in vitro motility assay
was performed as described previously [6]. We obtained the dependence of
sliding velocity of the regulated thin filaments on calcium concentration in
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Fig. 1. The “pCa-velocity” relationships for regulated thin filaments con-
sisting of skeletal (A) and cardiac (B) a-actin with aa-TM (circles, solid
line) or of-TM (diamond, dashed line) tropomyosin over V1 and V3
isomyosins. The data were fitted with the Hill equation. Each data point
represents mean + SD of three experiments.
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the flow cell (fig. 1). The data obtained were fitted to the Hill equation: V =
Vinax(1+10"PCPC0Y \where V and Vi are velocity and maximal velocity
obtained at saturating calcium concentration, respectively, pCas, (i.e. calci-
um sensitivity) is pCa at which half maximal velocity was achieved, and h
is the Hill coefficient.

The maximal sliding velocities of the regulated thin filaments con-
taining both cardiac and skeletal actin for V1 but not for V3 isomyosin
depends on ratio of o/p-chains of TM (table 1 and 2). The maximal slid-
ing velocities over V1 isomyosin were higher for the regulated thin fila-
ments with ao-TM. The Hill coefficient of “pCa-velocity” relationship
did not depend on ratio of o/p-chains of TM for cardiac isomyosins
withboth cardiac and skeletal actin (fig. 1; table 1 and 2). The Hill coeffi-
cient was higher for V1 as compare V3 isomyosin (table 1 and 2).

Calcium sensitivity of sliding velocities was markedly different for
the regulated thin filaments with ao-TM and af-TM in the case of V3 my-
osin with both actin isoforms. Presence of B-chain of TM increased pCas
of “pCa-velocity” relationships for V3 myosin (fig. 1; table 1 and 2).

Table 1. Data obtained in the in vitro motility assay with skeletal a-actin

isoforms parameters of Hill equation
myosin ™ Vimax, KM/ pCasg h
Vi ao-TM 528+0.25 7.75+0.09 | 0.94+0.22
af-TM 4.24 +0.20* 7.63+0.06 | 0.76+0.30
V3 ao-TM 3.70+£0.13 7.80+0.26 | 0.63+0.11
ap-TM 3.90+0.20 8.47 £0.10* | 0.63+0.12

The velocities and parameters of Hill equation are represented as mean +
S.D. * is denoted statistical significance of differences of Hill equation pa-
rameters with ap-TM from aa-TM with appropriate isomyosin (P<0.05).
Table 2. Data obtained in the in vitro motility assay with cardiac a-actin

isoforms parameters of Hill equation
myosin ™ Vinaxs LM/S pCasg h
Vi ao-TM 4.81+0.40 8.52+0.33 1.29 + 0.54
ap-TM 4.23£0.07* 7.68 £0.13* 1.25+0.29
V3 ao-TM 3.47 £0.07 7.69£0.17 0.68+0.02
ap-TM 3.40£0.10 8.63 £ 0.02* 0.58+0.10

The velocities and parameters of Hill equation are represented as mean +
S.D. * is denoted statistical significance of differences of Hill equation pa-
rameters with ap-TM from aa-TM with appropriate isomyosin (P<0.05).
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Noteworthy, presence of B-chain of TM had opposite effect on cal-
cium sensitivity of “pCa-velocity” relationship for V1 and V3 isomyosins
in case of cardiac actin (fig. 1B; table 2).

Thus, the ratio of a/B-chains of TM effect on maximal sliding velocities
of the regulated thin filaments over V1 isomyosin, calcium sensitivity of
“pCa-velocity” relationship for V3 isoform, and calcium sensitivity for
V1 with cardiac F-actin. Switching of the expression of sarcomere pro-
teins isoforms can be one of the mechanisms of adaptation of the working
heart to changing conditions of functioning.

Supported by RAS (12-P-4-1042, 12-P-4-1007), RBRF (13-04-
96027-Ural-a, 13-04-40101-H); “OPTEC” LLC, exclusive Distributing
Partner of the Carl Zeiss AG in Russia and the Government of Sverd-
lovsk Region.
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STUDY OF AGONISTS AND ANTAGONISTS OF CANNABINOID
RECEPTORS ON SYNAPTIC TRANSMISSION IN THE MOUSE
NEUROMUSCULAR JUNCTION

L.S. Korolyova, Y.A. Lebedeva, E.V. Gerasimova,
G.F. Sitdikova
Institute of Fundamental Medicine and Biology, Kazan (Volga Region)
Federal University, Kremlyovskaya st., 18, Kazan, 420008, Russia
Cannabinoids are a group of substances related to derivatives of the
plant Cannabis sativa, which exert potent pharmacological effects on the
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nervous system [1]. These effects are produced by the interaction of these
compounds with the cannabinoid membrane receptors named CB; and
CB5 [2]. The actions of cannabinoids have been shown to be related to the
inhibition of transmitter release in different synapses of the central
nervous system and in smooth muscle [3,4]. The mechanism by which
cannabinoids affect transmitter release is thought to work through the
activation of potassium channels (1a) or by blocking voltage-dependent
Ca*? channels or both [5]. The inhibition of N-type calcium channels
decreases neurotransmitter release in several tissues [6,7].

CB; agonists are useful for the prevention of nausea, vomiting and
for stimulate appetite. Also they display neuroprotective properties
because of inhibition of mediator release in glutamatergic synapses. The
effects of CB; receptors agonists have been shown in periphery nervous
system. At the neuromuscular junction of cold-blooded animals the
addition of the CB; receptor agonist decreased the frequency and
amplitude of the miniature end-plate potentials (MEPPs) [2].

Both receptor subtypes are involved in many physiological
functions, which are well studied in the central nervous system. However,
their effects at the peripheral nervous system of warm-blooded animals
still not researched. Therefore, the aim of this work was to determine the
effects of agonists and antagonists of cannabinoid receptors on synaptis
transmission in the mouse neuromuscular junction.

The experiments were performed on neuromuscular preparations of
diaphragm of white mouse using extracellular microelectrode recording
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Fig. 1. A. Eeffect of 10 pM WIN on evoked transmitter release. B. Poten-
tials of the end-plate currents (10 realizations) in the control and after add-
ing WIN 55,212-2 in a separate experiment.
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of end-plate currents (EPCs). All the experiments were performed under
conditions of constant perfusion of the preparation by Kreps solution.The
motor nerve was irritated by the electrical stimuli of the supramaximal
amplitude at a frequency of 0.2 imp/s. To eliminate the muscular
contraction the 1-2 uM d- tubocurarine was added into.

To examine whether cannabinoids modulate transmitter release in
the neuromuscular junction of the mouse, we used the cannabinoid agonist
WIN 55,212-2, which binds to both types of cannabinoid receptors. As
antagonist we used AM 281 (1 uM), which binds with CB; of cannabinoid
receptors. The results were processed by using standard methods.

The analysis of influence of WIN 55,212-2 (10 uM) of evoked
transmitter release showed that the agonist of cannabinoid receptors
reversibly reduces the amplitude of the EPCs. The average duration of the
effect was 40 minutes (fig. 1). The mean value of EPCs amplitude was
49,7 + 5% (n = 4; p <0.05).

The addition of 1 uM of AM 281, the CB; receptor antagonist, into
the external media resulted to increase of the end-plate currents. The
amplitude of the EPCs for 40th minute of the experiment reached 127,1 +
9,1% (n = 6; p <0.05) (fig. 2).

The present results show that the cannabinoid agonist WIN 55,212-
2, at micromolar concentrations, inhibits the evoked release of mediator
exerting the presynaptic effects in the neuromuscular junction of the mouse
diaphragmatic muscle. However, the presence of the CB;-selective anta-
gonist AM 281 at 1 UM has the opposite effect by facilitating the secretion
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Fig. 2. A. Eeffect of 1 uM AM 281 on evoked transmitter release. B. Poten-
tials of the end-plate currents (10 realizations) in the control and after add-
ing AM 281 in a separate experiment.
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of neurotransmitter in the mouse neuromuscular junction. The same results
were obtained in the experiments in a cold-blooded animals. It was shown
that in the neuromuscular junction of the frog cutaneous pectoris muscle
the addition of WIN 55,212-2 reduced the quantal content, amplitude and
frequency of the miniature end plate potentials, and the presence of the
CB;-selective antagonist AM 281 inhibited these effects [5,6].

Thus, we can suppose that the cannabinoid system is involved in
endogenous modulating of the acetylcholine release at the motor nerve
ending of the mouse.

This work was funded by the subsidy of the Russian Government
to support the Program of competitive growth of Kazan Federal
University among world class academic centers and universities; by the
Russian Foundation for Basic Research and by Leading scientific school.
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TI" STIMULATES THE ION PENETRABILITY AND INDUCES
THE MITOCHONDRIAL PERMEABILITY TRANSITION IN
THE INNER MEMBRANE OF RAT HEART MITOCHONDRIA

S.M. Korotkov, V.P. Nesterov, 1.V. Brailovskaya, V.V. Furaev
Sechenov Institute of Evolutionary Physiology and Biochemistry,
the Russian Academy of Sciences, Thorez pr. 44,

St. Petersburg, 194223, Russia

We showed earlier that TI" did induce opening mitochondrial
permeability pore (MPTP) in the inner membrane (IMM) of Ca*-
loaded rat liver mitochondria (CaRLM) incubated in a medium contain-
ing TINO; and nitrates (NH;NO3z; or KNOs ) or TINO; and sucrose
(Korotkov, Saris, 2011). This MPTP was shown as the increase in both
swelling and dissipation of mitochondrial membrane potential as well as
in the decrease of state 4, state 3, or 2,4-dinitrophenol(DNP)-stimulated
respiration. On the other hand, effects of TI" on isolated rat heart mito-
chondria (RHM) are pure researched. Therefore we studied RHM in the
use of 400 mOsm medium containing TINO3 and the nitrates or TINO;
and sucrose. Our experiments showed that permeability of the IMM of
these mitochondria to K* and H* ions was visible increased by TI" ions
that manifested as an stimulation in swelling of nonenergized RHM in
the lot of sucrose < K* < NH,", accordingly. Following succinate ad-
ministration did induce potent contraction of the RHM preswollen in
the medium containing TINO; and NH4NOs. Both the swelling stimula-
tion and the decrease in basal and DNP-stimulated respiration after ad-
ministration of Ca*" into medium containing TINO; and KNO; suggest
about opening of the TI*-induced MPTP in the IMM of Ca”*"-loaded
RHM as well. Activation of these TI" effects was found in the presence
of the MPTP inducer (carboxyatractyloside) or the mitochondrial Katp
channel (mitoKarp) inhibitor, 5-hydroxydecanoate. Therewith, MPTP
inhibitors (cyclosporine A, ADP, bongkrekic acid, and n-ethyl-
maleimide) did suppress the MPTP. We propose that the greater sensi-
tivity of heart muscles versus liver, to thallium salts in vivo can be re-
sulted in more vigorous TI" effects on muscle cell mitochondria.
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COMPETITION BETWEEN TROPOMODULIN ISOFORMS
IN MUSCLE AND NON-MUSCLE CELLS.
Alla S. Kostyukova
Voiland School of Chemical Engineering and Bioengineering,
Washington State University, Pullman, WA 99164, USA

Tropomodulin is an actin-capping protein that binds to two
tropomyosin molecules at the pointed end of the actin filament in order to
prevent further actin polymerization and depolymerization. Understanding
the role of tropomodulin is very important when studying actin filament
dependent processes such as muscle contraction or neuritogenesis.
Tropomodulin /tropomyosin interactions are isoform-dependent. There are
four Tmod isoforms (Tmod1-4). Tmod1, Tmod3, Tmod4 are expressed in
skeletal muscles, and Tmod1, Tmod?2 are expressed in neurons. We altered
affinity of tropomodulin to tropomyosin by point mutations in the binding
sites and tested the mutants in vitro and in cell-based experiments. Two
types of cells were used, primary chicken skeletal myocytes and PC12
cells, a model system for neuronal differentiation.

Assembly of Tmodl at the pointed ends of thin filaments in
sarcomers was studied in myocytes. The mutations R11K, D12N and
Q144K were chosen because they decreased the affinity of Tmod1 to stri-
ated muscle a-tropomyosin (stTM), making it similar to that of Tmod3
and Tmod4. Significant reduction of inhibition of actin pointed-end
polymerization in the presence of stTM was shown for Tmodl
[R11K/D12N/Q144K] in pyrene-actin polymerization assays as com-
pared with wild-typeTmodl. When GFP-Tmodl and mutants were ex-
pressed in myocytes, decreased assembly of Tmodl mutants was re-
vealed. This indicated a direct correlation between tropomyosin-binding
and actin-capping abilities of Tmod.

Assembly of the actin cytoskeleton is an important part of
neuritogenesis, or formation of neurites (future dendrites and axons),
in developing neurons. Tropomodulin is one of the key players in this
process. GFP-Tmod1 overexpressed in PC12 cells did not affect for-
mation of neurites; while cells expressing ChFP-Tmod2 showed a sig-
nificant reduction in the number and the length of neurites. Both
tropomodulins bind short a-, y- and 8-tropomyosin isoforms but with
different affinity. We introduced two mutations, A21K and E33V, in
one of the tropomyosin-binding sites of Tmod1 to increase its affinity
to short y- and &-tropomyosin isoforms and make it similar to that of
Tmod2. The mutations caused a 2-fold decrease in the length of
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neurites. Our data confirmed the hypothesis that competition between
tropomodulin isoforms for assembly at the pointed-end of actin fila-
ments in different types of cells depends on their tropomyosin-binding
properties.

MODELING THE STRUCTURE OF THE THICK FILAMENTS
OF TARANTULA MUSCLE USING ELECTRON MICROSCOPY
AND X-RAY DIFFRACTION
N.A. Koubassova', L. Alamo?, A.K. Tsaturyan®, R. Padrén?
YInstitute of Mechanics, Moscow State University,
Mitchurinsky prosp. 1, Moscow, 119992, Russia;

“Centro de Biologia Estructural, Instituto Venezolano de Investigaciones
Cientificas (IVIC), Caracas, Venezuela

Tarantula muscle is an outstanding system for understanding the
molecular organization of the myosin filaments. 3D reconstruction of ta-
rantula filaments based on cryo-EM images and single particle image
processing revealed that in the relaxed state, myosin molecules undergo
intra-molecular head-head interactions, explaining how head activity is
switched off [1,2]. A model (PDB code 3DTP) was obtained by fitting a
tilt-corrected 3D electron density map [2] with an atomic model built
from a human cardiac myosin subfragment 2 (S2) crystal structure [4], a
homologue atomic model of tarantula (Avicularia) myosin regulatory
light chain [2], and atomic models of an essential light chain and myosin
heads from chicken smooth muscle [3].

It is known that 3D reconstruction based on cryo-EM technique
with negative staining may not reproduce the distances between the ob-
jects. For the correct positioning of myosin heads on the backbone of
myosin filament we used direct modeling approach developed for the
analysis of X-ray diffraction data from contracting rabbit muscle fibres
[5]. We considered one myosin filament with 4-stranded helix of myo-
sin molecules, distances between the crowns of myosin heads were tak-
en as 14.5 nm, single unit cell contained 6 crowns or 48 heads.

First six myosin layer lines (M1 to M6) were calculated and compared
with low angle x-ray diffraction pattern from live tarantula muscle obtained
at DESY synchrotron radiation source (data provided by R. Padr6n). The
position of the main peak on the M1 layer line indicates that the radial posi-
tion of the centre of mass of the myosin heads in the model should be shifted
by 1 nm to increase the effective radius of myosin heads halo.
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Currently we are calculating the X-ray pattern from the
Aphonopelma quasi-atomic model including also the ring of 12
subfilaments of myosin tails and the 12 paramyosin rods core to refine
the model of the backbone of the tarantula thick filaments.

Supported by RFBR (grants No.11-04-00908a and 13-04-40100-H)
to N.A.K. and A.K.T.
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DELIVERY OF siRNA TO CULTURED MYOTUBES
BY CONJUGATE OF ARGININE-CONTAINING
OLIGOPEPTIDE WITH FS2 VENOM
1.V. Kravchenko, V.A. Furalyov, V.O. Popov
Bach Institute of Biochemistry, Russian Academy of Sciences,
Leninskiy prospect 33, Moscow, 119071, Russia

siRNAs are considered as promising drugs for the therapy of various
pathological states. However there are still no publications describing devel-
opment of drugs based on siRNA to genes of muscle proteins. siRNAs to
myostatin and also to its receptor seem to be the most promising for devel-
opment of such drugs. RNA interference was successfully applied to de-
crease the content of myostatin mRNA and mRNA of its receptor in murine
cell culture. Nonetheless, the standard methods for transfection of skeletal
muscles in living organisms have noticeable drawbacks. Viral vectors pro-
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vide high efficiency of transfection, but their use can generate tumors. The
methods of electroporation, hydrodynamics-based transfection, and use of
liposomes and complexes with polycations are almost safe, but nucleic acid
penetrates into muscle tissue with low efficiency. Methods of the targeted
delivery of nucleic acids into tissues using antibodies to tissue-specific pro-
teins or low molecular weight ligands specifically binding to surface recep-
tors seem to be more efficient. The multicomponent systems including a spe-
cific molecule recognizing cell surface, a substance providing nucleic acid
penetration through membrane (polycations or liposomes with the positively
charged lipids), and siRNA itself are most promising for siRNA delivery.
However, such multicomponent systems for specific delivery have not yet
been developed for application to skeletal muscles. A ligand binding to pro-
tein on muscle surface is the most important component of delivery systems.
In this respect, Ca** channels of L-type (dihydropyridine receptors) are of
specific interest among various membrane muscle proteins. Small cationic
oligopeptides containing arginine, lysine, or ornithine residues are often used
as a component providing penetration of siRNA through the membrane. The
goal of the present work was to develop a system of siRNA delivery to mus-
cle cells based on the ligand of dihydropyridine receptors FS2 venom and
cationic oligopeptide R(7)-K-R and study of its efficiency in vitro.

For development of the delivery system, we used siRNA to the my-
ostatin gene with proven capacity to induce RNA interference — 5'-
AAGAUGACGAUUAUCACGCUA-3" (Magee, T R. et al., 2006, J. Gene
Med., 8, 1171-1181). Peptide R(7)-K-R was conjugated with FS2 venom
from Sigma (USA) using sulfosuccinimidyl-pyridyldithiopropionamido-
hexanoate (sulfo-SPDP) according to the producer's instructions. The re-
sulting conjugate was purified on the column HiTiap CM FF from GE
Healthcare (UK). To prepare complexes, sSiRNAs were mixed with conju-
gate or peptide in DMEM and incubated for 15 min. The complexes were
added to 60 mm Petri dishes with differentiated myotubes in DMEM con-
taining 10% FCS to the final volume 5 ml, incubated for 24 h and then the
RNAs were isolated for analysis of myostatin expression.

The conjugation of R(7)-K-R oligopeptide with FS2 venom was car-
ried out. To analyze peptide/venom molar ratio in the resulting conjugate, it
was reduced with B-mercaptoethanol, released R(7)-K-R and FS2 were
separated by gel filtration, and their amounts were estimated by Lowry.
Peptide/venom molar ratio in the conjugated appeared to be ~ 2 : 1.

Then we studied the efficiency of siRNA delivery to the differenti-
ated myotubes at various conjugate/siRNA ratios; efficiency of siRNA de-
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Fig. 1. Effect of transfectant/siRNA ratio on efficiency of myostatin
mRNA interference.

livery by non conjugated peptide at various peptide/siRNA was also stud-
ied as a control (fig. 1).

It appeared that the maximal efficiency of transfection was observed
at the conjugate/siRNA mass ratio 8 : 1, expression of myostatin mRNA
being ~ 2-fold decreased compared with control cells. Reliable decrease of
myostatin mRNA level was observed beginning with ratio 2 : 1. In the case
of transfection of myotubes with complexes of non-conjugated peptide and
siRNA the optimal mass ratio was 2 : 1, expression of myostatin mRNA
being ~1.7-fold decreased compared with control. In this case reliable de-
crease of myostatin mRNA level was observed beginning with the ratio 0.5
: 1. Incubation of cells with non-conjugated peptide and also with conju-
gate at all studied concentrations resulted no noticeable change in expres-
sion of myostatin mMRNA. When conjugate/siRNA mass ratio was in-
creased to 16 : 1, no further increase in efficiency of transfection was ob-
served, whereas cytotoxicity of the complex significantly increased. Anal-
ogous increase in toxicity without increase in efficiency of delivery was
observed on increase in peptide/siRNA mass ratioto 4 : 1.

The dependence of suppression of expression of myostatin mMRNA
on concentration of siRNA complexes with conjugate and the non-
conjugated peptide was also studied (fig. 2). For this, we used complexes
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Fig. 2. Dependence of efficiency of myostatin mRNA interference on
amount of transfectant/siRNA complex. Differentiated myotubes (a)
and non-differentiated myoblasts (b) were used for transfection.

with the optimal transfectatnt/siRNA ratios, that is 8 : 1 on transfection
with conjugate and 2 : 1 on transfection with peptide.

It was found that when complexes of siRNA to myostatin with
conjugate were used for myotube transfection, a reliable decrease in ex-
pression of myostatin was observed already at transfection with 12.5
pmol siRNA, whereas transfection with siRNA/non-conjugated peptide
complexes caused statistically reliable effect of myostatin mRNA inter-
ference only when 200 pmol of siRNA were used.
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Efficient siRNA doses causing decrease in myostatin mRNA level
to 2/3 of control also varied significantly. On transfection with
siRNA/conjugate complexes, 33% decrease in mRNA-target expression
was observed on addition of 74 pmol of siRNA, whereas transfection
with siRNA/peptide complexes caused the same effect only on addition
of 313 pmol of siRNA.

To test specificity of siRNA delivery using the synthesized conju-
gate, analogous experiments were performed using non-differentiated
myoblast culture. It was found that when these cells were used, the com-
plexes of siRNA to myostatin with conjugate demonstrated almost the
same transfection efficiency as complexes of SiRNA with the non-
conjugated peptide: in both cases statistically reliable decrease in my-
ostatin mRNA level was observed only on addition of 200 pmol siRNA.
Efficient sSiRNA doses causing decrease in myostatin mRNA level to 2/3
of control were also practically equal.

Transfection of myotubes with siRNA/conjugate complexes caused
decrease in myostatin expression not only on mRNA level, but also on
protein level.

We produced conjugate of cationic arginine-containing oligo-
peptide and FS2 venom allowing successful transfection of siRNA to
myostatin in differentiated myotubes in vitro. It should be noted that
transfection was performed in the presence of serum proteins, that is, un-
der conditions more corresponding with the in vivo situation than trans-
fection in serum free media, which is required when classical liposome
based reagents such as Lipofectamine, Oligofectamine, and others are
used. Activity of these reagents significantly decreases in the presence of
10% FCS, that is, under the usual conditions for cell culture.

The developed conjugate exhibited significantly higher transfecting
potential for cultures of differentiated myotubes than the non-conjugated
cationic oligopeptide. The interference effect of myostatin mMRNA when
siRNA/conjugate complexes were used manifested itself at sSiRNA con-
centrations an order of magnitude lower than those when siRNA/peptide
complexes were used. On transfection with the maximal nontoxic siRNA
doses, use of complexes with conjugate also produced a larger interfer-
ence effect. So, we conclude that the produced conjugate is promising for
study of siRNA transfection in models in vivo.
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MORPHOLOGICAL FEATURES OF FASCIOLA HEPATICA
MUSCULATURE IDENTIFIED BY TRITC-PHALLOIDINE
FLUORESCENCE

IN.D. Kreshchenko, 20.0. Tolstenkov
YInstitute of Cell Biophysics RAS, Pushchino; Moscow region;
“Center of Parasitology of Severtsov Institute of Ecology
and Evolution RAS, Moscow

Musculature of the body in representatives of phylum Platyhel-
minthes is carrying out of a supporting function for cells in the whole
organism, forming a shape of the body, as well as takes part in different
types of muscle activity - locomotion, food intake, reproduction. In
free-living flatworms (class Turbellaria) the musculature is also used for
searching, capturing and holding the prey, food uptake and for the ac-
complishment of reproductive behavior repertoire. In numerous parasit-
ic representatives of classes of Trematode, Cestode and Monogenea the
musculature serve for the penetration into host species, attachment to
the host tissue, and for locomotion and swimming of their free-living
larval stages during their life cycle. For the visualization of the morpho-
logical structure of flatworm’s musculature the histochemical and
immunocytochemical methods are used with conjunction with fluores-
cent and confocal laser scanning microscopy. Specific fluorescently
labeled antibodies or fluorescently labeled phalloidin are usually em-
ployed. The rationale behind the last method is that F-actin filaments,
which occur predominantly in muscle fibres, specifically bind
phallotoxins [1]. In the present study the investigation of musculature
organization using staining with fluorescently (TRITC) labeled
phalloidin has been performed in parasitic flatworm Fasciola hepatica
(Trematoda, Platyhelminthes).

Methods

Animals 15-20 mm in length were recovered from a bile duct of
the infected cows, rinsed in physiological solution for 2 hrs, flat fixed in
freshly made 4% paraformaldehyde in 0.1 M phosphate-buffered saline
(PBS, pH 7.4) for 24 hrs at 4°C, transferred to Ependorffs tube in fresh
paraformaldehyde solution for next 6 hrs at 4°C. Than samples were im-
mersed in 10% sucrose in PBS for 3-5 days, embedded in Tissue Tek,
frozen and sectioned frontally on 16-18um sections by Shandon cryotom
(Termoelectron Corporation, UK) at -20°C. Sections were collected on
Polysine or Gold Super Frost Plus microscope slides (Menzel-Glaser,
Germany) and dried on air for 2 hrs. For histochemical staining the sec-
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tions were washed 3 times for 5 min in PBST (containing PBS with 0,3%
of Triton X-100, Sigma) and stained for 12 hrs by TRITC-(tetramethyl-
rhodamine isotiocyanat)-labeled phalloidin (Sigma), in solution contain-
ing 200 ng/ml of phallodin using wet chamber in strict horizontal position.
After final wash slides were mounted in PBS/glycerol (1:9) under the
cover slips and examined with fluorescent Leica DM600 microscope con-
nected with digital photo camera Leica DFC 490 or with Leica TCS SP5
(Germany) confocal laser scanning microscope.
Results and discussion

The present study provided the information on muscle system or-
ganization in parasitic trematode Fasciola hepatica (fig.1, A-D). The data
revels that body wall musculature of F. hepatica situated underneath of
the epidermis comprises of three muscular layers: the outer circular, the
inner longitudinal (running perpendicular an parallel to the main body
axes, respectively) and the intermediate layer of diagonal muscle fibres
running in two directions. The three body wall musculature’s layers are
tightly packed and hardly distinguishable on the frozen sections from
each other. Regularly situated transversal bundles composing of several
muscle fibres have been found connecting the dorsal and the ventral body
sides (fig.1, B,C). The oral and the ventral suckers display similar organi-
zation, they consist of densely packed circular, radial and longitudinal
muscle fibres. The pattern of musculature in cylindrical pharynx is consti-
tuted of the inner circular and the outer longitudinal muscle fibres (fig.1,
B). Branches of the blind intestine are underlying with much more loose-
ly packed thin circular and diagonal muscle fibres easily distinguished
(fig.1, C, D). Tubular structures of the complex reproductive apparatus of
F. hepatica are supplied with circular and diagonal muscle fibres (see the
egg-laying chamber on fig.1, C), as well as with irregularly organized and
running in different directions thin muscle filaments.

Until last two decades a little was known about the organization
and the functioning of the muscle system in representatives of Platyhel-
minthes. Because of their high economical and medical importance, the
numbers of the investigations on parasitic flatworms infecting of human
being and their life stocks are now essentially raised. Thus, the morphol-
ogy of the body musculature had been described for free-living turbellaria
Dugesia tigrina [2], Dugesia japonica [6], Girardia tigrina [3] and
Polycelis tenuis [4]. For paprasitic worms the data had been revealed for
Schistosoma mansoni [5], Apatemon cobitidis proterorhini, Cotylurus
erraticus and Bucephaloides gracilescens [7,8], Echinostoma caproni [9];
Echinoparyphium aconiatum [10], Cercaria parvicaudata, Maritrema sub-
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Fig. 1. Musculature of Fasciola hepatica stained with TRITC-labeled phal-
loidin.

A — Ventral sucker in the middle part of the body part with densely packed
numerous myofibres (thin arrow), branches of blind intestine surrounding
with myofibrils (thick arrows) and thick bundles of muscle fibres (arrow-
heads) connecting dorsal and ventral side of the body; stick point out on
dorsal side of the body with tightly packed body wall myofilaments. B -
Musculature of the oral sucker (thick arrow) and pharynx (thin arrow) in
anterior body area. C - Regularly situated bundles of transverse muscles
connecting the dorsal and the ventral sides of the body (arrowheads), thick
body wall musculature comprised of longitudinal, diagonal and circular
layers of muscle fibres (white sticks) situated underneath of epithelia and
tegument, in the left upper corner the egg-laying chamber of the female re-
productive apparatus (thin arrow), comprised by thin circular and diagonal
muscle filaments, thick arrow indicate gut diverticula. D — The intestine
branches on sagittal section with loosely packed circular and diagonal mus-
cle fibres (arrows). Scale bars: on A, B - 100um, on C, D — 50um.
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subdolum and Himasthla elongate [11], and for a number of larval stages
of trematodes (see [12,13]). Our results indicate that the pattern of mus-
culature in F.hepatica share similarity with previously studied species
and retain conserved features in representatives of phylum Platyhel-
minthes. The data on musculature organization in basal flatworm species is
accumulating and can be useful for better understanding of major principles
of organization and evolution of muscle system in animal kingdom. The
physiological studies are now the actual for obtaining the essential infor-
mation on muscles function in flatworms and development of novel an-
thelmintic drugs using musculature as a target.

Supported by RFBR grant Ne12-04-01051-a and grant of The Pres-
ident of RF MK-811.2013.4.
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FUNCTIONAL INTERACTIONS OF Na,K-ATPase
WITH MOLECULAR ENVIRONMENT

I.1. Krivoi
St. Petersburg State University, St. Petersburg, Russia

The Na,K-ATPase is a P-type ATPase which catalyzes the active
transport of K* into and Na" out of the cell, thereby maintaining the steep
Na“ and K" gradients that underlie the resting membrane potential and
electrical excitability of cells. A Na* gradient ensures the work of coupled
transporters of Ca®" and H, glucose, amino acids, neurotransmitters, vit-
amins and reabsorption of Na*. Thus Na,K-ATPase plays the main role in
regulation of water-salt exchange, presents an important factor resisting
hypoxia and fatigue.

The Na,K-ATPase consists of alpha-catalytic and beta-glyco-
protein subunits as well as a FXYD subunit which modulates enzyme
activity. Presently mammals are known to have four isoforms of alpha
subunit, three isoforms of beta subunit of Na,K-ATPase, and also seven
proteins of the FXYD family. It is generally accepted that the ubiquitous
alphal isoform plays the main “house-keeping” role while the other
isoforms are expressed in a cell- and tissue-specific manner and possess
additional regulatory functions which are still poorly understood.

Owing to specific structural domains the Na,K-ATPase may form
multimolecular complexes with membrane, intracellular and cytoskeletal
proteins and take part in formation of functional microcompartments of the
cells and in intercellular interactions. An important role in compartmentali-
zation and regulation of Na,K-ATPase is played also by membrane lipids,
in particular cholesterol, which participates in control of fluidity and curva-
ture of cell membrane. Cholesterol also is an essential component of mem-
brane mobile heterogeneous domains — lipid rafts, participating in for-
mation of functional cell microcompartments. In addition, Na,K-ATPase
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forms multimolecular complexes in specialized microdomains of the mem-
brane called caveolae. They are the invaginations of the plasma membrane
characterized by specific lipid composition, in which some proteins are
localized performing a signal function in the cell.

It is shown that in neurons, astrocytes and myocytes cardiotonic
steroids (CTS) cause Ca®* oscillations only in special microcompartments
where Na,K-ATPase coordinates with Na*,Ca** exchanger (NCX), vari-
ous Ca®* channels and receptors of the plasma membrane in proximity to
sarco(endo)plasmic reticulum. In accordance with this «PLasmERosome»
model inhibition of a part of Na,K-ATPase leads to Na* accumulation in
these narrow near-membrane spaces. This is accompanied by accumula-
tion of Ca”" as a result of a decrease in its extrusion by NCX. It is estab-
lished that the Na,K-ATPase a2/a3 isoforms have specific structural do-
mains that are responsible for their ability to clusterize in these
microdomains. It is supposed that CTS-evoked slow Ca®* oscillations af-
fect not only muscle contractility but also genome and expression of pro-
teins, proliferation, differentiation, etc. In this local Ca?* handling there
also involved SERCA, ryanodine and IPs-receptors of sar-
co(endo)plasmic reticulum. It was shown that CTS may liberate Ca®*
from depot as a result of conformations changes of the Na,K-ATPase
alpha subunit N-end interacting with the IPs-receptor of sarcoplasmic
reticulum. In the formation of such Ca®* microdomains an important
role is played by various proteins, including ankyrin.

Many proofs has been shown for additional function of Na,K-
ATPase as a signal molecule. This function is realized due to functional
and direct molecular interactions of Na,K-ATPase with different neighbor-
ing proteins. Major of such proteins appears to be Src kinase, which forms
a functional complex with Na,K-ATPase, activating upon binding CTS a
series of signal intracellular cascades. It is supposed that signal function is
actualized by Na,K-ATPase in caveolae of the plasma membrane
(«Signalosome» model). According to this model, Na,K-ATPase alpha
subunit is involved in a signal complex with Src kinase. These complexes
also include NCX, Ca®* channels, phospholipase C, 1P3 receptor, caveolin
etc. Due to such molecular organization of signal transmission even ul-
tralow concentrations of CTS, without inhibition of Na,K-ATPase activity,
are capable of regulating most diverse cellular functions: protein synthesis,
proliferation and differentiation, processes of apoptosis, contractile proper-
ties and others, influence cell survivability and death, exert anticancer and
neuroprotector action. It is supposed that physiological stimuli triggering
such a signal complex a presented by endogenous CTS.
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Functional specialization and peculiarities of the Na,K-ATPase al-
pha2 regulation isoform are studied more precise. The alpha2 Na,K-
ATPase of astrocytes is involved in clearance of the intercellular space
from accumulated potassium ions. In addition, alpha2 isoform partici-
pates in glutamate level control due to functional and molecular interac-
tion with the glutamate transporter, which is considered to be an im-
portant factor in the pathophysiology of migraine.

In a vertebrates body Na,K-ATPase predominantly located in muscle
tissues where the alphal and alpha2 isoforms of alpha subunit are ex-
pressed. In skeletal muscle the Na,K-ATPase is critically important for ex-
citability, electrogenesis and contractility. It was shown that skeletal mus-
cle use and disuse differently regulates the alphal and alpha2 isoforms
however mechanisms of this regulation remain to be elucidated. Numerous
evidences suggest that the Na,K-ATPase alpha2 isoform play key role as
regulator of calcium balance and contractile properties of cardiac and
smooth muscles due to functional interaction with NCX and co-localization
with sarcoplasmic reticulum. It is established that it is the alpha2 isoform
that plays the main role in realization of positive inotropic action of cardiac
glycosides in cardiac, smooth and presumably skeletal muscles.

In sum, data obtained from different cells and tissues indicates that
the Na,K-ATPase alpha2 isozyme is the more regulated subunit com-
pared to alphal. Regulation of alpha2 Na,K-ATPase is determined by its
functional and molecular environment, localization in specific cellular
microdomains. These peculiarities of the alpha2 Na,K-ATPase are ac-
companied with its less stable integration into the cell membrane com-
pared to other Na,K-ATPase alpha isoforms. Instability of the alpha2 iso-
form is explained by its solely inherent peculiarities of transmembrane
domains M8-M10, responsible for interaction with phospholipids, and
also by weaker association with subunit FXYD1.

Supported by RFBR #13-04-00973a and St. Petersburg State Uni-
versity research grant #1.38.231.2014.
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EVOLUTION OF INDIVIDUAL CONTRACTILE EVENTS
DURING TETANIC STIMULATION OF FAST- AND SLOW-
TWITCH RAT MUSCLES
1.VV. Kubasov, R.S.Arutyunyan, E.VV. Matrosova
Sechenov Institute of Evolutionary Physiology and Biochemistry
RAS, 194223, 44, Thorez av., St-Petersburg, Russia

The purpose of this study was to evaluate behavior of individual
contractile components (ICC) of muscle response to a tetanic stimulation.
To achieve this, we analyzed characteristics (peak amplitude and half-
relaxation time) of the last ICC (force transient) in the tetanic
constraction evoked by train of 5, 10, 20, 30, 40, 50 or 100 stimuli deliv-
ered at 20 or 50 Hz rate (m. Soleus and m. EDL, respectively). In each set
of stimulating conditions, N™ ICC was isolated by point-by-point subtrac-
tion of di-
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Fig. 1. Effect of duration of tetanic stimulation on global and last ICC mus-
cle contractile responses . A, Representative record of global and last ICC
responses of m. Soleus to a trains of 10 -50 stimuli (delivered at 20 Hz in-
tra-train rate). B, Mean amplitude of last ICC of m. Soleus (circles, n=7)
and m. EDL (triangles, n=6).
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gitally recorded profiles of tetanic contractions evoked by stimulation
with N and N-1 pulses-long trains. The results of this analysis were used
to estimate the effect of duration of tetanic stimulation on characteristics
of individual twitch as an elementary unit of overall tetanic contractile
response of a muscle. Our data demonstrate a significant effect of pro-
longed stimulation on both amplitude and half- relaxation of ICC. With
an increase in duration of tetanic stimulation, ICC of m. EDL showed
progressive potentiation, while changes in ICC of m. Soleus were transi-
ent. The amplitude of ICC elicited by first 5 to10 pulses in the train was
decreased by 30-40% but this effect was attenuated and eventually re-
placed with potentiation of ICC with prolongation of the tetanus. Fig.1A
shows the representative example of global (solid lines) and last stimulus
ICC (dotted lines) of m. Soleus’s contractile response to a 5 - 50 pulses-
long tetanic stimulation. Unlike that for slow, m. Soleus (fig. 1A and B,
circles), ICC of fast, EDL muscle show potentiation with the increase in
duration of tetanic stimulation (fig. 1B, triangles).

In addition to the effect on amplitude of ICC duration of tetanic
stimulation had also affected the time characteristics of ICCs. Duration of
half- relaxation of ICC decreased from 224 + 8 ms to 115 + 12 ms in m.
Soleus and from 31 + 4 ms to 24 = 3 ms in m. EDL (fig. 2). These effects
of prolongation of tetanic stimulation could be interpreted as the result of
activation of Ca**-ATPase.

As it is shown in fig.3, for both types of muscles, latency of ICC
increases with an increase in duration of tetanic train from nearly zero for
single twitch response to 26 = 9 ms in m. EDL (n=6) and 157 + 12 ms in
m. Soleus (n=7) at the end of 100 pulses-long tetanic stimulation. Proba-
bly, this increase in latency of ICC reflects changes in the dynamics of
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Fig. 2. Post-peak decline of single muscle twitch (solid trace) and ICC
(dashed trace) at the end of tetanic train with 100 pulses. Averages of re-
cordings collected in 7 and 6 independent experiments are shown in panels
A (m. Soleus) and B (m EDL), respectively.
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Fig. 3. Single muscle twitch response (solid trace) and ICC (dashed trace)
at the end tetanic train with 100 pulses. Averages of recordings collected in
6 (m EDL, panel A) and 7 (m Soleus, panel B) independent experiments are
shown. All recordings were normalized to the peak amplitude of respective
muscle twitch response.

occupation by Ca”" of troponin C binding sites situated close to points of
Ca*’ release. As to the difference between latencies of m. EDL and m.
Soleus ICCs, it could be attributed to a different sensitivity of fast and
slow muscle fibers to Ca*".

The potentiation of ICCs during tetanic train is not associated with
any detectable changes in either amplitude or duration of muscle fiber
action potentials (APs). Therefore, it seems reasonable to speculate that
changes in operation of other mechanisms such as mechanisms of intra-
cellular Ca?* release, binding and/or uptake are responsible for this poten-
tiation. To test the possibility of activation of Ca**-indused Ca**-release
(CICR) we evaluated behavior of ICCs during tetanic stimulation of caf-
feine-treated muscles. In experiments in m. EDL, application of 10 mM
of caffeine in bath solution led to prolongation and potentiation of single
twitch and tetanic muscle responses but it decreased amplitude of ICCs to
about half of that of the first twitch in the tetanus (fig. 4).

The same picture was observed in experiments with caffeine-treated
m. Soleus (data not shown). Thus initialy activated by caffeine CICR does
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Fig. 4. Single twitch response (solid trace) and 10th, 50th and 100th ICCs
(dash traces) during tetanic stimulation at 50.
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not support subsequent ponentiation of ICCs during tetanic stimulation. In
tetanus decrease in amplitude of ICCs may be associated with depletion in
intracellular Ca®* stores in sarcoplasmic reticulum. Potentiation of tetanic
force is likely conditioned by initialy prolongated by caffeine of ICCs de-
cay phases only. Part of our finding are similar to that has been shown by
B.R. Maclintosh et al. in surgically isolated in situ gastrocnemius muscle
for train stimulation consisned of 1-5 pulses [MacIntosh et al., 2006]. Po-
tentiation contractile events during tetanic stimulation and its elimination
by caffeine can be evidence of increasing of Ca**-release during tetanuses
development. But in experiments with fluorscent indicators was shown
decline of the amount released in repeated action potentials. The fifth depo-
larization in high-frequency train (50 Hz) of action potentials released only
the amount of calcium corresponding to one-fifth of calcium released by
the first action potential in slow and one-six in fast fiber (Baylor,
Hollingworth, 2003). In our experiments we observed only short-lasting
decreasing in transient responses (by 30-40 %) in slow but not fast mus-
cles. Reasons of this disparitet is not clear and need in further study.
This work was supported by grant RFBR Ne13-04-00509A.
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LOAD PARAMETERS TO PRESERVE THE POWER
OF ENDURANCE IN THE PROCESS OF RESISTANCE
TRAINING OF ASTRONAUTS IN WEIGHTLESSNESS

T.B. Kukoba, E.V. Fomina
Institute of Biomedical Problems of the Russian Acad. Sci.,
Moscow, 123007, Russia

The Russian physical countermeasure system is a complex training
with the use of both active and passive methods. Among the active meth-
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ods is the NASA ARED that allows a vast variety of resistive exercises for
the main groups of muscles. These are NASA coaches who develop and
introduce the ARED training programs to cosmonauts. According to the
US partners’ concept, astronauts perform a high-intensity resistive training,
i.e. the “loading weight” amounts to 70 - 90% of a rep max and number of
repetitions, 3 to 10. Russian instructors give preference to a less intensive
regimen; they ease the force loading and increase the number of repetitions
and attempts instead. For the ISS Russian crewmembers, resistive sessions
are scheduled on days 2 and 4 of the training microcycle so that cosmo-
nauts exercise with the ARED two or three times a week.

In order to evaluate effectiveness of the resistive training with dif-
ferent levels of loading, the strength endurance of cosmonauts’ femoral
muscles was tested pre and post flight.

The experiment involved 11 cosmonauts who were on 145 to 167-day
long ISS missions. Depending on the ARED resistive loading, the cosmo-
nauts were distributed into 2 groups. One group trained with heavy loading
that reached about 60% of a rap max; each exercise was done in 4 attempts
with 12 to 16 repetitions. The other group performed the same set of exercis-
es but with a moderate loading that is the “weight” did not change, attempts
reduced to 3 and the number of repetitions was no more than 12.

Evaluation was performed on pre-launch days 60 and 30, and on
day 4 post recovery. Strength endurance of the femoral muscles was es-
timated by the results of isokinetic testing. The subject fulfilled 22 cyclic
maximal contractions (flexion/extension of the knee joint) at the angular
velocity of 120°/s without break. The strength endurance of knee flexors
and extensors before and after space flight was estimated.

The groups showed significant differences in the parameters of
strength endurance of the knee flexors (P<0.04) and extensors (P<0.03).

Data analysis evidenced that the group of cosmonauts who applied
greater loads for resistive training increased strength endurance of equally
the knee flexors and extensors. Endurance of the flexors gained 10% to
50% and extensors, 11% to 59%. One cosmonaut made an exception in
the group as his flexors lost 17% of the strength endurance.

In the group where cosmonauts trained with moderate loads the pa-
rameters under study degraded in each one without exception, i.e. the
flexor endurance dropped by 22% to 55% and extensors, 2% to 61%.

It was brought out that the resistive training with heavy loading in
microgravity is favorable to maintenance of the strength endurance of
cosmonauts.

The work was carried out with support of RFFI grant No. 13-04-02182.
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POSSIBLE EFFECTS OF HYPOXIA INDUCED
BY EXOGENIC NITRITE ON RAT HEART
AND SKELETAL MUSCLE PROTEINS
N.V. Kuleva, D.S.Aleksejeva, T.E. Shumilova
Departments of Biochemistry and General Physiology,
St.-Petersburg State University, Universitetskaya nab. 7-9,
St.Petersburg,199034, Russia

Nitrite anion is an oxidative breakdown product of nitric oxide (NO),
a labile biological mediator from group of gasotransmitters. This gas was
firstly discovered in the late 1700s and during two next centuries was consid-
ered to be as toxic and dangerous for environment (Calvert J., Lefer D.,
2009). The importance NO on the field of biology and medicine was not ful-
ly appreciated until the 1980s when several independent research groups
found that NO is generated in mammals including human, by nitric oxide
syntases (NOSs) and plays a prominent role in controlling blood pressure via
regulation of vascular tone (Ignarro L., 1999). The localization of NOS in the
vascular epithelium (eNOS) is of particular importance for cardiovascular
system , as eNOS maintains basal vascular tone trough its release of low lev-
els of NO (Loscalso J.,Welch G.,1995). The synthesis of NO is significantly
influenced by numerous cofactors such as tetrahydrobiopterin, flavin mono-
nucleotide and flavin adenine dinucleotide, the presence of reduced thiols
and endogenous NOS inhibitor asymmetric dimetylarginine , as well as sub-
strate and oxygen availability. During ischemia the ability of eNOS to gener-
ate NO is severely reduced because of inadequate delivery of oxygen and
cofactors (Becker B.F. et al., 2000). But it is a hypoxic state when the main
role in NO formation nitrite begins to play. Recently there has been a para-
digm shift in nitrite biology with discovery that nitrite is a physiologically
relevant storage reservoir of NO in the blood and tissues that can be readily
reduced to NO under pathological conditions such as ischaemia and hypoxia
(Zweier J.L. et al., 1995). Nitrite reductase activity in mammalian tissues has
been linked to mitochondrial electron transport system, non-enzymatic acidic
disproportionation, deoxyhemoglobin, xanthine oxidase, and more recently
myoglobin (Gladwin M.T. et al., 2005).

So, nitrite injected to animals in hypoxic conditions is able to pro-
duce NO that regulates vasodilatation and blood pressure. It means that
nitrite represent a novel salvage pathway for NO equivalents that are bio-
logically important and appear to be attractive targets for therapeutic pur-
poses. The diseases include heart ischaemia-reperfusion injury (Gladwin
M.T.et al., 2005), pulmonatory hypertension ( Zuckerbraun et al., 2011),
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chronic ischaemic tissue disease (Patillo E.B. et al., 2011) and other.
However, several key questions remain: What signaling mechanisms does
nitrite influence? How nitrite cellular uptake is regulated, and is it com-
partmentalized upon entry into cell? What are the molecular and bio-
chemical targets of nitrite- mediated protection in disease-models? Are
there adverse consequences of low levels of nitrite besides carcinogenesis
at high concentrations?

In this study we have made an attempt to answer the question about
adverse consequences of low levels of exogenic nitrite for rat hearts and
skeletal muscle and to look for oxidative modifications of water-soluble
proteins at nitrite injection into rates in doses of 1-5 mg 100 gm of body
weight. These injections resulted in hemic hypoxia induced by
methemoglobinonemia. In our experiments the content of blood plasma
methemoglobin was increased to mean value of 10 % of total hemoglobin
content. Circulation parameters of nitrite hypoxia are characterized by
fast and significant decrease of arterial pressure, bradycardia develop-
ment, decreasing of heart output and heart stroke volume as well as total
peripheral resistance decreasing. After 1-1 ,5 hours the indexes of sys-
temic and peripheral hemodynamics became near to original values. At
this moment there were taken blood samples and samples of skeletal and
heart muscles. The tissues were homogenized in 10 volumes of 0,01 M
phosphate buffer, pH 7,4, and supernatant formed at centrifugation (at
5000g , for 15 min) was used to study oxidative modifications in proteins.
As the hypoxic state there may be conditions for free radicals formation
followed by oxidative modifications of cardiac and muscle proteins, so,
we have considered a possibility of reversible modifications, transfor-
mation sulfhydryl groups into disulfide, and non-reversible modifications,
protein carbonylation. In the first case, for registration so called “diagonal
electrophoresis” was used (Eaton J. et al., 2006), in the second one,
thespectrophotometric registration of interaction of carbonylated proteins
with 2,4-dinitrophenyl hydrazine was (Dalle-Donne I. at al., 2003).

The reversible oxidative modifications were found in proteins with
molecular masses 38, 43 and 79 kDa of skeletal muscle and in those with
37, 48, 52, 95 kDa of heart, but significant differences between density of
stained spots on electrophoregrams for normal and hypoxic animals were
not found. The same situation of absence of significant differences was
found in carbonylation of water-soluble proteins of heart and skeletal
muscle of control animals and animals with nitrite hypoxia. This result
may be considered as an evidence of absence of harmful action of nitrite
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in the doses 1-5mg for 100gm of body weight of rats. But for the using
nitrite as a remedy for blood pressure decreasing further investigations
are necessary to get answers for questions formulated in this paper.

THE INVOLVEMENT OF ARP2/3 COMPLEX IN GLUTOXIM
AND MOLIXAN EFFECT ON INTRACELLULAR Ca*
CONCENTRATION IN MACROPHAGES
L.S. Kurilova, Z.1. Krutetskaya, A.A. Naumova,

N.I. Krutetskaya, S.N. Butov, V.G. Antonov
Department of Biophysics, Saint-Petersburg State University,

University emb. 7/9, Saint-Petersburg, 199034, Russia

Currently, a great number of disulfide-containing drugs altering the
redox status and having a physiologically significant effect on cells have
been developed and introduced into clinical practice. The pharmaceutical
agent glutoxim®, disodium salt of oxidized glutathione (GSSG) with a
platinum nanoadditive (PHARMA VAM, Moscow, Russia) is used as an
immunomodulator and a hemostimulant in the integrated therapy of bac-
terial and viral diseases, psoriasis, as well as radio and chemotherapies of
cancer. Another disulfide containing agent, molixan (a complex of
glutoxim and inosine nucleoside), has a similar application. However, the
mechanisms of the cellular and molecular effects of these drugs are not
completely understood.

Earlier we found for the first time that GSSG, glutoxim, and molixan
increase the intracellular Ca?* concentration ([Ca®"];) due to Ca®* mobiliza-
tion from the thapsigargin-sensitive Ca>* stores and subsequent Ca*" entry in
rat peritoneal macrophages [1]. Using a wide range of agents affecting the
components of signaling systems in cells, we have demonstrated that tyro-
sine kinases and tyrosine phosphatases [1], phosphatidylinositol kinases [2],
the most important enzymes of the phosphoinositide system of signal trans-
duction (phospholipase C and protein kinase C) [3] and the components of
cyclooxygenase and lypoxygenase pathways of arachidonic acid metabolism
[4] are the key players in the signaling cascade triggered by GSSG and
glutoxim and leading to an increase in [Ca*']; in macrophages. It has also
been found that elements of the actin cytoskeleton [5] and microtubules [6],
small G proteins of the Ras family and vesicular transport [7], are involved in
the effects of glutoxim and molixan on [Ca®*]; in macrophages. Moreover it
is found that glutoxim and molixan themselves induce actin cytoskeleton
reorganization in macrophages: the cortical layer becomes wider and “loos-
er” and actin clusters appear in the cytosol [5].
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Arp2/3 (Actin-Related Proteins) complex, consisting of 7 con-
servative proteins, is one of the key participants in the procesess of actin
filament formation from G-actin monomers. It stabilizes intermediates,
consisting of two actin monomers, stimulating F-actin filament branching
[8]. Therefore, Arp2/3 complex is the factor enhancing actin filament nu-
cleation. Arp2/3 complex consists of two subunits Arp2 and Arp3, which
are stucturally similar to the actin monomers, and five additional subunits
[8]. Assembled Arp2/3 complex interacts with existing actin filament and
line up in the way how actin is located in dimer. Thus Arp2/3 complex is
the key player in the formation of new filaments, which line up at 70°
angle to already existing filaments and form dense F-actin network [8].

Arp2/3 complex is involved in different cellular processes, which
need actin filament reorganization, such as cortical layer reorganization,
fillopodia formation, endosome transport regulation, endo- and exocyto-
sis processes [9]. Arp2/3 complex can be activated via tyrosine kinase
receptors, G-protein coupled receptors and integrin receptors.

Therefore, for further investigation of the role of actin filaments,
actin-binding proteins, vesicular transport processes and exocytosis in
signalling cascade, induced by glutoxim and molixan, the possible in-
volvement of Arp2/3 complex in glutoxim and molixan effect on [Ca"];
in rat peritoneal macrophages was studied.

The procedure of macrophage culturing and an automated system
for [Ca®*]; recording with the use of the fluorescent probe Fura-2AM
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Fig. 1. The effect of CK-0944666 on Ca2+-responses induced by molixan
in macrophages.
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were described earlier [1]. The experiments were performed at a room
temperature of 20-22°C on the second or third day of cell culturing. In
order to elucidate Arp2/3 complex involvement in molixan or glutoxim
effect on [Ca®']; we used effective Arp2/3 complex inhibitor compound
CK-0944666 [10].

It has been demonstrated in control experiments that incubation of
macrophages in the presence of 100 pg/ml molixan (fig. 1a) or 100 pg/ml
glutoxim (not shown) for 20 min in a medium without calcium causes a
significant increase in [Ca*"];, which reflects mobilization of Ca*" from
intracellular Ca*" stores. Addition of 2 mM Ca?* to the external medium
induces entry of Ca** into the cytosol, which is apparently mediated by
depletion of the Ca®* store (fig. 1a).

It has been found for the first time that preincubation of the macro-
phages with 100 pM CK-0944666 for 1 hour induces significant (about 80-
100 %) inhibition of Ca**-mobilization and Ca®* entry, evoked by molixan
(fig. 1b) or glutoxim. The results suggest the involvement of Arp2/3 com-
plex in the effect of molixan or glutoxim on [Ca®*]; in macrophages.

The data of this and our earlier works [1-7] suggest that in signal-
ing cascade, induced by molixan or glutoxim in macrophages the signal-
ing proteins and complexes, which are connected with exocytosis
prosesses are involved: tyrosine kinases, small G-proteins, vesicular
transport mechanism, actin and tubulin cytoskeleton. Also, we have
shown that molixan or glutoxim themselves cause actin cytoskeleton re-
organization [5], in which Arp2/3 complex can be involved. Actin reor-
ganization can mediate macrophage activation and facilitate the processes
of endo- and exocytosis.

The abscissa axis shows time, min; the ordinate axis, Ca**-
concentration in the cytosol, nM.

a — Macrophages were treated with 100 pg/ml molixan in Ca**-free
medium, 21 min later Ca®* entry was induced by addition of 2 mM Ca?*
to the external medium;

b — Cells were preincubated with 100 uM CK-0944666 for 1 hour in
Ca’*-free medium, after that 100 pg/ml molixan was added, 19 min later
Ca’* entry was induced by addition of 2 mM Ca?* to the external medium.

Each recording is obtained for 40-50 cells and is typical of six ex-
periments.
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DIFFERENT WAYS OF FOOT STIMULATION
FOR THE PREVENTION OF MUSCLE ATROPHY
CAUSED BY ANTIORTHOSTATIC HANGING IN RATS
M.V. Kuznecov, M.E. Baltin, A.A. Eremeev, T.V. Baltina
Kazan Federal University, Kremlevskaya str., 18, Kazan, 420008, Russia

It was previously suggested by other authors that unloading effects
could be explained by the decrease in the supporting afferentation. For
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explanation of the unloading effects in the literature is discussed of
decrease afferentation support, which plays a role in the regulation of
posture and locomotion. The aim of our study was to check the influence
of the foot zones vibrostimulation on the functional state of the lower leg
muscles in rats after 14 days of gravitational unloading. Stimulation of
the sciatic nerve and increased electrical responses of muscle
electromyogram was performed by the firm "Medicor" (Hungary), the
intensity of stimulation ranged from 0.35 to 60 V and 0.5 ms duration.
The studied parameters were the threshold, latency and maximum
amplitude of the detected H-and M-responses, as was determined the
ratio of maximum amplitudes of these responses (Hmax/Mmax).The
experiments were performed in compliance with bioethical norms.
Differential testing of the heads of triceps tibia showed that the
amplitude of the M-response of the lateral (LRM), medial gastrocnemius
(MGM) and soleus muscle (SM) are reducedunder the conditions of
modulated gravitational unloading as compared to the control. Moreover,
this reduction is more pronounced in the SM. Bilateral vibratory
stimulation of foot under these conditions prevented the decrease of the M-
response amplitude in LRM, as compared to MGM and SM. These results
indicate that vibrostimulation of the supporting zones of foot can prevent
the atrophy of gastrocnemius ( most of fibrils in this muscle are represented
by muscle fibers of type Il). One possible explanation of the observed
effects is that the vibration leads to the activation of Ruffini endings and
Pacinian corpuscles. Unilateral vibratory stimulation of foot (during the
gravity discharge) also prevents decreasing of the amplitude of M-response
in the muscles (ipsi-and contralateral side). However, the effect was less
pronounced. The effect shows that in this process are involved the adaptive
changes of central regulatory mechanisms after vibratory stimulation. Thus,
our results showed that vibratory stimulation of supporting zones on the
foot reduces the negative effects of exposure to gravity discharge.
However, this effect is not the same for functionally different muscles.

A SIMPLE AND EFFECTIVE METHOD FOR THE ISOLATION
OF CALPONIN FROM MOLLUSCAN SMOOTH MUSCLE
S.S. Lazarev, N.S. Shelud’ko
Zhirmunsky Institute of Marine Biology, Far Eastern Branch
of the Russian Academy of Sciences, Palchevsky str. 17,
Vladivostok, 690059 Russia

Calponin is a protein contained in the smooth muscle and non-
muscle cells. In smooth muscle cells, calponin is found both in contractile
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and in cytoskeletal domain [1]. The function of this protein is not clear.
Initially, calponin was considered as a structural component of the
contractile apparatus, because it binds to actin and inhibits Mg”*-ATPase
activity of actomyosin [2]. It is also assumed that it may be involved in
stabilization of actin filaments of the cytoskeleton [3].

The standard method for isolating calponin involves heat treat-
ment. However, this method proved to be ineffective for the isolation of
calponin from the catch muscle of the mussels Crenomytilus grayanus, in
whose muscle calponin was identified [4]. We have developed an
essentially different method for isolating calponin from these muscles.

A key step in our method is the extraction of thin filaments (figure,
lane 2) from myofibrils (figure, lane 1) with a solution containing (in
mM): 75 KCL, 5 MgCL,, 5 EGTA, 15 ATP, 5 sodium pyrophosphate,
0.5DTT, 0.1 PMSF, 2.5 pg/ml LPN and 20 imidazole-HCL, pH 6.5.

The protein composition of the extract (figure, lane 2) is similar to
protein composition of thin filaments [4]. Ultracentrifugation of the
extract precipitates the complex of “natural” F-actin and tropomyosin,
leaving calponin in the supernatant (figure, lane 3). The supernatant is
fractionated with ammonium sulfate in the range from 0 to 30% (figure,
lane 4). The ammonium sulphate precipitate is dissolved in 6 M urea and
1 M KCL, diluted with 0.5 M KCI to the original volume of the extract,
and isoelectric precipitation is performed at pH 4.9. As a result, actin
passes into the precipitate (figure, lane 5), while calponin remains in the
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Stages of calponin isolation from smooth muscle of Crenomytilus grayanus:
aPM - aggregated paramyosin; MR - myorod; PM - paramyosin; A - actin;
CaP-40 - calponin-40 kDa; CaP-34 - calponin-34 kDa.
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supernatant (figure, lane 6). After removal of actin by low-speed
centrifugation, the preparation is concentrated by adding 40% ammonium
sulfate, the pellet is dissolved in a minimal volume of 6 M urea, 1 M
KCL (figure, lane 7) and dialyzed against of column buffer: 30 mM KCL,
6 M urea, 0.2 mM EGTA, 2 mM NaNj3, 0.5 mM DTT, 20 mM imidazole-
HCL, pH 6.5. The dialyzed sample is applied to a CM Sephadex C-50,
preequilibrated with column buffer. The column is eluted with a linear
gradient produced by 120 ml of column buffer containing 500 mM KCL.

This method allows obtaining about 100 mg of chromato-
graphically pure calponin from 100 g of the catch muscle of the mussel
Crenomytilus grayanus (figure, lanes 8-10). Also, the method makes it
possible to simultaneously obtain from this muscle of “natural” actin,
tropomyosin, and the fraction of Ca**-sensitive proteins.

The study was supported by grant no. 12-04-00716 from the Rus-
sian Foundation for Basic Research.
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NUCLEOTIDE-INDUCED INTERACTION BETWEEN MOTOR
AND REGULATORY DOMAINS IN THE MYOSIN HEAD
Dmitrii I. Levitsky"?, Denis Markov*, Olga Nikolaeva?,
Daria Logvinova?, and Nikolai Padalko™*
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2 Belozersky Institute of Physico-Chemical Biology,
Moscow State University, Russia;
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In the previous works [1, 2], we compared thermally induced dena-
turation and aggregation of two isoforms of the isolated myosin head
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(myosin subfragment 1, S1) containing different “essential” (or “alkali”)
light chains, A1 or A2. We applied differential scanning calorimetry
(DSC) to investigate the domain structure of these two S1 isoforms. For
this purpose, a special calorimetric approach was developed to analyze
the DSC profiles of irreversibly denaturing multidomain proteins [1]. In
the absence of nucleotides, two calorimetric domains were revealed in the
S1 molecule, the more thermostable domain denaturing in two steps.
Comparing the DSC data with temperature dependences of intrinsic fluo-
rescence parameters and S1 ATPase inactivation, we have identified the-
se two calorimetric domains as motor domain and regulatory domain of
the myosin head, the motor domain being more thermostable. Some dif-
ference between the two S1 isoforms was only revealed by DSC in ther-
mal denaturation of the regulatory domain, within the temperature range
of 35-45 °C [1]. The irreversible thermal denaturation of S1 is accompa-
nied by its aggregation, and a significant difference between the two S1
isoforms was revealed in the temperature dependencies of their aggrega-
tion measured at low ionic strength. Under these conditions, the aggrega-
tion of S1 containing light chain Al (but not A2) was strongly dependent
on protein concentration, the increase of which (from 0.125 to 2.0 mg/ml)
shifted the aggregation curve by ~10 °C towards the lower temperatures.
It was concluded that the aggregation properties of this S1 isoform at low
ionic strength are basically determined by intermolecular interactions of
the N-terminal extension of the Al light chain (which is absent in the A2
light chain) with other S1 molecules, and these interactions seem to be
independent of the S1 thermal denaturation as they may take place even
at low temperature. It was proposed that these intermolecular interactions
reflect the ability of the A1 N-terminal extension to form intramolecular
interactions with the motor domain of the same S1 molecule (e.g., during
the ATPase reaction, which is accompanied by considerable conforma-
tional changes in the myosin head) [2].

It was predicted in the previous works that the rotation of the regu-
latory domain (Lever arm) relative to the motor domain of the myosin
head during the ATPase cycle can be accompanied by a rather tight inter-
action between the motor domain and the essential light chain associated
with the regulatory domain [3-5]. To check this assumption, we com-
pared thermal denaturation and aggregation of the S1 isoforms S1(Al)
and S1(A2) in their ternary complexes S1-ADP-V; and S1-ADP-BeF,,
which mimic the S1 ATPase intermediate states S1~-ADP-P; and S1'-
ATP. DSC results showed that formation of these complexes leads to sig-
nificant increase in the thermal stability of both S1 domains, and the
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thermal transition corresponding to the regulatory domain shifts by more
than 10 °C towards higher temperature, from 42-44 °C to 52-55 °C. Fur-
thermore, no appreciable differences in the aggregation properties were
observed between the two S1 isoforms in their ternary complexes S1-
ADP-V; and S1-ADP-BeF,. These results suggest that nucleotide-induced
conformational changes in the myosin head are accompanied by a rather
tight interaction of the regulatory domain (predominantly its essential
light chain) with the motor domain, which decreases the probability of
intermolecular interactions of the A1 N-terminal segment thus preventing
unusual aggregation of the S1(Al) isoform at low ionic strength.

This work was supported by RFBR (grant 12-04-00411) and by the
Program “Molecular and Cell Biology” of Russian Academy of Sciences.
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THE ROLE OF HYDROGEN SULFIDE IN REGULATION OF
MOUSE ATRIUM CONTRACTILITY
A.S. Lifanova, N.N. Khaertdinov, A.R. Latfullina, G.F. Sitdikova
Institute of Fundamental Medicine and Biology, Kazan (Volga Region)
Federal University, Kremlyovskaya st., 18, Kazan, 420008, Russia

Hydrogen sulfide (H,S), along with nitric oxide and carbon mon-
oxide refers to endogenously synthesized gaseous molecules. H,S has a
number of effects in the cardiovascular system, both in normal and in
various pathological conditions [3, 5, 7]. In various tissues H,S is synthe-
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sized from L-cysteine by enzymes cystathionine y-lyase, cystathionine p-
synthase and 3-merkaptosulftransferase[4, 7]. There are available data on
the cardioprotective role of H,S, expressed in reducing myocardial dam-
age in ischemia / reperfusion in vitro and in vivo [8].In the myocardium
of the frog H,S has a negative inotropic effect, which is mediated by the
activation of the ATP-dependent K-channels (K (ATP) channel) and a
decrease of the cAMP level in the cell [5]. In a rat aorta smooth muscle
the relaxing effect of H,S is mediated by activation of potassium con-
ductance [2]. The aim of our work was to investigate the effects of exog-
enous and endogenous H,S in mouse atrium, and to reveal the role of K-
channels in the effects of H,S.
Methods

The object of the study was the mouse Musmusculus. Mice were
decapitated under ether anesthesia and dissection was performed. Exper-
iments to determine the myocardium contraction were carried out
usingBiopac Systems, Inc. (USA) set up equipped with isometric force
transducers MLT 050 / D or TSD 125C with a measuring range of 0-50
grams. During the experiment, the preparation was perfused by Krebs
solution of the following composition (in mM): NaCl - 154; KCI - 5;
CaCl; - 2, MgSO;, - 1, glucose - 11 (t = 20°C, pH 7.2-7.4). Krebs solution
was bubbled with carbogen during the entire experiment. The prepara-
tions were stimulated via two platinum electrodes (stimulator ESL-2
(Russia)) with a frequency 10 Hz, the signal amplitude of 40 mV, dura-
tion of the stimulus - 5 ms. NaHS was used as H,S donor, which is wide-
ly used in research, as it dissociates to ions (Na*) and anion hydrosul-
phide (HS-)in aqueous solution, which reacts with protons (H") to form
H,S. It is known that the physiological solution contains one third of the
H,S in the undissociated form, and the remaining two thirds exist in the
form of HS-[6]. Also L-cysteine, p-cyano-L-alanine, tetraethyl-
ammonium (TEA), glibenclamide, diazoxide were used (Sigma).

Results and discussion

To reveal the effects of exogenous H2S on myocardial contractili-
ty, NaHSwas cumulatively applied in concentrations of 100, 200 and
300mkM Application NaHS at concentrations of 100, 200 and 300
mkM resulted in a significant decrease in the force of contraction to the
15 minute to 91 + 2% (n = 14, p <0.05), 71 £ 4% (n = 14, p <0.05) and
49 + 4% (n = 15, p <0.05), respectively. Thus, NaHS has a negative ino-
tropic effect in the atrium of the mouse.A similar effect of NaHS was
observed previously in the myocardium of the frog, where it had more
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pronounced effect already in concentration 100 mkM [5], which indi-
cated on much more sensitivity of frog tissue.Tto identify the possible
endogenous H2S synthesis in the atria of the mouse L-cysteine — sub-
strate and B-cyano-L-alanine — inhibitor of H,S synthesis. L-Cysteine at
concentrations of 1, 10, 50 mkM resulted in a significant decrease in
force contraction to 95 + 1% (n =7, p <0.05), 89 + 1% (n =5, p <0.05),
87 £ 2% (n = 5, p <0.05), respectively whereas the use of higher con-
centrations of L-cysteine (1 mM) resulted in no significant change in
the force of contraction, which was 103 + 6% (n = 3, p> 0.05). Possibly,
L-cysteine at low concentrations serves as a substrate of H,S synthesis,
but in high concentrations doinhibition of H,S synthesis through mech-
anism of substrate-enzyme inhibiting. Application of B-cyano-L-alanine
in a concentration of 1 mM led to significant increase of myocardial
force of up to 112 + 5% (n = 5, p <0.05). Thus, the substrate of synthe-
sis of H,S - L-cysteine caused a reduction in the amplitude of myocar-
dial contractions like the donor of H2S - NaHS, whereas blocker of
cystathionine y-lyase had the opposite effect - the increase in the ampli-
tude of contraction. Our results suggest that, in mouse myocardium, as
with other classes of vertebrates, there is a system of H,S synthesis,
which involves its modulatory effect on the myocardium. One of the
mechanisms of muscle relaxation is activating potassium conductance
[2]. TEA (2 mM) nonspecific inhibitor of different potassium
channelswas used to investigate the involvement of the potassium chan-
nel in the effects of H,S. Application of TEA resulted in an increase of
contraction force to 140 = 11% (n = 8, p <0.05). In the background of
TEA application of NaHSin concentrations of 100, 200, 300 mkM de-
creased the force of contraction t096 = 1% (n = 8, p <0.05), 81 + 2% (n
= 8, p <0.05), 65 £ 1% (n = 8, p <0.05). It is known that K(ATP)-
channels are widely distributed in the myocardium, and their activation
is an important endogenous mechanism of cardioprotection during is-
chemic reperfusion injury and hypoxia[8]. According to the literature
K(ATP)-channels are involved in the negative inotropic effect of NaHS
in the myocardium of the frog [5]. It is also shown that in the myocardi-
um of the rat NaHS led to a decrease in the duration of the action poten-
tial of cardiomyocytes, and this effect was partially blocked by an inhibi-
tor of K (ATP) channels —glibenclamide [1]. Glibenclamide, an inhibitor
of K(ATP)-channels, in the concentration of 50 mkM increased the con-
traction to 121 + 5% (n = 6, p <0.05) from control level, which is appar-
ently due to the inhibition of K(ATP)-channels, membrane depolari-
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zation and increased Cainward currents.On the background of
glibenclamideNaHS at a concentration of 100, 200 and 300 mkM did
not result in a significant reduction decrease force, which amounted to 99
*+ 1% (n = 6, p> 0.05), which was significantly different from control val-
ues. In concentration of the effect NaHS was preserved and was 83 + 2% (n
=6, p<0.05),47 £ 7% (n = 6, p <0.05), respectively.

Diazoxide was used as an activator of K(ATP)-channels at a con-
centration of 200mkm, which application led to a significant decrease in
the force of contraction to 96 £ 2% (n = 7, p >0.05). On a background of
diazoxide effect of application NaHS in concentrations of 100, 200, 300
mkM was 81 + 4% (n = 7, p <0.05), 63 £ 9% (n = 5, p <0.05), 42 + 10%
(n =4, p<0.05).

The analysis of the effects of NaHS in different conditions was
made by one-way ANOVA test followed by Bonferroni comparison and
it was shown that only in glibenclamide condition the effect of NaHS in
low concentration was different from others.

Thus, our results suggest that, in mouse myocardium, as with other
classes of vertebrates, there is a system of H,S synthesis, which has a
modulating effect on cardiac contractile function. It was shown that the
activation of K(ATP)-channels is mediated by effects NaHS in low con-
centrations, whereas at higher concentrations, apparently, other mecha-
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nisms are involved. It is also assumed that the effect of the donor is not
associated with H,S other types of K-channels. Indeed, the mechanism of
action of H,S in the myocardium of mammalian is ambiguous and may
comprise accordant with different facts and depending on the animal spe-
cies, the K-channels, adenylate cyclase system and voltage-sensitive L-
type Ca channels [9, 10, 11].
This work was supported by RFBR N12-04-00960.
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It is generally accepted that functioning of the myosin head as a
molecular motor is based on the rotation of the regulatory domain (Lever
arm) relative to the motor domain of the head, which occurs during the
ATPase cycle. It was predicted in the previous works that this rotation
can be accompanied by a rather tight interaction between the motor do-
main and the essential light chain (ELC) associated with the regulatory
domain [1-3]. We applied differential scanning calorimetry (DSC) to in-
vestigate the domain structure of the isolated myosin head (myosin
subfragment 1, S1) both in the absence of nucleotides and in the ternary
complexes S1-ADP-V;, S1-ADP-AIF, and S1-ADP-BeF, which mimic
the S1 ATPase intermediate states S17-ADP-P; and S1"-ATP. DSC re-
sults showed that formation of these complexes leads to significant in-
crease in the S1 thermal stability, and the thermal transition presumably
corresponding to the regulatory domain shifts by more than 10 °C to-
wards higher temperature. It was proposed from these results that the nu-
cleotide-induced increase in the thermal stability of the regulatory domain
is caused by the interaction of this domain (predominantly its essential
light chain) with the motor domain. However, this assumption was based
on indirect data obtained from comparison of the DSC data with tempera-
ture dependences of fluorescence parameters of the tryptophan residues
which are located only in the S1 motor domain, but not in the regulatory
domain [4]. To obtain direct evidence for the above assumption, it was
necessary to identify on the S1 DSC profile the calorimetric domain cor-
responding to thermal unfolding of the regulatory domain. For this pur-
pose we applied a new approach based on the use of ELC fluorescently
labeled at single Cys residue.
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Several ELC mutants containing single Cys residues at different
positions in the C-terminal half of the protein (mutations T127C/C180A,
G142C/C180A, and E160C/C180A), as well as ELC WT containing
Cys180, were obtained as recombinant proteins containing His tag at the
C-terminus of ELC as described earlier [5]. Native ELC (without His tag)
we prepared from skeletal muscle myosin. The isolated ELC were fluo-
rescently labeled with 1,5-IAEDANS at single Cys residues, and fluores-
cently labeled ELC was exchanged into S1 as described in [6]. The ther-
mally induced changes in the fluorescence parameters of these ELC asso-
ciated with the S1 regulatory domain were recorded at the same heating
rate (1°C/min) as for DSC experiments, and temperature dependences of
fluorescence obtained in this way were compared with corresponding
DSC data and with the changes in tryptophan fluorescence that reflect the
thermal unfolding of the S1 motor domain.

It was shown that in the absence of added nucleotides the changes
in fluorescence parameters of any labeled ELC studied to date (i.e. ELC
with single Cys residues at positions 180, 142, and 127) does not signifi-
cantly differ from those of the tryptophan fluorescence (half-transition at
~48°C) and from the maximum temperature of calorimetric domain cor-
responding to the melting of the S1 motor domain on the DSC profile.
This can be explained, at least for ELC with Cys180 or Cys142, by litera-
ture data showing that C-terminal part of ELC can interact with the S1
motor domain under these conditions [7, 8]. In contrast, in the ternary
complexes S1-ADP-V;, S1-ADP-AIF, and S1-ADP-BeF, the changes in
fluorescence parameters of labeled ELC were observed at lower tempera-
tures (by 2-4 °C) than the changes in the tryptophan fluorescence, but
within the temperature range of 49-54 °C, which is just the range where
the thermal unfolding of the S1 regulatory domain is proposed from the
DSC data (i.e. at much higher temperatures, by ~10°C, than in the ab-
sence of nucleotides). These nucleotide-induced changes in the tempera-
ture dependences of fluorescence parameters were generally similar for
all S1 samples studied to date, although some differences were observed
in half-maximal transitions depending on the position of the fluorescently
labeled Cys residue in ELC.

It should be noted that these effects were observed for both recombi-
nant ELC WT (with Cys180) containing His tag at the C-terminus and native
ELC (without His tag). This means that the presence of the His tag at the C-
terminus of ELC has no appreciable influence on the thermally induced
changes in the fluorescence of a label specifically attached to Cys180.
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Overall, the results obtained using fluorescently labeled ELC cor-
roborate the DSC data with respect to a significant increase in the thermal
stability of the S1 regulatory domain caused by formation of the ternary
complexes S1-ADP-V;, S1-ADP-AIF, and S1-ADP-BeF,. This is in favor
of the proposed nucleotide-induced interaction between the motor domain
and ELC associated with the regulatory domain, which leads to signifi-
cant increase in the thermal stability of the S1 regulatory domain.

This work was supported by RFBR (grant 12-04-00411) and by the
Program “Molecular and Cell Biology” of Russian Academy of Sciences.
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EVOLUTION OF CELL MOTILITY
DURING TUMOR PROGRESSION
M.E. Lomakina, A.S. Chikina, A.Y. Alexandrova
Blokhin Russian Cancer Research Center of the Russian Academy
of Medical Sciences, Moscow, Russia

Oncological transformation leads to alterations of migration properties
of tumor cells and gives them opportunity to invade surrounding tissues and
to form distant metastases. The alterations of actin cytoskeleton structure and
their regulation make a considerable contribution to acquisition of these ca-
pacities. In the course of tumor progression the more aggressive clones are
selected, they could change their morphology and the mode of migration
depending on the environmental conditions. The switching between different
migration modes makes cell migration more effective.

One of the characteristically features of tumor progression is gradual
transition from collective to individual migration. At first steps of tumor
progression cells could migrate by group without the destruction of cell-
cell adhesions (collective migration). Collective migration usually provides
tumor cell invasion into surrounding tissues. Further, epithelial cells lose
their cell-cell adhesions, dissociate from each other, gain polarized fibro-
blast-like morphology and migrate individually [1]. Individually migrating
cells usually are involved into the formation of distant metastases.

Two major modes of individual cell migration are distinguished:
mesenchymal migration (cells migrate in fibroblast-like manner, using
lamellipodium and ruffle formation) and amoeboid migration (cells squeeze
like amoebas, using the formation of specific structures called blebbs) [2, 3].
These modes of migration can occur in both normal and tumor cells. They
are based on different molecular mechanisms. Each mode of migration is
characterized by specific cell morphology and actin architecture.

Normal cells which show mesenchymal mode of migration usually
have elongated morphology. They are polarized and have front active
edge (leading edge) and stable contractive back. Actin cytoskeleton of
such cells consists of strong actin stress-fibers, which are connected with
extracellular matrix (ECM) by adhesive structures, called focal adhe-
sions. Mesenchymal cells could secret matrix metalloproteinases (MMP)
in the region of focal adhesions. It leads to degradation of ECM and facil-
itates cell migration. Zone of active Arp2/3-induced actin polymerization,
which provides the generation of dense actin network and formation of
lamellipodia and ruffles is localized at leading cell edge [3-5].

Cells migrating by amoeboid mode usually have rounded morphol-
ogy. Their actin cytoskeleton consists mainly of cortical actin network
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and lacks actin bundles. Formation of specific protrusions named blebbs
is characteristic for amoeboid migration [6]. This formation is based on
intracellular hydrostatic pressure generated by actomyosin contraction
which causes rupture of either the actin cortex itself [7] or the linkage
between actin and plasma membrane [8]. Afterwards the actin cortex is
reassembled by formin dependent polymerization and blebb structure is
stabilized. Cells using amoeboid mode of migration do not form focal
adhesions with ECM. This mode of movement is a kind of squeezing up-
on substratum and is usually observed in 3D matrixes. Amoeboid migra-
tion is typically used by leucocytes [9].

Some authors distinguish the intermediate mode of migration, called
amoeboid-fillopodial migration. In this case cell migrates using a lot of
filopodia and it seems to be transitional stage between mesenchymal and
amoeboid migration modes [10]. The capacity to switch from one mode of
migration to another is called plasticity. Plasticity is typical mainly for tu-
mor cells, but some types of normal leucocytes and stem cells could also
undergo such transitions from one mode of migration to another [11,12].

Mesenchymaly migrating tumor cells have all features typical for
this mode of migration (formation of lamellipodium, formation of focal
adhesions), but steel their movement is quite different from the movement
of normal mesenchymal cell. This is determined by differences in cytoskel-
eton structure of normal and oncologically transformed cells [13]. Trans-
formed cells usually can’t form mature focal adhesions (focal contacts)
with ECM, they have only small dot-like focal complexes. These cells lack
strong actin bundles and have no tight actin bundle along lateral sided of
the cell, which normally protect lateral edge from protrusion formation.
Thus, in tumor cells protrusive activity is redistributed and lamellipodia
could be formed not only at the leading edge, but also all over the cell pe-
rimeter [14]. It gives cell the opportunity for easy turn, and facilitates effec-
tive search of ways of invasion to surrounding tissues or intravasation.
Moreover, during tumor progression cells could increase secretion of ma-
trix metalloproteinases (MMP), which destroy the proteins of ECM. This
also facilitates tumor cell migration and their dissemination.

The architecture of actin network also undergoes essential alterations
during tumor progression: sufficiently large holes appear in dendritic net-
work, it becomes less regular. On the model of neoplastic transformation
(SV-40 virus transformed human fibroblasts), which consists from cells
with different level of malignization, we found that even on 2D substratum
transformation causes alterations of actin cytoskeleton leading to initiation
of mesenchymal-amoeboid transition (MAT). Cells of less transformed line
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have a lot of filopodia (like in transitional filopodial-amoeboid stage) and
cells of more transformed line form numerous protrusions with irregular
actin network and well pronounced blebb-like thickenings. By our opinion
these formations could be prototype of blebbs on 2D substratum. There-
fore, cytoskeleton organization of neoplastic cells is very mobile and it
provides an intermediate phenotype between mesenchymal and amoeboid
cell. The characteristics of actin cytoskeleton gained in course of tumor
progression provide capacity for plasticity of tumor cells. The variety of
migration modes available to the cell and the ability of the cell to switch
between this modes of migration facilitates cell passing through tissue bar-
riers, gives possibility to intravasate to blood or lymph vessels, to over-
come considerable distances and to form distant metastases.

Dominance of one or another mode of migration depends on the
balance of small GTPases of Rho protein family [9, 15]. Small GTPase
Rac activates WASP (Wiscott Aldridch Syndrome Protein), which conse-
quently activates Arp2/3-complex, providing actin network polymeriza-
tion and formation of lamellipodia at the leading cell edge [16,17]. Small
GTPase Rho mediates light myosin chain phosphorylation leading to en-
hancement of actomyosin interaction and cell contraction. This way stim-
ulates blebb formation [8]. Thus, predominance of active form of Rac
stimulates mesenchymal cell migration and predominance of Rho stimu-
lates amoeboid cell migration. Our studies revealed that as the result of
Arp2/3-complex (Rac induced way) inhibition in HT1080 cells (human
sarcoma cell line) significant amount of cells overcome transition from
mesenchymal migration, which is more typical for them, to amoeboid
migration. Moreover, lower concentration of inhibitor causes enhanced
filopodia fortmation and higher concentration induces amoeboid mor-
phology: cells gain rounded morphology and form blebbs. We could not
see this effect on normal human subcutaneous fibroblasts 1036, Arp2/3
inhibition stopped their migration at al. Therefore, we can stand that un-
der inhibition of lamellipodia formation normal fibroblasts could not pro-
ceed MAT. This experiment confirms that plasticity is a specific charac-
teristic of tumor cells. Normally plasticity is typical only for leucocytes,
which need to migrate in vessels and invade into inflammatory tissues,
overcoming tissue barriers, and also for stem cells. Acquisition of capaci-
ty of tumor cells to undergo mesenchymal-amoeboid (MAT) and amoe-
boid-mesenchymal transition (AMT) gives them opportunity to adapt
their type of migration to architecture and stiffless of surrounding tissue
and to choose the most effective way to move through the barriers.

The work was partially supported by RFBR, research project 14-
04-01228-a.
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ARPIN AS A NOVEL REGULATOR OF CELL MOTILITY
AND ITS ROLE IN TUMOR INVASION
M. E. Lomakina', I. Dang?, V. D. Ermilova’, T.A. Chipysheva®,
A. Gautreau?, A. Y. Alexandrova®
! Blokhin Russian Cancer Research Center of the Russian
Academy of Medical Sciences;
2 Laboratoire d'Enzymologie et Biochimie Structurales, CNRS

Enhanced migration activity is an important aspect of metastatic
development. Nowadays several molecular mechanisms which underly-
ing cell migration and dissemination are known. One of main mecha-
nisms is the formation of protrusion at the active cell edge based on
Arp2/3-induced polymerization of branched actin network. Currently the
active search of proteins and other agents which could regulate cell mi-
gration is carried out. A group of French scientists in the laboratory of A.
Gautreau have found out a new protein, which was characterized as the
inhibitor of Arp2/3-complex activity and called Arpin (Arp Inhibitor). It
was shown that Arpin could play as a brake in the process of protrusion
formation and could play as a “steering wheel” regulating cell migration
in vitro [1]. Thereby, in seems to be very interesting to analyze the role of
Arpin in regulation of cell migration in vivo in the process of tumor pro-
gression and metastasis.

The aim of our work was to study the role of Arpin in the process
of tumorogenesis in the context of human breast tumors.
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Quantitative analysis of Arpin level in normal tissues of human mammary
gland, benign proliferation, different breast cancers and metastases to
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We performed the immunohistochemistry of mammary gland tis-
sue and studied the distribution of Arpin. We studied the frozen sections
of human breast tumors after mastectomy provided on the base of
Blokhin Cancer Research Center. There were benign fibroadenoma, car-
cinoma in situ, breast cancer of luminal type and tumor metastases to
lymph nodes between our samples. The sections of normal tissue taken
from mammary gland near the tumor were used as a control. The antibod-
ies to keratin 8 (marker of luminal epithelium), keratin 17 (marker of
myoepithelium), laminin (marker of basal membrane), smooth-muscle
actin and some others were used as additional markers for detection of
mammary gland structures and determination of tumor type [2].

It was shown that Arpin is expressed both in luminal and
myoepithelium cells of normal mammary gland ducts and lobules. The level
of Arpin in myoepithelium cells were higher than in the cells of luminal epi-
thelium. Arpin was frequently colocalised with actin bundles in
myoepithelium cells (marked by antibodies to alpha-smooth actin). Level of
Arpin in benign fibroadenomas did not significantly changed in comparison
with its level in normal luminal epithelium of ducts and lobules and was ra-
ther high. However, level of Arpin in tumor cells of carcinoma in situ, inva-
sive carcinomas of luminal type and metastases in lymph nodes was signifi-
cantly reduced, compared to normal tissue. Therefore, the malignant stage of
tumor transformation was associated with decrease of Arpin level in tissue,
which could denote that Arpin inhibits tumor invasion.

To understand better the dependence of Arpin level of motile status
of cells we also analyzed the level of Arpin in different non-transformed
and transformed cells lines from the collection of our institute using
immunofluorescent staining and western blot analysis. Cells with differ-
ent Arpin level were detected. We found three cell lines, than lack Arpin
(MRC-5V2, HT-1080, K562) according to the Western blot analysis. All
three of them are transformed and have strong alterations in morphology
and migration characteristics, compared to their homologous more nor-
mal counterparts (MRC-5, MRC-5V1, 1036 and others), that express
Arpin. It was shown that all these three Arpin-free cell lines could invade
3D matrigel. This data is consistent with our data archived from im-
munohistochemistry of biopsic material and gives evidence of eventual
inhibitory role of Arpin in regulation of invasion.

The work was partially supported by RFBR, research project 14-
04-91056.
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EFFECT OF NIFEDIPINE ADMINISTRATION
ON PROTEOLYTICAL EVENTS IN RAT SOLEUS MUSCLE

UNDER 3-DAY OF HINDLIMB SUSPENSION

Y.N. Lomonosova?, S.P. Belova?, T.L. Nemirovskaya'?

1Faculty of Basic Medicine, Lomonosov Moscow State University,

117191 Lomonosovsky pr. 31/5, Moscow, Russia;

?|nstitute for Bio-Medical Problems, RAS,
Khoroshevskoe Highway 76a, 123007 Moscow, Russia

We tested the hypothesis that prevention of cytoplasmic calcium in-
flux via L-calcium channels during 3 days of rat hindlimb suspension could
lead to decrease of pi-calpain level, and calcium leakage to cytoplasm could
serve a triggering mechanism, which activated the work of ubiquitin-
proteosomic pathway in rat soleus. It have been demonstrated earlier that
L-channels blocking diminished the calcium level in muscle fibers during
hindlimb suspension (Mukhina A.M. et all, 2008). 21 male Wistar rats
were divided into 3 groups: Control group (C, n=7), Hindlimb suspended
rats during 3 days (HS, n=7), HS+nifedipin administration (in m.soleus
twice a day (7 mg/kg in 0,3% DMSO, HSN, n=7). M.soleus weight and
MHC protein content haven’t been changed after HS. We didn’t reveal nei-
ther p-calpain level increase, nor desmin destruction in HSN group in con-
trast to HS group. However MuRF-1 u MAFbx mRNA levels were both
increased and pAkt content was decreased in both hidlimb suspended
groups. In conclusion: p-calpain content under soleus unloading could be
regulated by calcium level modulation, destruction of the cytoskeletal pro-
tein desmin occurs up to reduce the contractile proteins and noticeable
muscle atrophy. The dihydropyridin channel blocking (calcium level mod-
ulation in the cytoplasm of muscle fibers) doesn’t prevent decrease of pAkt
content and MuRF-1 and MAFbx elevated level.

Supported by RFBR grants 11-04-00787-a, 14-04-01632

ACTIVATION OF EUKARYOTIC ELONGATION
FACTOR 2 KINASE IN SKELETAL MUSCLE
UNDER HINDLIMB UNLOADING
Yu.N. Lomonosova, B.S. Shenkman
Institute for biomedical problems, Khoroshevskoye shosse, 76a,
Moscow, 123007, Russia;

E-mail: ylomonosova@mail.ru

Profound decrease of postural (mostly antigravitational m.soleus)
and locomotor skeletal muscle mass and/or decrease of functional load-
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ing to the muscles is typical not only for humans and animals exposed
to zero gravity but also for patients with traumatological and neurologi-
cal pathology. Muscles being unloaded and/or immobilized under some
period show decrease of contractile characteristics, protein mass and
fiber size (atrophy) [Thomason et al., 1990; Chopard et al., 2001]. De-
crease of protein synthesis rate and increase of proteolysis were shown
under functional unloading of skeletal muscle [Loughna et al., 1986;
Kandarian et al., 2002]. There is deficiency in studies analyzing mecha-
nisms of protein synthesis rate decrease. Works exploring polypeptide
elongation rate in skeletal muscle under the unloading are absolutely
absent. It was shown that eukaryotic elongation factor 2 phosphoryla-
tion (eEF2) by its specific kinase (eEF2k) 10-100 fold decreases eEF2
affinity to ribosome, which leads to drop of protein synthesis rate
[Carlberg et al., 1990]. We have supposed that protein synthesis rate
decrease occurred due to eEF2k activation in m. soleus under functional
unloading. Male Wistar rats were divided into 4 groups: control group
(«C», n=7), hindlimb unloaded group during 3 days («3HS», n=7), 7
(«7HS») and 14 days («14HS»). Hindlimb unloading was carried out
according to Novikov-Ilyin’s technique with Morey-Holton’s modifica-
tion. The rats were sacrificed by overtin overdose (75 mg/kg body wt),
each m. soleus was weighted, immediately frozen in liquid nitrogen and
stored 80°C below zero until analysis. Atrophy of m. soleus was found
in 7 and 14 days hindlimb unloaded group. Total and phosphorylated
levels of p70S6-kinase downstream of mTOR remained unchanged in
skeletal muscle after 3 and 7 days of hindlimb unloading. Eukaryotic
elongation factor 2 (eEF2) is one of the important member of eEF fami-
ly catalyzing simultaneous translocation tRNA and mRNA on a 80S
ribosome [Taylor et al., 2007]. eEF2 expression didn’t change under
hindlimb unloading, but degradation of eEF2 was found after 7 days of
the unloading and reached 50% to the 14 days of unloading. It’s known
that eEF2 phosphorylation by its specific eEF2-kinase leads to preven-
tion of translation elongation [Browne et al., 2002]. We showed that P-
eEF2 content increased by 60% as early as after 3 days unloading.
When analyzing eEF2k expression we observed two-fold increase of
eEF2k mRNA level in m. soleus after 3 days of unloading as compared
to control group. It is concluded that increase in eEF2 phosphorylation
is sufficiently associated with the activation of eEF2-kinase in rat m.
soleus under long period of hindlimb unloading.
The work was supported by grant RFBR 11-04-01769-a.
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TIME-COURSE CHANGES OF THE KEY ANABOLIC
MARKERS DURING EARLY PERIOD
OF HINDLIMB UNLOADING
Yu.N. Lomonosova, B.S. Shenkman
State Scientific Center RF Institute of Bio-medical Problems, RAS,
Khoroshevskoye Shosse, 76A, Moscow, 123007, Russia

The unloading-induced muscle atrophy is known to be developed
due to decrease of protein synthesis as well as to increase of protein
degradation. But it is still unknown impairment of which anabolic sig-
naling pathway is mostly involved in the atrophy development. As a
matter of fact the alteration of protein synthesis could be associated
with the mTOR downstream S6 kinase decline, decrease of Akt-
dependent GSK3B phosphorylation or increase of eukaryotic elongation
factor-2 phosphorylation. At the same time the protein synthesis intensi-
ty is believed to be partially associated with the ribosomal biogenesis
i.e. ribosomal RNA expression.

The study was purposed to analyze some of the above mentioned
anabolic signaling molecules during the early period of the unloading-
induced rat soleus muscle atrophy development.

It was previously established that after 3 days of hindlimb unload-
ing the intensity of protein synthesis in rat soleus muscle was found to be
20% declined. But we didn’t find any changes in the content of the phos-
phorylated p70S6K in rat soleus neither after three nor after 7 days of
hindlimb unloading. However the content of phosphorylated (inactivated)
eukaryotic elongation factor — 2 is 1.5-fold increased after 3 and 7 days of
unloading. We also observed the increased (2-3 fold) expression of eef-2
kinase MRNA at the same time points.

Thus we ascribe the early drop of the protein synthesis rate to the
impairment of the elongation process. But during these early time points
of the fiber atrophy development we also observed the sufficient decrease
of the 28S ribosomal RNA content.

It is concluded that although the mTOR-dependent ribosomal ki-
nase activity is not altered during the early period of hindlimb unloading,
the protein synthesis intensity decreased due to the impairment of the
elongation machinery and decline of ribosomal biogenesis.

The work was supported by the RAS program of the basic studies
and the RFBR grant #13-04-00888-a
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THE EFFECTS OF ACUTE ENDURANCE EXERCISE
FOLLOWED BY AMINO ACIDS FEEDING ON MOLECULAR
RESPONSE IN HUMAN SKELETAL MUSCLE
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Endurance exercise results in pronounced metabolic changes in
skeletal muscle and activates AMP-dependent protein kinase (AMPK),
Ca-calmodulin-dependent protein kinase and mitogen-activated pro-
tein kinase p38. This leads to activation of peroxisome proliferatior-
activated receptor gamma coactivator 1 alpha (PGC-1a) a master regu-
lator of mitochondrial biogenesis. On the other hand, aerobic exercise
is known not to increase the postexercise myofibrillar fractional syn-
thesis rate probably because of negative regulation of mMTORCL1 path-
way by AMPK. Moreover, it might be followed by muscle protein
breakdown by activation of ubiquitin proteasome system. The aim of
present study was to examine the possibility to eliminate the negative
effects of endurance exercise by essential amino acids feeding during
postexercise recovery. Nine amateur endurance trained males carried
out test sessions: endurance exercise (70 min) and endurance exercise
followed by branched-chain amino acids (0.2 g/kg of body weight)
feeding. Biopsy samples from m.vastus lateralis were taken before, 40
min, 5 h and 21 h after termination of endurance exercise. Expression
of metabolic (PGC-1a, TFMs) and catabolic (Myostatin, Atrogin-1,
MuRF) genes were evaluated by real-time PCR. Expression of anabol-
ic and catabolic signaling regulators (p70, FOXO1) as well as PGC-1
alpha in cytoplasmic and nuclear fraction were measured by Western
blot.

Endurance exercise alone and combined with amino acids feeding
was accompanied by significant accumulation of capillary blood lactate
level. Expression of mitochondrial biogenesis genes was increased as
well as activation of their upstream kinases. Expression of the exercise-
induced catabolism markers was different in two groups. Thus admin-
istration of amino acids may be used to optimize the effect of endurance
exercise.

The work is supported by RFBR grant Ne 14-04-01807.

174



AMINO ACID NEUROTRANSMITTERS OF CNS AS SIGNALING
MOLECULES AT THE VERTEBRATE NEUROMUSCULAR
JUNCTION: FACTS AND HYPOTHESES
A.l. Malomouzh
Kazan Institute of Biochemistry and Biophysics, Russian Academy
of Sciences, P.O. box 30, Kazan, 420111, Russia

In neurobiology for decades the “Dale’s principle’ dominated, ac-
cording to which, one neuron synthesizes, stores, and releases a single
transmitter liberated from all axon terminals. In this regard, vertebrate
motoneuron for a long time was considered as a cell capable to release
acetylcholine only. However, by the early 90’s, a large amount of exper-
imental data was obtained, the analysis of which led to the formation of
the modern theory of ‘co-transmission’. According to this theory, one or
several types of synaptically active molecules, co-transmitters (coexisting
transmitters) are released from the neuron together with basic mediator.
These co-transmitters are capable of exerting their own effects in the tar-
get cell, regulating the release of primary neurotransmitter (presynaptic
modulation) or modulating the physiological response in the postsynaptic
cell (postsynaptic modulation). At present, it can be stated that the phe-
nomenon of co-release of several neurotransmitters from the nerve end-
ings is the rule rather than the exception for the entire nervous system,
including peripheral part. Some signaling molecules that do not meet the
definition of ‘co-transmitters’” are involved in the functioning of the syn-
aptic apparatus too. They are released from either neuron, but inde-
pendently of the primary neurotransmitter, or have a glial origin or they
are released from the postsynaptic cell and, along with co-transmitters,
exert their modulating and/or neurotrophic effects.

Investigations during the last two decades indicate a role for glu-
tamate (which is the most abundant excitatory neurotransmitter in the
CNS) as a signalling molecule at the neuromuscular junction of verte-
brates. So, it has been established that glutamate is present in the cyto-
plasm of motoneurons, is associated with synaptic vesicles and can be
released from motor nerve ending. Furthermore, glutamate receptors and
glutamate transporters have been found at the neuromuscular junction
directly. It appeared that this amino acid is able to influence the processes
of acetylcholine release from motor neuron, and modulatory mechanisms
of glutamate action in mammalian and amphibian neuromuscular junc-
tions are different. Moreover, in the latter it varies apparently during on-
togeny. It was shown that in the early stages of establishing and maturing
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of amphibian neuromuscular junction glutamate facilitates quantal acetyl-
choline release, whereas in adult animals, the amino acid inhibits the
quantal secretion of primary neurotransmitter, and this effect is more pro-
nounced at higher frequencies of nerve stimulation. At the same time, at
the mammalian neuromuscular junctions any effects of glutamate on
quantal acetylcholine release have not been established yet. However, the
inhibitory action of this amino acid on the non-quantal acetylcholine re-
lease was revealed. Since a majority of data indicates that tonic neuro-
transmitter release is one of the neurotrophic control factors then gluta-
mate can be considered as a regulator of neurotrophic influence. Due to
the fact that glutamate receptors activation (both at amphibian and mam-
malian endplates) may be accompanied by the elevation of nitric oxide
(NO) synthesis, and the contribution of NO-mediated signaling in metab-
olism and contraction of muscle fibers was revealed, glutamate might be
assumed to participate in a wide range of physiological functions.

Gamma-aminobutyric acid (GABA), in contrast to glutamate, is the
major inhibitory neurotransmitter in the synapses of CNS and plays a key
role in the development, maturation and functioning of brain modulating
neuronal activity. Research conducted in the 70’s to the present day,
demonstrated that GABAergic signaling is not restricted to the CNS, and
this amino acid can play the role of signaling molecule at peripheral syn-
apses too. Functional GABA receptors have been detected on sympathet-
ic and sensory neurons, on unmyelinated axons in vagal and sympathetic
nerve trunks, on myelin-producing Schwann cells and on embryonic
skeletal muscle cells. Furthermore, it was shown that GABA reduces the
release of acetylcholine from the preganglionic fibers in the rat cervical
ganglion and in the bullfrog sympathetic ganglion. At the same time, at
the neuromuscular synapse no effects of GABA on the parameters of the
guantal acetylcholine release and muscle contraction have been shown.
However, recently we have shown that metabotropic GABAg receptors
are localized (apparently presynaptically) at mature rat neuromuscular
synapse and that their activation leads to a decrease in the intensity of
non-quantal acetylcholine release.

Thus, currently the neuromuscular synapse must be regarded as a ra-
ther complex and highly plastic morphological and functional structure
with a number of multiple-intercellular signaling pathways which can in-
volve directly amino acids, previously considered only as CNS mediators.

Supported by grant of RFBR (Ne 14-04-01788) and Program of the
President of the Russian Federation (Science School no. 5584.2014.4).
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INVOLVEMENT OF PHOSPHATIDYLINOSITOL
4,5-BISPHOSPATE-BINDING PROTEINS IN THE CONTROL
OF CONTRACTILE OSCILLATIONS
IN PHYSARUM POLYCEPHALUM PLASMODIUM
N.B. Matveeva, , A.A. Klyueva, V.A. Teplov
Institute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino, Moscow region, 142290, Russia

Phosphatidylinositol 4,5-bisphospate (PIP,) is responsible for a
wide range of membrane-related phenomena as a source of three second
messengers: inositol 1,4,5-trisphosphate (1P3), diacylglycerol (DAG), and
phosphatidylinositol 3,4,5-trisphosphate (PIPs). It is also a site of binding
of phosphatidylinositol-3phosphatase (PTEN) and PH-domains of pro-
teins controlling the cell contractile apparatus. As a substrate of phospho-
lipase C (PLC), PIP, is a key regulator of the intracellular Ca®* concentra-
tion and is responsible for calcium fluctuations and waves. The concen-
tration of free PIP, in the membrane is important for these processes. The
release of this phospholipid from membrane clusters formed by PIP,-
binding proteins causes the phosphorylation of their regulatory domains
by protein kinase C (PKC) or interaction with Ca**/calmodulin
(Ca®*/CaM) [1]. Because the activation of PKC is provided by the prod-
ucts of PIP, hydrolysis DAG and IPs;, which releases Ca®* from internal
stories, PIP,-binding proteins form in the membrane pools of PIP,, mobi-
lized during the activation of the IP; receptor (IP3;R), which appears to be
capable to maintain, through PKC and Ca®*/CaM, the membrane concen-
tration of free PIP, and thereby its activity.

The goal of the work was to elucidate the mechanism of the regula-
tion of the membrane concentration of free PIP, in the Physarum
polycephalum plasmodium, a giant ameboid cell, which exhibits regulari-
ties of motile behavior common with those of tissue cells. The plasmodi-
um generates auto-oscillations of the intracellular Ca®* concentration, the
contractile activity, and the membrane potential and responds to receptor
stimulation by attractants with an increase in their frequency. In
tensiometric experiments, which are difficult to realize on tissue cells,
contractile oscillations were monitored by changes of the longitudinal
force generated by isolated plasmodial strands about 5 mm in length and
0.4 mm in diameter under isometric conditions at temperature 22°C.

The presence of feedbacks regulating the activity of IP;R, which
plays a crucial role in the plasmodial oscillator [2], suggests the possibil-
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ity of oscillatory changes in the level of PIP, and its participation in the
regulation of the cytoskeleton dynamics not only through Ca*" but also
through phospholipids. It was shown using neomycin as a substrate inhib-
itor of PLC and the aminosteroid U73122, an effective blocker of recep-
tor-induced PLC activation without inhibition of the enzyme per se, that
the activation of PLC is a necessary condition for the generation of
autooscillations and the motile response of plasmodium to signal mole-
cules secreted by the cell itself [3, 4]. U73122 changed the period of
autooscillations but did not abolish autooscillations.

As opposed to U73122, neomycin led to the termination of
autooscillations; however, their damping might continue for hours. The
response to the inhibitor depended not only on the physiological state of the
plasmodium and the concentrations used but also on the pH of medium.
For example, at pH 4.6, an optimal value for the plasmodium cultivation,
neomycin at concentrations of 0.1-1 mM at first induced a transient rise in
the isometric force, which was accompanied by an increase in the period
and amplitude of its oscillations, but the strand stiffness did not change [3].
The duration of the oscillatory regime, which was retained in the presence
of neomycin, corresponded to the conception about the development of its
effect in membranes of living cells. Neomycin, as a substrate inhibitor of
PLC, reduced its activity by gradually binding PIP,, which was released
during oscillations. The process was accompanied by the appearance of
hyaloplasm-filled membrane blebs typical of PIP,-blocking agents [5].
These blebs resulted from the local detachment of the membrane from cy-
toskeleton, which was accompanied by a decrease in the magnitude of the
force, as well as the amplitude and period of its oscillations. These changes
in the cell stress and consequently in the intracellular pressure determine,
according to our mathematical model, the conditions of excitation of the
plasmodial oscillator and its parameters [6]. On the retention of the cortex,
an increase in the pressure may result from the enhancement of
depolymerization of cytoplasmic actin during the PIP, blockade by neomy-
cin [7]. This confirms that PIP, is the major target of the inhibitor and a
regulator of the state of the Physarum cytoskeleton.

The probability of the formation of a complex of neomycin with
PIP, and its competition with PLC for free PIP, should substantially depend
on the dynamics of the association—dissociation of PIP,-binding proteins
during the contractile cycle and on the possibility of the phosphoinositide
resynthesis, which evidently determines the duration of decay of oscilla-
tions. The efficiency of neomycin abruptly increased with increasing pH of
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medium, which is probably due to a strong pH dependence of the mem-
brane potential of plasmodium, which increased from -50 mV at pH 5 to -
120 mV at pH 7 [8]. The gradient of the membrane potential is surely im-
portant for the penetration of neomycin to the target in the cytoplasmic
leaflet of the plasma membrane, primary PIP, location in eukaryotic cells.,
The neomycin concentration at pH 7, which causes the arrest of au-
to-oscillations on strands similar to the effect of 2-APB, an inhibitor of
the IP; receptor [2], decreased from 3-5 mM at pH 4.6 (which was ob-
served only on microplasmodia [3]) to 100 uM (fig. 1a). The response of
period at the initial stage of the restoration was by ~25% shorter than in
the control and then increased due to the elongation of the contraction of
plasmodium to the inhibitor was two-phasic: after the termination of auto-
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oscillations for 10-30 min, they gradually resumed; the oscillation phase.
As it was shown on preparations of cardiocyte sarcolemmes, the binding
of PIP, by neomycin stimulates the activity of phosphatidylinositol 5-
kinase, which catalyzes the synthesis of PIP,. The significant increase in
PIP, concentration was also induced by the expression in PC12B cells of
the protein MARCKS but not its mutant form devoid of the effector do-
main binding to PIP,. Probably the restoration of autooscillations in
plasmodium is also related to the stimulation of PIP, resynthesis, alt-
hough this question undoubtedly requires further studies with the use of
the inhibitors of 4- and 5-inositolkinases. In favor of the activation of re-
synthesis of PIP, upon its binding by neomycin is the acceleration of the
restoration of autooscillations with increasing initial frequency at higher
concentrations of the inhibitor. At a neomycin concentration of 5 mM, the
oscillations resumed within 10 min (fig. 1b) and were accompanied by a
more intensive formation of protoplasm-filled blebs than at pH 4.6, which
prevented the increase in ectoplasm tension.

To determine whether PIP,-binding proteins similar to MARKS are
involved in the regulation of the concentration of free PIP, in the mem-
brane of plasmodium, we examined the effect of the PKC inhibitors
staurosporine, UCN-01 (7-hydroxystaurosporine), and Ro-31-8220 sepa-
rately and in combination of these inhibitors with the Ca?*/CaM inhibitor
calmidazolium (1 pM) and with neomycin on the mode of autooscilla-
tions of the contractile activity. The main criterion for the assessment of
the effect of PKC inhibitors was the duration of the termination of
autooscillations induced by neomycin in comparison with the effect of
their combined action in parallel experiments.

The inhibitors of PKC in combination with calmidazolium induced
a slow decay of autooscillations. They also induced a twofold increase in
the duration of the termination of autooscillations in response to neomy-
cin added in their presence. It should be noted that the addition of
calmidazolium (1 uM) diminished the effect of the PKC inhibitors. This
is probably related to its influence on other targets, which led to an in-
crease in the intracellular calcium concentration. The most pronounced
neomycin-like effect was induced by UCN-01, a selective inhibitor for
conventional and novel PKC isotypes. At a concentration of 5 pM, UCN-
01 increased the period and amplitude of autooscillations and enhanced
the effect of neomycin added in its presence, which manifested itself as
an increase in the duration of the absence of autooscillations (30-40 min)
(fig. 1c). When used upon the restoration of autooscillations in the pres-
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ence of neomycin, all PKC inhibitors accelerated the increase in the peri-
od of restored autooscillations due to the elongation of the contraction
phase, which coincides in time with the increase in the concentration of
free calcium in the cytoplasm [8]. The results count in favor of the as-
sumption that the plasmodial membrane contains MARCKS-like proteins
and PKC-controlled pools of PIP,; however, further studies are needed to
confirm this assumption.
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Tropomyosin (Tm) is an a-helical coiled-coil protein that binds
along the length of actin filament and plays an essential role in the regula-
tion of muscle contraction. There are two highly conserved non-canonical
residues in the middle part of the Tm molecule, Aspl37 and Gly126,
which are thought to impart conformational instability (flexibility) to this
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region of Tm which is considered crucial for its regulatory functions. It
was shown previously that replacement of these residues by canonical
ones (Leu substitution for Asp137 and Arg substitution for Gly126) re-
sults in stabilization of the coiled-coil in the middle of Tm and affects its
regulatory function [1, 2]. We extended these studies employing various
methods and approaches (such as CD, limited proteolysis by trypsin,
ATPase measurements, in vitro motility assay, etc.) to compare structural
and functional features of recombinant human striated muscle a-Tm mu-
tants carrying stabilizing substitutions D137L and G126R. Moreover, we
for the first time analyzed the properties of Tm carrying both these substi-
tutions within the same molecule. The results show that both substitutions
similarly stabilize the Tm coiled-coil structure, and their combined action
leads to further significant stabilization of the Tm molecule. This stabili-
zation has no appreciable influence on the actin affinity for Tm, but it
makes the Tm-actin complexes more stable as was shown by measuring
the temperature dependences of thermal dissociation of these complexes
monitored with light scattering. The stabilizing substitutions in the mid-
dle part of Tm increase the ATPase activity of the myosin heads upon
their interaction with actin filaments containing Tm and enhances maxi-
mal sliding velocity of regulated actin filaments containing Tm and tro-
ponin in the in vitro motility assay at high Ca?* concentrations; moreover,
this stabilization increases Ca®*-sensitivity of the actin-myosin interaction
underlying this sliding. We propose a possible explanation for the physio-
logical effects of these substitutions in the middle part of Tm, according
to which their effects on the Ca?*-regulated actin-myosin interaction can
be accounted for not only by decreased flexibility of actin-bound Tm, but
also by the influence of these substitutions on the interactions between
the middle part of Tm and certain sites of the myosin head [3, 4].

This work was supported by RFBR (grants 12-04-00411, 13-04-
40099-K, 13-04-40099-H, 13-04-40100-H, 13-04-40101-H), the Program
of Ural Branch RAS (project 12-P-4-1007), and the Program “Molecular
and Cell Biology” of the Russian Academy of Sciences.
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VESICULAR TRANSPORT INHIBITOR BREFELDIN A
AND MICROTUBULE DISRUPTER NOCODAZOLE SIMILARLY
MODULATE THE EFFECT OF GLUTOXIM
ON Na" TRANSPORT IN FROG SKIN
A.V. Melnitskaya, Z.1. Krutetskaya, S.N. Butov,

N.I. Krutetskaya, V.G. Antonov
Saint-Petersburg State University, 7/9 University emb.,
Saint-Petersburg, 199034, Russia

The amphibian skin and other isolated epithelial systems are clas-
sical model objects for studying the mechanisms of transepithelial ion
transport. Na* transport in osmoregulatory epithelia is a complex multi-
component system providing the establishment and maintenance of elec-
trolytic and water homeostasis. The key Na'-transport proteins, such as
amiloride-sensitive epithelial Na* channels (ENaCs), Na'/K* ATPases,
and Na'/H" exchangers, are targets for oxidative stress [1]. However, the
mechanisms underlying the effect of oxidants and reducing agents on in-
dividual components of the Na® transepithelial transport are still un-
known. Recently, new disulfide containing agents with d-metals as
nanoadditives, altering cell redox state, have been widely used. In par-
ticular, the drug glutoxim® (disodium salt of oxidized glutathione,
GSSG, with platinum nanoaddition; PHARMA-VAM, Moscow, Russia)
has been introduced into clinical practice as an immunomodulator and a
hemostimulant in the integrated therapy of bacterial and viral diseases,
psoriasis, as well as radio and chemotherapies of cancer [2].

We earlier demonstrated that the Na* transport in the frog skin was
modulated by various oxidants. This was the first finding to demonstrate
that GSSG and glutoxim applied to the basolateral frog skin surface imi-
tate the effect of insulin and stimulate Na* transeptithelial transport [3].
Later, we have shown that tyrosine kinases, phosphatidylinositol kinases
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[4], protein kinase C [5], serine/threonine protein phosphatases PP1/PP2
[6], actin filaments [6] and microtubules [7] are involved in the glutoxim
regulation of Na* transport in the frog skin.

It is also known that processes of exo- and endocytosis play an im-
portant role in modulation of the activity of various Na'-transporting pro-
teins. Moreover, in the processes of deletion/insertion and delivery of ENaC
subunits to the membrane various structural and signaling elements, such as
microtubules and microfilaments [8], protein synthesis regulators [9] and
components of vesicular transport [10] are involved. Therefore, it was inter-
esting to investigate the possible involvement of vesicular transport and mi-
crotubules in the modulation of glutoxim effect on Na* transport in frog skin.
Nocodazole (microtubule depolymerizer) and brefeldin A, a specific inhibi-
tor of vesicular transport, were used in the experiments.

Materials and methods

Experiments were performed on frog Rana temporaria males. The
skin from the frog abdomen was removed and placed in Ussing chamber
(World Precision Instruments, Inc., Germany) with 12 mm inner orifice.
Frog skin electrical parameters were measured with the automatic device
for voltage-clamp and registration of current-voltage relations (I-V rela-
tions). To measure 1-V relations, transepithelial potential VV+ was changed
periodically to a series of nonzero values. From skin 1=V relations the
electrical characteristics of frog skin were determined: the short — circuit
current (Isc), the open — circuit potential (Voc = V1 at the total
transepithelial current I+ = 0), and transepithelial conductance (gr). The
transepithelial Na* transport was measured as amiloride — sensitive short
— circuit current (Isc). Nocodazole and brefeldin A were added 30 - 40
min before glutoxim application. Statistical analysis was performed using
Student’s t-test. The data are presented as X + s,. Fig. 1 illustrates the re-
sults of typical experiments.

Results and discussion

The mean values of frog skin electrical characteristics in control
(from 10 experiments) are: Isc = 39.16 + 3.45 pA, Voc =-110.65 + 12.41
mV, and gr = 0.35 £ 0.02 mS. Glutoxim, applied to the basolateral sur-
face of the intact frog skin, stimulated Na* transport. After glutoxim ap-
plication lsc increased in average by 31.24 + 8.32%; Voc — by 38.04 +
5.15%; and gy did not change (the data from 10 experiments).

It has been also found that nocodazole and brefeldin A modulate
the effect of glutoxim on Na" transport (fig. 1). On average (the results of
10 experiments), after the preincubation of skin apical surface with 50
UM nocodazole for 30 min before application of 100 pg/ml glutoxim to

184



Amiloride

Iscs mA

ittty Py

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Time, min

Fig. 1. Dependence of the changes in short-circuit current, ISC, through
the frog skin in response to glutoxim: (1) ISC after applying 100 pg/ml
glutoxim to the basolateral surface of intact frog skin; (2-3) ISC after ap-
plying glutoxim to the frog skin pretreated (for 30 min) from the apical
side with 50 uM nocodazole (2) or 50 uM brefeldin A (3); at the end of
each experiment, the solution bathing the apical skin surface was supple-
mented with 20 uM amiloride, an ENaC blocker.

the frog skin basolateral surface, Isc decreased by 35.46 + 7.09 %, and
Voc decreased by 29.15 + 6.34 %, gr — by 18.03 £ 6.38 %. Similarly, if
the apical surface of frog skin was preincubated with 50 uM brefeldin A,
Isc decreased after glutoxim application by 41.62 + 9.35 %, Voc — by
35.45 + 8.34 %, and gr — by 20.81 + 6.34 %.

We have earlier demonstrated that glutoxim applied to the
basolateral frog skin surface imitated the effect of insulin and stimulated
Na® transport, inducing a biphasic increase in Isc [4]. The figure shows
the changes in the lIsc through the frog skin after applying 100 pg/ml
glutoxim to the basolateral surface of intact skin (fig. 1, curve 1), as well
as the skin pretreated (for 30 min) from the apical side with 50 pM
nocodazole (fig. 1, curve 2) or 50 uM brefeldin A (fig. 1, curve 3). It is
evident that nocodazole and brefeldin A completely inhibit both phases of
the glutoxim stimulatory effect on the Na* transport in frog skin.

It is known that various Na'- transporting proteins contain numer-
ous cysteine residues which are the targets for intra- and extracellular
oxidizing and reducing agents. In reabsorbing epithelia ENaC play a crit-
ical role in the Na* transport. Numerous cysteine residues localized in
various ENaC segments determine its redox sensitivity and are the targets
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for intra- and extracellular oxidizing and reducing agents. Addition of 20
uM amiloride, a ENaC blocker, into the solution washing the apical sur-
face of the frog skin at the end of each experiment almost completely in-
hibited Isc (fig. 1). It implies that glutoxim affects Na* transport primarily
by modulation of ENaC activity.

Our results suggest that microtubules and vesicular transport are in-
volved in the glutoxim effect on the Na* transport in frog skin. It's also evi-
dent that microtubule disrupter nocodazole and vesicular transport inhibitor
brefeldin A similarly modulate the glutoxim effect on Na* transport in frog
skin. Both agents almost completely attenuated glutoxim stimulatory effect
on Na'" transport and also considerably decreased the skin electrical charac-
teristics. Hence, it is possible to suggest that brefeldin A action on the
glutoxim effect may be realized through cytoskeleton elements.
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INHIBITORY ANALYSIS OF PROTEIN SYNTHESIS
SIGNALING PATHWAYS IN RAT POSTURAL MUSCLE
DURING RECOVERY AFTER FUNCTIONAL UNLOADING
T.M. Mirzoev, O.V. Turtikova, B.S. Shenkman
SSC RF - Institute of Biomedical Problems of RAS,
123007, Khoroshevskoe shosse 76A, Moscow, Russia

Restoration of muscle mass after functional unloading is an urgent
problem both in space and rehabilitation medicine. The most important
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role in the recovery of atrophied muscle belongs to the protein synthesis.
However, the work of intracellular signaling pathways that regulate pro-
tein synthesis in mammalian postural muscle during the period of readap-
tation after functional unloading remains poorly studied.

One of the effective ways of studying intracellular anabolic signal-
ing systems is an inhibitory analysis that allows us to assess the contribu-
tion of different signaling molecules in the regulation of protein synthe-
sis. In the present study we used inhibitors wortmannin and 1-butanol in
order to determine the role of PI3K-dependent (PI3K - phosphoinositide-
3 kinase) and PA-dependent (PA - phosphatidic acid) signaling pathways
in rat m.soleus in the period of readaptation after disuse. The aim of the
study was also to evaluate the rate of protein synthesis and analyse ana-
bolic signaling pathways in rat m.soleus on the 3" day of recovery after
14 days of simulated gravitational unloading. Wistar male rats weighing
190-210g were divided into the following groups: 1) «Control» (n=7), 2)
«14HS» (n=7) - a group of hindlimb suspension for 14 days, 3)
«14HS+3R+placebox» (n=7) - 3-day readaptation with introduction of pla-
cebo, 4) «14HS+3R+wort» (n=7) - 3-day readaptation with introduction
of wortmannin, 5) «14HS+3R+but» - 3-day readaptation with introduc-
tion of 1-butanol. Gravitational unloading was simulated by hindlimb
suspension of rats. All procedures with the animals were approved by the
Committee on Bioethics of SSC RF - IBMP RAS. The intensity of the
protein synthesis in m.soleus was determined by SUNSET technique.
Content of phosphorylated ribosomal protein kinases p70S6K and
p90RSK was assessed by Western blotting.

Two-week gravitational unloading induced a 33% decrease of pro-
tein synthesis in m.soleus (p<0.05) compared to «Control». However,
after a period of 3 day readaptation we observed an increase of protein
synthesis by 40% (p<0.05) compared to «14-HS». In rats that were treat-
ed with wortmannin and 1-butanol during recovery period there was a
decrease in the rate of protein synthesis vs. «14HS+3R+placebo» by
35.6% and 38.5% (p<0.05) respectively. After 14-day gravitational un-
loading the content of the phosphorylated ribosomal kinase p-p70 did not
significantly differ from the «Control». Following 3 days of readaptation
we observed a significant increase of p-p70 content in m.soleus vs. «14-
HS». In «14HS+3R+but» the p-p70 content was lowered by 57.7%
(p<0.05) vs. «14HS+3R+placebo». There was 84.5% (p<0.05) decrease
of the phosphorylated p-90 RSK in «3R+placebo» compared to «Con-
trol». Administration of inhibitors during the period of readaptation
didn’t induce any significant changes in p-p90RSK content in m.soleus.
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The obtained results suggest that the decrease in the protein syn-
thesis rate caused by wortmannin could be associated with the mTORC1-
independent pathway such as AKT-GSK3pB-elF-2b. Thus, the increased
rate of protein synthesis during the early recovery after gravitational un-
loading is most likely caused by both PA-dependent activation of
MTORC1 and mTORC1- independent pathway.

The work was supported by the Program No. 7 of the Presidium of
Russian Academy of Sciences and RFBR grant no. 14-04-31414.

LIFETIME OF ACTOMYOSIN COMPLEX MEASURED
WITH OPTICAL TRAP
S.R. Nabiev', D.A. Ovsyannikov', A.K. Tsaturyan?, S.Y. Bershitsky"
YInstitute of Immunology and Physiology, Ural Branch of RAS,
Yekaterinburg, 620049, Russia
?|nstitute of Mechanics, Moscow State University,
Moscow, 119992, Russia

During eccentric contraction muscle works against a load which
exceeds its force-generating ability. Such type of contraction is widely
used for athletic training in order to increase the mass and force capacity
of skeletal muscles. Mechanism underlying eccentric contraction was
studied in numerous works on whole muscles [e.g. Cole et al., 1996, Ab-
bott, Aubert, 1952] and isolated muscle fibres [e.g. Piazzesi et al., 1992,
Bagni et al., 1998; Ferenczi et al., 2014]. Here we reproduced the condi-
tions of eccentric contraction at single molecule level and studied the ef-
fects of load and ATP concentration on the lifetime of myosin cross-
bridge using an optical trap.

Methods

Actin and myosin were obtained from fast skeletal muscles of the
rabbit with standard methods [Margossian, Lowey, 1982; Pardee,
Spudich, 1982]. Protein purity was checked with SDS-PAGE. Experi-
ments were done at two ATP concentrations: 3 pM and 6 pM.

The experiments were carried out using three bead assay [Finer et
al., 1994]. Two polystyrene beads of 1 pm in diameter were trapped and
held by two well-focused laser beams. Actin filament of ~5 um in length
was attached to the beads with N-ethylmalimide-modified myosin
[Veigel et al, 1998] forming dumbbell-like probe (fig. 1) and
prestretched by 3-5 pN. The probe was put above the third (silica) bead
2 um in diameter very rarely coated by myosin molecules and the surface
of this bead was scanned in search of events of interaction between actin
filament and a myosin molecule.
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Fig. 1. Diagram of the three bead assay.
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Fig. 2. Example of a record obtained with the experimental protocol de-
scribed in the text. Upper trace is signal of the “motor’ bead position with
respect to trapping beam, which is proportional to applied force at a con-
stant trap stiffness, lower trace is the signal of the ‘sensor’ bead position
with respect to the trapping beam, which is proportional the its displace-
ment; tD is the total time of experimental protocol until the feedback is
switched on again; tL is lifetime of actomyosin complex at load.

To apply a certain load to a single myosin molecule the following
protocol was used (fig. 2). One of the probe beads, ‘sensor’, was held by
static beam and its displacement indicated the step of myosin molecule
attached to actin filament. The second bead, ‘motor’, was held by the
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beam which position was controlled by an acousto-optical deflector feed-
backed by the ‘sensor’ signal [Takagi et al., 2006]. The feedback com-
pensated the displacement of the ‘sensor’ bead by deflection the beam in
the direction opposite to the step thus increasing force applied to the my-
osin molecule. When force achieved preset level, the feedback was
switched off and the actin-bound myosin molecule was left at a defined
load for 0.7s, a period of time certainly exceeding the lifetime of
actomyosin complex, t,, which was measured from the moment of
achievement of the defined level of load to the detachment the molecule
from the actin filament.
Results

The whole range of applied loads (1-15 pN) was divided into three
intervals: <6 pN, 6-10 pN and >10 pN. The distribution of the number of
events against t, was plotted at both used ATP concentrations and differ-
ent load as well as in the experiments carried out with no feedback used
as a control (fig. 3). The distribution for all levels of load as well as for
non-loaded conditions had similar shape and was fitted by a sum of two

exponentials: P(t) = A-(e™" — e ", where P(t) is the probability den-
sity of the events with duration t, k; and k; are the rate constants of the
slow and fast exponentials, respectively (fig. 3).
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Fig. 3. The distribution of the number of events against their duration at
two ATP concentrations without the feedback control.

The rate constants calculated from the fits are shown in table and
plotted in fig. 4. It is seen that both rate constants rose with the increase
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Fig.4. The dependence of the slow (left panel) and fast (right panel) rate
constants on the applied load and ATP concentration.

Rate constants at different ATP concentration and applied loads

ATP Load ke, s ke, s
concentration (meanSD) | (mean+SD)
NoFB | 21.9+0.6 26.7+0.8
3 UM <6 pN 24.0£1.3 118.3+10.8
6-10 pN | 32.2+1.6 316.5+36.3
>10 pN | 50.1£3.3 398.4+57.1
NoFB | 54.4+1.3 80.7£2.3
6 UM <6pN | 45.4+4.7 87.3+10.9
6-10 pN | 64.0+4.1 235.3+23.0
>10 pN | 99.146.3 401.6+40.6

of load. Slow constant, ks, was directly proportional to ATP con-
centration within the used range, doubling the concentration led to two-
fold increase in the rate constant. Fast rate constant, k, did not depend on
ATP concentration but was more sensitive to the load, at doubled load the
constant increased by about four times.

The apparent sensitivity of the slow rate constant to ATP concentra-
tion is easily explainable by a decrease in diffusion time at higher ATP.
The rate limiting step is ATP binding, not product release as the slow rate
constant is proportional to ATP concentration. However the behavior
ofthe fast rate constant is quite puzzling and at the moment we cannot
attribute it to a particular step of the mechano-chemical cycle of the actin-
myaosin interaction.
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Li" IN Na'- DEPENDENT PROCESSES OF EMC
IN MYOCARDIUM AND SKELETAL MUSCLE
OF RANA TEMPORARIA FROG
V.P. Nesterov, 1.V. Shemarova, S.V. Nesterov
Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian
Academy of Sciences, Toreza pr. 44, St. Petersburg, 194223, Russia

It is known that the excitation of the plasma membrane (PM) of
cardiomyocytes (CM) and skeletal muscle fibers (SMF) of vertebrates
arise transmembrane incoming currents Iya+ and lcqo+ , the value of which
depends on the electrochemical gradient of Na* and Ca®" on the PM.
These currents initiated increase [Ca®*]; in the cells, activating the
contractile proteins — is performed electromechanical coupling (EMC) in
the muscles. Important role of these cations in providing EMC processes
due to their unique and stable physico-chemical properties and high
content in biosphere. As a result of technological development in our
environment in large quantities are envolved and therefore act in living
organisms and all other inorganic cations (Li*, Ni**, Y*', etc.), the content
of which is initially in the biosphere was a thousand times smaller.
Penetrating into living cells, they according to their physico-chemical
properties can play an important and useful regulatory role in cellular
processes or, conversely, become dangerous toxicants.

Li* ions, getting into muscle of vertebrates, including human, can
replace Na" in various processes, for example Li" is the only cation able to
replace the Na" in membrane electrogenesis. At the same time it was found
that Li* accumulation in the body greater than the natural level of
concentration, can alter metabolism and lead to dysfunction of the internal
organs, the cardiovascular system and central nerve system. This research
is devoted to a comparative study of the effects of replacing Na* by Li* in
EMC processes in the myocardium and skeletal muscle of the frog. As an
integral test were studied inotropic effects of such replacement. In the study
of SMF we based on the model of direct Na*-induced Ca’* release from the
sarcoplasmic reticulum (SR). According to this model, the Na* ions,
forming I+ at the excitation of PM, rapidly accumulating in the slit-like
space gap between T-tubules and SR and neutralizing fixed negative
charges of ryanodine receptor 1 (RyR1) of SR activate the interaction
between these «foot» part of RyR1 and dihydropyridine receptor (DHPR)
in the L-type Ca®* channel of PM, and thereby open Ca?*-channels of SR.
When studying the CM we came from the fact that the excitation of the PM
(Ina:) Opens L-type Ca**-channel and occurs lc.., inducing the release of
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Ca?* from the SR through RyR2-channel. Entered in myoplasm Na'* ions
increases the concentration of free Ca* ions in myoplasm in result of re-
verse entry Ca** through Na'/Ca®*-exchanger in the PM. Experiments were
performed in vitro on isolated heart preparations (myocardium ventriculi)
and skeletal muscles (m. sartorius) of Rana temporaria frog males. The
incubation medium were normal Ringer solution (Na'-R) and salt mediums
in which Na* is completely or half replaced equimolar amount LiCl - Li*-R
and Li* (50 %)-R respectively. Contraction of muscles evoked by electrical
stimulation and recorded them in conditions that guarantee the
establishment of a homogeneous distribution of cations throughout the
extracellular medium. Processing and analysis of rhythmic isometric
contractions of muscle preparations were performed using a special
computer programs. The muscles efforts with regard the cross-section of
the muscle preparation in its middle part — (Fn, g/mm?), the maximum
speed of effort development (Vmax, 0/5), the time of effort development ( tc
, €) and the its decrease of half (ty,r, S) were evaluated. We used the
standard methods of statistical data processing.

The incubation of muscle preparations in Li *-salt media for 10
minutes had almost no effect on contractile parameters of the skeletal
muscle, but had a significant negative effect on all parameters
characterizing inotropic function of the heart muscle, particularly at the
transition from Li* (50 %)-R to Li*-R. Such tissue specificity of effect of
replacing Na* by Li" reflects the structural and functional features of EMC
organization in these muscles. On the basis of new and last published data
(Nesterov et al., 1985-2002; Wei Liu et al., 1998) can come to the
following conclusion. In the Li*-R incubation medium for CM: 1) entrance
of Li* ions in the CM through L-type Ca**-channels, have a negligible
effect on the Ca*"-binding sites of RyR2, activating the opening of Ca?* -
channels in the SR membrane; 2) Li* ions receive the competitive
advantage against Ca®* in the Ca**-binding sites of RyR2, inactivating the
channel Ca?" conductance of the SR membrane; 3) Li* ions reduce the
contractions of CM because blocked reverse entry of Ca®* through highly
specific with respect to the Na* - Na*/Ca”*-exchanger in the PM. The ob-
tained data demonstrate the importance of maintaining the functional Na*-
gradient on PM in striated muscles and the dangers of Li* contamination
for human. The initial absence of a negative or appearance even a positive
inotropic effect as a result of replacement of sodium by lithium ions in the
medium for skeletal muscles (even in the absence of Ca®* in medium)
indicates a direct effect of Na"and Li", as a positive charge carriers, on the
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fixed negative charges of RyR1 “foot”, opening Ca**-release SR channels.
After 1-1.5 hours after the start of incubation in the Li*-R lithium ions start
to displace the K" ions and the contractile ability of the muscles is rapidly
reducing. We believe that the described processes are not unique to frog
skeletal muscle, but also for skeletal muscles of high vertebrates, including
human.

EFFECT OF URIDINE ON THE ENDURANCE DEVELOPMENT
OF ANIMALS WITH DIFFERENT RESISTANCE TO PHYSICAL
TRAININGS: THE ROLE OF THE MITOCHONDRIAL ATP-
DEPENDENT POTASSIUM CHANNEL
V.I.Nosar', O.S. Gorbacheva®®, O.A. Gonchar?, B.L. Gavenauska®,
L.V. Bratus®, I.N. Mankovskaya®, G.D. Mironova®*
'Bogomolets Institute of Physiology NASU, Kiev, Ukraina;
®Institute of theoretical and experimental biophysics RAS,
Universitetskaya str. 3, 142290, Pushchino, Russia;
3pushchino State University, Pushchino, Moscow region, 142290, Russia

In the last decades the participation of mitochondrial ATP-de-
pendent potassium channel (mito Karp channel) in cardioprotection and
adaptation of the organism to hypoxia has been found (Gross G. et al.,
1992 ; Garlid K. et al., 1997; Grover G., Garlid K., 2000). Administration
of the metabolic precursor of natural activator of mito Karp channel -
uridine before the myocardial ischemia simulating protects the heart
against ischemic injury, restoring the heart rhythm and reducing the in-
farction zone, and moreover, preventing the changes in energetic and ox-
idative metabolism (Krylova 1. et al., 2006, Mironova G.et al., 2007,
Krylova et al., 2012).

The aim of our work was to determine the ability of uridine to af-
fect the animal endurance to physical trainings and to establish whether
its influence is mediated by modulation of the mitochondrial Karp chan-
nel activity in the development of the hypoxic a.

Endurance to physical activity was measured by recording the time
during which the male Wistar rats swam with a load of 20% of body
weight in water at 32°C to exhaustion (sinking on the pool bottom for 15 s).
It was determined that the tested rats reacted differently to the introduced
load. Into the experimental groups were included only the animals with
high endurance (HE), swimming to exhaustion on average 7.40 + 0.35 min,
and the animals with low endurance (LE) whose swimming time to exhaus-
tion was 2.07 £ 0.10 min. Activity of mito Karp channel in both groups was

194



determined at rest. The animals were decapitated under light ether narcosis,
the liver was placed into the chilled incubation medium (70 mM sucrose,
210 mM D-mannitol, 2 mM EDTA , 10 mM HEPES; pH 7.2 ). Then, the
liver was grinded up and homogenized in a glass homogenizer with a teflon
pestle in a 6- fold volume of isolation medium relatively to the weight of
the tissue. For mitochondria isolation, homogenate was centrifuged for 7
min at 700g (4°C), then the supernatant was centrifuged for 15 min at
11,000g (4°C). The precipitate was suspended in a small volume of medi-
um without the addition of EDTA and stored at 4°C. The energy-dependent
K" influx into mitochondria was determined spectrophotometrically by the
swelling magnitude of mitochondria according to the change in light ab-
sorbance at 520 nm (AAsy)/min per mg of mitochondrial protein, assuming
that the swelling reflects the accumulation of cation in mitochondria
(Jaburek M. et al., 1998). The medium contained: 50 mM KCI, 5 mM
Na;HPO,, 0.5 mM MgCl,, 0.1 mM EGTA, 5 mM HEPES; pH 7.2. Mito-
chondrial protein concentration in the cuvette was 0.2 mg / ml. The swell-
ing of mitochondria was initiated by the introduction of 5 mM succinate in
the presence of 2 uM rotenone.

The ATP-dependent DNP-induced efflux of K* from mitochondria,
which also reflects the work of mitochondrial Katp channel but in an oppo-
site direction (Baranova et al., 2000), was measured by using of the K* -
selective electrode in a 1 ml cell at constant stirring and thermostating
(26°C). The medium contained: 170 mM sucrose, 80 mM D- mannitol, 5
mM NaHPO,, 10 mM tris-HCI, 1 pg/ml oligomycin (pH 7.2); mitochon-
drial protein concentration in the cuvette was 0.9 - 1.1 mg / ml. The rate of
K" efflux from mitochondria was expressed as the change of potassium
ions concentration in the medium (A[K'])/min per mg of mitochondrial
protein.

The mitochondrial K* was conducted with a K* -selective electrode
after the addition of detergent (0.05 % Triton X-100) to the suspension of
mitochondria in a 1 ml cell at constant stirring and thermostating (26°C).
The amount of K* in mitochondria was calculated from the amount of
potassium ions appearing in the incubation medium after the destruction
of mitochondria by added Triton X-100.

The analysis of the obtained data indicates that the rate of K" influx
into mitochondria of HE animals, determined by the mitochondria swell-
ing at rest, was higher compared to that of LE animals (figure).

Administration of uridine to LE animals resulted in an increase of
the rate of ATP-dependent K™ influx into mitochondria almost to the level
of its values in HE rats, and combined insertion of uridine and inhibitor
5-HD reduced it almost to the control level.

195



%

150 * =

i

HH

50

The swelling rate of liver mitochondria in rats with high and low endurance
to physical trainings at rest.

Note: 1 - LE (control); 2 - HE (control); 3 - LE (60 min after the insertion
of uridine (30 mg / kg); 4 - LE (60 min after the insertion of 5-HD (mg /
kg) 10 min before the insertion of uridine (30 mg / kg). P<0.05 comparing
with control LE.

Table 1. Effect of uridine on the swimming time of the rats until exhaustion

E . diti Time, min
Xperiment conditions HE LE
Swimming 7.40+0.35 2.07+0.10
Uridine+swimming 411+0.18 | 4.28+0.25
5-HD+swimming 326+025 | 1.08+0.34
5-HD-+uridine +swimming 2.35+ 045 2.15+0.24

Note: * - the differences are statistically significant compared to
control (p < 0.05).

ATP-dependent K* efflux from mitochondria induced by 2,4 -DNP
was also higher in HE than in LE animals (39.7 £ 3.7 and 27.9 + 2.9
pmol/ min / mg, respectively, P < 0.05). While measuring the amount of
K" in the rat liver mitochondria the larger K* content was found in LE
compared to HE animals (56.5 £ 8.3 and 42.3 + 5.4 umol / mg, respec-
tively, p < 0.05). Our presented data are consistent with our previous re-
sults obtained in animals with different resistance to hypoxia (Mironova
G.etal., 2010).

The following objective was to determine the influence of uridine
on the physical endurance in HE and LE animals. Uridine is the metabol-
ic precursor of the natural activator of mito Kap channel - uridine
diphosphate (UDP). It has a low toxicity and, unlike UDP, can penetrate
through the biological membranes, forming UDP in a cell. At
intraperitoneal injection of uridine (30 mg / kg) 60 min before the swim-
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ming, the differences in its effect on the swimming time of tested animals
until exhaustion were identified (table 1).

It was found that the swimming time until exhaustion under the
uridine administration was increased twice in LE animals reaching the
HE level, while in HE it decreased to 44%.

The established marked changes in the mitochondrial ATP-
dependent K* transport while swimming, accompanied by the load hy-
poxia (Gavenauskas B., 2005), served as the basis for the investigation of
the effect of the selective channel blocker 5-hydroxydecanoate (5-HD) at
a dose of 5mg/kg administrated before 60 min to swimming. It was found
that under the mito Kate channel blockade the physical endurance was
significantly decreased both in LE and HE animals (see table 1). It was
also shown that 5-HD administrated at a dose of 5mg/kg 10 min before
uridine reduced the swimming time to exhaustion in LE animals to the
control level, which indicates the elucidation of the positive effect of
uridine by 5-HD. We can see that 5-HD administration also reduced the
swimming time to exhaustion in HE animals (see table 1).

The investigation of K transport in mitochondria in LE animals at
rest (60 min after the uridine administration) has showed that mitochondria
swelling as well as DNP- induced transport of K* was increased compa-
red to control (see fig. 1 and table 2), and the quantity of K* did not al-
most differ from the control value (table 2).

The registration of the liver mitochondria swelling in the LE rats at
rest after 5-HD + uridine administration also testified that the inhibitor
removed the effect of uridine (see table 2, fig. 1).

Analysis of the obtained data indicates that endurance to physical
trainings is strongly connected with the activity of mito Karp channels. In
rats with high endurance, the K™ transport rate in mitochondria is higher
and the amount of K" is lower than in rats with low endurance. Admini-

Table 2. Effect of uridine on the rate of DNP- induced efflux of K* from the
liver mitochondria and the amount of K™ in mitochondria in rats with low en-
durance to physical trainings.

) K" efflux, K" amount,
Exper_n_nent pumole/min/mg of pmole/mg of pro-
conditions protein tein

Control 27.90+2.91 56.50 + 8.71
Uridine 33.61+3.74 53.30 + 5.61
5-HD + uridine 30.62 +2.88 48.22 £ 6.41
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stration of uridine to LE animals led to an increase of the physical
endur-ance while, on the contrary, uridine reduced this parameter in
HE ani-mals. However, an inhibitor of mito Karp channel (with and
without uridine administration) reduced the physical endurance in both
groups of animals, indicating a positive role of mitoK, channel in the
forming of endurance to physical trainings.
This work was supported by the Department of the priority direc-

tions of science and technology, project No. 2014.281.2495.

ORGANIZATION OF CORTICAL CYTOSKELETON IN FIBERS
OF MOUSE POSTURAL MUSCLES AND CARDIOMYOCYTES
AFTER BEING EXPOSED TO 30-DAY SPACE FLIGHT
ON BOARD BION-M1 BIOSATELLITE
I.V.Ogneval'z, M.V.Maximoval’s, I.M.Larina®

! Department of Molecular and Cell Biomedicine, State Scientific Center
of Russian Federation Institute of Biomedical Problems of the RAS,
123007, Khoroshevskoyoe shosse, 76a, Moscow, Russia;

2 Sechenov First Moscow State Medical University;
3 Moscow Institute of Physics and Technology (State University)

At the moment, pathways involved in mechanotransduction in cells
have not been fully studied yet. Also, there have not been found answers to
the questions what the primary receptor is and in what way the cell differ-
entiates increase/decrease of load (particularly, gravitational load) on it.

The latter seems to be extremely important for implementing long-
term space flights, as spending prolonged time in microgravity has negative
effects on all body systems, particularly on the musculoskeletal and cardio-
vascular systems. In order to develop efficient methods of protection, a
detailed study of mechanisms of gravity stimuli realization in the cells of
the skeletal muscles and myocardium is required. It is possible to simulate
microgravity conditions on the ground using a number of models, particu-
larly the «dry» immersion model in humans and the model of rodent
antiorthostatic suspension (Grigoriev A.l., Shulzhenko E.B., 1978; Morey-
Holton E. et al., 2005). Under terrestrial conditions the direct impact of
gravitation cannot be avoided. Thus, the only most effective tool to study
the effect of weightlessness on living beings is a real space flight.

However, all previously obtained experimental data is related mainly
to the state of the contractile apparatus of skeletal muscles and myocardium
cells. But it has not been made clear yet what induces negative changes in
muscle cells, resulting in further decrease in their functional properties. We
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have obtained evidence from a series of our earlier studies, suggesting the
role of the submembranous cytoskeleton in primary mechanoreception in
the skeletal muscle and myocardium cells (Ogneva et al., 2009-2013). It
should be noted, however, that these results have been obtained not under
zero gravity conditions, but under conditions of changes in cell orientation
with respect to the Earth’s gravity field. Thus, implementation of studies
under the influence of natural microgravity (during a space flight) will al-
low us to identify the precise mechanisms in the development of skeletal
muscle and myocardium cell responses when being exposed to the space
flight, as well as the role of non-muscle isoforms of actinin in provision of
mechanotransduction in these cells.
Materials and methods

Experiments were performed on the left ventricular myocardium
(LV), soleus muscle (Sol) and tibialis anterior muscle (TA) samples ob-
tained from C57 black mice, sacrificed within 13-16.5 hours after the
BION-M1 biosatellite landing (the space flight lasted 30 days). There
were 6 animals (n = 6) in this main study group designated as group F.
During the space flight, the animals were provided with paste-like feed
with an energy value of 361.4 kcal per 100 g of dried feed.

The following control groups were formed.

There were 8 animals in control groupV1l (n = 8), which were
housed in the animal breeding facility (vivarium) during the space flight
of the BION-M1 biosatellite.

Control group S consisted of 7 animals (n = 7), which served as
synchronous control animals left under the 3-month surveillance (since
the date of the biosatellite launch). These animals were housed in a model
of a space flight vehicle and underwent the entire cycle of pre-launch
preparation tests (including the 72-hour pre-launch housing of the ani-
mals in the spacecraft with all conditions of a space flight artificially re-
produced, including the dietary pattern and gas composition of the air
inflated). The age of the animals at the start of the synchronous experi-
ment was similar to the age of the animals of the main study group. They
were provided with the same feed as the group F animals.

Group V2 consisted of 7 animals (n = 7) and served as the vivarium
control group (in relation to the animals in control group S). The for-
mation of this group was justified by the necessity to avoid the effects of
seasonal fluctuations on the studied parameters.

All animal experimental procedures were approved by the Com-
mission on Biomedical Ethics of the State Scientific Center of the Rus-
sian Federation - Institute for Biomedical Problems, the Russian Acade-
my of Sciences.
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The transversal stiffness measurements were performed using the
atomic force microscopy in accordance with the technique, which had
been described in detail earlier (Ogneva 1.V., 2010).

Determination of relative proteins content were performed using
gel electrophoresis-immunoblot analysis with specific primary antibodies
for each protein. Real-time PCR (RT-PCR) was used for mMRNA quantifi-
cation with specific primers for each gene.

Results

Left ventricular cardiomyocytes. The data obtained in all studied
groups indicated that the transversal stiffness of the cortical cytoskeleton
did not differ from the control level (groupV1). The content of beta-actin
in the membranous fraction of proteins was found to be similar across the
study groups. But in group F the relative content of beta-actin within the
cytoplasmic fraction of proteins reduced by 38% (p < 0.05) as compared
with group V1. Similarly, expression rates of the gene encoding beta-
actin were found to be decreased by 26% in comparison to the corre-
sponding control value (p < 0.05).The content of gamma-actin in both
protein fractions (as well as expression rates of the corresponding gene)
did not differ between groups F, V2, and S and the reference value regis-
tered in group V1. Alpha-actinin-1 concentrations within both protein
fractions of the left ventricular cardiomyocytes did not differ between all
study groups and control level. At the same time, expression of the corre-
sponding gene appeared to be elevated by 34% (p < 0.05) in group F as
compared with group V1. Within the membranous fraction of proteins of
the left ventricular cardiomyocytes the content of alpha-actinin-4 was
reduced by 28% in mice of group F (p < 0.05) as compared with group
V1. No differences were detected for the content of alpha-actinin-4 with-
in the cytoplasmic fraction of proteins. Alpha-actinin-4 gene expression
rates changed exclusively in group F, where it was shown to be reduced
by 18% (p < 0.05) in comparison to group V1.

Soleus muscle fibers. The values of the transversal stiffness regis-
tered across all study groups did not differ from the control value obtained
in groupV1. Beta-actin content within the membranous fraction of proteins
of the soleus muscle did not differ from its content in group V1 either. But
within the cytoplasmic fraction of proteins the content of beta-actin was
decreased by 16% in group F as compared with group V1 (p < 0.05). The
content of gamma-actin did not differ from its reference value across all
study groups. In group F alpha-actinin-1 concentration dropped by 55%
within the membranous fraction of proteins (p < 0.05) compared with
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groupV1. Conversely, it elevated by 62% within the cytoplasmic fraction
of proteins. In mice of study groups F, V2, and S the content of alpha-
actinin-4 within both protein fractions of the soleus muscle remained simi-
lar to the reference value registered for the animals of group V1.

Tibialis anterior muscle fibers. The transversal stiffness of the
tibialis anterior muscle fibers did not change across the study groups, ex-
cept for group F where it was found to be increased by 12% (p < 0.05).
Beta-actin levels, as well as expression rates of the gene encoding this
protein were similar within all control groups of animals. In group F the
content of beta-actin was found to be elevated by 55% (p < 0.05) within
the membranous fraction of proteins and reduced by 24% (p < 0.05) with-
in the cytoplasmic fraction of proteins accompanied by a reduction in
beta-actin gene expression rate by 36% (p < 0.05) compared with the val-
ues of the corresponding parameters registered in group V1.Gamma-actin
levels did not change within both protein fractions across all study
groups. However, in group F the expression rate of the gene encoding
gamma-actin was found to be reduced by 15% (p < 0.05) as compared
with groupV1. In groups F, V2 and S contents of alpha-actinin-1 and al-
pha-actinin-4 within both (membranous and cytoplasmic) protein frac-
tions did not differ from their relative content within the corresponding
protein fractions in group V1. The same situation was reported for the
expression rates of the corresponding genes.

Conclusion

In general, some experimental data has been obtained for the first
time after completion of the abovementioned studies held after the 30-day
flight of the BION-M1 biosatellite (particularly, data concerning changes
of the organization of the cortical cytoskeleton of different types of mus-
cle cells under conditions of a space flight and during the following 13-
16.5-hour period of readaptation). These data allowed to suggest the ex-
istence of various signaling pathways, integrated within the cortical cyto-
skeleton and determining possible pathways of mechanoreception. The
latter allows to approximate the solution of the fundamental problem of
modern cell biology and biophysics, related to interactions between phys-
ical field and a cell. In its turn, solution of this problem will allow to
elaborate fundamentally new protective measures for different tissues of
the body from the negative effects of space flights, as well as rehabilita-
tion methods after long-term exposure to weightlessness.

The financial support of the Russian Fond of the Basic Research
(RFBR grant 13-04-00755-a) is greatly acknowledged.
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THE PHOSPHORYLATION STATE
OF TRANSDUCIN BETA-SUBUNIT
D.N. Orlov, A.R. Nezvetsky, T.G.Orlova,
O.V. Petrukhin, N.Ya. Orlov
Institute of Theoretical and Experimental Biophysics Russian Academy
of Sciences, Pushchino, Moscow region, 142290 Russia

The ability B-subunit (Gtp of transducin (Gt), G protein of vertebrate
retinal rod outer segments (ROS), to form an intermediate phosphorylated
state was studied. This state reflects the capacity of this subunit (which we
have predicted earlier) to play the role of a phosphotransferase which
phosphorylates GDP in the active center of the transducin o-subunit
(Gtav) [1] thus participating in the activation of transducin [2].

Currently, the capacity for phosphorylation has been demonstrated
both for Gtf [3-7)] and for B-subunits of other heterotrimeric GTP-
binding proteins (G proteins) [8]. Also, it has been shown that the process

of phosphorylation of Gt is not autophosphorylation as we suggested
before [1] but is catalyzed by an independent component [8].

The role of such a component is assumed to be played by nucleo-
side diphosphate kinase (NDP kinase). According to the present notions,
NDP kinase is a multifunctional enzyme playing a role in many function-
ally important processes in the cell. In particular, NDP kinase determines
the metastatic potential of cancer cells and is also a factor to control pro-
cesses of cell growth and differentiation (see for instance [9-11]).

This proposal is supported by 1) the ability of a-(but not f-) iso-
form of NDP kinase to interact with the rhodopsin-transducin complex in
the GTP-dependent manner [12-15]; 2) the ability of NDP kinase to act
as a protein kinase phosphorylating a number of proteins on histidine res-
idues [16-18]; and 3) the data pointing to that a residue exposed to phos-
phorylation in Gt is a histidine one (His-266) [3,6].

The present study is an attempt to show in model experiments that
phosphorylation of Gtp is just catalyzed by NDP kinase. The reactions
were carried out in agreement with a procedure elaborated earlier
[3,4,7,8,19]. The enzymes used were recombinant a- and - isoforms of
rat NDP kinases [20] being added to the reaction medium at concentra-
tions 10-100 times lower than those of transducin. As a substrate for
phosphorylation, various types of Gtp-containing preparations were used
(transducin and extracts of water-soluble ROS proteins [21,22] as well as
the so-called “free” Gtp [23,24] obtained by our method developed earli-
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er [22,25]). These preparations were centrifuged for removing traces of
photoreceptor membranes [7]. Samples usually contained 0,1-1ug
Gtp (=3-30 pmol) whose major part was used for subsequent analysis by
the electrophoresis method (SDS-PAGE). The reactions were initiated by
adding 10-100 pM [y**P] ATP or [y**P] GTP (see below). After comple-
tion of the reaction, proteins were separated by SDS-PAGE, the gels were
fixed and dried as described earlier [8] and radioautographed for 1-3 days
using the X-ray film (RETINA X-ray XBM Blue sensitive).

The calculations showed that the use of [y**P]JATP or [y**P]GTP at
a specific activity = 1 Ci/mmol would be sufficient to reveal the phos-
phorylated state of Gtf. This conclusion was supported by experiments
on studying processes of endogenous phosphorylation and
autophosphorylation in the preparations of ROS soluble proteins. In ac-
cordance with our earlier data (see for example [19]), we observed en-
dogenous phosphorylation (or autophosphorylation) of proteins such as
phosducin and rhodopsin kinase whose concentration in the ROS cyto-
plasm does not exceed that of Gt} [26].

However, despite the sufficient sensitivity of the method used, we
were unable to reveal both the endogenous phosphorylation of Gtp ob-
served earlier [3-7] and the phosphorylation of Gtf in the presence of
recombinant NDP kinase isoforms. Addition of photoreceptor membranes
to the preparations also resulted in no Gtp phosphorylation.

But what is the origin of our failures? Possibly, it is due to that the
major part of Gt is already in the phosphorylated state. That is the rea-
son why the phosphorylated state of Gtp in the preceding studies (see for
instance [3— 7,23,24]) could be observed only at very high levels of spe-
cific activity [y*?P]JATP or [y**P]GTP (= 5000 Ci/mmol).

An alternate, though less probable, reason may be that in prepara-
tions of ROS proteins, there is histidine phosphatase which dephosphory-
lates Gtp during the experiment. Such a histidine phosphatase was recently
isolated from vertebrate tissues [17] and one of its substrates was Gtp [27].
The presence of these histidine phosphatase is another evidence that phos-
phorylation of G-protein 3-subunits may play an important functional role.

Thus, in our model experiments we were unable to show that the
process of Gtp-subunit phosphorylation is catalyzed just by NDP kinase.
However there are several studies performed at a high specific activity of
[Y**P]ATP or [y**P]GTP which point to that the process of Gtp phosphor-
ylation indeed takes place and seems to play an important physiological
role [3].
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I this is really the case, it is quite possible that in ROS the following
principal scheme of transducin activation is functioning: 1) NDP kinase
phosphorylates Gtp; 2) The interaction of transducin with activated rho-
dopsin permits the phosphate transfer from the Gtp-subunit to GDP bound
by the Gta subunit and, as a result, the activation of the latter. Within this
scheme, the surprising fact that the concentration of Gtf exceeds 5 to 6
times that of Gto and is about 1 mM [24] seems not to be unexpected. It
simply means that the rod contains not only millimolar concentrations of
ATP and GTP but also a specific fuel (1 mM of phosphorylated Gtp) which
is used as a source of energy for rapid transducin activation.

Thus, what is the principal physical advantage of trans-
phosphorylation over the GDP/GTP exchange? Probably it lies in that
instead of a GTP capable of being not only a cofactor of activation but
also a source of noise (see for example [11]) the nature employs a much
more specific donor, a phosphorylated Gt3-subunit, that is a protein mol-
ecule localized in a molecule of the transducin complex in a specific
manner forbidding a spontaneous transport of phosphate. The transfer of
phosphate to GDP in the active center of the Gto-subunit is possible upon
conformational rearrangements of the complex, which are realized only
during its interaction with rhodopsin. Apparently, only in this manner a
rapid and high-level transducin activation can be achieved at an extreme-
ly low level of its own noise, thus providing the functioning of the rod as
a single photon counter.
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ADVANCES AND PROBLEMS OF CRYO-EM
F ACTIN FILAMENT-CONTAINING COMPLEXES
A. Orlova, E.H. Egelman
Dept. of Biochemistry and Molecular Genetics, University of Virginia,
Charlottesville, VA 22908

Cryo-electron microscopy is rapidly emerging as a mainstream
technology for three-dimensional structural studies of the architecture of
cells and macromolecular complexes. Recent developments in micro-
scope design and imaging hardware together with strong image pro-
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cessing and automation possibilities are further advancing the effective-
ness of cryo-EM methods, allowing for an unprecedented advance in res-
olution with near-atomic resolution becoming nearly routine.

The preservation of the structure of protein complexes has always
been one of the most challenging and crucial issues. Because F-actin is struc-
turally polymorphic, it cannot be described using only one atomic model and
must be understood as an ensemble of different states. Using the mechanical
forces generated by thin films, we have achieved a near-atomic resolution for
one state of F-actin. But studying different actin complexes at high resolution
is just started and will become one of most important means for understand-
ing actin function in the cell. Results and unexpected problems in preserva-
tion of those complexes for cryo-EM will be discussed.

PROTEOMIC STUDY OF DJ-1 PROTEIN IN CULTURED
HUMAN CELLS AND MAMMALIAN MUSCLE TISSUES
N.V. Pashintseva, L.I. Kovalyov, M.A. Kovalyova, L.S. Eryomina,
K.V. Lisitskaya, A.V. lvanov, S.S. Shishkin
Bach Institute of Biochemistry of Russian Academy of Sciences,
Moscow, 119071, Russia

First information about the DJ-1 protein was published by
Nagakubo D. et al. (1997) [1], who isolated and characterized cDNA en-
coding the protein in cultured mice embryonal fibroblasts. The authors
showed that it is also expressed ubiquitously in many human tissues.
Based on analysis of protein features and structure it has been concluded
that DJ-1 is involved in cell transformation, and the gene encoding this
protein was defined as a new mitogen-dependent oncogene. Recently two
groups of authors have analyzed the role of DJ-1 in different types of
tumors. They noted increased expression of this protein, and showed that
DJ-1 stimulates tumor cells mobility and, thus, tumor invasion [2,3].
Particularly, DJ-1 was detected in neoplasm’s of muscle-containing or-
gans of the genitourinary system: in human prostate tissue biopsy
samples with benign prostate hyperplasia and prostate cancer [4] as well
as in bladder cancer [5]. Recent study showed the presence of DJ-1 in
muscles biopsy samples from patients with sporadic myositis and
suggested its potential role in pathogenesis of human muscle diseases [6].
However, no data exist on the presence of DJ-1 in muscle tumor cells
(rhabdomyosarcoma). In addition, data on DJ-1 protein function is
limited. For example, UniProt database contains annotations of DJ-1 in
bovine, pork and equine species based only on corresponding transcripts.
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However, M. Montowska, E. Pospiech identified DJ-1 using proteomic
technology in cattle muscle tissue samples after thermal processing [7].

The study presents the results of DJ-1 proteomic analysis of
cultured human cell lines (rhabdomyosarcoma cell line A-204, ATCC®
HTB82™) and agricultural animal muscle tissues (pork and bovine).

Extraction and fractionation were carried out by O Farrell’s two-
dimensional electrophoresis as it was previously described [8]. Protein spots
on polyacrylamide gels were stained with colloidal Coomassie R-250 and
silver nitrate. The gels were scanned on Epson expression 1680 scanner.
Spot detection and quantification were performed using ImageMaster 2D
Platinum 7.0 software (GE Healthcare, Switzerland). Protein identification
after trypsinolysis was performed by matrix-assisted laser desorp-
tion/ionization time of flight mass spectrometry (MALDI-TOF MS) and tan-
dem mass spectrometry (MS/MS) using the Ultraflex MALDI-TOF
spectrometer (Bruker, Germany). Peptide mass spectra data were searched
against Mascot program database (Matrix Science, USA). The results were
estimated according to standard «score» and «coverage» criteria, furthermore
experimental and estimated MW and pl values were compared.

Typical 2D electrophoregramms (including those of A-204 cells)
contained more than one hundred individual protein fractions stained by
Coomassie R-250 and 400-500 protein fractions stained by silver nitrate.
DJ-1 was also identified, and identification results are presented in table.

Mass spectrometric MALDI-TOF MS identification of DJ-1 protein in
rhabdomyosarcoma cultured cells, bovine and pork muscle tissues

Samoles Ne in NCBI Score Coverage MW/pl* MW/pl**
P Protein database (%) experimental | estimated

A'Zl?rfece" 50513593 | 54 | 26 22.5/6.90 | 19,9/6,33

Musculus

longissimus | 116103904 | 286 83 20,5/6,07 | 19,9/6,33

dorsi (Sus

scrofa)

Musculus

longissimus | 0701049 | 330 42 23,0/6,75 | 20,0/6,84

dorsi (Bos

taurus)

* Experimental values of molecular weight (MW, kDa) and isoelectric points
(pl). **Estimated values of MW (kDa) and pl recorded in NCBI Protein
database.
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1 maskralvil akGAEEMETV IPVDVMRRAG IKVTVAGLAG KDPVQCSRDV
51 | VICPDASLED AKKEGPYDVV VLPGGNLGAQ NLSESAAVKD ILKEQEKRKG
101| LIAAICAGPT ALLAHEIGFG SKVTTHPLAK  dkmmngshys ysenrvekDG
151| LILTSRGPGT SFEFALAIVE ALAGKEVADQ VKAPLVLRD

Total amino acids sequence of pork DJ-1 protein predicted at the
transcript level [QOR678 UniProt]. Tryptic peptides obtained during MS
analysis are marked with title letters.

The total amino acid sequence of pork DJ-1 protein predicted at the
transcript level [QOR678 UniProt] is shown on figure (tryptic peptides
obtained during MS analysis are marked with title letters).

The results of our study showed in Table 1 and Fig. 1 suggest the
presence of DJ-1 protein both in human rhabdomyosarcoma cultured cells
and skeletal muscles of healthy pigs and cattle. Therefore this protein
could be considered as a component of normal proteomic profile of mus-
cle cells and DJ-1 expression is altered during malignant cell transfor-
mation (which was observed by many authors [2,3,9]).
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CHOLESTEROL DEPENDENT REGULATION
OF THE SYNAPTIC TRANSMISSION
AT NEUROMUSCULAR JUNCTIONS
A.M. Petrov, M.R. Kasimov, A.A. Yakovleva, A.L. Zefirov
Kazan State Medical University, Butlerova st. 49 , Kazan, 420012, Russia

Presynaptic nerve terminals release neurotransmitters by synaptic
vesicle exocytosis. When an action potential depolarizes the presynaptic
membrane, Ca?*channels open, causing a local increase in the intracellu-
lar Ca** concentration at the active zone thus triggering a fusion event.
After the fusion pore opens, synaptic vesicle membrane is recovered
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through clathrin-mediated endocytosis. Then, synaptic vesicles are filled
with neurotransmitters and supply the synaptic vesicle pool. This mecha-
nism of synaptic vesicle recycling could be observed at the majority of
synapses (Zefirov, Petrov, 2012). However, in some cases, synaptic vesi-
cles may recycle via “kiss-and-run” mechanism, where the fusion pore
opens and closes and synaptic vesicle undergoes undocking (Alabi, Tsien,
2013). In addition synaptic exocytosis occurs at rest spontaneously. Ex-
citability of neurons, synaptic connections stability and local synaptic
protein synthesis are depended on spontaneous neurotransmitter release.
Spontaneous exocytosis enhancement may lead to undesirable effects due
to emptying a vesicle population, desensitization of neurotransmitter re-
ceptors and decrease in a protein synthesis at synapse. Overall there is
factors invokes the attenuation of the synaptic transmission efficacy
(Kaeser, Regehr, 2013).

Membrane cholesterol is an essential component that is involved in
key steps of the synaptic vesicular cycle (Wasser, Kavalali, 2009, Petrov,
Zefirov, 2012; Puchkov, Haucke, 2013). Cholesterol can directly interact
with different exo- and endocytotic proteins and form together with
sphingolipids a membrane microdomains (lipid rafts). Cholesterol ar-
ranges a lipid rafts at the synaptic sites that are comprised of quite a
number signaling molecules and ion channels (Petrov et al. 2011; Petrov,
Zefirov, 2012).

In experiments on a frog (Rana Ridibunda) neuromuscular junction
the influence of cholesterol depletion by methyl-B-cyclodextrin (MCD)
on the presynaptic vesicular cycle was investigated. Electrophysiological
(two electrode fixing of potential) and various optical methods were ap-
plied. It was shown that 1 mM methyl-beta-cyclodextrin (MCD) reduced
membrane content of cholesterol on ~ 10-15% (fluorescent filipin probe)
and decrease raft stability at presynaptic membrane (staining by fluores-
cent-labeled B-subunit of cholera toxin). If 20 mM MCD was used then
level of membrane cholesterol was declined by 40-50% and the ordinary
distribution of active zone protein syntaxin (the protein immunofluores-
cence staining) was disturbed. Depletion of «little» cholesterol (by 1mM
MCD) did not change spontaneous neurotransmitter release (frequency of
miniature end plant potentials), but application of 10 mM MCD induced
the dramatic increase in spontaneous transmission (Petrov et al., 2010,
2011, Tarakanova et al., 2011).

Using registration of evoked postsynaptic currents (indicator of
neurotransmitter release) and FM1-43 dye (load and unload from recy-
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cling synaptic vesicle) it is shown that extraction of cholesterol by 1mM
MCD led to the apparent shifts in recycling of synaptic vesicles during
prolong high frequency activity (20 Hz, 3 minutes). Evoked by single and
high frequency stimulation exocytosis of synaptic vesicles was decreased,
and also the attenuation of synaptic vesicle supply to the exocytotic sites
(ready releasable pool) was observed. In addition to above effects the de-
pletion of cholesterol both from external membranes and membranes of
recycling synaptic vesicles broke to synaptic vesicles endocytosis and
recycling. Thus, in the processes of exocytosis the key role is played by
cholesterol of plasma membranes, and the endocytosis critically depends
on the amount of cholesterol in the membranes of synaptic vesicles
(Petrov et al., 2010, 2011).

Subsequently the stimulatory effect mechanisms of cholesterol de-
pletion (by 10mM MCD) on spontaneous release and exocytosis were
studied. It is shown that MCD (10 mM) mediated exhaustion of choles-
terol induced the enhancement of a reactive oxygen species (ROS) pro-
duction (for intracellular ROS detection was used a H2DCF fluorescent
dye), which was prevented by antioxidant (N-acetyl cysteine, NAC) and
NADPH oxidase inhibitor (apocynin). Increase in ROS level occurred
both in extra — and intracellular spaces (as extracellular ROS indicator
was applied the compound of Amplex Red reagent and horseradish pe-
roxidase), and it was associated with lipid peroxidation in synaptic re-
gions (it was estimated by IT-lipid peroxidation kit). Cholesterol deple-
tion provoked an intracellular Ca level growth (fluo4 — is a fluorescent Ca
indicator), there was hindered by NAC and TRPV channels blockers (ru-
thenium red and capsazepine). On the other hand the MCD induced [Ca]i
rising did not change if Ca release from endoplasmic store was blocked
by TMBS8. The cholesterol depletion effects on a spontaneous release and
an exocytosis were significant reduced by antioxidant, intracellular Ca
chelation agent (BAPTA-AM) and blockers of TRPV channels.
Calcineurin antagonist (cyclosporine A) applied to bath damped MCD-
induced enhancement of spontaneous release / exocytosis, whereas a
phosphatases PP1 and PP2A inhibitor (hanomolar concentration of
okadaic acid) did not change the MCD effects. It was suggested that cho-
lesterol depletion induced enhancement of spontaneous exocytosis de-
pends on a ROS generation, which in turn leads to an influx Ca via TRPV
channels and calcineurin activation.

It has been demonstrated that protein kinase C is involved in the
enhancement of spontaneous exocytosis caused by cholesterol depletion
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from the surface membranes of cerebellar synapses and synaptosomes
(Smith et al., 2010; Teixeira et al., 2012). We investigated the role of pro-
tein kinase C in the enhancement of spontaneous exocytosis after choles-
terol depletion. As mentioned above both spontaneous neurotransmitter
release and unloading FM1-43 dye from synaptic vesicles were increased
when cholesterol was removed from the membranes by the 10 mM MCD
treatment. However, inhibition of the protein kinase C by myristoylated
peptide prevented MCD-induced increases in FM1-43 unloading, where-
as the frequency of spontaneous postsynaptic events remained enhanced.
The increase in FM1-43 unloading still could be observed if
sulforhodamine 101 (the water soluble FM1-43 quencher that can pass
through the fusion pore) was added to the extracellular solution. This
suggests a possibility that exocytosis of synaptic vesicles under these
conditions could occur through the kiss-and-run mechanism with the
formation of a transient fusion pore. Inhibition of phospholipase C and
calmodulin did not lead to similar change in MCD-induced exocytosis. It
is possible that the depletion of cholesterol could lead to the increase in
kiss-and-run exocytosis, whereas simultaneous activation of protein ki-
nase C may switch exocytosis to a full mode. There is evidence indicating
the tight relationship between cholesterol and the type of exocytosis. We
have recently showed that “kiss-and-run” mechanism of neurotransmitter
release can be used by vesicles belonging to the recycling pool after the
enzymatic oxidation of membrane cholesterol (Petrov et al., 2013).

Thus amount of plasma membrane cholesterol determines the bal-
ance between spontaneous and evoked synaptic transmission at the frog
neuromuscular junction. Evoked neurotransmitter release / exocytosis and
synaptic vesicle traffic to sites of exocytosis are more sensitive to choles-
terol content. These are significantly reduced by a slightly cholesterol
depletion. Also tightly cholesterol dependent step of vesicular cycle is
endocytosis, but this process is specially required abundance of vesicular
cholesterol. Therefore depletion of cholesterol form recycling vesicles is
blocked endocytosis and led to uncoupling of synaptic vesicle cycles.
Natural dynamics of spontaneous exocytosis is altered only in condition
of severe depletion of membrane cholesterol. Dramatic decrease in mem-
brane cholesterol arouses the spontaneous exocytosis enhancement. Part-
ly this effect is occurred dye to elevation of NADPH-oxidase activity
which generates ROS. In turn ROS facilitates a TRPV channel mediated
Ca-ion influx into the cytoplasm and subsequently stimulation of phos-
phatase PP2B (calcineurin). Calcineurin dependent dephosphorylation
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may control a compensatory endocytosis and a number of synaptic vesi-
cles that is easily evolved in exocytosis. In addition heavy cholesterol
depletion induces Ca/calmodullin/phospholipase C independent activa-
tion of protein kinase C and this kinase switches the mode exocytosis to
fully collapse pathway. PKC may promotes full exocytosis through the
phosphorylation of exocytosis machinery proteins (e.g., SNAP-25 and
Munc18) or direct interaction with these proteins. Thus while slightly
cholesterol depletion inhibits the evoked synaptic transmission, the more
significant cholesterol lowering leads to increase in spontaneous release
and activating of the signaling molecules (NADPH-oxidase, TRPV chan-
nel, calcineurin, protein kinase C). In the last situation the over activation
of signaling pathway may have a deleterious effect (such as oxidation of
membrane lipids, Ca toxicity).

Our work has a nice concordance with data from other research
group. Cholesterol depletion by extracellular sequestration with MCD or
acute statin-mediated inhibition of de novo cholesterol biosynthesis dra-
matically reduces evoked neurotransmitter release but at the same time
augments spontaneous fusion rates at the crayfish neuromuscular junc-
tion, synaptosomes, cerebellar and hippocampal synapses (Zamir, Charl-
ton, 2006; Wasser, Kavalali., 2009; Teixeira et al., 2012).

This work was supported by grants from RFBR14-04-00094_a and
MK108.2013.4.
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THE KINETIC BEHAVIOUR OF CGMP-SPECIFIC
PHOSPHODIESTERASE IN BOVINE RETINAL ROD OUTER
SEGMENTS ON ITS ACTIVATION WITH LOW GTP
CONCENTRATIONS IN A WIDE RANGE OF FREE CALCUIM
ION CONCENTRATIONS
O.V. Petrukhin, A.R. Nezvetsky, T.G. Orlova, N.Ya. Orlov
Institute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino, Moscow region, 142290 Russia;
E-mail: petrukhinoleg@rambler.ru

Kinetics of cyclic nucleotide hydrolysis by cGMP-specific
phosphodiesterase (PDE6) in bovine retinal rod outer segment (ROS)
suspension have been studied by the pH-metric method [Yee, Liebman,
1978; Orlov et al., 1988] over a wide range of free calcium ion concen-
trations ([Ca2']). PDE6 in totally bleached ROS suspensions was
activat-ed by low GTP concentration (about 1-2 uM) that were
comparable with the concentration of G protein transducin (Gt), which
GTP-binding a-subunit (Gta) is the intrinsic activator of PDE6. The
main results are: (1) the amount of cyclic nucleotides hydrolyzed under
these conditions by transducin-activated PDE6 was about two times
more at high free calci-um ion concentrations ([Ca?*] >1 MxM) than that
at low calcium concen-trations ([Ca2"] < 100 nM), whereas the control
experiments showed that (2) activation of PDE6 by GTP[S] (a pure-
hydrolyzed GTP analog guanosine 5°-O-(3-thiotriphosphate) in totally
bleached ROS suspen-sions was calcium-independent.

These results are in agreement with the early data that suggest
that the lifetime of transducin active state (determined by the rate of GTP
hydrolysis in the transducin active site) is greatly decreased at low Ca**
concentrations (< 100 nM) [Tishchenkov, 1985; Orlov, 2011; Firsov,
2012; Astakhova et al., 2008 ]. We suggest that: (1) besides the earlier
described RGS-system (that consists of RGS9-1, GBs. and R9AP pro-
teins involved in the acceleration of GTP hydrolysis when the complex
is formed between Gta and inhibitory y-subunit of PDE6 [He et al.,
1998; Makino et al., 1999; Arshavsky et al., 2002]), ROS contains an
additional Ca**-dependent mechanism that inactivates free transducin in
response to a rapid photoinduced drop in Ca®*-concentration in the ROS
cytoplasm [Yau, Nakatani,1985; McNaughton et al., 1986; Nakatani,
Yau, 1988]; (2) such a system seems to be important for inactivation of a
so called “free transducin”, that is the transducin molecules that have no
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chance to interact with PDE6 within the time of photoresponse genera-
tion. In the framework of such an idea, (1) a bleached rhodopsin mole-
cule, during its lifetime, produces a surplus amount of active transducin
that seems to be necessary to provide a sharp increase in the
photoresponse; (2) the Ca®*-dependent process of free transducin inacti-
vation additionally contributes to the required temporal course of the
back front of photoreceptor response.
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EXPRESSION OF PGC-1a ISOFORMS AFTER ACUTE
EXERCISE IN HUMAN SKELETAL MUSCLE
D.V. Popov'? E.A. Lysenko', A.V. Bachinin®,
T.F. Miller!, O.L. Vinogradova?
! Institute for Biomedical Problems, Russian Academy of Sciences,
Khoroshevskoye sh. 76A, Moscow, 123007, Russia;
2 Faculty of Fundamental Medicine, Lomonosov Moscow State Universi-
ty, Lomonosovsky prosp. 31-5 Moscow, 117192, Russia

Peroxisome proliferator-activated receptor gamma (PPARG)
coactivator 1 alpha (PGC-1a) is a master regulator of mitochondrial bio-
genesis in the skeletal muscle. Aerobic exercise induces activation of
AMP-activated protein kinase (AMPK) and p38 mitogen-activated pro-
tein kinase. These kinases regulate the transcriptional initiation of the
PGC-1a promoter as well as the activation of PGC-1a. Activated PGC-1a
transits into the nucleus. As a result the coactivation of transcription fac-
tors and the increase in mMRNA expression of genes involved in mito-
chondrial function (TFAM, CS) and angiogenesis (VEGFA) take place.
Rodent studies showd that skeletal muscle potentially might express at
least six transcript variants of PGC-1a mRNA. Full length (FL-) PGC-1a-
a mMRNA is transcribed from the canonical proximal promoter and FL-
PGC-1a-b, -c mMRNA are transcribed from the alternative upstream pro-
moter. Additionally N-truncated (NT) isoforms might be express in the
skeletal muscle. Recently it was shown that different PGC-1a isoforms
induced different gene expression programs. It is not clear what PGC-1a
isoforms are expressed in human skeletal muscle. The goal of the study
was to investigate expression of different PGC-1a isoform in human
skeletal muscle after acute endurance exercise.

Nine male endurance trained amateurs carried out endurance exer-
cise (70 min). Biopsy samples from m.vastus lateralis were taken before,
40 min, 5 h and 21 h after termination of endurance exercise. The expres-
sion of PGC-1a was evaluated by real-time PCR. The primer pairs were
designed to detect total PGC-1a, FL-PGC-10-a, -b, -c, and NT-PGC-10-
a, -b, -c transcripts. Activation of PGC-1a protein was evaluated by trans-
location of PGC-1a to the nucleus. The protein level was measured by
immunoblotting.

The acute exercise led to increased phosphorilation of both upstream
kinases: AMPK and p38. The exercise session induced expression of PGC-
la mRNA from both canonical and alternative promoter 5 h after termina-
tion of exercise. The expression of PGC-la-a, and NT-PGC-1a-b was
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higher than that of another transcripts. The FL-PGC-1a level in nucleus did
not increase 40 min post endurance exercise , but PGC-1a total protein
content increased at 21 h of postexercise recovery. The expression of dif-
ferent PGC-1a isoforms was compared to expression of their target genes.

The work was supported by M.V. Lomonosov Moscow State Uni-
versity Program of development.

VARIETY OF MOLECULAR ORGANIZATION
OF HALOARCHAEAL FLAGELLAR FILAMENTS
M.G. Pyatibratov, S.N. Beznosov, A.S. Syutkin,
A.V. Galeva, O.V. Fedorov
Institute of Protein Research, Russian Academy of Sciences,
Institutskaya str., 4, Pushchino, Moscow Region, 142290, Russia

After the publication of a considerable quantity of archaeal genome
sequences (including more than 90 sequences for Haloarchaea) it was
revealed that the number of flagellin genes and their genomic organiza-
tion may be substantially different in different organisms. As shown in
figure, among the 91 haloarchaeal species analyzed, about 25% of ge-
nomes have no flagellin gene, nearly 9% have one flagellin gene, about
43% have two copies and the remainders have three to six copies.
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It can be assumed that these differences are revealed at the level of
the mode of flagella construction and lead to varied structural and func-
tional flagella properties in different archaeal species. Until recently it was
believed that in Euryarchaeota the functional helical flagellar filaments
need at least two flagellin molecules with different amino acid sequences.
Mutant Halobacterium salinarum strains in which all flagellin genes, ex-
cept one, have been inactivated were nonflagellated or formed straight non-
functional flagella (Tarasov et al., 2000; Beznosov et al., 2007). However,
recent data suggest that in some haloarchaea the functional flagella could
be formed from a single flagellin gene product. We were the first to show
that the Antarctic haloarchaea Halorubrum lacusprofundi, unlike H.
salinarum, forms functional helical filaments from a single flagellin gene
product (Syutkin et al., 2012). But in this case several flagellin forms,
which probably are different post-translational modifications of the same
polypeptide, were identified. It is probable that a change in the ratio of the-
se forms results in a variety of structural and functional properties of the
formed flagella. We found that H. lacusprofundi cultivation at different
temperatures results in distinct flagella types differing in the ratio of
flagellin forms. This phenomenon may be associated with adaptation of
flagellar structure to environmental changes. H. lacusprofundi was the first
member of the Halorubrum genus, which was determined to complete the
genomic sequence. Later the genome sequences of 12 more Halorubrum
species were published including Halorubrum saccharovorum. It turned
out that unlike H. lacusprofundi in other Halorubrum genomes, there are
two flagellin genes organized into one operon. The amino acid sequences
of FlaB1 and FlaB2 flagellins, encoded by these genes are substantially
different from each other and FlaB1 has a high homology with single H.
lacusprofundi flagellin. From our point of view, the lack of the second
flagellin gene in H. lacusprofundi may be related with unique habitat con-
ditions of this organism (Deep Lake in Antarctica), while the habitat area
of the remaining 12 Halorubrum species includes warmer salt ponds in the
regions of Turkmenistan and Tibet to Chile and Australia. We initiated
studies to elucidate the possible FlaB2 role, which may consist of: (1) for-
mation of individual filaments functionally different from FlaB1 filaments,
and (I1) stabilization of the supramolecular structure of the bicomponent
FlaB1/FlaB2 filaments. As an object of the research we selected the H.
saccharovorum strain isolated from salterns in California evolutionarily
closest to H. lacusprofundi. We found that when grown on semisolid agar
plates H. saccharovorum shows higher motility than H. lacusprofundi.
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When grown in the liquid medium, the H. saccharovorum cells, unlike H.
lacusprofundi, aggregate to form larger granular cell agglomerates and a
characteristic biofilm at the inner surface of the glass flask. Upon SDS-
electrophoresis H. saccharovorum flagella appear as two major bands cor-
responding to FlaB1 and FlaB2 flagellins.

Another object of our research, haloarchaesa Haloarcula
marismortui, has two flagellin genes located in different replicons. We
expected to see both flagellins in the flagella composition, but it turned
out that the main flagella component is the only one of flagellins
(Pyatibratov et al., 2008; Syutkin et al., 2012). We demonstrated that the
external conditions could determine which of the H. marismortui flagellin
gene products will be used in the flagella assembly (Syutkin et al., 2014).

The study was supported by the RFBR grants Ne 14-04-01604-a
and Ne 14-04-31621-mol_a.
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PLANARIANS AS A MODEL SYSTEM
FOR BIOINDICATOR STUDIES POLLUTION LEVELS
AND SOURCES OF FRESHWATER
M.O. Rasgulaeva, A.S. Savinkina
Municipal budget educational institution gymnasium "Pushchino"
(MBOU Gymnasium "Pushchino"), Pushchino, Russia;
E-mail: chechako-m@rambler.ru

At the present time, in view of the growing anthropogenic pressure
on the environment in the world there is an increasing shortage of fresh
drinking water. Now the question becomes urgent fast express
determination of the quality of drinking water. Very sensitive method can
serve bioindication, not only qualitatively but also quantitatively, which
allows a high level of pollution to be reliably determined . Such an object
for analysis can be bioindicators freshwater flatworms - planarian, the
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regeneration process which is sensitive to the surrounding physical and
chemical factors. Thus, the purpose of the work - the study of the
toxicological sensitivity Schmidtea mediterranea planarians to salts of
heavy metals and detergents. A freshwater planarian flatworms the
possibility of using these animals as a highly object to quantify
bioindication. In this work we studied the sensitivity of planarian
regeneration process and the sustainability of their DNA damage when
exposed to heavy metal salts and detergents. It was shown that the
detergent sodium dodecylsulfate, plumbum nitrate, and copper sulfate at
low concentrations ( 10-7 M and about 10-8 M ) significantly inhibited
the regeneration head portion animals had a copper salt expressed
genotoxic properties. Thus, the demonstrated high sensitivity biological
system applied to water pollution, which is comparable to the sensitivity
of modern analytical instruments.

PLANT MODELS FOR ANALYSIS OF CONTRACTILE
ACTIVITY
V.V. Roshchina
Institute of Cell Biophysics, Russian Academy of Sciences,
Institutskaya Str. 3, Pushchino, Moscow region, 142290, Russia

Contractile activity could be studied on plant models. Ten years of
our experiments with various cells gave new information having perspec-
tives for the studies in Future that needs to discuss in small review.
Among purposes of new investigations in such field are as follows: 1.
Participation of contractile proteins in transfer of external signal from
plasmatic membrane to cellular compartments such as nuclei, chloro-
plasts or vacuoles., 2. Biological activities of exogenous contractile pro-
teins, 3. The study of special contractile structures, 4. Effects of toxins
and drugs — relaxants and spazmolitics — on the cell and organelles be-
havior that is usually difficult on animal cells,

Participation of contractile proteins in transfer of external sig-
nal. Microspores involved in plant reproduction and pigmented cells
were proposed as models to study chemical signal perception and trans-
duction. First objects include chloroplast-containing vegetative mic-
rospores of spore-bearing species or generative microspores of seed-
bearing species (pollen or male gametophyte) incapable of autotrophic
nutrition and lacking photosynthetic structures in mature forms.
Involvement of contractile components in chemical signal transduction
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Fig. 1. Examples of cellular models such as vegetative microspores, pol-
len and pigmented cells of flower (bar = 50 um) to study effects of con-
tractile proteins, antagonists of acetylcholine and anticontractile reagents.
Bung - bungarotoxin10®M , Tub - d-tubocurarine 10°M, Ver — verapamil
10°M |, Cyt - cytochalasin B 10°M, Phal — phalloidin 2x10°M, Ach —
acetylcholine 10°M, Atr — atropine 10°M, Pla — platyphylline 10°M,
Colch-colchicine 10°M.

from the cell surface to the organelles was studied in unicellular vegeta-
tive (Equisetum arvense) and generative (Hippeastrum hybridum pollen)
microspores of plants where the germination served a physiological re-
sponse to the chemical signal by various natural compounds (fig. 1), in
particular acetylcholine and biogenic amines [1, 2]. Both types of micro-
spores exposed to neurotransmitters and their agonists demonstrated
growth activation, while neurotransmitter antagonists and ion channel
blockers inhibited this process. Pretreatment with ion channel blockers
and then by anticontractile agents (cytochalasin B or colchicines) either
had no effect or increased the inhibition of microspore growth. The addi-
tion of exogenous actin the treatment of the cells with a-bungarotoxin or
d-tubocurarine or verapamil prevented negative effects [3]. In the exper-
iments potential participation of the actin domains in the work of ionic
channels was examined. Neurotransmitters dopamine and serotonin as
well as active oxygen species hydrogen peroxide and tert-butyl peroxide
stimulated microspore germination as chemical signals, but there was no
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effect after pretreatment with cytochalasin B or colchicine or even the
germination rate was decreased [1,2]. Increased blue fluorescence was
observed in certain cell regions. The involvement of actin and tubulin in
chemical signal transduction from the cell surface to the nucleus has been
also proposed based on experiment blue-fluorescent d-tubocurarine and
yohimbine (blockers of cholinoreceptor and adrenoreceptor, respectively)
decreased the number of the E. arvense cells with red fluorescence of
chlorophyll at 680 nm [4]. After the addition of the cytoskeleton proteins
and cholinesterase to the medium, the decrease of red fluorescence inten-
sity, usually induced by d-tubocurarine or yohimbine, was not observed.

Unlike microspores plant pigmented intact cells containing
anthocyanins were recommended to study signaling from plasmalemma
to vacuole (a membrane-surrounded cavity in a cell, is considered as an
organ of osmoregulation and excretion) which demonstrating contractile
activity. Microfilaments with actomyosin play important roles in support-
ing strand structures in the cytosol on the opposite side of vacuoles have
been identified as a possible route for cytoplasmic streaming, considered
responsible for the intracellular transport of molecules and organelles in
vacuolated cells. Recently vacuoles of pigmented intact plant cells started
to study as possible biosensors for the investigation of chemosignaling by
acetylcholine and histamine from plasmalemma to the vacuole [5].
Among the objects included secreting flower petal cells clear results were
received for intact petal cells from common African violet Saintpaulia
ionantha Wendl (Fig.1). The cell responses based on the absorbance of
the anthocyanin-containing secretion released through 0.5 -1 hour after
the addition of reagents. In untreated (control) samples there were no
pigment release up to 20 h of exposure. Output of anthocyanins was seen
only under the addition of acetylcholine into medium (unlike histamine)
or its agonists nicotine (bind with nicotinic type of animal
cholinoreceptors), muscarine, arecoline, and quinuclidinyl benzilate (bind
with muscarinic type of animal cholinoreceptor) as well as cytochalasin
B, phalloidin and colchicine. The process was depressed by antagonists
of acetylcholine d-tubocurarine, atropine and platiphylline. After more
than 1 h of exposure in variant with colchicine, the anthocyanin uptake
was also observed that showed on the work of microtubules. The partici-
pation of actin and tubulin, possible connecting with cholinoreceptors, in
the output of anthocyanin has been proposed.

Biological activities of exogenous contractile proteins. Functions
of cytoskeleton as a whole appear to be not limited only to a participation
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Fig. 2. Examples of cellular models such as pollen tubes (left bar = 50
um) and elaters of vegetative microspores (right bar = 20 um) for the
study with phalloidin 10*M stabilizing of F-actin.

in motile reactions inside the cell [6]. In particular, the cytoskeleton protein
titin stimulates the mechano-growth factor synthesis as well as protein syn-
thesis in rat or human myoblasts culture [7]. In nature proteins of cytoskel-
eton being liberated out interact with various cells belonged to majority of
different organisms - from microbes to plants and animals - and play cer-
tain role in chemosignaling and regulating of growth process. Bioactivity
of the cytoskeleton proteins such as actin, myosin and titin that have been
extracted from the rabbit muscle was analyzed on plant misrospores as uni-
cellular biosensors [8]. The fibrillar forms of the proteins stimulated the
germination of vegetative microspores from horsetail E. arvense and gen-
erative (pollen) microspores from knight’s star H. hybridum. In special ex-
periments the proteins tested were able to reverse the blockade of ion chan-
nels by drugs d-tubocurarine and o-bungarotoxin, acting on
cholinoreceptors, or verapamil, regulating Ca**-channels.

Special motile structures as models. The study of special motile
structures, like pollen tubes and elaters of vegetative microspores (fig. 2),
may be carried out with fluorescent markers binding with contractile pro-
teins: for F-actin fluorescein - phalloidin conjugate (ex. max 496
nm/emission 516 nm) [10] or for tubulin - colchicine (ex. max 360
nm/emission 460 nm) were represented [11]. The compounds are the secre-
tory products of fungi Amanita phalloides and plants belonged to genera
Colchicium, and Gloriosa. Green fluorescence of the probe on actin was
observed in both models studied, showing the binding within pollen tube
and in elaters. Actin in the elaters of vegetative microspores from E.
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Effects of toxins on the germination of spores

Development of Saintpaulia pollen Developmer_n of microspores
from Equisetum arvense
Length 0
% of ger-
Variant Indgx O.f of pollen Variant minated
germination tubes
cells
(mm)
Control | 088001 | 00 Control 100 +5
Phalloidin 0.04 £ Butanol 1:1000
o™y | 94*002 1 5606 | (alcoholiwater) | 223

arvense was not seen earlier. Colchicine binding with tubulin also included
in the structures well-seen by any type of luminescence microscopes [11].

Testing of drugs and toxins acting on contractile structures. The
use of the plant cells as model systems permits the fast drug testing of
damages of living structures related to contractile elements [9], instead ex-
periments with animals, in which a vivisection and fixation procedures are
necessary. In high concentrations (about 10-*M) toxin phalloidin depressed

both the germination of pollen and pollen tube elongation dealt
with the actin polymerization (Table 1) while some muscle spazmolitics
papaverine, dehydropapaverine and clofelin either had no effects or
weakly inhibited [3]. Known toxin n-butanol which acts on actin-related
cell elongation stimulated the microspores development (Table 1).

Based on the above-mentioned experiments plant cellular models
may be recommended for the study of contractile activity related to
chemosignaling and growth processes.
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Studying the relationship between structure and function is an im-
portant goal, since structural organization of an object often determines
its physical and chemical properties, as well as its existence and function-
ing under extremal conditions. Adaptive reactions in the organism occur
immediately after the stimulus, and during this initial phase only a pre-
formed physiological mechanism can be launched. At the later stages of
adaptation, a so-called “system-structural trail” is formed. Under various
hypoxic conditions, for example, the number of mitochondria increases
1.5-2 fold, with the myocardial content of hemoglobin, activity of cyto-
chrome oxidase and other enzymes of the respiratory chain growing as
well. Also observed are structural changes of mitochondria (MC) and
myocardial histohematic barrier (HHB), consisting of capillary endothe-
lium and inter-capillary space; these changes substantially alter the con-
sumption of oxygen and its transport from the capillary blood to mito-
chondria. Hence, increased resistance of the organism to various internal
and external factors is not only a functional phenomenon but also the re-
sult of structural rearrangements in organs and tissues. The objective of
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the work was to study how HHB hyperhydration, which was judged by
the mean HHB thickness (an integral indicator of tissue hydration), corre-
lates with the morphological and stereometric characteristics of
cardiomyocyte mitochondria.

The study was performed on 414 adult male Vistar rats (220-300
0). Hypoxia and stress were modeled by the following techniques. 1) Hy-
poxic hypoxia (H; n = 110) developed under animal’s breathing with a
gas mixture of 7% O, in N, for 30 min (with CO, being continuously re-
moved). 2) Circulatory-hemic hypoxia (BL; n = 133) was modeled by an
acute blood loss, amounting to 25-30% of the circulatory blood volume
without replenishment, with the examination of animals started 30 min
after the blood loss. 3) Acute 6-h immobilization stress (S; n = 127) was
induced by fixation of animals in the supine position. The control group
included 44 intact animals. The conditions of (1), (2) and (3) led to a sec-
ondary tissue hypoxia of comparable severity, which was indicated by the
ratio of supplied-to-consumed O,.

The function of the cardiovascular system was examined
rheographically, using a 4RG-1A rheograph (Russia), according to the
modified Kubicek method. The consumption of O, by myocardium
(VtO,) was determined by the modified manometric technique. The activ-
ity of mitochondrial ATP-dependent potassium channels (mitoKare) was
modulated under acute hypoxic hypoxia. 15 min before the experiment,
one group of rats was intravenously injected with the selective activator
of mitoKatp diazoxide (0.3 mg/100 g of body mass), and another group,
with the selective inhibitor of mitoKare 5-hydroxydecanoate (5HD; 0.5
mg/100 g of body mass). For control, the activator and inhibitor of
mitoKarp Were also introduced under normoxia. To examine the effects,
tissue samples were taken from the upper part of the heart. The material
was fixed according to the conventional technique. The ultrathin sections
(40-60 nm) were examined using an electron microscope JEM 100CX
(Japan). The morphometric and stereometric studies were conducted on
the basis of Weibel’s approach, using the morphometric analysis software
Image Tool (USA) — 100-150 fields for each animal group.

The statistical analysis of the data obtained was performed with the
software packages Statistica 6.0 and Microsoft Excel 2003, using the
Fisher criterion ¢, Student coefficient t, Pearson and Spearmen correla-
tion coefficients (when system and tissue characteristics were compared).

The study revealed a high correlation between the rate of blood
flow and mean HHB thickness —both in norm and under all the experi-
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Table 1. Spearmen coefficients for the correlation between the mean my-
ocardial HHB thickness and the functional parameters of cardiovascular
system at different kinds of hypoxia and stress

Control | Acute hypoxic | Acute blood | 6-h immobili-
Parameters . .
group hypoxia loss zation stress

Volumetric
rate of blood 0,834 * 0,811 * -0,718 * 0,732 *
flow
Heart rate 0,436 0,720 * 0,267 0,798 *
Stroke volume 0,731 * 0,406 -0,734 * 0,478

Note: *a close relation between the parameters; values in italic indicate
the average correlation between the parameters.

mental conditions examined (table 1). Hence, statistically significant
changes in the rate of blood flow would indicate structural disorders in
the myocardium (at least, in the form of barrier hyperhydration).

We showed that under all the experimental conditions, there were
changes in the level of VtO,: it grew upon hypoxic hypoxia and blood
loss and declined upon stress. It was established that VtO, was mainly
affected by the total surface area of mitochondria of the subsarcolemmal
subpopulation (SS MC) per unit of tissue volume and by the number of
structurally changed mitochondria of the intramyofibrillar subpopulation
(MF MC) (table 2).

Somewhat smaller is the dependence of VtO, on the total number
of SS MC and diameter of MF MC. The rest of morphological and
stereometrical parameters of MC have no substantial effect on the level of
0O, consumption by the myocardium. The data obtained show that the

Table 2. Ratio between the rate of oxygen consumption by the myocardi-
um (VtO2) and major morphological and stereometrical parameters of mi-
tochondria (Pearson correlation coefficient)

Parameters SS MX IMF MX
Mean number of MC 0.545 0.295
Number of structurally *
changed MC -0,214 -0,709
Average diameter of MC 0.320 0.477
Average area of MC 0.553 0.211
Total s_urfac_e area of MC 0,669 * 0.345
per unit of tissue volume

Note: *a close relation between the parameters; values in italic indicate
the average correlation between the parameters.
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Table 3. The percentage of different types of structural changes in myo-
cardial MC under hypoxic hypoxia, blood loss and stress

Types of structural changes in MC, % of total

Experimental SS MC IMF MC
conditions Ap(_)p Nepro- MS* qup- Nepro- MS*
totic tic totic tic
Hypoxic

. 29,9 19,8 50,3 434 9,4 47,2
hypoxia

Blood loss 20,2 34,7 451 31,3 26,4 42,3
Stress 18,2 60,5 21,3 21,4 62,6 16,0
*MS - changes aimed at the support of adequate metabolism (metabo-
lism-supporting)

subsarcolemmal subpopulation of MC affects VtO, a bit stronger. As
turned out, both under the control and all the experimental conditions, the
correlation of oxygen consumption by the myocardium with the parame-
ters of MC is the same.

A comparative study of structural defects in the cardiomyocyte MC
under different hypoxic conditions allowed us to obtain important, in our
mind, data. They indicate that under hypoxic hypoxia, myocardial MC do
not reveal an evident necrotic damage — in contrast to what was observed
upon stress (table 3).

At the same time, changes indicating intensification of energy pro-
cesses under hypoxic hypoxia (MC in the energized and energized-twisted
state) are maximal. This can explain the positive effect of hypoxic hypoxia
we found: it probably aimed at optimization of energy metabolism.

Under hypoxic hypoxia, we observed ultrastructural rearrangements
in MC of the heart tissue, which have been unseen before in vivo and could
be viewed as a compensatory-adaptive reaction of the mitochondrial appa-
ratus. Many of the structurally damaged mitochondria contain 1-3 small,
optically dense formations (10-15 nm in diameter), which resemble intact
mitochondria. Such a process was first discovered in vitro in the works of
Saprunova, Solodovnikova et al. These authors tend to consider the for-
mation of intramitochondrial microMC as a way to maintain the capacity of
the mitochondrial apparatus during hypoxia, and we agree with this view.
The formation of microMC is observed only under H; it does not occur in
case of BL and S. Studying the effects of mitoK,rp modulators, we man-
aged to identify one of the mechanisms involved in the formation of
microMC. Modulation of mitoKarp activity with diazoxide was accompa-
nied by intensive formation of microMC, which is important since activa-
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Change in the number of microMC in the cells of heart tissue by modulat-
ing the activity of mitochondrial ATP-sensitive K+ channels (changes are
reliable in both cases p <0.05).

tion of mitoKarp is known to protect heart from hypoxia (figure) Introduc-
tion of the mitoKarp blocker 5SHD considerably reduced the effect.

The data obtained in the present work indicate that correction of
hypoxic conditions of various genesis would require complex approaches
aimed simultaneously at normalization of the function of cardiovascular
system, myocardium structure as a whole, histohematic barrier in the my-
ocardium and mitochondrial apparatus. It also can be supposed that one
of the regulators of the MC morphological state under hypoxic hypoxia is
ATP-dependent potassium channel.

E-CADHERIN PLAYS A ROLE IN MIGRATION
OF TRANSFORMED EPITHELIAL CELLS
S.N. Rubtsova, L.Y. Zhitnyak, N.A. Glushankova
Institute of Carcinogenesis, Russian Cancer Research Center,
Kashirskoye Shosse, 24, Moscow 115478, Russia

Tumor cell dissemination to other regions of the body remains a
major problem in experimental and clinical oncology. Cell-cell adhesion,
mediated by various specific proteins, holds together cells in a normal
tissue, and its loss contributes greatly to the transition between a normal
tissue and a disseminating malignant tumor. In epithelial cells, the most
prominent cell-cell adhesion structures are adherens junctions (AJ)
formed by the protein E-cadherin. However, certain human epithelial tu-
mors (ductal breast carcinomas, colorectal carcinomas and melanomas)
retain their E-cadherin expression even in the process of invasion and
metastasis. Moreover, E-cadherin expression is often restored in metasta-
ses of E-cadherin-negative tumor types.

228



Contrary to previous data that highlight the tumor suppressor role
of E-cadherin, can it be instrumental in tumor dissemination in epithelial
tissues? To address this issue, we devised a two layered culture system of
transformed and non-transformed epithelial cells. The cells were rat liver
epithelial cells 1AR-2 (non-transformed) and their transformed deriva-
tives with or without E-cadherin. 1AR6-1 (transformed with
dimethylnitrosamine) and 1AR2-1170 (ras-transformed) expressed E-
cadherin while IAR6-1DNE and IAR2-1162 did not.

We discovered that IAR6-1 were able to move across the non-
transformed monolayer at approximately the same speed as across glass
substrate. We hypothesized that transformed cells may travel across the top
of the monolayer attaching themselves briefly to underlying non-
transformed cells with E-cadherin-based AJ and using these AJ as anchor
points. Our earlier work has demonstrated transitory and unstable nature of
the AJ formed between transformed epithelial cells. Indeed, as our current
experiments showed, transformed IARG6-1 cells sitting on top of the non-
transformed 1AR2 monolayer formed transient dot-like AJ with IAR2.

However, our subsequent confocal observations of cells labeled with
diffuse red and green fluorescent proteins, showed that while transformed
IARG-1 cells were indeed able to move over the non-transformed monolay-
er, this was a rather rare event. More often, transformed cells traversed the
non-transformed monolayer, attached, spread on and moved across the
glass substrate underneath the non-transformed cells. The majority of the
attachment and spreading events fell into 12-16 h post-seeding time range.
XZY projections of IAR 6-1 cells traversing the monolayers showed that a
rounded transformed cell on top of the monolayer first formed a pseudopod
that penetrated the monolayer and attached to the glass underneath. Within
1-2 hours, the cell body sunk through the monolayer and attached to the
glass surface. The pseudopod could be seen flattening, enlarging and mov-
ing under the neighboring cells.

Expression of E-cadherin or lack thereof determined the behavior
of various transformed cell lines in this culture system. We used several
subclones of the 1AR2-1162 cell line transformed by oncogenic ras, as
well as with IAR6-1DNE subclones. 1AR2-1162 cells lost E-cadherin
expression in the course of their neoplastic transformation. The IAR6-1
cell line initially obtained by transforming immortalized cells with
dimethylnitrosamine, we transfected with a dominant negative E-cadherin
mutant that suppresses formation of AJ. As E-cadherin-positive controls
we used subclones of the IAR2-1170 cell line also transformed by onco-
genic ras which retain their E-cadherin expression, as well as the original
IAR6-1. All E-cadherin-positive cell lines had a clear advantage over all
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E-cadherin-negative cell lines in the percentage of the cells that had trav-
ersed the non-transformed monolayer, with the difference between those
subgroups being statistically significant. Within the E-cadherin-positive
and E-cadherin-negative subgroups, the differences were more minor. We
conclude that E-cadherin expression is necessary for transformed cells to
successfully traverse the monolayer of non-transformed cells.

Observation of transformed IAR6-1 cells traversing a monolayer of
IAR-2 cells expressing GFP-E-cadherin showed that all traversing events
happened at the borders between two IAR-2 cells, and that the AJ linking
those cells were disassembled immediately prior to the traversing.

To determine the mechanism of the AJ disassembly, we used a panel
of specific small molecule inhibitors of various targets: metalloproteinases
(marimastat and GM6001); EGFR (PD153035); ERK (C11040); Akt/PIK3
(wortmannin); p38 (rapamycin); Src (SKI-1); mDia (SmifH2); Arp2/3
(CK666); myosin 1l ATPase (blebbistatin) and ROCK (Y27632).

Of all these, only blebbistatin, Y27632 and SKI-1 reduced the per-
centage of IARG6-1 cells traversing the non-transformed 1AR-2 monolay-
er. Contractility inhibitors blebbistatin and Y27632 did not prevent pseu-
dopods from penetrating the monolayer and attaching to the underlying
glass substrate, however, the cell bodies remained on top of the monolay-
er for the entire period of observation. The Src inhibitor SKI-1 reverted
the transformed morphology of the IARG6-1 cells to nearly normal epithe-
lial phenotype, restoring circumferential actin bundles and AJ. Apparent-
ly these cytoskeletal rearrangements hindered the ability of the trans-
formed cells to traverse the monolayer of non-transformed cells.

Taken together, our data demonstrate that transformed epithelial
cells retaining E-cadherin expression are able to form AJ with the under-
lying non-transformed cells. These “mixed” AJ may promote dissemina-
tion of the transformed cells in the epithelial tissues.

THE EFFECT OF G126R AND D137L MUTATIONS IN o-
TROPOMYOSIN ON THE POSITION AND FLEXIBILITY OF
TROPOMYOSIN STRANDS DURING THE ATPase CYCLE
Nikita A. R;/sevl, Alexander M. Matyushenko?, Natalia V.
Artemova’, Dmitrii |. Levitsky? and Yurii S. Borovikov!
YInstitute of Cytology, Russian Academy of Sciences,

St. Petersburg, Russia;

2 Bach Institute of Biochemistry, Russian Academy of Sciences,
Moscow, Russia

Tropomyosin molecule (TM) is a semi-rigid structure which is stiff
enough to move across the surface of actin as a unit when perturbed me-
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chanically by other actin-binding proteins such as myosin. TM is a two-
chain o-helical coiled coil whose periodic interactions with the F-actin
helix are critical for thin filament stabilization and the regulation of mus-
cle contraction. It is believed that non-canonical residues Asp137 and
Gly126 located in the middle part of TM molecule can destabilize the
molecule at these points. Thus recently it has been shown that the Asp
substitution for Leu at 137 position and the replacement of Gly126 with
Ala or Arg significantly stabilize the middle part of the TM molecule [1,
2, 4]. This stabilization not only enhances maximal sliding velocity of
regulated actin filaments in the in vitro motility assay at high Ca** con-
centrations but also increases Ca**-sensitivity of the actin-myosin interac-
tion underlying this sliding [3, 4].

To examine the effect of the substitution of Gly126 with an Arg
residue or Asp137 with a Leu residue and of both substitutions within the
same skeletal a-TM molecule on the position and flexibility of the N-
terminus of TM and the spatial arrangement of actin monomers during
the ATPase cycle we labelled the recombinant wild type and mutant TMs
with 5-1AF at Cys36 (which was introduced into the N-terminal part of
TM by mutation C190A/S36C) and F-actin with FITC-phalloidin, incor-
porated them into troponin-free ghost muscle fibres and studied their po-
larized fluorescence at different stages of the ATPase cycle. In the ab-
sence of myosin subfragment 1 (S1), these mutations shift TM towards
the periphery of the filament, dramatically enhance TM strands rigidity,
and slightly increase a proportion of the switched-on subunits in F-actin.
The binding of S1 to F-actin (in the absence or presence of MgADP)
moves all mutant TMs further to the center of the filaments (towards the
“open position”), which results in a decreased flexibility of the N-
terminus of TM and a pronounced rotation of actin monomers to the pe-
riphery of the filaments. The latter indicates an increase in the number of
the switched on actin monomers. Under conditions mimicking the weak-
binding states, the mutant TMs move further to the periphery of the fila-
ment and the amount of the switched on actin monomers extremely de-
creases compared to that for the wild type TM. We suggest that the ob-
served increase in Ca”"-sensitivity of actin-myosin interaction and maxi-
mal sliding velocity of actin filaments in the in vitro motility assay in-
duced by Aspl37Leu and Gly126Arg substitutions in TM [3, 4] may re-
sult from the enhanced efficiency of the cross-bridge work caused by the
abnormal TM shift further towards the center and periphery of the fila-
ments at the strong-binding and weak-binding states, respectively.

This work was supported by RFBR (grants 14-04-00454-a, 12-04-
00411-a, and 13-04-40099-H).
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THE ROLE OF POTASSIUM CHANNELS IN THE EFFECT OF
HYDROGEN SULFIDE ON THE SPONTANEOUS
CONTRACTILE ACTIVITY OF RAT JEJUNUM
G.I. Sabirullina, M.U. Shafigullin, N.N. Khaertdinov, G.F. Sitdikova
Institute of Fundamental Medicine and Biology , Kazan (Volga Region)
Federal University, Kremlevskaya st., 18, Kazan, 420008, Russia

Hydrogen sulfide (H,S) — a gas, well-known for its toxic effects
associated with impaired oxidative phosphorylation in the cell. H,S
endogenously produced in mammalian tissues and plays a major role in
physiological and pathological processes. Traditionally known as a toxic
gas it is also an important gaseous messenger [1,2]. Like other
gasotransmitters, H,S has a relaxing effect on the smooth muscle in the
cardiovascular system, gastrointestinal tract, reproductive system [3,4]. In a
number of studies the relaxing effect of H,S in various parts of the
gastrointestinal tract in different animal species was found [5-7]. However,
it was also shown that H,S could produce different effects on smooth
muscle motility dependent on concentration [8].

The aim of our study was to determine the effect of H,S on
contractile activity in smooth muscle of rat intestine and identify the
role of voltage-dependent and ATP-dependent potassium channels in
the effects of H,S.
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Materials and methods

Experiments were performed on isolated segments of jejunum from
Rattus norvegicus on the equipment of Biopac Systems, Inc. (USA). An-
imals were anesthetized by using 5% isoflurane (Abbott Laboratories,
North Chicago, IL, USA). The abdomen was opened and the mid jejunum
was removed and placed in oxygenated Krebs solution. The 7 mm long
muscle strip is suspended vertically in a 20-ml tissue chamber, the lower
end fixed to the rubber block and the other end was connected to a force
transducer (TSD125C, Biopac Systems, Inc USA). During the experi-
ment, the muscle strip was continuously washed with 37°C Krebs solu-
tion and aerated with 95% oxygen and 5% carbon dioxide.

Registration and analysis of the parameters of the muscle
contraction was performed using the program AcgKnowledge 4.1.
Amplitude (force in grams), frequency and the baseline tone were
analyzed. The baseline tone was accessed using values of maximum
relaxation between contractions.

Sodium hydrosulfide (NaHS) was used as H,S donor. H,S in an
aqueous solution dissociates to ions (Na*) and anion hydrosulphide
(HS"), which reacts with protons (H) to form H,S [4]. In aqueous
solution, approximately one third of the gas in the nondissociated form.
It is known that at pH 7.4 and a temperature of 37°C, only 18% of
NaHS is presented in the form of a gas - H,S [9]. The following drugs
were used: L-cysteine, [-Cyano-L-alanine, 4-aminopyridine,
glibenclamide, diazoxide (Sigma, USA). Substances, insoluble in
water, were dissolved in dimethylsulfoxide (DMSO), which at the
concentration used (up to 0.01%) had no effect on spontaneous
contractile activity of the jejunum.

Results and discussion

In control the jejunum segment spontaneously contracted with
average frequency 0,45 + 0,01 Hz and amplitude - 0,57 £ 0,5 g (n = 20).

To analyze the mechanisms of NaHS action according our previous
data we used concentration - 200 uM, which reduced amplitude of
contractions to 19,6 + 2,8% (n = 20, p <0,05), baseline tone to 87,7 £
2,5% (n = 20, p <0,05), frequency to 90,08 + 2,17% (n = 21, p <0,05)
compare to control.

Endogenous H,S is produced from L-cysteine by two enzymes,
cystathionine (B ) synthase and (CSB) and cystathionine (y) lyase
(CSE). For detection of endogenous synthesis of hydrogen sulfide in
the intestinal cells, we used its endogenous donor - L-cysteine and
inhibitor of CSE - B-cyano-L-alanine.
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L-cysteine in the cumulative addition of 10, 50, 100, 200 puM
resulted in dose-dependent decrease of amplitude (after 200 uM) to 80.5
+ 3% (n = 8, p <0,05), baseline tone - 74.13 £ 7% (n = 6, p <0.05)
frequency - 97.11 £ 1.7% (n = 5, p> 0,05).

B-cyano-L-alanine at 200 uM showed not significant changes in the
parameters of spontaneous activity: to 30 minutes of application
amplitude of spontaneous contraction was 114.7 + 9.3% (n = 4, p> 0,05),
frequency - 101.7 + 0.4% (n = 4, p> 0,05), baseline tone - 97.48 + 5.2%
(n =4, p> 0,05). These results show that the substrate of synthesis of the
H,S — L-cysteine reduced the spontaneous contraction parameters as
H2S donor, probably due to endogenous synthesis of gas. Inhibitor of
enzyme that catalyzing the synthesis of H,S - B-cyano-L-alanine resulted
in no significant effect on the contractile activity, which can probably be
attributed to the presence of other enzymes of the gas synthesis in the
tissue or insufficiently concentration of inhibitor.

It is known that K*-channels play a key role in maintaining of the
tone of smooth muscles, are involved in the control of gastrointestinal
smooth muscle contraction, affecting the membrane potential, slow
waves of depolarization, duration of the action potential (Horowitz,
1999). K*-channels may be the targets of the effects of hydrogen sulfide.

We investigated the role of voltage-dependent and ATP-dependent
potassium channels in our experiments. Previously, we studied the role of
Ca’*-activated and voltage-dependent K*-channels, in which we used
nonspecific blocker of these channels tetraethylammonium (TEA) and it
was shown that after TEA application the effects of NaHS on the
amplitude, baseline tone and frequency were the same as in control.

Inhibitor of  voltage-dependent  potassium  channels  4-
aminopyridine (4-AP) at concentrations 200 uM increased the amplitude
to 121,4 £ 48 % (n = 7, p <0.05) relative to a control, wherein the
baseline tone and frequency were not changed. In the background 4-AP
effect of NaHS on the amplitude baseline tone fully preserved, but the
frequency of contractions increased — 103,3 £ 4,9 (n=5, p <0.05).

It has been shown, that in vascular smooth muscle cells the effects
of NaHS were mediated through activation of Krp-channels. In our
study to determine the role of Karp)-channels we evaluated the effects of
hydrogen sulfide donor after inhibition or activation of these channels.

Inhibitor of Kre)-channels by glibenclamide at the concentration
50 uM decreased the amplitude of contractions to 63,84 + 5,93% (n = 10,
p <0.05) and frequency to 90,73 £ 1,91% (n = 10, p <0.05), baseline tone
not significantly changed (103,52 + 3,07%) (n = 10, p> 0.05). On the
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background of the glibenclamide, effect of NaHS on the amplitude and
frequency of contractions completely preserved (22,60 + 4,39% and
86,88 + 1,99%, respectively), while the baseline tone significantly
increased to 111,65 + 3,83% (n = 10, p <0.05).

Kare-channels were activated using diazoxide (100 pM).
Application of diazoxide caused the decrease of the force of contraction
to 65 £ 5,1% (n = 5, p <0.05) from the control values without changing
the frequency of spontaneous contractions and baseline tone. Adding
NaHS on the background of the diazoxide decreased the amplitude and
frequency of the same abbreviations as in the control, but the effect to
baseline tone not manifested.

The results of our study showed that donor H,S - NaHS
endogenously synthesized in the intestinal cells and causes a reduction of
the spontaneous contractile activity of rat jejunum segment, reducing the
amplitude, frequency and the base tone. The findings suggest that the
effects of NaHS on the amplitude of the contractions are not related to its
effect on the voltage-dependent potassium and Karp)-channels, effects to
baseline tone mediated by Karp-channels of smooth muscle cells, and a
decrease in the frequency - by voltage-gated potassium channels of
neuronal cells or muscle cells of intestine.

This work was supported RFBR Ne12-04-00960, Ne14-04-31661.
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PI13-KINASE (P13K) PATHWAY IS INVOLVED
IN REGULATION OF MIGRATION AND PROLIFERATION
IN NIH-3T3 FIBROBLASTS BY MEANS
OF REDOX-DEPENDENT MECHANISM
G.D. Sagaradze, N.D. Zhdanovskaya, P.A. Tyurin-Kuzmin,
A.A. Sukhova, A.V. Vorotnikov
Department of Biochemistry and Molecular Medicine, Faculty
of Fundamental Medicine, Moscow State University, Moscow, Russia

Wound healing is an important physiological process. It attends in-
flammation associated with reactive oxygen species (ROS) production. It
is known that ROS synthesis and damaged tissue regeneration have time
and space intersection. Fibroblasts migrate to a damaged area during re-
generation process. There they proliferate under the influence of platelet
derived growth factor (PDGF). Epithelial cells restore a surface layer of
the damaged tissue under the effect of epidermal growth factor (EGF).
PI3K and Ras/Erk1/2 MAP-kinase pathways are involved in PDGF- and
EGF-stimulated proliferation and migration of fibroblasts. It is shown
that hydrogen peroxide (H,O,), a main ROS metabolite, can participate in
regulation of growth factors’ cellular effects as a second messenger. Be-
sides exogenous ROS there is an endogenous H,O, source in fibroblasts:
NADPH-oxidase complex (NOX). NOX complex assembly is activated
under the influence of different growth factors. This work is dedicated to
research of mechanisms of redox-dependent migration and proliferation
of NIH-3T3 fibroblasts.

Primarily we researched the influence of PDGF and EGF on migra-
tion and proliferation of NIH-3T3 fibroblasts. Obtained results showed
that PDGF and EGF stimulate proliferation but only PDGF stimulates
migration of fibroblasts. Then we found out pathways involved in PDGF
and EGF signaling. Three interesting pathways: NOX/ H,0,, PI3K,
Ras/Erk1/2 MAP-kinase are involved in PDGF-regulated signaling. By
means of an intracellular genetically encoded biosensor sensitive to H,O,
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we looked after changes of intracellular H,O, level in PDGF-stimulated
fibroblasts. Obtained experimental data showed that PDGF activates
long-term production of endogenous H,O, and NOX inhibitor apocynin
suppresses this effect. At the same time during NIH-3T3 activation EGF
does not trigger off H,O, synthesis and PI3K pathway. To understand
better NOX/ H,0, relation with PDGF we researched PDGF-stimulated
increased production of H,0O, influence on PI3K and Ras/Erk1/2 MAP-
kinase pathways. Obtained data showed that NOX/ H,0, system activa-
tion leads to increase of PI3K-pathway signaling amplitude and duration
of its activation. PDGF and EGF activate Ras/Erk1/2 MAP-kinase path-
way by means of redox-independent mechanism. PI3K redox-dependent
activation takes part in PDGF-mediated regulation of migration and pro-
liferation in NIH-3T3 fibroblasts.

SEASONAL CHANGES IN THE ISOFORM COMPOSITION
OF TITIN AND MYOSIN HEAVY CHAINS
IN STRIATED MUSCLES OF BEARS
N.N. Salmov', A.D. Ulanova', .M. Vikhlyantsev', A.G. Bobylev',
D.S. Kozhevnikova®, A.P. Saveljev®, V.V. Makariushchenko?,
G.Yu. Maksudov*, S.N. Udaltsov*®, Z.A. Podlubnaya™®
YInstitute of Theoretical and Experimental Biophysics, Russian Academy
of Sciences, Pushchino, Moscow region, 142290, Russia;
2Samara State University, Samara, Russia;
*Russian Research Institute of Game Management and Fur Farming,
Russian Academy of Sciences, Kirov, Russia;
*Moscow Zoo, Moscow, Russia;
*Institute of Physicochemical and Biological Problems
of Soil Science, Russian Academy of Sciences, ul. Institutskaya 2,
Pushchino, Moscow region, 142290, Russia
®Pushchino State Institute of Natural Science, Pushchino,
Moscow region, 142290, Russia

Hibernation (winter torpor) is evolutionary capability of some
mammals representing a temporal reduction in metabolism in order to sur-
vive at low temperatures and under conditions of seasonal food shortage. In
true (obligate) hibernators (ground squirrels, woodchucks) the dormancy
lasts 5-8 months and includes the 2-3 week cycles (torpor bouts ) with
short-term (several hours) arousal. During torpor bout the animal body
temperature falls to 2-4°C, and the heart rate drops to 4-20 beats per minute
(bpm) [1]. Bears entering winter sleep are the hibernating animals. The
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temperature of the bear’s body decreases only by 5-7°C and animals easily
come out of torpor into active state, but changes in metabolism are similar
to those observed in the true hibernators during winter torpor.

Previously we revealed adaptation changes in the isoform compo-
sition of giant protein titin and myosin in striated muscles of an obligate
hibernator, the long-tailed ground squirrel Spermophilus undulatus during
winter dormancy. For instance, in cardiac muscle of ground squirrels dur-
ing hibernation the increased content of the long (more elastic) N2BA
titin isoform and the lowered content of the short N2B-isoform were ob-
served [2]. Similar changes in titin content, the increased content of the
long NT-isoform and lowered content of the short N2A-isoform, were
recorded in skeletal muscles of these animals during hibernation [2]. Ad-
aptation to these changes contributes to the maintenance of a highly-
ordered sarcomeric structure and the necessary level of a contractile mus-
cle activity for different periods of a hibernating cycle in the ground
squirrel (entering hibernation, hibernation, arousal, winter interbout activ-
ity) [2]. It should be noted that during winter hibernation of the ground
squirrel in atrophied skeletal muscles the increased content of the “slow”
I isoform and the lowered content of “fast” Ila and 11x/d isoforms of my-
osin heavy chains were observed [3]. These changes point to the increase
in the content of the slow, more endurable fibers with characteristic pro-
tein isoforms in muscles of the hibernating animals. Similar changes are
adaptive response allowing considerable reduction in energy expenditure
during hibernation period. It is necessary for the animal in order to sur-
vive under severe conditions of this period.

In this work we explored changes in isoform composition of titin
and myosin heavy chains in cardiac and skeletal muscles of Brown
(Ursus arctos) and Asian Black (Ursus thibetanus) bears with the aim of
elucidating the role of these changes in adaptation of muscle system to
the conditions of winter sleep.

In this study we used following striated muscles of the bears: (1)
cardiac and skeletal muscles (m. longissimus dorsi, m. biceps) of the hi-
bernating Asian black bear (adult male) trapped in the den on 28 January
2013 in Obluchenski district, the Jewish Autonomous Region in the Up-
per Ditur River watershed, 90 km west of Birobidzhan; (2) cardiac and
skeletal muscles (m. gastrocnemius, m. triceps, m. biceps, m. longissimus
dorsi) of the hibernating brown bear (adult female) bagged in the den in
Yukamensk district, Udmurt Republic; (3) cardiac and skeletal muscles
(m. gastrocnemius) of active brown bear (six-year old female) shooted
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down on 20 April 2013 at biostation of VNIIOZ (Kirov); (4) skeletal
muscles (m. gastrocnemius, m. triceps, m. longissimus dorsi) of active
brown bear (adult male) shooted on 9 September 2013 in vicinity of the
village of Katny, Kotelnich district, Kirov region. All animals were legal-
ly gained in accord with special permits issued at regional offices of ani-
mal health and usage of the animal world objects.

The isoform composition of myosin heavy chains (MHC) was
studied by 7% SDS-PAGE as described in [4]. SDS-PAGE of titin iso-
form was carried out by the method described in [5] with a content of
agarose of 0.55% and polyacrylamide of 2.1-2.3%. The densitometry was
performed using the program Total Lab 1.11 [2]. The content of titin was
estimated relative to the content of MHCs. The statistical processing was
carried out using the nonparametric U-test of Mann-Whitney. Differences
with a confidence level p<0.05 were considered significant.

In skeletal muscles of the hibernating bears the changes in the iso-
form composition of titin and myosin heavy chains similar to those rec-
orded in the muscles of the hibernating long-tailed ground squirrels were
found. For instance, the content of the longer NT-titin isoform increases
and the content of the shorter N2A-isoform of this protein declines (fig.
1). In this case in m. gastrocnemius and m. longissimus dorsi of the hi-
bernating brown bear the content of the “slow” I isoform was higher than
that of the “fast” lla isoform of myosin heavy chains (fig. 2). In m.
longissimus dorsi and m. biceps of the hibernating Asian black bear the
contents of “slow” I and “fast” lla isoforms of myosin heavy chains were
nearly equal (~50% each) (data not shown).

It is interesting to note that the observed changes in titin and myo-
sin heavy chains in muscles of the hibernating animals are opposite to
those during the development of a series of pathological processes. For
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Fig. 1. Seasonal changes in titin isoforms composition in skeletal muscles
of the brown bears.
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Fig. 2. Seasonal changes in the isoform composition of myosin heavy
chains in skeletal muscles of the brown bears.

instance, during pathological and atrophied changes in skeletal muscles
of humans and animals the content of NT- and N2A titin isoform de-
creases, the content of proteolytic T2-fragments of this protein increases
and myosin phenotype shifts towards the augmentation of the content of
“fast” isoforms of myosin heavy chains [2]. These alterations lead to dis-
ruption of a sarcomeric structure and a deterioration of the capacity of
muscle contraction [2]. Based on the results obtained we believe that the
increase in the content of NT-titin isoform in muscles of the true hiberna-
tors (ground squirrels) and in muscles of the bears is adaptive contrib-
uting to the maintenance of a highly-ordered sarcomeric structure and the
necessary level of a contractile muscle activity in winter period. The de-
crease in the content of proteolytic T2-titin fragments in bear muscles
during hibernation may also be adaptation. It is known that the products
of protein catabolism are substrates of gluconeogenesis. Most likely that
during hibernation the processes of gluconeogenesis in the liver occur
due to the products of protein degradation, in particular, degradation of
T2-titin fragments, the decreased content of which we observed in skele-
tal muscles of the true hibernator [2] and bears as well. The changes in
myosin phenotype in skeletal muscles of the winter hibernating animals
that directed to the increase in the content of “slow” isoforms of this pro-
tein have also a great physiological importance. Taking into account that
the main strategy of hibernation is a strict economy of energy resources,
it can be stated that transformation of skeletal muscles of the winter hi-
bernating animals towards the increase in “slow” fibers with characteris-
tic isoforms of myosin heavy chains is also an adaptation to hibernation
conditions. These changes allow considerable decrease in energy ex-
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Fig. 3. Seasonal changes in titin isoforms composition in the left ventricle
of the brown bear’s heart.

penditure during winter dormancy that is necessary for the animal to sur-
vive under severe conditions of this period. It should be also noted that
“slow” muscle fibers as opposed to “fast” ones are not only energetically
more advantageous but more endurable. This property of muscles is vital
to keep the postural pose of the animal during hibernation.

In the bear’s cardiac muscle the changes in titin isoform composi-
tion were opposite to those in the cardiac muscle of the winter hibernat-
ing ground squirrel. For instance, as opposed to the increased content of
the long N2BA-titin isoform in the cardiac muscle of the hibernating
ground squirrel the content of this isoform in the cardiac muscle of the
hibernating brown bear was lower than that in the active animal (fig. 3).
In the cardiac muscle of the hibernating Himalayan black bear the N2BA
to N2B ratio was similar to that one observed in the cardiac muscle of the
hibernating brown bear (data not shown). Therefore, it can be stated that
seasonal changes in titin isoform composition in the cardiac muscle of
bears are directed to the increase in the content of the short N2B-isoforms
of this protein while hibernating. The results obtained in our study are in
accord with [6] — the increase in the relative content of the short N2B-
titin isoform in the cardiac muscle of the hibernating grizzly bears
(U.a.horribilis). Adaptive response of the changes revealed is presumably
in preventing chamber dilation in heart of hibernating bears.

This work was supported by the Russian Foundation for Basic Re-
search (grants Ne 13-04-00281, 14-04-32171, 14-04-32240, 14-04-00112,
14-04-92116).
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DESIGN OF CULTURED CELL-BASED MODELS FOR
ELUCIDATION OF THE 210 KDA MYOSIN LIGHT CHAIN
KINASE ROLE IN MECHANOPHENOTYPE AND
PERMEABILITY OF MICROVASCULAR ENDOTHELIUM

M.V. Samsonov*, M.M. Khalisov?, V.A. Penniyaynen?, O.A.
Kazakova', A.Y. Khapchaev', E.L. Vilitkevich!, A.V. Nikashinl, A.V.
Ankudinov®, B.V. Krylov?, V.P. Shirinsky*

YInstitute of Experimental Cardiology, Russian Cardiology Research and
Production Center, Moscow, 121552, Russia;
pavlov Institute of Physiology RAS, Saint-Petersburg, 199034, Russia;
*|offe Physical Technical Institute, Saint-Petersburg 194021, Russia

Microvascular endothelium participates in the formation of barrier
between blood and tissues and in exchange of nutrients, gases and meta-
bolic products between these compartments. High molecular weight myo-
sin light chain kinase (MLCK210) is the key regulator of endothelial bar-
rier. MLCK210 activation leads to attenuation of microvascular barrier
and increased permeability to macromolecules. Acute increase in perme-
ability of microvessels due to insufficiency of their endothelial lining is
observed during physiological defence reaction of inflammation as well
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as in a number of pathologies, which are accompanied by excessive
mechano-chemical stimulation of vascular endothelium.

MLCK210 is considered a key molecular player in realization of
endothelial cell mechanical properties that seem important for the recep-
tion by endothelium of the natural mechanical stimuli such as shear stress
produced by blood flow, stretching of vascular wall and hydrostatic pres-
sure applied on it. In order to study in detail the role of MLCK210 in
mechanophenotype of endothelium as well as in regulation of paracellular
permeability of endothelial monolayer we design and validate cultured
cell-based models.

We utilized mice with genetic knockout of MLCK?210 (kindly do-
nated by Prof. D.M. Watterson, Northwestern University, Chicago, IL,
USA) as a source of lung microvascular endothelial cells. Using
immunoblotting we confirmed that lungs of MLCK-/- mice do not con-
tain MLCK210 while this protein is synthesized in the lungs of wild type
mice. Lung microvascular endothelial cells from MLCK-/- mice and from
wild type mice of the same strain and age were isolated using
immunomagnetic technology and introduced in cell culture.

Using ECIS-z (Applied BioPhysics, USA) apparatus that measures
electric impedance across the monolayer of endothelial cells grown on
gold electrode we demonstrated that in the presence of natural ede-
magenic agent thrombin (100 nM) wild type endothelium reversibly loses
its barrier properties that is manifested by a decrease in impedance. In
comparison, MLCK-/- endothelium exhibited less pronounced decrease
in impedance. These findings suggest that intercellular contacts between
MLCK-/- endothelial cells are broken to a lesser extent following throm-
bin challenge which results in a more modest alteration of electric imped-
ance due to ion flow across the monolayer. Additionally, these observa-
tions highlight the role of MLCK210 in thrombin-mediated increase of
endothelial monolayer permeability. Mechanistically, obtained results
may be explained by the failure of MLCK-/- endothelial cells to efficient-
ly contract and form intercellular gaps due to the lack in these cells of the
key activator of endothelial myosin.

As an additional model system, we used standard in the field hu-
man endothelial cell line EA.hy926 that contains MLCK210 as estab-
lished by immunoblotting. We confirmed that thrombin (10-100 nM)
stimulation of EA.hy926 cells grown in DMEM supplemented with 10%
fetal bovine serum results in a decrease of the monolayer electric imped-
ance and simultaneous increase in permeability for FITC-albumin and 70
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kDa FITC-dexran. Inhibition of MLCK catalytic activity in these cells by
the novel cell-permeable peptide inhibitor PIK2 prevents thrombin-
induced increase in permeability for macromolecules. Cultivation of
EA.hy926 cells in the special growth medium for endothelial cells EBM
(Lonza, Switzerland) supplemented with the set of growth factors and
hormones leads to the strengthening of interendothelial contacts in the
monolayer, significant reduction of its basal permeability and increase in
impedance. Morphologically, these cells look more spread with few in-
tercellular gaps between them. At the same time, thrombin-induced disas-
sembly of intercellular contacts and acute increase in permeability is still
reproduced in these cells. Noteworthy, PIK2 exerts much weaker inhibi-
tory action on FITC-dextran permeability in EA.hy926 cultured in EBM
suggesting that motile reactions of these cells are less dependent on
MLCK210. According to our preliminary data, morphological and func-
tional alterations in EA.hy926 grown in EBM are related to the presence
of hydrocortisone in the medium. Apparently, this glucocorticoid changes
the expression of various genes in endothelial cells leading to increased
synthesis of intercellular contact proteins and, perhaps, to reduced ex-
pression of MLCK210.

We employed the method of atomic force microscopy (AFM) and
initiated analysis of topography and stiffness of MLCK210-/- and wild
type mouse lung microvascular endothelial cells as well as EA.hy926
endothelial cells grown in DMEM and EBM. We used custom-made can-
tilever that has spherical submicron particle of SiO, glued to the end of
the needle. Such a design of a cantilever allows multiple rounds of scan-
ning in a contact mode over cell surface without a damage to plasma
membrane. Preliminary topographic images of endothelial cells clearly
show elevated nuclear region and peripheral cytoplasm with fibrillar
structures in it, most likely the components of the cytoskeleton. The stiff-
ness of endothelial cells is lower over the nucleus and much higher in the
peripheral cytoplasm where fibrillar structures are located. In AFM imag-
es, EA.hy926 cells differ from mouse lung endothelial cells by elongated
nuclei and less spread cytoplasm.

Thus, we produced and initially characterized the set of endothelial
cell-based model systems to study the role of MLCK210 in
mechanophenotype and permeability of endothelium. We also validated
several analytical methods to probe endothelial morphological and func-
tional features that are dependent on MLCK210 activity in these cells.

Supported by RFBR grant 14-04-01813-a to VPS.
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DROSOPHILA SWISS CHEESE, ORTHOLOG OF HUMAN
HEREDITARY SPASTIC PARAPLEGIA GENE, NTE,
REGULATES MICROTUBULE STABILITY, SYNAPTIC
STRUCTURE AND FUNCTION
S.V. Sarantseva, G.A. Kislik, O.l. Bolshakova
Petersburg Nuclear Physics Institute, National Research Centre
"Kurchatov Institute”, Gatchina, Russia

Hereditary spastic paraplegias (HSPs) comprise a heterogenic
group of neurodegenerative diseases, characterized by progressive lower-
extremity weakness and spasticity as a result of corticospinal tract axonal
degeneration minimal in cervical region with caudal enhancement. It is
estimated to affect about 1—7 people per 100,000 worldwide
[http:/iAmww.ncbi.nlm.nih.gov/books/NBK1509]. The first symptoms of
the disease appear within a wide age range. Autosomal-recessive and X-
linked forms are mostly early-onset cases of HSP. It was established re-
cently that mutations in catalytic domain of the neuropathy target esterase
(NTE) cause autosomal-recessive form of HSP (SPG39). Initially NTE
was found in human brain homogenates as an enzyme inhibited by or-
ganophosphates, leading to development of the organophosphorus com-
pound induced delayed neuropathy (OPIDN). HSP and OPIDN are both
characterized by distal degeneration of motor and sensory axons. NTE is
a highly conservative protein with a homology among many organisms
(from yeast to humans) especially in a catalytic esterase domain. NTE's
ortholog in Drosophila melanogaster is called swiss-cheese (sws). All of
main sws mutants were obtained and described by D. Kretzschmar et al.
These mutants develop axonal and glial pathology in the brain and neuron
apoptosis. The level of phosphatidylcholine is increased in these mutants.
Sws and NTE have a 39%-homology. These proteins are widely ex-
pressed in nervous system, localized on endoplasmic reticulum (ER) and
are also considered to have esterase activity. Interestingly, sws acts au-
tonomously in neurons and glia: neuropil degeneration could only be res-
cued by neuronal sws expression and only sws expression in glia could
stop formation of abnormal glial hyperwrapping. However, sws functions
today are poorly understood. In our study we carried out functional stud-
ies of sws in vivo, using Drosophila melanogaster larval neuromuscular
junctions (NMJ) as a good system of HSP modeling. We showed that sws
is widely expressed in larval nervous system especially in glia. We also
established that mutations in sws gene alters NMJ morphology, microtu-
bule network formation and axonal transport of mitochondria.
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NEW FINDINGS ABOUT THE FUNCTIONAL ROLE
OF SMOOTH MUSCLE K CHANNELS
IN THE CIRCULATORY SYSTEM
R. Schubert
Cardiovascular Physiology, Medical Faculty Mannheim, University
Heidelberg, Ludolf-Krehl-Str. 13-17, Mannheim, 68167, Germany

The circulatory system serves the important task of delivering nutri-
ents and oxygen to all organs of the body and of removing carbon dioxide
and metabolites from these organs by matching the blood supply of an or-
gan to its actual demand. An appropriate blood flow is ensured primarily
by changes in blood vessel diameter because flow depends on the 4™ power
of the diameter. One of the major factors determining vessel diameter is the
membrane potential of the contractile cells in the vessel wall, the smooth
muscle cells. Membrane potential in turn is regulated by a large variety of
ion channels with potassium (K) channels providing the major pathway for
ion flux thereby having a high impact on the membrane potential. More
than 100 different K channels have been identified. They consist of pore-
forming a- and auxiliary B-subunits and are classified according to the pre-
dicted membrane topology into groups and according to sequence similari-
ty into families and subfamilies. Three K channel groups have been de-
fined: The voltage-gated and Ca-activated K channel group, the leak K
channel group and the inward rectifier K channel group.

One member of the voltage-gated and Ca-activated K channel
group, the large conductance Ca-activated potassium (BK) channel is of
special importance because it is ubiquitously expressed in all vascular
smooth muscle cells. This channel combines high potassium selectivity
with high conductance and possesses a truly specific inhibitor,
iberiotoxin. Since this channel is activated by membrane depolarization
and an increase of the intracellular calcium concentration, it has been
suggested to serve as a negative feedback mechanism during contractile
reactions, i.e. to play an anti-contractile role. Recently, it was found that
this channel is also able to prevent vasomotion, i.e. to functionally trans-
form phasic smooth muscle into tonic smooth muscle. Further, the BK
channel is activated by a number of protein kinases, in particular PKG,
the target of the NO-cGMP pathway suggesting a pro-dilatory role of this
channel. New findings show that the NO-cGMP pathway not only acti-
vates the BK channel via PKG but also reduces the activator calcium for
the BK channel where the latter effect prevails over the former one, es-
tablishing an anti-dilatory role of the BK channel.
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The inward rectifier K channel group has also attracted a lot of atten-
tion recently, especially the Kir2 channel family. Kir2 channels are activat-
ed by an increase of the extracellular K concentrations. Such an increase is
observed physiologically near brain arterioles when transmitter substances
released from active neurons initiate a K release from astrocyte endfeet
resulting in a dilation of nearby arterioles. This mechanism helps to match
the increased demand of active neurons in blood supply. However, an in-
creased perfusion would result in overperfusion in the case of high blood
pressure, e.g. during exercise. Normally, the myogenic response, i.e. the
vessel contraction in response to an increase in blood pressure, would pre-
vent overperfusion. But vasodilation evoked by vasoactive hormones and
transmitter substances usually weakens or even abolishes the myogenic
response. New findings show that such changes in the myogenic response
are not observed during vasodilation induced by an activation of Kir2
channels. In contrast to most other K channels, these channels are inhibited
by membrane depolarization, a major contributor to the myogenic response.
As a conseguence, activation of Kir channels by an increase of the extracel-
lular K concentration leads to a strengthening of the myogenic response pre-
venting overperfusion at high blood pressure. Thus, Kir2 channels orches-
trate myogenic and metabolic autoregulation in the brain circulation.

THE POTENTIAL ROLE OF PRESENILIN 1
IN REGULATION OF SYNAPTIC FUNCTION
A.L. Schwarzman, S.V. Sarantseva
Petersburg Institute of Nuclear Physics,
Gatchina, Leningrad oblast, 188300, Russia

Alzheimer’s disease (AD) is one of the most common forms of
primary neurodegenerative disorders. Its clinical manifestation includes
progressive memory loss and impairment of cognitive functions eventual-
ly resulting in total mental and intellectual degradation. Most models of
AD typically mimic the pathogenesis of early onset familial AD that are
caused by mutations in the amyloid precursor protein (APP) and
presenilin (PS1 and PS2) genes. We examined APP and PS1 intra-and
extracellular distribution in cultured embryonic neurons. It was shown
that both proteins are localized in interneuronal synapses. PS1 localiza-
tion in synapses was confirmed by embryonic neuron transfection with
PS1 cDNA containing the sequence of green fluorescent protein (GFP).
GFP_immunoprecipitates extracted from transfected neurons contained
N-cadherin proving that GFP-PS1 formed complex with major neuronal
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cell adhesion protein. The density of morphological synapses was signifi-
cantly lower in cultures derived from PS1 knockout mice. In addition, L
cells, which do not form tight intercellular contacts, formed clusters of
adhered cells. For cell sorting (cell segregation) of non-transfected cells
and wild type GFP-PS1 transfectants (or PS1 mutants) were mixed in 1:1
ratio, and cultured 16 hours at the presence of 50uM ponastron A, which
induced PS1 expression. To distinguish between the two cell lines the
cells were differentially labeled using DiO and Dil dyes. Cell cultures
were monitoring at different times to follow the progress of cell segrega-
tion. After stable transfection with GFP-PS1 cDNA L cells demonstrated
a clear preference for independent aggregation in the mixed cultures.
However, L cells transfected with mutant GFP-PS1 partially failed to
form intercellular contacts. Our results suggest that, the primary effect of
APP, and PS1 mutations results in impairment of synaptic functions.

SEASONAL CHANGES OF C-FOS PROTEIN ACTIVITY
AS INDICATOR OF BRAIN PLASTICITY IN HIBERNATORS
T.P. Semenova, I.A. Anoshkina
Institute of Cell Biophysics Russian Academy of Sciences,
Institutskaya str. 3, Pushchino, Moscow reg. 142290

Plasticity of the central nervous system (CNS) is provided by struc-
tural and biochemical plasticity of cells elements and their interaction.
The number of synaptic contacts, receptors density to surface of synaptic
membranes and intensification of classic neurotransmitters synthesis,
regulatory peptides, the character of interaction with glial elements, the
level of expression of immediate early genes in brain structures change
under influence of environmental factors. The immediate early genes,
especially c-fos, appears as markers of neurons, in what we can await
longtime plastic reorganization [1, 9]. The character of changing of hi-
bernators’ brain functional activity during annual cycle of their activity
represents the simple of such high plasticity [7, 11]. Most of all attention
among factors, influencing to processes of structure and biochemical
changes of hibernators brain, directs to the circannual rhythms and mo-
lecular-genetic mechanisms of their regulation [5, 7, 10, 13, 16]. The con-
trol under circadian rhythms and their organization realizes such struc-
tures as suprachiasmatic nucleus of hypothalamus [10]. The present ex-
periments were undertaken therefore to determine whether the immediate
early genes, in particular, c-fos is also activated in suprachiasmatic nucle-
us by changing of functional state of hibernator during arousal.
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Material and methods of investigation

Long - tail Yakutian ground squirrels (Spermophilus undulatus),
500-600 g were used in experiments. Animals of one group were in the
state of hibernation (Control group 1), the animals of other group (Experi-
mental group 1) - in state of exit from hibernation. The material for exper-
iments was received from animals of Group | to 14th days of hibernation,
the temperature of brain was 4-5°C. From animals of Group Il material was
received during their exit from hibernation, after 2. 5 hour from warm up
beginning. Temperature of brain in this animals was +28-30°C. From each
brain it was preparated 100 pair of frontal slices in cryostat, thickness 20
mkm. Each tenth slice was used for experiments. It was counted the num-
ber of neurons with expression of c-fos protein in suprachiasmatic nucleus
(SCN) and paraventricular nucleus (PVN) of hypothalamus and density of
distribution of c-fos positive neurons in these nuclei to area of one mm?.
Immunohistochemical staining for c-fos was carried out via streptavidine -
biotin procedure. The results were analyzed by ANOVA.

Results of investigation

The immunohistochemical analysis of experimental data revealed
the low level of transcriptional factor c-fos in the neurons of hypothalam-
ic nulei during hibernation period of the yakutian ground squirrels (Group
I). The number of c-fos positive neurons in the SCN was 21.89+8.5, and
in PVN of hypothalamus — 21.89+8.5, correspondingly. In the ground
squirrels, who are exits from hibernation (Group I1), the number of c¢-fos
positive neurons in the SCN of hypothalamus was increased to
100,54+31,7 (p<0,0079), but in PVN did not changed significantly with
comparison to control (72,7+36,0). The density c-fos positive neurons in
the ground squirrels SCN hypothalamus during hibernation period
(Group 1) was 847.2 + 687.9 to mm?, and in PVN - 1667.5 + 855.2 to
mm?, correspondingly. During arousal animals from hibernation (Group
I1) the significant increasing of the expression density of c-fos positive
neurons was revealed in SCN of hypothalamus only and was 3484.564 +
743.1 (p<0,0107) to mm? as compared with period of hibernation. Taken
together this data indicate that the significant increasing of the number
and density of c-fos positive neurons during arousal was revealed only in
the hibernator’ SCN of hypothalamus.

Discussion

Modulation of the early genes transcription provides for harmonious
regulation of central and visceral function of the organism in the time of
the environment conditions changes [6]. Hypothalamus participates in the
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maintenance of homeostasis also, in the control of many physiological
functions of organism, which significantly change during hibernation. It
was revealed the increase of metabolic activity during exit of animals from
hibernation [8]. It was demonstrated that the level of mMRNA c-fos expres-
sion in hypothalamic SCN of hibernators was increased under photo stimu-
lation during arousal period [5]. It is possible to suppose, that activation of
gene c-fos during the exit of the animals from hibernation state comes by
the adrenergic way. It is known, that the increasing of noradrenaline level
in several brain structures comes preceds to exit of the animal from hiber-
nation [15, 16]. The activation of the adrenergic system leads to the in-
creasing of the concentration of cyclic AMP in the cells and induces the
expression c-fos gene [2-4]. Maximal expression of c-fos mRNA from
group of immediate early gene was noted in SCN of ground squirrel in the
period of his arousal at brain temperature +20°C already [5].

Agents that stimulated noradrenaline release and restraint stress all
led to marked increases in c-fos immunoreactivity in the brain. The pro-
tein response was localized to the cell nucleus as has been reported previ-
ously for any c-fos inducing agents [14]. It is demonstrated, that blockers
of noradrenergic receptors, propranolol and prazozin produced reduction
in neuronal c-fos [4], as well as the coagulation of main noradrenergic
nucleus locus coeruleus decreased the concentration of noradrenaline in
the brain structure [15] and significantly delayed the exit of animal from
hibernation and their warm up [12, 17]. The precise mechanism by which
adrenoceptor stimulation lead to immediate early gene expression in the
SCN of hypothalamus is not completely understood. In the case of c-fos,
however, a number of studies have suggested that cyclic AMP elevation
is responsible since cyclic AMP can mimic the action of beta-agonists
and since the promoter region of the c-fos gene contains the cyclic AMP
responsive element [17]. Furthermore the cyclic AMP response to beta-
receptor stimulation is known to be augmented by alpha;-adrenoceptors
stimulation acting probably via phosphoinositide hydrolysis [4].

The hibernation presents the unique natural model for study neuro-
transmitter, molecular and genetic mechanisms of the CNS plasticity regula-
tion. The process of hibernation submit (present) the complicated model of
adaptive behavior, which can to reveal the longtime changes in the neurons
of SCN of hypothalamus, connected with expression of c-fos as their marker.
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NAVIGATION RECEPTORS: MOLECULAR MECHANISMS
OF CELL GUIDANCE
G.V. Sharonov
Shemyakin-Ovhinnikov Institute of Bioorganic Chemistry RAS,
ul. Miklukho-Maklaya 16/10, Moscow, 117997, Russia;
Faculty of Medicine, Moscow State University,
Lomonosov ave. 31/5, Moscow, 119992, Russia

Cell guidance is a key mechanism of cell positioning in a multicel-
lular organism during development and tissue regeneration in adults.
Each cell is continuously exposed to multiple guidance signals including
soluble growth factors and cytokines, cell surface ligands such as ephrins,
semaphorins, cadherins and selectins and extracellular matrix compo-
nents. These multiple guidance cues are resolved and integrated into co-
herent instructions for cell navigation. Guidance signals are integrated
and resolved at the stage of ligand receptor binding, receptor spatial rear-
rangement and downstream phosphorylation cascade. One guidance cue
may induce different cell responses depending on coreceptors engaged,
receptor localization to lipid microdomains, membrane thickness, and
local intracellular phosphatase activity. Mechanisms of guidance signal
processing will be discussed with the emphasis on ephrin/Eph signaling.

Al134L TROPOMYOSIN MUTATION ALTERS THE FORCE-
GENERATING CAPACITY OF MYOSIN MOLECULE
D.V. Shchepkin', G.V. Kopylova', A.M. Matyushenko?,
S.Y. Bershitsky®, D.I. Levitsky?**
! Institute of Immunology and Physiology, Russian Academy of Sciences,
Ural Branch, Yekaterinburg, 620049, Russia;
?Bach Institute of Biochemistry, Russian Academy of Sciences,
Moscow, 119071, Russia;

3Belozersky Institute of Physico-Chemical Biology,
Moscow State University, Moscow, 119992, Russia

Tropomyosin (TM) is a key regulatory protein of actin-myosin inter-
action. TM molecule is a dimer of a-helices forming coiled-coil structure.
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The central part of the TM molecule includes conservative non-canonical
residues that disrupt its coiled-coil structure — Asp137 [1] and Gly126 [2].
Their presence increases conformational mobility (flexibility) of TM
molecule. The peptide bond between Argl33 and Alal34 is the most sus-
ceptible site to cleavage by trypsin in the full-length TM [3, 4] indicating
that the region around Arg133 is the least stable part of the TM molecule.
Replacement of these residues by canonical ones (mutations D137L,
G126R, or G126A) results in the stabilization of the central part of TM
molecule and prevents trypsin cleavage of TM at the nearby Arg133 [1, 2].
These stabilizations alter the functional characteristics of TM. D137L and
G126R mutations increase the actin-activated Mg?*-ATPase of myosin and
affect the Ca**-regulation of the interaction of myosin with regulated thin
filaments consisting of actin, troponin, and tropomyaosin [2, 5].

Like residues Aspl37 and Glyl126, residue Alal34 has
destabilizing effect on the central part of the TM molecule [6]. It was
shown that further destabilization of the central part of the molecule leads
to a serious myopathy [7]. The aim of our work was to investigate the
functional characteristics of A134L TM. Using the in vitro motility assay
we studied the effect of A134L/C190A TM on the force generating ca-
pacity of myosin molecule and also on the Ca®*-dependent sliding veloci-
ty of regulated thin filaments over myosin.

Experiments in the in vitro motility assay were done as described
previously [8]. To assess the force generating capacity of myosin mole-
cule we used NEM-maodified myosin as a load [9]. The minimum concen-
tration of NEM-myosin at which the filaments stopped moving indicated
the isometric force. It was assessed effect of A134L mutation on the force
of myosin with F-actin-tropomyosin filaments (actin-TM) and regulated
thin filaments. Force of myosin molecules with regulated thin filaments
was determined at saturated calcium concentration (pCa 4).

The force generating capacity of myosin molecules with actin-
TM filaments containing both A134L/C190A TM and C190A TM was
lower than that with F-actin alone (fig. LA). The myosin force with regu-
lated thin filaments was two-fold of the force with actin-TM (fig. 1). The
force generating capacity of myosin molecules with regulated thin fila-
ments containing A134L/C190A was significantly lower than that with
the filaments containing C190A TM (fig. 1B).

The dependence of sliding velocity of regulated thin filaments on
calcium concentration (fig. 2) was fitted to the Hill equation: V =
Vinax(1+10"PC2PC0Y 1 \yhare \/ and V. are velocity and maximal veloci-
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Fig. 1. The force generating capacity of myosin molecules with actin-
TM filaments (A) and regulated thin filaments (B) containing
A134L/C190A TM assessed in the in vitro motility assay. The columns
and error bars are mean + S.D. # indicates significant difference of force
generating capacity of myosin molecules with these filaments from F-
actin, p < 0.05. * is significant difference of force generating capacity of
myosin molecules with the filaments containing A134L/C190A TM
from these with C190A TM, p < 0.05.

A [—4-C1004 ——a134L| B |- -C190A —e—AI34L]
10 1.5
12
2 64 £ 091
- -
2 =
2 4 206
U
3
2 03 A
0 0
7.5 6.5 5.5 45 35 75 6.5 5.5 45 35

pCa pCa
Fig. 2. Effect of the A134L/C190A TM on the Ca2+-dependent sliding
velocity of regulated thin filaments in the in vitro motility assay as
compared to control C190A TM. (A) Average data of three experi-
ments. (B). The same data normalized for the maximal velocity. The da-
ta were fitted with the Hill equation. Each data points represent mean +
SD of three experiments.

ty obtained at saturating calcium concentration, respectively, pCas, (i.e.
calcium sensitivity) is pCa at which half maximal velocity is achieved,
and h is the Hill coefficient.

254



Parameters of the Hill equation

h pCasg Vinaxe UM/S
A134L/C190A | 3.62+1.34 5.91 +0.08 6.91+0.75
C190A 251+106 | 6.06+0.04* | 6.05+0.43

A134L mutation of TM slightly enhances the sliding velocity of

the thin filaments at saturated calcium concentrations and decreases Ca**-
sensitivity of the velocity by shifting pCa -velocity curve towards higher
Ca’* concentrations (table).

We conclude that substitution the Alal34 residue in TM molecule

with Leu dramatically affects the force generation capacity of myosin
molecule and slightly influences on calcium regulation of actin-myosin
interaction.

This work was supported by the RFBR (grants 12-04-00411, 13-
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EFFECTS OF ¢cMyBP-C ON THE CALCIUM REGULATION
OF INTERACTION OF CARDIAC ISOMYOSINS
WITH THIN FILAMENT. THE IN VITRO MOTILITY ASSAY
AND OPTICAL TWEEZERS
D.V. Shchepkin, G.V. Kopylova, S.R. Nabiev, L.V. Nikitina
Institute of Immunology and Physiology of the RAS, Laboratory
of Biological Motility, Pervomayskaya ul., 91,
Yekaterinburg, 62004, Russia

According to published studies about a half of familial hyper-
trophic cardiomyopathies (FHC) occur due to mutations in genes encod-
ing cardiac myosin binding protein-C (cMyBP-C) [1]. cMyBP-C is a
large thick filament-associated protein that consist of 11 domains do-
mains (8 immunoglobulin I-like and three fibronectin 3-like) called CO-
C10 from N- to C-terminus. Numerous data report cMyBP-C contribution
not only to the thick filament structure but also to the regulation of cardi-
ac contractility.

In our previous study, we assessed the modulatory role of cMyBP-
C in the regulation of contractility of cardiac muscle using an in vitro mo-
tility assay [2]. We confirmed regulatory role of cMyBP-C in myocardi-
um. There are two most probable mechanisms of influence of cMyBP-C.
First, cMyBP-C slows down cross-bridge kinetics when binding to actin
[3]. Second, cMyBP-C may modulate thin filament activity [4].

In ventricles of mammalian heart there are two myosin isoforms:
V1 and V3 that have different functional characteristics. It is shown that
cardiac myosin isoforms effect on calcium regulation of actin-myosin
interaction [5,6]. The aim of our study was to analyze the role of cardiac
isomyosins on interaction cMyBP-C with contractile and regulatory pro-
teins of myocardium.

The in vitro motility assay with regulated thin filaments was ap-
plied. We obtained dependences of sliding velocities of thin filaments on
calcium concentration (figure). Rabbit cardiac isomyosins V1 and V3
both with and without cMyBP-C were used. The Hill coefficient and cal-
cium sensitivity estimated as pCas, were assessed for “pCa—velocity” re-
lationships. The effect of cMyBP-C on the interaction of single cardiac
myosin molecule with F-actin was tested by the optical tweezers.
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The ‘pCa-velocity’ relationships for V1 and V3 isomyosins in the pres-
ence and the absence of cMyBP-C. The data were fitted with the Hill
equation. Each data point represents mean + SD of three experiments.

We found that addition of cMyBP-C to myosin at physiological
proportion (1:5 molar ratio of cMyBP-C/myosin) led to a decrease the
sliding velocities of regulated thin filaments at maximal calcium (pCa 4)
for both cardiac isomyosins (table 1). The presence of cMyBP-C not
effect on calcium sensitivity of “pCa-velocity” relationships for both
isomyosins. The Hill coefficient of “pCa—velocity” relationship decreased
for V3, but did not change in the case of V1 (figure, table 1).

Adding of cMyBP-C did not affect appreciably mechanical
characteristics of the actin-myosin interaction (step size and force
developed by myosin head) for both isomyosins (table 2). As for kinetic
characteristics of this interaction, the addition of cMyBP-C affected only
the duration of force developed by V1.

We can conclude that cMyBP-C effects on calcium regulation of
actin-myosin interaction depending on cardiac myosin isoforms. This

Table 1. Parameters of Hill equation

Vmax (l—lm/s) h pcaSO
V1 3.2+0.1 228+0.78 6.97+0.28
1:5cMyBP-C 1.7+£0.1* 156+110 7.06+0.12
V3 2101 1.40+0.18 7.20+0.20
1:5cMyBP-C 1.7+0.1* 0.70£0.14* 7.06+0.10

The velocities and parameters of Hill equation are represented as mean
+ S.D. * is denoted statistical significance of differences of parameters
of Hill equation with cMyBP-C from without cMyBP-C.
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Table 2. Parameters of single molecule interaction of V1 and V3 with F-actin

step size average unitary force

d (nm) duration (ms) F (pN)  duration (ms)
V1 85+3.0 51.1+45 14+06 555+50
1:25cMyBP-C  11.9+5.0 54.1+32 20+£07 76989
1:5cMyBP-C  10.2+4.2 N/a 1.7+£50.6 759+45
V3 95+40 58.5+5.6 1.6+£07 721+45
1:25cMyBP-C 11.0+5.0 50.5+4.1 22+09 76.9+89
1:5cMyBP-C  104+41 688%54" 16+£05 759+45

Values d and F are represented as mean + S.D. Durations of the events
are mean + S.E.M. Figures in brackets are numbers of the events ana-
lyzed. Statistical significance for differences in step durations of V1 and
V3 isomyosins with appropriate F-actin is denoted as * (P<0.05).

may play a significant role in maintenance of the effective heart work
both during ontogenesis and in pathological conditions.
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lovsk Region for the financial support.
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NON-STRAUB TYPE G-ACTIN FROM MOLLUSCAN SMOOTH
MUSCLE: COMPARISON WITH MYTILUS “NATURAL”
F-ACTIN AND STRAUB TYPE RABBIT SKELETAL ACTIN
U.V. Shevchenko, N.S. Shelud’ko
A.V. Zhirmunsky Institute of Marine Biology, Far Eastern Branch
of the Russian Academy of Sciences, Palchevsky str. 17,
Vladivostok, 690059, Russia

Straub type actin is easily obtained from skeletal muscle of verte-
brate animals [1], but really not from all other types of muscles. For exam-
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Fig.1. Comparison of different preparations
of actin from rabbit skeletal muscle and
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Fig.2. Effect of tropomyosin on the viscosity
of actin from rabbit skeletal muscle and
actin from mussel catch muscle.

ple, when studing proteins of the smooth muscles of bivalve mollusks, we
have to use in the contraction models either actin of the rabbit skeletal
muscles, or “natural” F-actin of the mussel, which we extract from
molluscan muscles in the polymer form [2].

Although actin is a distinct example of the conservative protein, we
have noticed that Straub actin of the rabbit and “natural” F-actin of the
mussel differ in a number of properties, in particular in their viscosity
characteristics (fig.1, FA rab and nFA myt). It is not clear whether these
differences are determined by impurities in preparations, or they depend

on the properties of actins per se.
To elucidate the nature of the differences, we purified the

preparations by sedimentation at high ionic strength with ATP and
pyrophosphate and by gel filtration chromatography on a «Sephadex

G100» column.
Surprisingly, the "natural™ actin of mussel purified in this way
(high ionic strength, ATP and pyrophosphate) becomes capable of
depolymerization in solutions of low ionic strength, as it is known for
Straub actin. The G-actin thus obtained from mussels (n\GA myt) was
capable of repolymerization as well as actin of the rabbit. The viscosity of
the repolymerized mussel actin (nGFA myt) was lower than the viscosity
of the starting "natural” F-actin, while a similar treatment of rabbit actin
results in an increase of its viscosity (fig.1, GFA rab and nGFA myt).
Further, both actins in G-form were subjected to chromatographic
purification. In accordance with the literature data, a similar purification
of rabbit actin led to increased viscosity (fig. 1, GFA rab chrom). At the
same time, chromatographic purification of mussel G-actin led to a
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further reduction of its viscosity (fig. 1, nGFA myt chrom). Finally, we
have achieved after two purification steps not a decrease, but the opposite
- an increase in the differences between the viscosities of the polymeric
actins from mussel and from rabbit.

The results of our study indicate that differences in viscosities of
the investigated preparations are determined by the properties of the
actins per se. Apparently, the mussel actin polymers are less rigid. This is
also indicated by the reaction of actins to addition of tropomyosin: the
viscosity of the mussel actin polymers increased markedly more than the
viscosity of rabbit actin polymers (fig. 2).

Thus, despite the conservatism of actin, there is a need for careful
use of rabbit actin in the study of mussel proteins.

The work was supported by Grant no. 12-04-00716 from the Rus-
sian Foundation for Basic Research.
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The key role in the process of potassium transport in mitochondria
plays mitochondrial potassium channels, of which the most studied mito-
chondrial ATP-dependent potassium channel (mitoKare). It has been
shown that activation of the mitoKatp channels before prolonged myo-
cardial ischemia leads to positive experimental and clinical results such
as reducing infarct zone and cardiac rhythm restore (1-4), increase the
organism's resistance to acute hypoxic stress (5, 6), and also affects on
energy and oxidative exchange (7). However, despite intensive study, the
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structure mitoKarp Nnot completely elucidated. It is believed that mitoK arp
structure similar to the structure of ATP-dependent potassium channel of
the cytoplasmic membrane (cytoKarp) and accordingly, is composed of
the channel and the regulatory subunits (8-11). This is confirmed by our
data immunoelectron microscopy studies using antibodies to KIR6.2.
(12). However, according to Inoue (13) and Akopova (14), in the mito-
chondria, in addition to the channel that is similar in properties to the KIR
6.2, there is probably the ATP-dependent potassium channel of another
type, characterized by the action of modulators. We have recently shown
that such a channel may be a protein with m.w. 57 kDa, which, according
to MALDI-TOF-TOF analysis, is a very high homology with the amino-
acid sequence of the protein calreticulin precursor. This fact gives us rea-
son to believe that calreticulin or its derivatives are able to form channels
of potassium conductance in the mitochondrial membrane. Indirectly in
favor of it electron microscopy data obtained in our laboratory, which
demonstrate that calreticulin or homologous protein can be localized not
only in the reticulum, but also in the mitochondria (15). According to the
latest published data, half of calreticulin is localized at the contact sites of
mitochondria and reticulum, the so-called OMM-contacts (16). Identify at
calreticulin or its derivatives ability to form a channel structure in the mi-
tochondrial membrane is extremely important: it will take a fresh look at
the question of the structure of potassium channels in mitochondria. Ac-
cording to our preliminary data, this protein, reconstructed in the BLM,
forms in it potassium channels inhibited by ATP.

The main purpose of our work is evidence of the role of
calreticulin in the formation K* - transporting channels in mitochondria.

For this task we have prepared and purified polyclonal antibodies
to calreticulin required for immunochemical and inhibitor assays. Anti-
bodies are prepared by immunizing an animal (rabbit) by commercial
bovine liver calreticulin (Sigma, USA). Antibody (IgG) was isolated from
the obtained antiserum using immune-affinity chromatography. The anti-
body was stained in reticulum only one band corresponding to calre-
ticulin. Based on these data, we conclude that the antibodies are specific
for calreticulin. Mitochondria and microsomes (reticulum) were isolated
from rat liver by differential centrifugation.

Inhibitory analysis of potassium transport in mitochondria was per-
formed using spectrophotometry and potassium selective electrode. Influ-
ence derived antibodies on mitochondrial respiration was examined using
the method of polarography. For immunohistochemical analysis were tak-
en mitochondria and reticulum from rat liver purified on a sucrose gra-
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= 55 kDa

Fig. 1. Immunoassay of homology of mitochondrial potassium-transporting
protein m.w. 57 kDa and calreticulin. Mito - purified mitochondrial
fraction, Retic - purified reticulum fraction, right - protein markers

dient. It is shown that antibodies to calreticulin interact with only one
protein m.w. 57 kDa as in the mitochondria, and in the reticulum (fig. 1).

Consequently, there is a protein m.w. ~ 57 kDa homologous
calreticulin in mitochondria, which is likely localized in the contact
points of reticulum and mitochondria. And, this protein is capable to
forming potassium channels in bilayer lipid membranes.

To prove the role of calreticulin in potassium transport in mitochon-
dria, inhibitory analysis of ATP-dependent potassium transport in mito-
chondria was performed using antibodies to calreticulin. Work was carried
out on two experimental models: 1) the model of energy-dependent swell-
ing of mitochondria in potassium medium reflecting uptake of potassium
into the mitochondria, and 2) model of 2,4-dinitrophenol (DNP)-induced
efflux of potassium from the mitochondria, reflecting the inverted channel
functioning. Antibodies were added into the incubation medium at various
concentrations (0.05 - 0.5 mg / ml) before placing in medium the mito-
chondria. As a negative control, the same antibodies inactivated by boiling
were used. In the experiments, was shown to dose-dependent inhibitory
effect of antibodies to calreticulin on potassium transport in the mitochon-
dria (table).

Inhibition of DNP-induced potassium efflux from rat liver mitochondria
by antibodies to calreticulin

Amount of antibodies Inhibition of K transport,
in the cuvette, mg/ml % from control
0,005 18,49 + 3,87
0,05 24,87 + 4,55
0,1 36,12 +5,12
0,4 58,39+ 10,32
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Fig. 2. Effect of native and inactivated by boiling antibodies to calreticulin
on rate of DNP-induced potassium efflux from mitochondria.

According to our data, obtained on two models, the maximum val-
ue of the inhibitory effect was 55-65%, which is comparable with the
magnitude of inhibition of potassium transport in mitochondria by anti-
bodies on mitochondrial potassium-transporting protein (17). The maxi-
mum inhibitory effect was shown at a concentration of antibody 0.4 mg /
ml of medium. It should be noted that we have not discovered effect of
these antibodies on the parameters of mitochondrial respiration and oxi-
dative phosphorylation. Calreticulin antibody on the maximum effective
concentration (0,4 mg/ml) inactivated by heating to 98°C for 5 minutes,
almost did not exerted its inhibitory effect (fig. 2).

Based on these data, we can conclude that antibodies to calreticulin
directly block the ATP-dependent potassium transport through mitoKare
in mitochondria. However, the lack of complete inhibition of ATP-
dependent potassium transport by calreticulin antibodies indicates the
presence of at least another one system of the ATP-dependent potassium
transport in mitochondria. Given our earlier data resulting MALDI-
TOF/TOF-analyses showing partial homology calreticulin and channel
subunit mitoKarp, We hypothesized that the mitoKarp structure included
homolog of calreticulin but not classic calreticulin.

On the results of research, we can suggeste that in one of the sys-
tems provided the ATP-dependent potassium transport in mitochondria
involved the contact of the reticular, outer and inner mitochondrial mem-
branes, the so-called OMM-contacts (16). As was recently shown in mi-
tochondrial ruthenium red-dependent calcium transport | also involved
this three membranes (16).
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THE KINETIC MODEL OF MUSCLE CONTRACTION
AND ENERGETICS
E.N. Shvorina
Institute of Mechanics, Moscow State University,
Mitchurinsky prosp. 1, Moscow, 119992, Russia
Mechanical force generated in a contracting muscle results from
ic interactions of myosin cross-bridges with actin filaments. The
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kinetic scheme of such interaction consists of several states of the myosin
head transiently bound to and detached from the actin filament and the
transitions from one state to another. The rates of these transitions depend
on the microscopic movements of the cross-bridge and on the biochemical
and thermodynamic parameters such as temperature and concentrations of
ATP, ADP and inorganic phosphate. The corresponding mathematical
model is a system of the first order partial differential equations for the
density distribution of the concentrations of the myosin bridges in each
state. Kinetic models vary the numbers of attached and detached states of
the myosin head and the functions describing transitions from one state to
another. It is useful to develop a software tool in order to quantitate these
models, and compare the results of calculations with experimental data to
elucidate the molecular mechanisms of actin-myosin motor.

The goal of this work was to create software for calculations the
kinetic models of muscle contraction with arbitrary number of the states
and transition between them, with regards to different parameters affecting
macroscopic behavior of the muscle fiber. We also have developed a
specific kinetic model which reproduces some experimental data.

The Model in details

A myosin cross-bridge cycle includes several biochemical and
mechanical transitions. It is known from the experimental data that the
myosin head behaves as if it has an element with linear-elasticity, so head
attached to actin we assume be linearly elastic without specifying the
location of the elastic element in the molecule. Accordingly, we define as
mechanical transitions the changes of the myosin head with the
displacement of the equilibrium position of the elastic element along the
filament axis. Thus, the changes in deformation of the elastic element in the
process of mechanical transition do occur without the relative displacement
of the filaments.

In our model we have three biochemical (ATP hydrolysis, phosphate
release, ADP release) and three mechanical transitions (reverse tilt of the
‘lever arm’ i.e. the ‘neck domain’ of the myosin head with respect to its
globular catalytic domain, stereo-specific locking on actin and the
‘working’ tilt of the lever arm) between the 16 possible biochemically and
mechanically different states (figure).

In complete working cycle that starts from the attachment of the
myosin head to actin and ends during detachment after binding of a ‘new’
ATP molecule all 6 transitions must occur and define all 7 corresponding
‘active’, i.e. achievable cross-bridge states in a certain sequence. In our
model we postulate the following order of transitions of an attached cross-
bridge (figure): reverse tilt of the lever arm with the closing of the ATP-
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Fig. 1. The scheme of the myosin cross-bridge cycle.

binding ‘pocket’, ATP hydrolysis, ‘roll-and-lock’ transition [8], phosphate
release, force-generating step (lever arm tilt), ADP release[9]. Furthermore,
we assume that the ADP release occurs along with the shift of the
equilibrium position by 0.5 nm ([6]). ATP binding to a myosin head is
accompanied by conformational changes on its actin-binding surface [9]. In
our model, these two processes occur not consequently, but simultaneously.

Transitions between three detached states correspond to the ATP
hydrolysis that follows the reverse tilt of the lever arm along with the
closing of the ATP-binding pocket. In each of these states myosin head can
be reversibly attached to actin and form a weakly bound non-stereospecific
complex. Since the weak binding to actin has almost no effect on the rate
of transitions between the states of the myosin heads, we assume that the
transition rates between the three detached and three weakly attached states
are identical. It is also important that while our software tool allows any
order or sequence of mechanical and biochemical transitions, a specific
model described here matches the best to experimental data.
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Results

The above model is a developement and generalization of the model
[8], where were the dependences of the rate constants for transitions on
micro-displacements of a head, x, were specified. Additionally the
transitions corresponding the ADP and phosphate release were introduced
to the scheme. Overall, the results of our modeling of a wide range of
experiments with the proposed model has shown its ability to describe
adequately the dependence of the macroscopic characteristics on
temperature  ([1,10,13]), fiber shortening velocity ([12,14]) and
concentration of ATP ([2,3,7,15]), ADP ([3,5]), and partly inorganic
phosphate([3,4,9]). At the same time, our model predicts some structural
characteristics of contraction which can be verified by X-ray diffraction,
and possibly by other techniques.

The author is grateful to Academician S.S. Grigoryan and Dr. A.K.
Tsaturyan for their support and interest in the work. The study was
supported by RFBR grants 04-11-00908-a and 13-04-40100-H.
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THE MOLECULAR BASIS OF REGULATION OF ACTIN-
MYOSIN INTERACTION BY CALPONIN FROM THE MUSSEL
CRENOMYTILUS GRAYANUS DURING THE ATPase CYCLE
V.V. Sirenko', A.V. Dobrzhanskaya®
! Institute of Cytology of the Russian Academy of Sciences,
Tikhoretsky pr. 4, St. Petersburg, 194064, Russia;

2 Zhirmunsky Institute of Marine Biology, Far Eastern Division, Russian
Academy of Sciences, ul. Palchevskogo 17, Vladivostok, 690059, Russia

The effects of a calponin (CaP) from the thin filaments of the mus-
sel Crenomytilus grayanus on actin-myosin interaction at different stages
of the ATP hydrolysis cycle have been studied. In order to study the regu-
lation of actin-myosin interaction by mytilus CaP we specifically modi-
fied actin monomers by FITC-phalloidin or 1,5-IAEDANS, myosin
subfragment-1 (S-1) by 1,5-IAEDANS and CaP by acrylodan. The pro-
teins were incorporated into ghost muscle fibers. Since the fluorescent
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probes are rigidly linked with proteins, absorption and emission dipoles
of the probes were sensitive to changes in orientation and mobility of ac-
tin monomers, S-1 and CaP. The changes in orientation and mobility of
the probes were assessed by polarized fluorimetry. The stages of the
ATPase cycle were simulated by the absence of nucleotides and presence
of MgADP or MgATP.

It was found that ghost fibers containing F-actin modified with
FITC-phalloidin or 1,5-IAEDANS had highly anisotropic polarized fluo-
rescence, and it changed significantly in the presence of CaP or S-1. CaP
markedly suppressed the changes in orientation and mobility of the
probes bound to actin monomers and S-1 in the absence of nucleotide and
in the presence of MgADRP (i.e. at simulation of strong myosin binding to
actin), but does not affect the corresponding changes in the presence of
MgATP (i.e. at simulation of weak myosin binding to actin). CaP labeled
with acrylodan changed its mobility and position on thin filaments in re-
sponse to addition of MgADP or MgATP.

In addition, using skeletal muscle actin and S-1, we investigated
the effects of the mytilus CaP on the actoe S-1 ATPase activity. It was
shown that as CaP concentration increased, the actin-activated ATPase
activity decreased.

The data suggest that mytilus calponin by changing its mobility and
position on thin filaments — inhibits formation of the so-called strong actin—
myosin bond in the skeletal muscle that is necessary for force generation.

SEARCH FACTORS THAT PREPARE THE PROCESS
OF ASEXUAL REPRODUCTION IN PLANARIANS
SCHMIDTEA MEDITERRANEA
A. Skavulyak, A. Ermakov, A. Kuchin, N. Kreshchenko
ICB RAS, ITEB RAS, Pushchino

Planarian is free-living flatworms that reproduce by arhitomic
dividing and knocking the back of the body (tail zooid). Regenerative
capacity provided proliferate activity of stem cells (neoblasts). The process
of asexual reproduction in planarians poorly studied. Factors preparing and
launching office caudal zooid unknown. We have previously found that
when the content of single intact planarians together with tail regenerates
division in a mini-group is more intense than the content of intact planarians
with head regenerates. The aim of this work was to study the cellular
mechanisms that prepare the process of asexual reproduction in planarians
Schmidtea mediterranea when kept together one intact and three regenerating
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(severed tail fragments in front of the pharynx) planarians. In the experience
of selected planarian length about 3 mm. To analyze immunohistochemical
staining method was used drugs to antibodies using H3 fosfogiston
(proliferating cell marker) and confocal scanning microscopy.

It was found that contained intact and regenerating together
individuals change in proliferate activity among them occurs differently.
Thus, the relative number of regenerate’s mitoses per unit body surface
area was significantly higher than in intact planarians throughout the
observation period (from the 1st to the 10th day). The maximum number of
mitoses regenerates was observed on day 2, after which the number of
mitotic cells decreased. Dynamics of changes in mitotic activity in intact
animals wore oscillatory character (with a period approximately equal to
24 hours), while the number of mitosis was maximal 1 day observation,
gradually decreasing to a minimum value to 10 days. Synchronous
fluctuations in the number of mitoses were also observed in a separate
study, the tail region of the body. No preparation of the separation
characteristics zooid example enhanced mitotic activity in the tail region
was found neither in the intact nor regenerating fish. Accordingly, at least
10 days of observation, none of the intact (n = 100) and regenerating (n =
300) animals did not share.

Probably limiting (and challenging) division planarian factor may be
the size of the bodies of animals, as there are not yet any details. Possible
dependence of the initiation of the process of asexual reproduction of the
planarian body size may be the subject of further study.

Supported by RFBR grant Ne 14-04-31518 and lightning and
number 14 -04- 01517 -a.

THE WATER STRUCTURE: BIOLOGICAL ACTIVITY
A.N. Smirnov
Moscow State Technical University of Radiotechnics, Electronisc
and Automatics, Vernadsky prosp., 78 Moscow, 119454, Russia;
E-mail: a.n.smirnov@mail.ru

In previous studies [1] it was shown that liquid water has a very
complex structure. Using optical methods, acoustic emission and by
thermal analysis of the water supramolecular complexes sized from 1 to
100 pum (micrometer) were found in “continuous* aqueous systems. Bas-
ing on the characteristic properties of these supramolecular formations we
have named them “emulons”. Sizes and spatial organization of emulons
depend on the composition of aqueous solutions, temperature and prehisto-
ry of the water. Size specters of emulons reveal five fractions with cha-
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Fig. 1. Alteration of AE signals amplitude and water temperature in a
volume during ice melting.

racteristic sizes:1-3 um,10-12 um,30-35 um, 70 um ul00 pm. This
means, that acoustic emission method (AE) is a very powerful experi-
mental method for investigate of the water structures, during any kind of
chemical reactions and physical-chemical processes. In our experiments
we have used modern acoustic emission system ALine32. We have thor-
oughly investigated AE during ice melting.

An explored fact that AE signals generation process of melt-water
figs 1 (AE after the vertical red line) is very interesting. Appearance of AE
signals in melt-water can be explained only by structural changes. Experi-
mental results show that melt-water for some time (up to a day) can be in
"active" metastable state. The uniqueness of the phase transition ice <> wa-
ter is that despite ice and water (that appeared from it) consist of the same
H >0 molecules, but these two phases have for some time equal ionic com-
position: equal concentration of ions [H'] and [OH], but for the ice this
concentration is equilibrium and for the water — not. In melt-water concen-
tration of hydrogen and hydroxyl ions for some time remains
nonequilibrium — as it was in the ice. Concentration of [H'] and [OH] ions
inice is 1,4-5,0-10-10 mol/l and in water at 0°C it is 0,35-10-7 (three orders
higher) [2] We have paid special attention to the crucial role of hydrogen
[H'] and hydroxyl [OHT ions in formation of supramolecular complexes —
emulons — in water. The reaction of water dissociation: H,O — H" + OH~
needs sufficient energy consumption and goes on very slowly. The rate
constant of this reaction is only 2,5-10® sec™ at 20°C. That is why relaxa-
tion period of water into a normal state theoretically should be around ~10-
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17 hours that was proven on practice. We have found in melt-water with
the use of optical method only presence emulons fractions with small sizes
around 1-3um. This fact explains the phenomenon of speeding up of all
biological processes in living organisms by melt-water.
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Fig. 2. Contents of the emulons into melt-water.

Complex organization of water structure as a unite ensemble, that
includes - emulons, result in the fact that properties of aqueous system are
not simply the sum of properties of its different structural elements, but
are explained by cooperation phenomenon. The polydisperse structure of
the emulons formed of the water, ensuring polymodalnost reply by the
external affects, appearance hysteresis, considerable times relaxation.

Fig. 3. Spatial distribution of the emulons into the water. Top side of the
image is 400 pm.
These images allow to conclude that formation of water structure is
not connected with any artifacts (or with dust, or with bubbles, or with
laser beam).
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Fig. 4. Influence of temperature on the structure of water

There are no structures observed in nonpolar liquids
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Fig. 5. Structure of different aqueous solutions: 1 — distilled water; 2 —
natural mineral water; 3 — alcohol solution
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As it can be seen from fig. 5 spatial organization and distribution
of the emulons complexes, their appearance in “continuous” water de-
pends on chemical composition of agueous solution
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Fig. 6. Relative alteration of the temperature during water heating
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In the sake of proving the real existence of structural formations in
water and their significant stability that were detected by the use of optical
methods we have used a classical method — thermal differential analyse.
Results of one of the experiments are presented on fig. 6. Destroying of
emulons can leads to grow up of solitons. This phenomenon can be describe
with model “phi-4” with asymmetrical “dubble-pit” potential V/(u) [3].

Fig. 7. Dependence on time t state Mn chains n consist of N = 1000
emulons of the temperature is increasing.

This model describes sequence of emulons, who can stay in several
stable forms. This transposition is contributed by dispersion of topologi-
cal soliton due to local changings from one condition to another. The re-
sults demonstration on the fig. 7.

Summary

The using optical method and acoustic emission method for the wa-
ter structure analysis are suggested. The sizes and spatial organization of
emulons depend on the composition of aqueous solutions, temperature and
prehistory of the water. The polydispersion structure of the water, ensuring
polymodality reply by the external affects, appearance hysteresis consider-
able time relaxation and are explained by cooperation phenomenon.
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MORPHOLOGICAL STRUCTURE OF AORTA
AND PULMONARY ARTERY WALL OF ISIAH RATS
L.T. Smoluk®, E.A. Mukhlynina', A.T. Smoluk®, V.S. Markhasin’,
A.L. Markel?, Y.L.Protsenko®
YInstitute of Immunology and Physiology Ural Branch of the RAS,
Ekaterinburg, Russia;
%Institute of Cytology and Genetics Siberian Branch of the RAS,
Novosibirsk, Russia

Inbred rats with genetic stress-induced arterial hypertension are
bred at Institute of cytology and genetics SB of the RAS (ISIAH rats) [8].
Today at Institute of immunology and physiology UB of the RAS the in-
tegrated study of morphological and biomechanical performances of
ISIAH rat myocardium is carried out. Together with changes in myocar-
dial tissue it is significant to take into account the changes of the structure
and mechanical properties of aorta and pulmonary artery to understand
the process of hypertension forming of ISIAH rats.

It is well known that arteries behave as viscoelastic materials in the
dynamic, pulsatile blood flow environment; a characteristic of viscoelas-
tic materials is frequency-dependent behavior [3]. Arterial elasticity de-
scribes how much energy is stored (maintained) in each oscillatory de-
formation, whereas arterial viscosity reflects how much energy is dissi-
pated. Together, viscoelastic properties enable arteries to serve as both
conduits and buffers and furthers for the pulsatile blood flow generated
by the contracting heart. The structure of connective tissue matrix (CTM)
play a crucial role in arterial wall mechanical properties changing espe-
cially under hypertension. It often occurs in pathological remodeling such
as due to hypertension, alters arterial viscoelasticity. For example proxi-
mal pulmonary artery (PA) stiffening is universally observed in pulmo-
nary hypertension is strongly associated with changes in CTM besides the
changes of endothelium layer of the vessel [5].

The aorta is the largest artery in the mammalian body. The cardio-
vascular system is affected by the function of the aorta in many ways.
When the stiffness of the aorta is increased, an increased pulse-wave ve-
locity is induced. It causes premature return of reflected pulse waves in
late phase of systole. It also increases central pulse load and the myocar-
dial demand of oxygen [7]. The aortic wall is divided into the adventitia
layer, the media layer and the intima layer. It contains collagen fibrils,
some number smooth muscle cells, and elastic fibers as the primary load-
bearing components [9]. The elastin forms elastic lamellae, which is situ-
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ated between the smooth muscle cells. Collagen surrounds the smooth
muscle cells and the elastic lamellae. Both collagen and elastic fibers are
crucial for the determination of the tensile strength and the stiffness of the
aorta [4]. Collagen is a key element of the CTM of the aorta and its re-
moval is capable of reducing the local stiffness by up to 50 times, but the
remaining aorta connective tissue is still capable to form a coherent net-
work [2]. The mechanical properties of the aorta are depended not only
on the amounts of the aortic wall main constituents but also on the spatial
organization and the mechanical interactions among these components.

The two main types of collagen found in the aorta and the PA are
types I and I11. They account for 80-90% of the total collagen present in the
aorta [9]. The amount of collagen and the collagen types ratios in the aortic
wall change with ageing, sex and pathology. For example, hypertension is
associated with structural alterations of main arteries, and arterial wall hy-
pertrophy is a major feature of these changes. Hypertension appears to be
one type of insult that enhances vascular connective tissue formation and
induced an increased collagen synthesis and an increased total amount of
collagen [10]. The study of passive mechanical properties of the aortas
showed that in spontaneously hypertensive rats (SHR) the aortas were
stiffer compared with aortas of normotensive rats [1]. Thus collagen proba-
bly is one of the most important components of the aortic and PA wall.
Therefore, the issue of current work is to compare the morphological
changes in the wall of the aorta and PA in ISIAH rats and to evaluate the
contribution of the collagen tissue matrix into the structure of these vessels.

Investigations were carried out on transverse histological sections
of the aorta and PA of control group rats and ISIAH rats with age of 7
months. Sections were stained with pikrosirius red (Direct Red, Sigma-
Aldrich) in accordance with standard method [6]. Images were obtained
using confocal laser scanning microscope LSM-710, Carl Zeiss with dry
objective 20x/0.8; the image resolution was 1024x1024 dots; size of im-
age was 606x606 mkm. Specific A-mode was used to obtain contrast im-
ages by dedicated software ZEN2009 (Carl Zeiss) followed by a linear
unmixing of the emission channels. Contrast images of the main
structural components (collagen fibers and elastin fibers) of the aortic
wall and the PA of ISIAH rats were obtained for the first time (figure).
Further processing and calculation of structural morphometric criteria
was carried out using specialized software Morphology 5.2 (VideoTesT).
The following criteria for assessing preparation structure (relative area of
connective tissue collagen matrix, the relative area occupied by elastin
fibers as a fraction of the area of the entire histological section
preparation) were obtained.
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Sirius Red. (A) the image at transmitted light; (B) confocal image of
collagen connective tissue matrix; (C) confocal image of elastin fibers.

For the present example the following data were obtained: in the
aortic wall of hypertensive rats the fraction of elastin fibers (52.0%)
increased significantly in comparison with normotensive animals (41.5%),
with the fraction of collagen fibers decreased (40.4% ISIAH group, 47.4%
- control group). In the wall of the PA similar data were obtained: the
fraction of elastin fibers in hypertensive rats (34.5%) and normotensive
animal (17.4%); the fraction of collagen fibers decreased (49.8% in ISIAH
group, 45.7% in control group). Such changes in morphological parameters
should be accompanied by significant changes in the viscoelastic properties
that can significantly contribute to the pathogenesis of hypertension in
ISIAH rats. To verify this hypothesis experiments on comparison of the
viscoelastic characteristics of the vascular wall of control group rats and
hypertensive ISIAH rats were carried out.

This work is performed within the bounds of the Scientific research
Theme 01201352046 and supported by RFBR Grant 13-04-00367-A,
Project 12-C4-1029 of the Presidium of the Ural branch of the RAS,
OPTEC Grant 2013 year.
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QUANTITY ANALYSIS OF CONNECTIVE TISSUE MATRIX
STRUCTURE DURING MYOCARDIAL REMODELING
L.T. Smoluk, A.T. Smoluk, Y.L. Protsenko
Institute of Immunology and Physiology of the Ural Branch of the RAS,
Pervomayskaya str., 106, Ekaterinburg, 620049, Russia

Structural organization of biological tissue (and, in particular, myo-
cardial tissue) is closely connected with the function performed by it. Con-
sideration of structural changes in the myocardium is very important to
assess the functional changes in the heart. For example, myocardial remod-
eling in pressure overload conditions can eventually lead to disturbance of
the pumping function of the heart [2, 5]. In this case not only
cardiomyocites, but also fibroblasts and connective tissue matrix are influ-
enced by the essential transformation. It is also important to take into ac-
count the age-related dynamics of mechanical properties and heart tissue
structure, since properties of myocites and connective tissue are known to
vary significantly depending on the age [1, 8]. The comprehensive nature
of the changes of myocyte sizes, their intracellular properties and structural
organization of connective tissue matrix make it difficult to analyze the
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impact of structural and functional changes in myocardial contractility
depending on the age and the existing data on the subject are rather
contradictory. In this study a new approach is proposed to quantify the
contribution of connective tissue matrix into the myocardial structure.

The object of the study was the histological sections of the papillary
muscles of rats. Sections (about 5 mkm) were stained with pikrosirius red
(Direct Red, Sigma-Aldrich) according to the standard method [4]. Images
were obtained using confocal laser scanning microscope LSM-710, Carl
Zeiss, the immersion lens 40x / 1.3 Qil; image resolution was 1024x1024
pixels; image size was 212x212 mkm. Emission spectra of the connective
tissue and the cardiomyocites stained with Picrosirius Red had a sufficient-
ly wide range of overlap. Therefore, specific A-mode was used to obtain
informative images by dedicated software ZEN2009 (Carl Zeiss) followed
by a linear unmixing of the emission channels. As a result contrast images
of the main structural components of the papillary muscle (collagen con-
nective tissue matrix and cardiomyocytes) were obtained. Further pro-
cessing supposes the use of specialized software to calculate structural
morphometric criteria. To date there are plenty of software solutions for
rendering of histological sections. However they focus on the morphomet-
ric parameter calculation of the structures representing discrete particles,
such as cardiomyocytes. In this case there is a lack of the function allowing
for calculation of the parameters of netlike structures such as connective
tissue matrix. It is possible to estimate the total area of the netlike structure,
but it is not possible to estimate local geometrical parameters of such struc-
ture automatically. We have developed numerical algorithm that allows to
evaluate the parameter such as the average thickness of the fiber in netlike
structure (in this case - the fibers of connective tissue matrix of the myo-
cardium). In our opinion, this parameter is needed to be taken into account
when assessing structural changes in the myocardium and comparing them
with the changes of mechanical properties, because connective tissue ma-
trix in the myocardium has structural stiffness.

The developed algorithm involves the following steps. After ob-
taining the contrast image of histological section of the papillary muscle
connective tissue mask and cardiomyocyte mask is divided from one an-
other (fig. 1). Defying the both limiting maximum and minimum diame-
ter of cells and cell rotundity fused and damaged cells are excluded from
the analysis of cardiomyocyte mask (fig. 1B).

Then relative centers of each cell (the point of intersection of max-
imum and minimum diameters) should be defined (fig. 2A). After that,
using connective tissue mask limiting thickness of connective tissue fi-
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Fig. 1. Micrograph of histological section of rat papillary muscle stained
with Sirius Red. (A) The original image, where light fibers represent a net
of connective tissue, dark gray - cardiomyocytes; (B) cardiomyocyte
mask; particles excluded from the analysis are shaded, (C) connective
tissue mask.

Fig. 2. The steps of calculating the average thickness of the fibers of the
connective tissue matrix. (A) Determination of relative centers of cells
(marked by crosses); (B) Example of determination of neighboring cells
(shaded) for the cells marked with a cross; (C) The extracellular region, in
which the thickness of the connective tissue fibers is calculated for cells
marked with a cross, is marked by arrows.

bers is defined in order to exclude from analysis thick perymisial fibers and
vessel connective tissue matrix trapped in the area of section. On the next
step using the cardiomyocyte mask neighboring cells for each myocyte are
determined in accordance with the following criterion (fig. 2B). The dis-
tance between the centers of neighboring cells shall not exceed the sum of
the radii of the corresponing cells and the maximum thickness of connec-
tive tissue fibers along the line connecting the relative centers of these
cells. Then, on the lines connecting the centers of neighboring cells extra-
cellular regions with connective tissue fibers are marked out (Fig. 2C). On
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the final step the thickness of connective tissue fibers along the lines con-
necting the relative centers of cells is defined using the connective tissue
mask. For the present example the following morphometric parameters
have been obtained: the fraction of myocites (69%), the fraction of connec-
tive tissue matrix (11%), the average diameter of myocites (15.3+3.6), the
average thickness of the connective tissue fibers (1.65+0.34) (Mzo,
P<0.05). The findings coincide with the size of rat cardiomyocytes [6] and
the size of the myocardial endomysial fibers of rats [3].

The proposed approach allows to compare data on the structural
changes during various pathologies or with changes of the mechanical
characteristics in the ontogenesis of heart tissue, for example, using a
previously developed technique of dividing the impacts from the main
structural components of myocardium [7]. It should also be noted that the
proposed approach can be generalized and applied successfully for the
analysis of the morphology of other biological netlike tissues.

This work is supported by RFBR Grant 13-04-00367-A, Project
12-Y-4-1009 of the Presidium of the Ural branch of the RAS, OPTEC
Grant 2013 year
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DYNAMICS OF FIBROBLAST MICROCONTACTS
WITH A SUBSTRATE
V.V. Smolyaninov', A.E. Platonov?
! Institute of Theoretical and Experimental Biophysics, Institutskaya str.
3, Pushchino, Moscow region, 142290, Russia;
2 Central Research Institute of Epidemiology, Novogireevskaya str. 3A,
Moscow, 111123, Russia

The adhesion of non-muscle cells plays an essential role in embry-
ogenesis; the adhesive contacts with a substrate are necessary for the
movement of tissue cells during wound healing and chemotactic motility
of leukocytes. Adhesive characteristics of fibroblasts have attracted a
special attention when it had been hypothesized that many tumor cells
and transformed cell lines had reduced adhesion.

Dynamics of initial attachment of fibroblasts (cell line L) to the
glass has been studied by several methods. Using the interference reflec-
tion microscopy, we have found that the primary cell contact with a sub-
strate was formed from a set of discrete point contacts. Each point contact
represented probably a contact of small cell surface protrusion. The grow-
ing number of point contacts increased the dimensions of contact zone;
subsequently the confluence of adjacent point contacts led to the for-
mation of the central zone of large uniform contact. Temporal and geo-
metric characteristics of this process have been described.

The darkest areas of interference reflection microscopy images cor-
responded to the most firm contact as this was shown by cell detachment
from a substrate by the sucker microcapillary with a calibrated force. The
specific strength of the cell contact with the glass was 2.5 + 0.5 nN/um?
when cells were incubated in Eagle’s culture medium, while the strength
of one IC is 4.2 £ 1.7 nN. When 10% serum was added to Eagle’s medi-
um, the strength was decreased by 25%, whereas the addition of 1% hu-
man serum albumin decreased the strength by 50%.

Determination of adhesion strength is only possible at the early
stages of fibroblasts attachment. When attempting to detach cells having
a large contact, they were deformed into a long bundle, then bursting at
some distance from its place of attachment to the substrate. Bundle ten-
sile strength did not depend on the culture medium composition and was
equal to 120 £ 40 nN in our experiments.
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When interference reflection microscopy observation and a "stand-
ard impulse force" generated by a special device was applied to the at-
taching cells, it was demonstrated that the initial attachment of cells
might be slowed down if the serum was added to Eagle’s medium where-
as the initial attachment might be slowed down and reduced if human
albumin was added. These effects were enhanced with increasing concen-
tration of serum or albumin. When serum and albumin were added to-
gether, the attachment was worse than in medium with serum alone and
better than in a medium with albumin only.

If serum or albumin were adsorbed on a glass substrate, their ef-
fects on initial cellular attachment were qualitatively similar as when
added to the medium. Importantly, the effects were restricted locally to an
area of adsorption.

The formal mathematical model of initial cellular attachment has
been elaborated, in which the attachment was considered as a random
multi-step process where a step was the formation of one point contact.
The time and the probability of formation or destruction of one point con-
tact have been estimated using the model. These parameters varied also if
serum or human albumin were added to the culture medium.

ROLE OF HEAT SHOCK PROTEIN 90 (HSP90)

IN MIGRATION OF HUMAN TUMOR CELLS in vitro
A.V. Snigireva, V.V. Vrublevskaya, O.S. Morenkov
Institute of Cell Biophysics, Russian Academy of Sciences,
Institutskaya str., 3, Pushchino, Moscow Region, 142290, Russia

Heat shock protein 90 (Hsp90) is an intracellular chaperone that
plays an important role in cell functioning under normal and stress condi-
tions. Recently, Hsp90 has also been found on the cell plasma membrane
and in the extracellular space. Extracellular Hsp90 performs an activating
function in processes associated with cell motility, invasion and metasta-
sis of tumor cells. The roles of isoforms Hsp90a and Hsp90p in cell mi-
gration processes have not been fully understood. It has not been deter-
mined which segments of the Hsp90 molecule are responsible for binding
to receptors on the cell plasma membrane and Hsp90-dependent stimula-
tion of migration. It has recently been shown that fragment 236-350 aa of
the Hsp90 molecule (fragment F-5) has a stimulating effect on cell migra-
tion comparable with the effect of full-length Hsp90 [Li W. et al.,
Biochim. et Biophys. Acta; 2012; 1823, 730-741]. Despite the data avail-
able, a more detailed research is required into the roles of particular
Hsp90 domains and fragments in processes related to cell motility and
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invasion. Given the above, the aim of this work was to investigate the
effect of the total Hsp90 purified from murine brain, consisting of
Hsp90a and Hsp90p, on migration of human glioblastoma cells (A-172),
as well as to determine the roles of particular Hsp90 isoforms in cell mi-
gration processes in vitro.

The studies were done using two models, Hsp90-induced cell mi-
gration and non-induced Hsp90-dependent migration. In the former case,
migration of tumor cells was activated by native Hsp90 followed by inhi-
bition of Hsp90-induced migration of cells by Hsp90-specific polyclonal
antibodies. In the latter case, we assessed the effect of Hsp90-specific
polyclonal antibodies on non-induced cell migration.

The effects of native Hsp90 and Hsp90-specific polyclonal anti-
bodies on migration were investigated using two methods: determination
of the rate of wound healing on the cell monolayer (wound healing assay)
and determination of cell migration using inserts with polyethylene ter-
ephthalate (PET) membrane. Native Hsp90 was purified from murine
brain using the thiophilic chromatography-based method developed earli-
er at our laboratory. The Hsp90 preparation was of 95-97% purity, it did
not affect cell proliferation and possessed no cytotoxicity. Heat shock
protein 70 (Hsp70), isolated from murine brain, and BSA were used as
controls. Peptides corresponding to N-terminal fragments of Hsp90a and
Hsp90p, having no homology between themselves, and a peptide from
the region of fragment F-5, the same for both Hsp90 isoforms, were syn-
thesized. The peptides were selected using special programs for predic-
tion of highest-immunogenicity epitopes. Further on, we immunized rab-
bits with full-length native Hsp90 and conjugates of proteins with the
peptides. To purify antibodies to full-length Hsp90 and peptide-specific
antibodies, specific sorbents based on agarose gel coupled with native
Hsp90 and peptides were prepared. The antibodies were purified from
hyperimmune rabbit serum by the method of immunoaffinity chromatog-
raphy. A high activity and specificity of the antibodies were shown using
immunoenzyme assay, immunoblotting and immunofluorescence assay.

In the Hsp90-induced migration model, Hsp90 at concentrations of
0.01-0.1 mg/ml reliably stimulated migration of human glioblastoma cells
in vitro by 240-280% in the wound healing assay and by 35-50% using
PET membrane inserts. Control proteins, Hsp70 and BSA, had no effect on
cell migration at concentrations of 0.1 mg/ml. To study the role of particu-
lar Hsp90 isoforms in Hsp90-induced migration, Hsp90 (concentration,
0.01 mg/ml) and Hsp90-specific polyclonal antibodies were simultaneously
added to glioblastoma cells. Antibodies to fragment F-5 of the Hsp90 mol-
ecule and to full-length Hsp90 eliminated the activating effect of Hsp90
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virtually completely (86.7 + 5% using both methods). Antibodies to
Hsp90a and Hsp90p inhibited the stimulation of cell migration by 77.5 +
5% and 82.6 * 5%, respectively, in the method using PET membrane in-
serts. In the wound healing assay, the effect of decreasing the activation of
cell migration under the action of antibodies was less pronounced, but the
tendency of inhibition was preserved. Addition of antibodies purified from
nonimmune rabbit serum did not decrease the Hsp90-induced activation of
cell migration. These data indicated the involvement of both Hsp90
isoforms in the activation of tumor cell migration process.

In the model of non-induced Hsp90-dependent migration, antibod-
ies to Hsp90a and to Hsp90p inhibited cell migration by 14.0 £ 5.5%
(wound healing assay) and by 18.0 £ 6% (PET membrane inserts). Anti-
bodies to fragment F-5 were found to have the greatest inhibitory effects
on non-induced migration: using wound healing assay, it was inhibited by
21.0 £ 5%; using PET membrane inserts, by 42.2 + 5%. The antibodies
purified from non-immune rabbit serum did not affect non-induced
Hsp90-dependent migration in vitro.

These results implicate the involvement of both Hsp90 isoforms in
the stimulation of tumor cell migration. The polyclonal antibodies to
fragment F-5 of the Hsp90 molecule severely inhibited migration of hu-
man glioblastoma tumor cells A-172 both in the model of Hsp90-induced
cell migration and in the model of non-induced Hsp90-dependent migra-
tion in vitro. Cell migration is an essential element in the process of me-
tastasis of tumor cells, which includes migration and invasion of tumor
cells through tissue barriers inside the surrounding tissues. In this context,
the obtained results suggest that extracellular Hsp90, especially F-5
fragment of the protein, can be considered as a promising molecular tar-
get whose inhibition can suppress metastasis of tumor cells.

EFFECTS OF PROBIOTIC PRODUCT
ON MYOCARDIAL CONTRACTILITY
AND ON HEART MITOCHONDRIA SWELLING
C.V. Sobol, S.M. Korotkov, V.P. Nesterov
Sechenovlnstitute of Evolutionary Physiology and Biochemistry,
prosp. Thoreza, 44, St.-Petersburg, 194223, Russia

Cardiac glycosides and catecholamines have long been used for the
treatment of cardiac contractile dysfunction in patients with congestive
heart failure. However, since the cardiac glycosides have very narrow safe-
ty margins and both types of agent can induce arrhythmias and injury to
myocardial due to calcium overload, extensive efforts have been made over
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the past two decades to develop cardiotonic agents that act via novel mech-
anisms as replacements for cardiac glycosides and catecholamines.

We examined the influence of new probiotic product (PP) on the
myocardial contractile force and on heart mitochondria swelling and mi-
tochondrial potential. We used spontaneous contraction of circular mus-
cle isolated from heart of male frog Rana Redibunda. Mitochondria were
isolated from rat heart and swelling was determined in NH;NO3;, KNO;
and KAc. PP had dual influence on contractile force. In the presence of
PP the contractile force decreased by 22+3%. However, after wash-out of
PP with PP free solution, the contractile force increased considerably
(140+15% of basal force, n=4). The contractile force remained high for
approximately 2 h after wash-out. PP reduced mitochondrial swelling in
all milieus both in energized and non-energized mitochondria, thereby
reducing permeability of mitochondrial membrane to K* and H*. PP did
not change mitochondrial potential. However, PP stimulated mitochon-
dria respiration and exerted a mild uncoupling effect on electronic
transport and oxidative phosphorylation in mitochondria (Sobol et al.,
Biochemistry (Moscow) Supplement Series A: Membrane and Cell Biol-
ogy, 2013, Vol. 7, No. 4, pp. 294-301).

We suppose that PP may stabilize mitochondria energetics and
stimulate contractile properties of heart muscle during hypoxia/ischemia.

DEVELOPMENTAL ALTERATIONS
OF ARTERIAL SMOOTH MUSCLE AND ENDOTHELIUM
IN DIFFERENT VASCULAR BEDS
S.1. Sofronova, A.A. Borzykh, D.K. Gaynullina, O.S. Tarasova
Faculty of Biology, Moscow State University,
Leninskie Gory, 1-12, Moscow, 119234

During maturation the vascular system undergoes structural and func-
tional alterations. We showed recently that saphenous arteries of young rats
demonstrate a tonic nitric oxide (NO) production which contribute to lower
contractile responses compared to adult rats arteries (Gaynullina et al.
Cardiovasc Res 2013, 99:612-21). Along with that, serum content of NO
metabolites in young rats was two-fold higher compared to adult rats, which
suggest systemic character of the alterations. Here we tested the hypothesis
that vasorelaxing NO influence takes place not only in cutaneous circulation
but in the majority of vascular beds young rats.

The segments of saphenous, intrarenal, small mesenteric and sural
arteries (supplying skin, kidney, small intestine and hindlimb skeletal
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muscle, respectively) were isolated from young (14-16 day old) and adult
(10-12 wk old) rats and mounted in isometric myograph. Anticontractile
effect of NO was evaluated by increases of the response to methoxamine
(MX, as-adrenoceptor agonist) in the presence of NOS inhibitor L-NNA
vs. its inactive analogue D-NNA. Arterial smooth muscle NO-sensitivity
was measured in young and adult rats by analyzing the response to NO
donor DEA-NO. In addition, we estimated eNOS and Arginase-2 mRNA
expression levels in arterial preparations from young and adult rats by
guantative PCR. To evaluate the level of arterial pressure (AP) we insert-
ed catheters in the carotid arteries of young and adult rats and recorded
AP in conscious state.

In arteries of adult animals the effect of NOS inhibition was mini-
mal in mesenteric arteries and absent in renal, suralis and saphenous ar-
teries. NOS inhibition in renal arteries of young rats did not change their
contractile responses to MX. However, in all other arteries of young ani-
mals (mesenteric, suralis and saphenous) NOS inhibition caused the sig-
nificant increase in the sensitivity to MX. Smooth muscle sensitivity to
NO donor DEA-NO was smaller in mesenteric and sural arteries of young
rats compared to adults and did not differ in saphenous arteries. Thus, in
mesenteric, suralis and saphenous arteries of young animals augmented
effects of NOS inhibitor on agonist-induced contraction (in comparison to
adults) are not associated with the elevated smooth muscle sensitivity to
NO. These data show that the NO-dependent regulation of agonist-
induced contraction is more pronounced in the majority of the tested ar-
teries of young animals.

To investigate the mechanisms, regulating the dissimilar activity of
NO-dependent pathway in endothelium of young and adult animals, we
compared expression levels of eNOS mRNA and Arginase 2 mRNA in
different arteries of young and adults rats. The eNOS mMRNA expression
levels were not different in young and adult animals in arteries of all
types. However, the expression level of eNOS mRNA was the highest in
mesenteric arteries and the lowest in renal arteries, indicating that the
NO-dependent regulation of arterial tone is more pronounced in mesen-
teric arteries and less pronounced in renal arteries. The expression level
of Arginase 2 mRNA, which negatively regulates NO pathway by affect-
ing the substrate bioavailability, was decreased in arteries of all types in
young animals. Interestingly, the level of Arginase 2 was the highest in
renal arteries, pointing to the suppression of NO pathway in kidneys in
animals of both ages.
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Taking together, these data show that (i) the NO-dependent regula-
tion of agonist-induced contraction decreases during early postnatal de-
velopment in mesenteric, cutaneous and skeletal muscle vascular beds;
(ii) the role of NO in the regulation of vascular tone is more pronounced
in mesenteric vascular bed and is minimal in renal arteries; (iii) the de-
velopmental regulation of NO production occurs not at the level of eNOS
expression, but probably at the level of its activity.

The increased activity of NO-pathway in arteries of young animals
may maintain the low blood pressure level during first weeks of postnatal
development. Indeed, the mean AP levels were more than twice lower in
young rats (50.9£9.0 mmHg) as compared to adults (114.9+3.4 mmHg).

In conclusion, tonic NO production by the endothelium in young
rats weakens contractile responses of arteries supplying skin, small intes-
tine and skeletal muscles. Since these organs receive a high proportion of
the cardiac output, influence of NO may contribute to lowering AP level
in immature circulatory system. With maturation of the circulatory sys-
tem dilator influence of NO disappears which permits gradual AP rise.
Insufficiency of endothelial function early after birth may be the reason
of cardiovascular pathologies in adulthood.

This study was supported by the Russian Foundation for Basic Re-
search (grants 14-04-31377-mol_a and 13-04-02087-a) and by Lo-
monosov Moscow State University Program of Development.

THE INFLUENCE OF THE ACUTE HYPOXIA
ON THE MOTILITY OF RATS IN THE OPEN FIELD TEST
UNDER THE CONDITIONS OF AN ALTERED PHOTOPERIOD
I.Yu. Sopova, I.L. Nemish
Bukovinian State Medical University,
Teatralnaya pl. 2, Chernovtsy, 58002, Ukraine

The influence of the acute hypoxia on the motility of rats under
the conditions of an altered photoperiod in the open field test was studied.
The study was carried out on the 64 juvenile mail rats. In the open field
within 3 minutes the next parameters were registered: horizontal activity,
vertical locomotor reactions, mink reflex. After the preliminary passage
of the open field test the animals were kept during one week under the
conditions of usual (natural conditions of illumination) and altered (con-
stant darkness, constant light) photoperiod. Then the acute hypoxia was
simulated by means of imitation of the lifting of rats at a height of 12000
meters. Then the behavior of rats was studied again in the open field test.
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Preliminary research has been shown that all 3 groups of animals
authentically did not differ in parameters of the behavior reactions: hori-
zontal activity was 20-30 squares, vertical locomotor reactions were 5-10
racks, exploratory activity - 5-10 looks into the minks.

After the experiment the animals from groups with different light
conditions have shown the differences in the behavior. Exposure to acute
hypoxia of rats that were under the conditions of an ordinary photoperiod
was accompanied with the decrease activity in the open field: horizontal
activity decreased by 4.8 times; vertical — by 9.6 times, mink reflex — by
5.7 times. In case of combined action of the constant darkness and hypox-
ia the similar changes in the motility were observed: horizontal activity
decreased by 5.6 times; vertical — by 8.0 times, mink reflex — by 5.1
times. In the same time the animals that were kept under the conditions of
constant light and hypoxia have shown the horizontal activity similar to
intact rats, the vertical activity was lower than the control indices by 2.8
times. Thus, these results suggest that altered photoperiod modulates the
influence of the hypoxia on the motility of rats and the character of the
photophase change is important. Thus, staying of the animals in the con-
stant darkness after the modeling of acute hypoxia leads to the depression
of the locomotive and exploratory components of the behavior. In the
same time the animals that were kept under the conditions of constant
light show the change in the correlation between the components of mo-
tility after the action of hypoxia.

SIMULTANEOUS AXONAL FLOWS
OF OPPOSITE DIRECTION IN NEURITES
O.S. Sotnikov, N.Yu. Vasyagina, S.S. Sergeeva,
L.A. Podolskya, M.V. Smirnova
Pavlov Institute of Physiology, Russian Academy of Sciences,
nab. Makarova, 6, St. Petersburg, 199034, Russia

Every year, hundreds of molecular-biological papers about participa-
tion in neural motor function of such proteins as actin, myosin, tubulin, etc.
(Fath et al., 2010; Lees et al., 2011; Baas and Mozgova, 2012). But several
principal questions concerning mobility of the main, part of neurite at the
cellular, microscopy level have remained unanswered so far. Specifically,
insufficiently explainable is the mechanism of simultaneous *“axonal flow”
in the same fiber in opposite directions (Davison, 1970; Skibo, 1980; Sa-
linas et al., 2009; Kramer et al., 2012). Hypotheses proposed on this point
remain unproved or broken down (Allen et al., 1985).
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The supramolecular, cytological organization and supravital kinet-
ics of the neuronal neurite itself as a motile organ are not taken into ac-
count. It seems as if microfilaments, microtubules, “axonal flows” are
independently flowing somewhere inside the axon like in a blood vessel,
while the wise P. Weiss thought that movement of a “column” of axon
together with a liquid layer of axoplasm — this is what axoplasmic flow
was. The idea and our research lies in this.

The investigations were carried out on 194 living isolated neurons of
52 molluscs Limnaea stagnalis with preserved neurite fragments. The cells
were isolated from supraesophageal ganglia by their incubation in 0.4%
solution of the pronase. The studies were performed with aid of an inverted
phase-contrast microscope. As the natural points of adhesion of preparation
in these experiments served additional groups of non-nervous cells located
at the end of fiber, neuronal body or the middle part of the contracting
neurite. Vector of the object movement was determined by direction of
translocation of the preparation ends. The translocation of mass of the
axoplasm was recorded from a shift of volumes of the neurite elements.

In experiments with neurite amputation in mononeurite neuron at
any way of dissection of conductor, its slow contraction is developing.
This unanimously indicates the existence of retractile properties of its
axopalsm. In the light microscope, contraction of neurite, a change of its
length or mass represents translocation of its axoplasm (the “axonal
flow™). The contractile movement of axoplasm is also noted both in the
proximal and in the distal stump of the transected neurite. Already this
first phenomenon of cutting of the living neurite shows the same
axoplasm of the same sectioned fiber to be able in stumps to be retracted
into opposite sides. Hence, the “axonal flow”, in principle, can indeed be
opposite. The neurite often rushes cellulopetally to the head end of prepa-
ration. The main axoplasm, by moving cellulopetally, replenishes the cell
soma volume. Another part of axoplasm moves into the proximal part of
the contracted neurite by increasing its diameter and by partially translo-
cating in sides, in the transverse direction.

If the accidental additional cells remaining from preparation of
ganglia are adjacent to the neurite end by providing a new point of its
adhesion, the direction of movement of the preparation end is completely
changed to the opposite one. Now the neuronal body is translocating to
the fiber end. Such experiments imitate situation with a strained band of
expanded rubber, in which the cut end will inevitably stream toward the
point of rest. It turned out that cut fiber behaved in the same way as a

290



rubber band. Its both ends are contracted toward the center, to each other,
i.e. bidirectionally. Muscle contraction is so far the only example when
two fiber points or their organelles during functioning are moving regu-
larly and necessarily in the cytoplasm simultaneously and toward to each
other, i.e., in opposite directions.

Thus, at videomicroscopical observation of retraction of fragment
of isolated fiber it is detected that its different parts experience complex
pathways of translocation of axoplasm. The fraction of isolated nerve
outgrowth is clearly seen to be shortened. Meanwhile, it is clear that the
peripheral parts of the axoplasm mass is translocated in the direction from
periphery of the fragment toward its middle. Diameter of the main part of
the fiber is simultaneously thinned. This indicates that the central part of
mass of the fragment axoplasm, on the contrary, is translocated in the
direction of neurite periphery. That is, some parts of axoplasm are simul-
taneously translocated sidewise from the center and from each other. This
example, in principle, demonstrates once more a possibility of complexly
changing directions of “flows” of axoplasm in the same axon.

In our opinion, it is the proof of retractile properties of neurites
which is the main explanation of the mysterious phenomenon of bidirec-
tional simultaneous “flow of axoplasm” and its organelles. We think that
axoplasm generally does not flow, that no “flows” of liquid axoplasm exist,
but the denser substance of neuroplasm, by contracting slowly, is able to
transfer the content of the structure, organelles and molecules, i.e., it itself,
simultaneously in anterograde and retrograde directions. Meanwhile, ex-
pression of some or opposite direction of movement is regulated by the
degree of adhesion of a particular site of axon. At some partial (indefinite)
or variable degree of adhesion, the mass of axoplasm will be slowly (weak-
ly) translocated in the direction of point of prevailing adhesion.

In the case that in the area of the middle of neurite there are present
additional cells left from preparation of glia and forming a new point of
adhesion of fiber, mass of axoplasm will be eager both to the neuronal so-
ma and into the area of the end of fiber by increasing its volume, i.e., in
two opposite directions. At the same time, these increased axoplasm mass-
es will be approaching by translocation to meet each other. Besides, under
such conditions there is noted a thinning of the axon in the middle of the
preparation, in the area. This indicates a partial additional translocation of
the axoplasm mass from the middle to ends of preparation, to lateral sides.

In varying conditions of experiment, we managed to reveal an unu-
sual form of movement of the axoplasm, which can be called isometric
contraction. Sometimes such conditions are emerged when immobile, ad-
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hered can become both preparation ends; both the neuronal body and the
end of neurite (Fig. 7). In these cases the movement of axoplasm is mani-
fested not as a decrease of the neurite length, but as its thinning, i.e.,, which
is translocated a volume decrease of mass of the axoplasm in the middle
parts of the fiber, which is translocated to opposite sides of the neurite.

Vector of the axoplasm masses traslacation depends to the signifi-
cant degree on the position, translocation, and intensity of zones of adhe-
sion of neurite. The phenomenon of simultaneous and opposite, bidirec-
tional translocations of the axoplasm masses is based on the retractile
myosimilar peculiar function of nerve outgrowths.

All molecular cytoskeletal mechanisms quite agree with the pro-
posed hypothetical scheme. This model quite agrees with the substrate-
cytoskeletal model (Mitchison and Kirschner, 1988). By experimenting on
similar, but living preparations, we can specify hypothesis of the pioneers
of “flows” of axoplasm. They turned out to have dealt not with the “flow-
ing axoplasm”, but with effects of local retraction of the denser contractile
axon substance that is connected with bilateral translocation of organelles
and enzymes in the central and peripheral stumps of the cut axons.

Based on investigations of behavior of living isolated neurons with
preserved neurites, it is possible to formulate statement about the constant
contractile tonus of nerve fiber. The tonus is realized not only in the form
of retraction of axoplasm at its transaction, but also at any disturbance of
environmental homeostasis, which is sensitive for axon and its adhesion.

The presented hypothesis can be summarized by the schematic de-
termination. The neuronal body synthesizing proteins and other vitally
important substances are unable to deliver them along the thin fiber to
huge distances to terminals with aid of diffusion, mechanical axis pres-
sure, peristalsis of membranes, and other theoretical ways. There are pro-
posed an idea and experimental proofs for the contractile tonus of nerve
fiber, which is realized by retraction of axoplasm by engine of its move-
ment, which has natural, obligatory property of simultaneousness and
bidirectionality and regulated by owing to variations of adhesion points.

A KINETIC MODEL OF CARDIAC MUSCLE MECHANICS
F.A. Syomin, A.K. Tsaturyan
Institute of Mechanics, Moscow State University,
Mitchurinsky prosp., 1, Moscow, 119192, Russia
There are many kinetic models of muscle contraction based on the
schemes of the myosin cross-bridge cycle during muscle contraction.
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Most of the models assume that the transition rates for a myosin head in a
sarcomere are strain-dependent. Mathematically those models are usually
represented by partial differential equations. For this reason, the usage of
such model in computer simulations of any complex problem is very time
consuming. There is a need in a simple mathematical model capable to
describe muscle contraction and its activation with Ca ions including
length dependence of the regulation. A possible model of this kind is
briefly described below. The model use a scheme of cross-bridge cycle
that is similar to those in earlier models, and also exploits an essential
assumption that the transition rates depend not on the strain of a particu-
lar cross-bridge, but only on the average strain or distortion over the en-
semble of all actin-bound myosin heads. That simplification allows us to
set the model by the system of ordinary differential equations.

The model for full activation. The model published earlier [1]
was described by the system of ODE as follows:

Ay =Ko (1=, —n,) —kyon, — k0, + K,
n, = k12n1 - k21n2 - kzonz
d(s(n,+n,))
dt
L=®(t) or F ="P(t)
where n; and n, are the probabilities of the cross-bridge to be weakly or
strongly bound to actin, respectively, ¢ is the average cross-bridge distor-
tion, L is the sarcomere length, Fa is force developed by myosin heads in
a half-sarcomere, and k; — the transition rates depending on J. The last
equation was used to set a law of muscle strain or loading depending on
simulated experiment. A set of model parameters was chosen to describe a
wide range of experiments with maximal activation near plateau or at full
overlap of the thick and thin filaments in sarcomeres The experimental data
concerned properties of muscle contraction such as developed force, mus-
cle stiffness, and the rate of ATP hydrolysis as function of the shortening
(or stretching) velocity at steady-state contraction. Non steady-state exper-
iments included tension responses to step changes in fiber length applied
during either isometric contraction of muscle or its ramp stretch.

The model of calcium activation. Contraction of striated muscle
is regulated by tropomyosin and troponin, regulatory proteins of actin
filament. Tropomyosin monomers bind each other in ‘tail to head” man-
ner to form long chains that run along the thin filaments. In the absence

. . (D)
= (nl + nz)(L_C' FAct) _5(k10n1 + kzonz)
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of calcium, they block myosin-binding sites on actin. Troponin consists
of three subunits: troponin C (TnC), troponin I (Tnl), and troponin T
(TnT). When the calcium sensor, TnC, binds Ca?" ions, Tnl detaches
from actin releasing tropomyosin from the blocked state. Accordingly, we
consider the cross-bridge binding probability as a function of the number
of Ca-TnC complexes. The reaction that can be used in the model for the
complex formation is as follows: Ca** + TnC 2 CaTnC. Let us denote
the probability of that formation in the region where myosin and actin
filaments overlap by A; and the probability of the same process in the not
overlapped region by A,. In the model we defined the process by next
equations:

a01(1_ Ai) - alOlAUWov <0

0!01(1— Ai) _a101A1 +Wov AZVV_ Ai ’Wov >0 ,

ov

A =

(2)
0(01(1— Az) _aIOZAZ _Wov %’Wov <0

ay(1-A) _alozAZ'Wov >0

We denoted by o, aji the rates of the CaTnC complexes formation and
decay, respectively. W,, is a function that characterized the zone of thick
and thin filaments overlap. To define model rates of the CaTnC kinetics we
took into account a number of experimentally demonstrated facts, which
describe the feedback between mechanics and the calcium activation sys-
tem.They state that the calcium affinity to troponin C was stronger at:

1) longer sarcomeres;

2) larger number of strongly-bound cross-bridges;

3) larger number of CaTnC complexes.

The rate of CaTnC formation oo, depended on the concentration of

Ca*" ions denoted by Cc,, and we set it by the following equation:

dCCa ICa (t) _YCaCCa o CTn d (AIWOV i Az (1_WOV)) ’

3
dt dt ®)
where lc,(t) is given time course of calcium inflow, Yc, is the rate con-
stant of calcium diffusion outflow, and Cr, is total troponin concentra-
tion. Considering the dependence of the cross-bridge binding probability
on the number of CaTnC complexes and using substitutions n = n; + n,,
6 = n,/(ny + n,) we obtained the following ODE:
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n= k01(A1 - n) - klOn(1_®) - k20n® !
which together with (1), (2), (3) form the closed set of the equations for
the model.

A tensor-invariant model of myocardial tissue. In addition to the
kinetic model, we set the stress-strain relations for myocardium that was con-
sidered incompressible transversal-isotropic nonlinear elastic continuous
medium with active tension. We defined elastic strain-energy as the function
of the first and the second invariants of right Cauchy-Green tensor G:

W =W(|1(G)' Iz(G)) = aer
Q=2,(0.25-(1,(G)-3)* ~0.5-(1,(G)-21,(G) +3)) =

=3,(0.25-(1,(G)-3)* —0.5-(1,(G) -21,(G) +3)).
The basic stress-strain relation was

ﬁ“:z-([i—lw+ |12TW]~F—ZTWF2J+TM + T, +T,,
1 2 2

where 5’ is the Cauchy stress tensor, F is the Finger strain tensor, T, is
the spherical tensor related to incompressibility, and T and T+ are ten-
sors of active forces developed by cross-bridges and passive forces of
protein titin. Both of the forces act along anisotropic axis, i.e. along car-
diac muscle fiber.

Simulation of experiments of calcium activation of cardiac
muscle. Model parameters used in the equations for CaTnC formation
rates were optimized to fit well a set of steady-state experiments includ-
ing those, which describe the dependence of calcium sensitivity of muscle
on the sarcomere length, or so called length-dependence of the activation.
The phenomenon is very important for the heart and is the basis of the
Frank-Starling law of the heart: the higher the end-diastolic volume of the
ventricle the higher the systolic pressure and ejection fraction. Computa-
tion results reproduced the steepness of the force-calcium curves, their
shift with increasing sarcomeres lengths, and the change in calcium sensi-
tivity when actin-myosin interaction was inhibited by blebbistatin. The
last fact demonstrates the dependence of the TnC affinity to calcium on
the number of strongly-bound cross-bridges described above. Also the
model allowed us to obtain reasonable results for isometric twitch muscle
contraction at various sarcomeres lengths and the phenomenon of load-
dependent relaxation.
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Modeling contraction of the left ventricle with simple geome-
try. The model proposed was used to simulate work of the left ventricle.
The ventricle was modeled by a hollow thick-walled cylinder made from
cardiac tissue with properties which were described above. The muscle
fibers were aligned along helices with the helical angle changing linearly
from epicardium to endocardium. Non-linear elasticity and large defor-
mations of the ventricular wall were taken into account. The radial and
axial stretch and the uniform twist were considered as the only possible
deformations of the ventricle. The model equations defining the relation
of hemodynamic macroscopic parameters — blood inflow and outflow,
ventricular pressure, arterial pressure and the ventricular volume — were
based on the ‘windkessel” model. To obtain full system of equations we
set boundary conditions as the equality of internal stress on the inner wall
to the ventricle pressure and the one on the outer wall to zero. Also we set
additional integral expressions considering that the force of ventricular
pressure equals the total axial internal tensile force of the cylinder base
and the integral torque equals zero.

Basic results of the modeling. After initial filling of empty ventri-
cle we ‘turned on’ the calcium cycle, and the computation of the problem
was undertaken until the behavior of such main model variables as ven-
tricular pressure and volume and arterial pressure became periodical.
Varying geometrical and hemodynamic parameters we obtain the model
behavior being in good accordance with experiment. The results of the
modeling show that the model is able to explain basic changes in shape
and size of the left ventricle during cardiac cycle. To demonstrate the sig-
nificance of the muscle fiber orientation and the ventricle twist we
changed its geometry to make all fiber be placed in the plane parallel to
the cylinder base. In that case the fibers underwent non-physiological
strain at the given stiffness and ejection fraction.So results suggest that
the twist of the left ventricle during its diastolic feeling and blood ejec-
tion in systole leads to more uniform change in sarcomere length across
the ventricle wall that is needed to obtain high ejection fraction. The
model suggested here can be used for future development of more realis-
tic 2D and 3D models of the left ventricle.

The work was supported by FRBR grant13-04-40100-H.
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INVESTIGATION OF MOLECULAR ORGANIZATION OF THE
HALOARCULA MARISMORTUI ARCHAELLAR FILAMENTS
A.S. Syutkin, M.G. Pyatibratov, S.N. Beznosov, O.V. Fedorov
Institute of Protein Research, Russian Academy of Sciences,
Pushchino, 142290, Russia

Many archaeal species live in the most extreme environmental nich-
es represented on the Earth (high temperatures, salinity etc.). Archaea
move using archaella, which only functionally appear similar to bacterial
flagella, whereas structurally they resemble bacterial type IV pili. The dif-
ferences are so fundamental, that recently it has been proposed to call
archaeal flagella as archaella [5]. One of the most characteristic features of
Archaea (mostly Euryarchaeota) is the widely distributed multiplicity of
genes encoding the main structural protein of the archaellar filament — the
archaellin. In order to elucidate the reasons for the archaellin gene multi-
plicity and the role of each of the genes in the formation of the archaellum,
archaellin gene deletion experiments on a limited range of model archaea
species of the phylum Euryachaeota (Halobacterium salinarum,
Methanococcus voltae, M. maripaludis) were conducted. Archaellin dele-
tion mutants in the model organisms showed a complete loss or abnormali-
ties in motility [1,3,4,11]. From these results, it was concluded that the
archaellin multiplicity is necessary to form functional archaella, unlike bac-
teria, where only one flagellin forms functional helical flagella. Sulfolobus
species representing phylum Crenarchaeota are an exception to this rule. In
their genomes, there is only one archaellin gene, despite that they have
functional archaella [8].

An interesting object for the study is the halophilic archaeon
Haloarcula marismortui. In the H. marismortui genome there are two
archaellin genes, one (flaB) is located near the fla-locus on the chromo-
some, while the other (flaA2) is on the plasmid pNGZ100 [2]. Previously, we
have identified two H. marismortui strains, archaella of which consisted of
either FlaB- or FlaA2-archaellin [7], these strains were designated as FlaB
and FlaA2 respectively. We have demonstrated that H. marismortui strains,
FlaA2 and FlaB, actually are a wild-type and plasmid pNG100 deficient
strain, accordingly. We have shown that FlaA2 and FlaB filaments signifi-
cantly differ in antigenicity, thermostability and thickness [7]. In addition
we have found that FlaA2- and FlaB-flagellins of H. marismortui are the
glycoproteins with unusual type of glycosylation [9].

As each of the flagellins of H. marismortui can form the functional
filament it may seem that this organism has redundant archaellin genes.
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Initially we thought that this redundancy could be related to defense against
hypothetic viruses interacting with specific sites on the archaella surface
[7]. However, after reading the article about the role of the redundancy de-
tected for the H. marismortui rRNA genes [6], we put forward a new hy-
pothesis. In the above-mentioned paper the authors demonstrated that the
redundancy of rRNA genes is a mechanism of adaptation to environmental
changes, namely, thermal changes. For genes, the products of which per-
form the same function in different environments, the term “ecoparalogs”
was suggested (Sanchez-Perez et al., 2008). We assume that in our case the
H. marismortui archaellin genes also can be ecoparalogs. An indirect con-
firmation of this assumption is the fact, that, as we have shown earlier, that
the filaments composed of the FlaA2-archaellin are essentially more
thermostable than the ones composed of the FlaB-archaellin [7]. To test our
hypothesis about whether H. marismortui archaellin genes are ecoparalogs,
we compared the motility of the FlaA2 and FlaB strains on a semisolid agar
medium at different temperatures and salinities. The analysis of cell motili-
ty on semisolid agar medium showed that the FlaA2 archaellin provides
motility under conditions in which FlaB archaellin cannot (high tempera-
ture/low salinity). Moreover, no archaella could be isolated from cells
growing in liquid under conditions when cells lost motility on semisolid
media. We have found that this effect results from the FlaB archaellin’s
inability to form archaella at these conditions [10].

As already mentioned above, the multiple archaellin genes are a key
feature for Archaea. Earlier it was shown that for some archaea, at least
two archaellins encoded by different genes are necessary to form a func-
tional helical filament. At the same time, recently it was shown that some
of the archaea retain normal motility and functional archaella after knock-
out of one of the two archaellin genes [12]. Here, we show for the first time
that the multiplicity of archaellin genes may also be associated with the
adaptation to changing environmental conditions.

The work was supported by RFBR grant Ne 14-04-31621 mol_a
and Ne 14-04-01604 A.
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ALL-BIOLOGICAL, SEXUAL AND INDIVIDUAL
AND TYPOLOGICAL REGULARITIES OF FORMATION
OF MUSCULAR FIBRES
R.V. Tambovtseva
Russian state university of physical culture, sports, youth and tourism,
Sirenevy Boulevard 4, Moscow, 105122, Russia

Age changes of a muscular fabric is first of all formation, growth
and development of the main structurally functional units — muscular fi-
ber. We have investigated various muscles: the longest muscle of the head,
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m. biceps, m.triceps, diaphragm, rectus femoris , m.gastrocnemius, soleus
of rats of males and females of the line Vistar, guinea pigs and human. An
age interval — from a 1 days till 2 years at rats, at guinea pigs — in 10 days
prior to the birth till 2 years. Muscles of the human considered from 4
months of pre-natal development to 70 years. Histochemical methods of
activity of ATPase of a myosin and activity of SDG have been used.
Having analysed a big actual material, by us it has been shown that
formation of various types of muscular fibers passes the long period pre-and
post-natal ontogenesis. Developments of muscular fibers differentiation de-
pending on a studied muscle and specific accessory of object. The beginning
of different- processes all animals is connected with emergence and for-
mation from a pool of not differentiated structures of fibers, on
histochemical properties coming nearer to type fiber | with oxidative power
supply: at rats this period lasts from 5 to 16 days of life, at guinea pigs in 10
days prenatal till 3rd day of life. Primary differentiation of muscular fiber,
on histochemical properties coming nearer to 1A fiber, at a rat for the 16th
day, at a guinea pig for the 3rd day, that is exactly in those terms when in
muscles formation of fibers I of type generally comes to the end. Final dif-
ferentiation of fibers Il of type is interfaced to processes of puberty which
passes in the mixed muscles in two phases: a) begins with secondary in-
crease in number of fibers of the 1A type and strengthening of their oxida-
tive potential at the expense of decrease in relative amount of anaerobic fi-
bers (at rats this process — for the 40th day, at a guinea pig for the 25th day);
6) the second phase (at rats from 45th day, at guinea pigs from 35th day) is
characterization by rapid growth of relative quantity MBIIB and the maxi-
mum increase in the area of their cross-section section. The crucial role in
formation of muscular fibers of the 1IB type at males is played by a man's
sexual hormone — testosterone. Formation of the definity organisation of
skeletal muscles is defined by time of complete completion of puberty. The
area of cross-section section of various types of muscular fibers before pu-
berty at rats and guinea pigs increases slightly, however during the puberty
period intensive growth of a diameter of all fibers, especially MBIIB is ob-
served. Accurate sexual dimorphism comes to light. Before puberty pro-
cesses of formation of fibers at males and females go synchronously, after —
asynchronously. At males by the end of puberty the large relative amount of
fibers of the 1IB type with anaerobic type of power supply, at females — with
oxidative is noted. All processes of formation of various muscular fibers at
females come to an end for 5-10 days earlier. The area of cross-section sec-
tion of muscular fibers at females before puberty it is authentic above, than
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at males. After puberty at males the area of a diameter of all fibers authenti-
cally above females.

At mature and not mature animals it is possible to explain similarity
of development of various types of muscular fibers as biological regulari-
ty, showing unity of processes of morphological and functional maturing.

Analyzing a material received on the human, we have come to a con-
clusion that the basic principles of development of skeletal muscles in the
course of individual development of the human completely correspond stud-
ied on animals. The first stage of differentiation of tonic fibers with a "slow"
myosin is found in the person on the 5-6th month of pre-natal life. Compari-
son of these results to data of the researches which have been carried out on
animals, allows, that at the person development of skeletal muscles passes
on type of mature. It is possible to believe that at the person the general type
of development peculiar to primacies, being characteristic high possibilities
of tonic muscles of extremities at newborns remains. Feature of the human
is connected with longer development of the highest of movements. In the
first months of post-natal life in many areas of a brain unripe nervous ele-
ments and even still prevail. At the same time by the time of the birth there
is quite well created a spinal level of regulation. Functionality of this level
does not go further realisation of simple movements such as a reflex and its
options. However the level of development of motor-neurons is apparently
sufficient for initiation of the first wave of muscular differentiations. Thus it
should be noted a large number of the fibers beginning differentiation on the
I type: in the different mixed muscles their number makes not less than 50-
60 % while the relative amount of fibers | of type in the mixed muscles of
extremities of small laboratory animals does not exceed 10-15 %. It is pos-
sible to believe that the number of fiber I of type is defined by emergence of
gravitational loadings. They affect muscles of the human in much bigger
degree that is connected with big mass of a body in comparison with small
laboratory animals. The general age tendency is shown in decrease in rela-
tive amount of fiber | of type. Other accurately being shown regularity is
steady increase of quantity MBIIB. The most important period in formation
of definity level of the organisation of muscular fiber is the puberty period.
The general tendency of gradual increase shares of fast fiber 11 of type with
anaerobic power supply in even bigger degree comes to light with age in the
analysis of the sizes of muscular structures. Thus means various growth
rates of a diameter of muscular fibers 1 and 1 of types that makes additional
changes to distribution of the total areas of busy muscular fibers of that oth-
er type on cross-section a muscle cut. Before puberty the area of cross-
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section section of muscular fibers at girls authentically is more than an area
some fibers of boys. However from 12-year age the area of cross-section
section of MV of boys authentically exceeds those at girls. It is possible to
believe that change of a ratio of amount of muscular fibers goes only at the
expense of a redifferentiation of fibers at the age from 14 till 18 years. The-
se processes are substantially supervised by man's sexual hormones. All this
allows to emphasise importance of the final stages of puberty for formation
of the definity organisation of a power profile of skeletal muscles. The role
of the puberty period in reorganisation of power of muscular fibers in even
bigger degree was shown at research of age changes of SDG — a marker is
mitochondrial oxidation. The comparisons carried out by us show that activ-
ity of SDG in various muscular fiber of the studied muscles undergoes, dur-
ing all post-natal ontogenesis ambiguous changes. Process of decrease in
oxidative activity by 18 years more all is expressed in four-head to a muscle
of a hip and three-head to a shoulder muscle while in a two-headed muscle
of a shoulder high activity of SDG remains practically without changes al-
most in all fibers. Such regularity is noted also at mature and not mature
animals. Among features of development of skeletal muscles of the person it
should be noted a special role of MV. If at small laboratory animals this
quite stable education keeping the organisation in all subsequent reorganisa-
tions of skeletal muscles, at the person of possibility of transition by the
main types of muscular fiber is much wider that is apparently connected
with considerably bigger flexibility and plasticity of the developing periph-
eral impellent device.

At comparison of fiber composition of representatives of leptosom
and eurisom types of a constitution it has been shown that young men
asteno-torakal and muscul types have essential distinctions in fiber structure
and the areas of cross-section section. Young men of leptosom type are
characterization by existence of large relative amount of fibers with aerobic
power, meanwhile representatives of eurisom type of addition have more
muscular fibers with anaerobic power supply. However, as show our re-
searches, the final definity version of muscular fibers with this or that power
orientation (miotype) is formed during the long period and finally comes to
the end after puberty as formation of muscular 1B fibers directly depends
on a man's sexual hormone of testosterone. Meanwhile, fibers of an oxida-
tive orientation depend on influence of hormones of a thyroid gland. Thus it
should be noted that the difference in relative amount of fibers of different
type at representatives of various type can be revealed at earlier age (7-8
years), but during the period puberty there are powerful differentiations
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which do not give an objective picture. Besides, growth of a diameter of
muscular 11B fibers occurs at a final stage of the puberty period — from 15
by 17-18 years. In puberty there is a continuous reorganisation of an energy
potential of muscular fibers. There is only small amount of muscular fibers
of type | which really are stable structures. Meanwhile I1A and 1IB type fi-
bers constantly change the power profile depending on the hormonal status.
And, fibers of the I1A type are as though «a cambial layer». There is very
big variety of fibers of this type with high, average, low activity of studied
enzymes. And, if ATP-ase activity of a myosin shows us only generally
three options of muscular fibers, detection of activity of SDG — a marker of
intensity of oxidative processes in an organism show us that the fibers hav-
ing the same colouring at detection of activity of Atf-aza of a myosin, can
be characterization by different SDG activity. Apparently, existence of this
big «a cambial layer» also provides high adaptable possibilities of any live
organism. We believe that miotype, finally being formed only after puberty,
coincides with a morphotype and power type. By our researches it has been
shown that miotype at the person coincides with a morphotype in 70 % of
cases. Such tendencies are observed at small laboratory animals. At the pure
line of rats of the line Vistar the difference in the ratio amounts of fibers in
four-head to a muscle of a hip and sexual distinctions between males and
females is revealed.

AMPK AS A MASTER CONTROLLER OF SKELETAL MUSCLE
METABOLISM AND BLOOD SUPPLY
O.S. Tarasova, G.V. Morgunova, A.A. Borzykh, A.A. Shvetcova,
E.K. Selivanova, D.K. Gaynullina, S.1. Sofronova, O.L. Vinogradova
Faculty of Biology, M.V. Lomonosov Moscow State University,
Leninskie Gory 1/12, Moscow, 119234, Russia;
SRC RF - Institute for Biomedical Problems RAS,
Khoroshevskoe shosse 76A, Moscow, 123007, Russia

The adenosine monophosphate-activated protein kinase (AMPK) is
a key controller of metabolic processes in skeletal muscle. During exer-
cise, AMPK becomes activated in muscle fibers in response to increased
AMP/ATP and creatine/phosphocreatine ratios, and serves to inhibit
ATP-consuming pathways, and activate pathways involved in carbohy-
drate and fatty-acid metabolism to restore ATP levels. Along with that,
AMPK is expressed in both endotheial and smooth muscle cells of the
vascular wall and can be regulated by hypoxia, fluid shear stress, Ca®*-
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elevating agonists, and several hormonal influences. AMPK was recently
proposed to participate in functional hyperemia. Functional hyperemia is
not manifested uniformly in different vascular beds, being most pro-
nounced in skeletal muscles, moderate in intestine and negligible in kid-
ney and skin. This study tested the hypothesis that the effects of AMPK
activation will show similar pattern of tissue specificity.

The segments of small arteries from medial gastrocnemius muscle
(GA), mesentery (MA), kidney (KA) and skin (SA) were isolated from
male Wistar rats and mounted in wire myograph (DMT A/S, Model
620M). We studied the effects of AICAR (10'4 M, 60-min incubation), a
metabolic AMPK activator on vessel contraction to a;-adrenoceptor ago-
nist methoxamine.

The incubation with AICAR greatly reduced the contractile re-
sponses of GA and MA, but did not change KA and SA contractions. The
relaxatory effects of AICAR was abolished after vessel denudation from
the endothelium or after inhibition of the three key pathways of the endo-
thelial influence: NO-pathway, cyclooxygenase/prostacyclin-pathway and
the pathway of endothelium-derived hyperpolarising factor (EDHF). L-
NNA, a NO-synthase inhibitor (10'4 M), given alone or in combination
with indomethacine (10* M) reduced but not abolished the effects of
AICAR. Along with that, the inhibition of EDHF-pathway activity either
at the level of endothelial cells (by combined blockade of SKc, and IKc,
channels, the combination of UCL1684 (10”7 M) and TRAM-34 (10°° M))
or at the level of smooth muscle cells (by the combination of ouabain (10
> M) and Ba®*" (3*10°M)) almost completely abolished the effect of
AICAR. The inhibition of hemoxygenase (Sn-Protoporphyrin, 10° M) did
not affect the effect of AICAR, therefore, the activity of EDHF-pathway
was not associated with CO production.

In conclusion, AMPK activation results in diminished
vasocontractile responses and this correlates with magnitude of functional
hyperemia in different organs; the effect is prominent in skeletal muscle
and intestine but is absent in kidney and skin, where blood flow is mainly
regulated by blood flow autoregulation response and sympathetic influ-
ences, respectively. EDHF-pathway activity is the major target of AMPK
in the arterial wall.

Supported by the Russian Foundation for Basic Research (grants
12-04-01665-a and 13-04-02087-a) and by Lomonosov Moscow State
University Program of Development.
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SOLEUS MUSCLE SATELLITE CELLS POPULATION DURING
THE RELOADING AFTER GRAVITATIONAL UNLOADING
O.V. Turtikova, E.G.Altaeva, B.S. Shenkman
Institute of Biomedical Problems RAS,

Khoroshevskoe sh., 76-A, Moscow, Russia

Cellular and molecular mechanisms underlying great skeletal mus-
cle plasticity are of interest for many researchers. Skeletal muscle atrophy
during its inactivation in the conditions of hypokinesia, immobilization,
paralyses and stay in zero gravity (microgravity) up to now is not an en-
tirely solved problem. Along with the recovery of normal gravity-
dependent mechanisms of motor control, it is necessary to increase mus-
cle mass by intensification of protein synthesis.

The transcription intensity depends directly on the number of DNA
copy. The additional DNA can be supplied by myosatellite cells (SC)
which undergo activation, proliferation and fusion with muscle fibers.
The data are known about SC significant role in the recovery of muscle
mass during the second week of the reloading [Mitchell P.O., Pavlath
G.K., 2001]. There is increasing evidence about inessential role of SC
and significance of other mechanisms in the reloading of atrophied mus-
cles after gravitational unloading [Bruusgaard et al., 2011, Jackson et al.,
2012]. Also remains unclear whether the transcriptional activity of incor-
porated nuclei and SC proliferative activity, their ability for self-
maintenance, differentiation, and fusion during early reloading period is
undamaged.

The goals of the study

1. To estimate the number of myonuclei per myofiber, nuclei/cytoplasm
ratio, giving evidence on the incorporation of SC nuclei or reduction
in myonuclei number;

2. to analyze changes in SC population (the ratio of proliferation and
differentiation) at different time points of the recovery after simulated
weightlessness;

3. to reveal the phenomenon of fusion of SCs with muscle fibres in the
course of recovery period;

4. to access the IGF-1 concentration in blood and in SC niche.

Results

The number of myonuclei per cross-section of a single muscle fiber
decreased as a result of 14-day hindlimb suspension (HS) by 19.1 % as
compared with the control group C14, p<0,05. Reduction on the first day
of recovery compared with C14 amounted to 19 %, p<0,01. In groups R1,
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R3, R7 and R14 no significant growth of myonuclei was observed in
comparison with a group HS14. The reduced number of myonuclei per
myofiber cross-section wasn’t restored even by the day 14™ of recovery.
Changes in myonuclear domain (myofiber cross section per one
myonucleus) were insignificant. Thus the present work confirms the hy-
pothesis of myonuclear domain constancy, but disproves the point of
view about the absence of reducing the myonuclear number during the
unloading atrophy. Counting the number of incorporated BrdU+
myonuclei per one myofiber cross-section for 12 hours period (from the
BrdU introduction to the animal sacrificing) allow estimating SC fusion
with myofiber. After 14 days of HS BrdU+ nuclei were detected in 1 out
of 50 myofibers. On the first day there was a sharp increase in the number
of fused SC (3,4 times compared to the group HS14). On the day first of
readaptation blood levels of IGF-1 increased by 47% as compared to con-
trol group (p<0,05). There was no difference in the number of incorpo-
rated myonuclei already on the 3" day of reloading as compared to the
HS14 group. Follistatin expression was three times increased after 14-
day HS, it decreased 1,5 times after the first day of readaptation as com-
pared to unloaded animals. We didn’t observe any differences from con-
trol level on the day 3 and 7 of reloading. Mki67 expression was reduced
after HS; the expression sharply increased on the day 1 day of recovery,
increased twice - on day 3, the peak of expression was observed on day 7
of reloading (28-fold as compared to HS animals). The least Cdh15
expression was detected after 2 weeks of HS. There was a gradual
increase in Cdhl15 expression up to the control level after 7 days of
reloading. Myogenin expression was not significantly decreased during
HS; sharp increase was observed on the 1% day of the reloading and
gradual decrease to control by the day 7.

We assume that rapid proliferation, differentiation and fusion took
place in SC which respond to the activating stimulus at the time of the
return of the muscle to the conditions of normal gravity to respond to
activating stimulus (IGF- 1 concentration in the blood, the expression in
the muscle). This is indicated by increase the number of BrdU+ nuclei
included on the 1st day of recovery, as well as the increase in myogenin
expression. Then, after 7 days, there is some stabilization of cdh15 and
myogenin expression , but high mki67 indicates active proliferation,
which may lead to the introduction of further myonuclei to enhance
protein synthesis in late recovery period.

Supported by RFBR grant No13-04-01891
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PARTIAL STABILIZATION OF MICROTUBULES SLOWDOWN
CELL SPREADING SUPPOSEDLY BY INCREASING
CONTRACTILITY OF ACTIN-MYOSIN SYSTEM
A.V. Tvorogova *, T.A. Smirnova?, .A. \orobjev *?

! Belozersky Institute, MSU, Leninskie Gory 1-40,

Moscow, 119992, Russia;
2MSU, Faculty of Biology, 1-12 Leninskie Gory, Moscow, 119991, Russia

Microtubules (MTs) are cytoskeleton structures that exhibit dy-
namic instability (switching between growth and shortening periods).
Low concentrations of nocodazole or paclitaxel can inhibit cell migration
by suppressing microtubule dynamic instability without depolymerizing
the whole MT array [1,2], but the role of the dynamic instability in cell
spreading is still poorly understood. In our previous study [3] it was
shown that fibroblasts’ spreading occurs in two steps: fast initial and slow
final spreading. In this study we investigate the role of dynamic instabil-
ity of MTs in the fast spreading phase.

Fibroblast-like VERO cells were grown in DMEM+F12 with 10%
FBS and gentamicin 0.08mg/ml. Combination of nocodazole at 100 nM
and paclitaxel (taxol) at 50 nM (NT) was used to suppress MT dynamic
instability. Blebbistatin 45 uM (Bl) was used for inhibition of myosin
contractility. Inhibitors were added to cell suspension before plating.
Time-lapse observations were performed under Nikon TiE inverted
microscope (objective 20x/0.45) with Photometrics CoolSnap HQ2 14-bit
camera. For immunofluorescence analysis, cells were placed on 170 um
thick coverslips, fixed with cold 2.5% glutaraldehyde on PBS for 10
minutes and processed for immunofluorescence. Microtubules were
labeled with DM1-A antibody (Sigma-Aldrich, USA), followed by goat
Alexa Fluor 488 anti-mouse secondary antibody (Invitrogen, USA).
Alexa-555-phalloidin used as actin marker. In order to locate MT ends
accurately, super-resolution Nikon N-SIM fluorescent microscopy was
employed (objective 100%/1.3). Cell areas were measured once per 2
minutes using ImageJ. Growth rate was characterized as dynamics of
current area to zero time-point area ratio for each cell. Distances from
ends of MTs to cell edge were determined in ImageJ.

Spreading cells usually demonstrate fast initial growth, which
gradually slows down [3,4]. Partial MT-stabilization decreases the
spreading rate and the whole process becomes more linear (fig. 1). Cell
area duplication occurs approximately on the 8" minute without
inhibitors, and on the 55" minute for cells with nocodazole and paclitaxel
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Fig. 1. Spreading of VERO cells on a glass slide. Axis: x-time, min; y- mean
area to zero time-point area ratio. Bars show standard error of mean (SEM).

added. Cell area triplication occurs on the 30™ minute for control cells
and on the 189" minute for cells with stabilized MTs. Combined
treatment with nocodazole and paclitaxel leads to partial suppression of
MT dynamics marked by the decrease in comet brightness, track length
and speed. Along with this the distance between MT ends and cell edge is
also altered. Measurements of the distances from MT ends to cell edge
were performed 20 minutes after addition of culture medium with or
without inhibitors. The largest cells which had began to spread and
formed explicit lamellae were measured in all experimental groups.
Normally most MT ends are located close to the cell edge (mean distance
+SEM: 1.99+0.09 um). When dynamic instability was suppressed most
ends are located at approximately 3-5 um from the cell edge (mean
distance 3.86+0.18 um, see fig. 2). Addition of myosin light chain
inhibitor (blebbistatin) to spreading cells does not accelerate spreading
(fig. 1) whereas combined with nocodazole+paclitaxel treatment it
minimizes their inhibiting effect. So far, cell area duplication in
blebbistatin and in blebbistatin+nocodazole+paclitaxel occurs on the 16"
and 17" minutes respectively; cell area triplication in blebbistatin and in
blebbistatin+nocodazole+paclitaxel occurs on the 34™ and 53" minutes
respectively. However, in the presence of blebbistatin the distance from
MT ends to cell edge in cells treated by blebbistatin+nocodazole+
paclitaxel remains the same as in cells treated by nocodazole+ paclitaxel
only (see fig. 2).

308



15%

13%

control NT

13%
1M1%
%
6%
4%

2%

0%

Fig. 2. Histogram of distances from ends of MTs to cell edges. Axis: x-
distance from cell edge, um; y-percent of MT ends.

Our data confirms that partial stabilization of MT dynamic instability
decreases the spreading rate of cultured cells and the most prominent effect
of stabilization is increased distance between MT ends and cell edge.
Slowdown of cell spreading may be a result of hypercontractility induced

when MTs are not able to follow the advancing cell edge.

This work was supported by RFBR, project 13-04-40189-H and

Lomonosov Moscow State University Program of Development.
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REDOX CONTROL OF FIBROBLAST CHEMOTAXIS
P.A. Tyurin-Kuzmin, A.V. Vorotnikov
Faculty of Fundamental Medicine, Lomonosov Moscow State University,
Moscow, Russia

Cells produce hydrogen peroxide (H,O,) as a part of physiological
response to external stimulation with growth factors and cytokines.
NADPH oxidases (NOX) generate H,O, downstream of receptor activa-
tion. This H,0O, acts as a second messenger by transiently oxidizing and
altering enzymatic activity of a limited number of target proteins including
protein tyrosine kinases and phosphatases. Recent studies have also impli-
cated the lipid phosphatase PTEN and serine/threonine kinase PKB/AKkt as
the H,0, targets within PI3-kinase signaling module, suggesting that local-
ly produced intracellular H,O, may control migration and chemotaxis.

To test this hypothesis, we used intracellular live biosensors to im-
age the phosphatidylinositol-3,4,5-trisphosphate (PIP;) and H,O, in both
freely moving and chemotacting fibroblasts. We found that in both cases
H,0, accumulated in the cell front and formed dynamic gradients in the
cytoplasm that always matched those of PIP; and oriented along the axis
of cell polarization and movement. Inhibitory analysis further suggested
that H,O, gradients are caused by a rearrangement of H,O, generating
machinery rather than by a de novo synthesis of H,O,. As such, inhibition
of PI3-kinase eliminated both the PIP; and H,0O, gradients, but had no
effect on basal level of H,O, in cytoplasm. On the contrary, NOX inhibi-
tor apocynin dramatically cut down the cytoplasmic level of H,0O,, but
failed to flatten its gradient or to affect the PIP; gradients. The cell-
permeable catalase eliminated both the basal and gradient signals of
H,0,, but still did not affect the PIP; gradients. These results indicate that
PIP; acts upstream of H,O,, and the latter has two sources in cytoplasm:
one provides for the basal level of H,O, and is sensitive to apocinin,
whereas the other is liable for H,O, gradients and is apocynin-insensitive.

We next asked if H,O, controls directional sensing or movement
velocity of fibroblasts. We tracked paths of cells that freely moved into
the wound area in a scrap assay, and determined cell speed and net dis-
placement. Having few hundred cells analysed we found that apocynin or
catalase did not significantly affect directionality, but reduced speed of
cell movement aproximately 2-fold. These results suggest that H,O, con-
trols activity of the actin propulsion machinery, whereas PIP; acts up-
stream to regulate both the directionality, and speed of fibroblast move-
ment in H,O,-dependent manner.
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ISOFORM COMPOSITION AND GENE EXPRESSION
OF THICK AND THIN FILAMENTS PROTEINS
IN STRIATED MUSCLES OF MICE AFTER SPACE FLIGHT
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It is known that the human or an animal exposure to real or simulat-
ed microgravity (head-down-tilt bed rest, hindlimb suspension models and
“dry” immersion) leads to alteration in all body systems. A complex of the-
se changes in sensorimotor system is called “hypogravitational motor syn-
drome” (HMS). The alterations are more profound in anti-gravity muscles
of legs and the body [1]. A decrease in muscle tone and force of muscle
contraction takes place under short-time (up to 5 days) impact of micro-
gravity. Under more longer impact these changes are accompanied with
atrophy in slow and fast type muscle fibers [2], destructive changes in thin
filaments [2], higher degradation of myosin heavy chains [3], shift in myo-
sin phenotype towards the increase in the content of fast isoforms of heavy
chains of this protein [2, 4] and also with a decrease in the content of giant
proteins of thick and thin filaments (titin and nebulin) [5-9]. In particular,
in gravity dependent muscle soleus of the human and a rat under simulated
microgravity was seen a decrease (by 1,5-2 times) in the content of nebulin
and NT- and N2A-isofoms of titin, and it was accompanied with a decrease
in contractile capability of muscle [7, 9]. But after 12-day space flight a
decrease in the content of giant sarcomeric cytoskeletal proteins or a de-
crease in contractile capability of skeletal muscles of Mongolian gerbil
(Meriones unguiculatus) were not observed in our experiment [9-11]. No
decrease in the content of titin in cardiac muscle of Mongolian gerbil was
revealed after exposure to real microgravity [12]. However an increase in
the content of the long (more elastic) N2BA-isoform of titin relative to the
content of short (stiffer) N2B-isoform of this protein in cardiac muscle of
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gerbils (flight group) was registered that is directed to the strengthening of
contractile activity of the cardiac muscle [12].

In this work we explored changes in isoform composition and gene
expression of titin, myosin heavy chains (proteins of thick filaments) and
nebulin (protein of thin filaments) in striated muscles of mice after 30-
day space flight. A separate task was to study changes of titin phosphory-
lation level in mice muscles after space flight.

Materials and methods. The object of the study was mice being
onboard the Russian spacecraft “BION-M” Nel. All procedures connected
with preparation of animals to the experiment, their maintenance and sub-
sequent slaughtering were conducted by the members of State Scientific
Centre of Russian Federation — Institute for Biomedical Problems RAS and
were approved by Committee on biomedical ethics. Skeletal muscles (m.
psoas, m. tibialis anterior, m. gastrocnemius) and left ventricle of cardiac
muscle of mice from the flight (n=5) and control (n=6) groups were used.

Agarose-strengthened 2,1% SDS-polyacrylamide gels were opti-
mized to detect the changes in isoform composition and the content of
titin (molecular mass 2000-3700 kDa) and nebulin (700-900 kDa) in mice
muscles as described in [13] with our modifications [14]. Gels were
stained with Coomassie brilliant-blue. The content of titin and nebulin
relative to the content of myosin heavy chains was estimated with densi-
tometry (program Total Lab v.1.11). Isoform composition of myosin
heavy chains (MHC) was studied during SDS-gel-electrophoresis in 7%
polyacrylamide gel as described in [15]. Phosphorylation of titin was car-
ried out by the method described in [16] with negligible modifications. A
native level of protein phosphorylation was estimated with the help of
fluorescent stain Pro-Q Diamond (Invitrogen) for phosphoproteins in gel.
For this purpose gel was put into the solution containing 50% of ethanol
and 10% of acetic acid for 12-18 hours. The stained gel was washed in
prepared solution Pro-Q Diamond phosphoprotein gel destaining solution
(Invitrogel). Protein bands containing phosphate were viewed with the
help of the system Pharos (“Biorad”). After it gels were stained with
Coomassie Brilliant Blue (G-250 and R-250) mixed in a 1:1 ratio for the
control estimation of protein content.

Total RNA was extracted from the muscle tissue of rats using the
Aurum™ Total RNA Fatty and Fibrous Tissue Kit (Bio-Rad, United
States) according to the manufacturer’s instructions. cDNA was synthe-
sized using M-MLV reverse transcriptase (Eurogen, Russia). RT-PCR was
performed with DT-322 amplifier (DNA-Technology, Russia) with Taq
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DNA polymerase (Eurogen, Russia) and SYBR Green | fluorescent dye
(Invitrogen). The quantity of titin mMRNA relative to the amount of mMRNA
housekeeping gen GAPDH was determined according to the method 244",
In the work we used the following primers: forward primer 5'-
cagcagccaagaaggceegcet-3', reverse primer 5'-gtcccgeagtctcatagtctcaccac-3'
for gene ttn N2A-isoform; forward primer 5'-ccaagctcactgtgggagaaa-3' and
reverse primer 5'-cttaactcgggaaccttcatcg-3' for the gene tth N2B and N2BA
exons 49-50; forward primer 5'-acgccaacggcatcctgaac-3', reverse primer 5'-
ggcggactcgttcctectcet-3' - for  gene  Hsp70;  forward  primer  5'-
ctttcccgtcaagatgectgag-3', reverse primer 5'-agagattacgaagtctacgggacc-3'
for gene Hsp90. PCR was performed using the following regime: hot start
at 95°C for 5 min, denaturation at 95°C for 15 s, annealing with primers at
60°C for 20 s, elongation at 72 for 20 s (35 cycles). The PCR products
were then analyzed by electrophoresis in 7% polyacrylamide gel. Data
were statistically processed using the Manna—-Whitney nonparametric U-
criterion. In our study, differences were considered significant at p < 0.01.

Results. An expected decrease in the content of lla isoform of MHC
and an increase in the content of “faster” lIx/d isoform of this protein was
observed in m. tibialis anterior of the flight group of mice (fig. 1).

In other skeletal muscles of mice of the flight group significant
changes in isoform composition of MHC were not revealed. However in
m. psoas of mice from group “flight” a tendency to a negligible increase
in the content of lla isoform of MHC relative to the content of “faster”
I1x/d isoform of this protein was recorded.

An expected decrease in the content of NT- and N2A-isoforms of
titin and nebulin in m. psoas of mice from the flight group was not ob-
served. However in the absence of credible changes in nebulin gene ex-
pression, a decrease (by 36 times) in titin gene expression in this muscle
was revealed. An expected increase in the content of N2BA-isoform of

L — > ' \‘”%
IIx/d e s

Control Flight

Fig. 1. Changes in isoform composition of MHC in m. tibialis anterior
of mice after 30-day space flight.
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Fig. 2. Changes in the content of titin and nebulin in m. gastrocnemius
of mice from the flight group.

titin was not recorded in cardiac muscle of mice from the flight group.
However an increase (by 4 times) in titin gene expression in heart of the-
se animals was detected (data not shown).

In m. tibialis anterior and m. gastrocnemius of the flight group of
mice in the absence of significant changes in titin and nebulin gene ex-
pression, a considerable decrease (by 1,6-2 times) in the content of
nebulin and a decrease (by 1,15 times) in total content of NT- and N2A-
isoforms of titin were registered (fig. 2). This changes were accompanied
by a 1,5-2 fold increase in the content of proteolytic fragment of titin-2
(T2) in m. gastrocnemius of mice from group “flight” (fig. 2).

No changes in phosphorylation level of titin in cardiac and skele-
tal (m. psoas, m. tibialis anterior) muscles of mice from the flight group
were observed. However in m. gastrocnemius of mice from the flight
group a threefold increase in the phosphorylation level of T2-fragment of
titin was recorded (data not shown).

Discussion. It is known that the human or animal exposure to real
or simulated microgravity leads to atrophied changes in muscles. In this
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case the content of “fast” isoforms of MHC in skeletal muscles fibrils
significantly increases. Such changes we expected to view also in skeletal
muscles of mice after 30-day space flight. An expected decrease in the
content of Ila isoform of MHC and the increase in the content of “faster”
I1x/d isoform of this protein was observed in m. tibialis anterior of mice
from the flight group (fig. 1). However an uncertain increase in the con-
tent of Ila isoform of MHC relative to the content of “faster” lIx/d iso-
form of this protein was observed in m. psoas of mice from the flight
group, and that is the evidence of minor shift of myosin phenotype to-
wards “slow” one. The obtained data may point to activation of different
signal mechanisms responsible for change in myosin phenotype in the
studied muscles of mice under conditions of space flight.

An expected increase in the content of the long N2BA-isoform of
titin in cardiac muscle and also a decrease in the content of giant proteins
of titin and nebulin in m. psoas of mice after 30-day exposure to real mi-
crogravity were not observed. The recent result is rather difficult to ex-
plain in view of our data on a 36-time decrease in titin gene expression in
m. psoas of mice from the flight group. Titin in this muscle is most likely
less subjected to proteolytic degradation in conditions of space flight.
However molecular mechanism of such protection is unknown.

A decrease (by 1,15 times) in the content of NT- and N2A-
isoforms of titin was observed in m. gastrocnemius and m. tibialis of
mice from the flight group and that was followed by a significant increase
(by 1,6-2 times) in the content of proteolytic T2-fragment of titin in these
muscles (Fig.2). Moreover in these muscles of mice from the flight group
a significant decrease (in 1,5-2 times) in the content of nebulin was ob-
served (fig. 2). Data obtained and our data on the absence of significant
changes in titin and nebulin genes expression point to the increased pro-
teolysis of these proteins in m. gastrocnemius and m. tibialis anterior of
mice in conditions of space flight. These destructive changes will certain-
ly lead to impairments in contractility of the studied muscles. An in-
creased titin phosphorylation level, particularly T2-fragment will also
contribute to a decrease in the contractile activity of m. gastrocnemius.
This conclusion is based on in vitro data that was obtained earlier by us
and this data indicate that an increase in titin phosphorylation level leads
to decrease of actin-activated myosin ATPase activity [12].

This work was supported by the Russian Foundation for Basic Re-
search (grants No. 13-04-00281, 14-04-32171, 14-04-32240, 14-04-
00112).
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STABILIZATION OF FLANINE MONONUCLEOTIDE
IN ACTIVE CENTER OF NADH DEHYDROGENASE
OF MITOCHONDRIA BY ADENOSINE PHOSPHATES
AND GUANOSINE PHOSPHATES
N.L. Vekshin, M.S. Frolova
Institute of Cell Biophysics of RAS,

Institutskaya str., 3, Pushchino, 142290, Russia

In recent years, a number of cases of age-related neuromuscular
diseases are steadily grown in the world. One of the main reasons,
leading to these diseases, is the disruption of the mitochondrial NADH-
dehydrogenase — the most huge and important enzyme in respiratory
chain. Perhaps, the disruption can be due that the NADH-dehydrogenase
losses its coenzyme — flavine mononucleotide (FMN) — a key link in the
transfer of electrons from NADH to respiratory chain. As a result, a cell

undergoes by oxidative stress and cannot work well.
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The FMN molecule is located in a 50 kDa subunit of NADH-
dehydrogenase (this subunit contains a pocket for binding of NADH).
FMN is connected to the subunit by non-covalent bond and, therefore, the
binding is unstable, especially under different treatments: temperature,
detergents (0.001%) and so on. FMN can be released even spontaneously,
over time. As a result, a transfer of electrons from NADH to the electron
transport chain will be blocked. In this case, electrons will be transmitted
directly on molecular oxygen and transform it to superoxide anion.
Overabundance of superoxide in cells leads to developing of oxidative
stress, which may be a cause of many serious molecular diseases,
including neurodegenerative ills, such as Parkinson's disease and so on.

FMN is natural fluorophore and, therefore, it can be detected by
own fluorescence, without using of special fluorescent probes. Under
incubation of isolated mitochondria at 37°C, the FMN molecule over a
time (2 hours) spontaneously releases from mitochondria and goes out
into a free solution. This process is accompanied by increasing in the
intensity of fluorescence and decreasing in the fluorescence polarization
degree of FMN. Using this fluorescence spectroscopy approach, we can
monitor the Kinetics of releasing of FMN from mitochondrial NADH-
dehydrogenase. Previously, we have found that the process of releasing
of FMN from NADH- dehydrogenase of mitochondria is prevented by
NADH or NAD. Thus, NADH and NAD stabilize the enzyme due to their
binding in the pocket of active center. When NADH or NAD penetrates
into the binding site, the FMN molecule has not a way to pass through the
pocket to aqueous phase. Unfortunately, NADH and NAD are hardly can
be used as medicine preparations, since they are difficultly penetrate into
cells and also they can hamper in a cell the functioning of others NAD-
dependent enzymes.

In the presented study, we tested the ability of adenine derivatives
(analogues of adenine part of molecule of NAD) and guanine derivatives
(analogues of adenine derivatives) to stabilize FMN in NADH-
dehydrogenase in isolated rat liver mitochondria, as a simple comfortable
model object. In order to amplify the penetration of the tested substances
into mitochondria, we used a moderate-hypotonic buffer, containing only
100 mM sucrose and 10 mM Tris-phosphate (pH 7,0). In this buffer, the
mitochondrial membranes become more permeable. Also, we used the
mitochondria which were defrosted once. One frosting-defrosting does
not destroy organelles, but improves the permeability of their membranes
and promotes better penetration for substances.
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We added 100 mM NADH, 100 mM p-NTV and tested substances
(AMP, ADP, ATP, GDP, guanosine etc.) in excess quantity (up to 300
uM) to suspension of mitochondria. The kinetics of increase in optical
density due to formation of formazan was measured during 15 min with
spectrophotometer PromEkoLab-5400UF at 540 nm. Spectra of flavine
fluorescence were recorded with spectrofluorometer SLM-4800 (SLM,
Inc., USA) in 1-cm or 0.4-cm cuvettes at 20°C. Flavine fluorescence was
excited at maximum of the absorption band at 450 nm and detection was
done at maximum of the emission band at 525 nm. In some experiments,
where fluorescence intensity was too low, in particular, in the case of
measuring of polarization degree, the flavine fluorescence was registered
in a special mirror cuvette, allowing amplify the signal at several times.

To detect the localization of FMN after 2 h of incubation (at 37°C),
the suspension of mitochondria was passed through 0,2 micron Millipore
filter, and then the flavine fluorescence was measured in the obtained fil-
trate (mitochondria are rest adsorbed on the filter). In addition to flavines
and flavoproteins, also protomitochondria (small immature mitochondrial
particles) could penetrate through 0,2 micron pores, but they have almost
not flavines and therefore do not affect on measurements. In most exper-
iments, mitochondria itself did not hinder on measurement of fluores-
cence of free FMN, and that is why they were not removed.

Previously, we have shown that the process of output of FMN from
the active center of mitochondrial NADH-dehydrogenase can be
accelerated by certain factors, in particular by a little quantity of
detergents (about 0,001%), as well as prolonged (1-2 h) keeping at
moderate temperature (37°C). This observation is in consistent with well-
known fact about complete or partial loss of FMN during isolation and
purification of the enzyme. The loss of FMN is accompanied by a fall of
NADH: ubigquinone reductase activity, but not NADH: ferricyanide
reductase activity. This is related to the fact that the FMN molecule is not
involved in the second reaction. Also, FMN is not involved in NADH:
tetrazolium reductase reaction.

In the present study, we observed a spontaneous release of FMN
from mitochondria after their incubation during 2 hours at 37°C. This
process was accompanied by sufficient increasing in the intensity of
flavine fluorescence and decreasing in polarization degree. The both
parameters were measured at A, = 450 nm and Ae, = 525 nm at 20°C. In
addition, we measured a tryptophan fluorescence (Aex = 286 nm, A = 340
nm) to determine the output of proteins from mitochondria (most
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mitochondrial proteins contain tryptophan residues), and fluorescence of
7-aminoactinomycin (hex = 530 nm, Agy = 620 nm) to determine the
release of mitochondrial DNA (7-aminoactinomycin is well specifically
integrated into the unwound DNA regions). However, release of proteins
and DNA from mitochondria into free solution was not observed: the
intensity of tryptophan fluorescence and 7-aminoactinomycin fluorescence
in solution after the 2 h incubation of mitochondria at 37°C and
subsequent removal of mitochondria by 0,2 micron filters was negligible.
This means that mitochondrial membranes remained generally intact.

Intensity of flavine fluorescence in control samples was enhanced
after 2 hours incubation by 2-3 times. There are two reasons for it,
namely: 1) increasing in the absorption of the exciting light by FMN due
to releasing from light-scattered particles, 2) increasing in fluorescence
quantum yield of FMN due to change in the environment.

It should be noted that some contribution to the total flavine
fluorescence of mitochondrial suspension gives flavine adenine nucleotide
(FAD), which are tightly covalently associated with several mitochondrial
dehydrogenases. But the change in the flavine fluorescence intensity
belongs mainly due to release of FMN from NADH-dehydrogenase into
solution. FAD molecules of mitochondrial flavoproteins do not give any
significant contribution to the change of fluorescence, because FAD
molecules remain covalently bound with their enzymes. Fluorescence
guantum vyield of FAD is 2 times low then FMN. Besides, flavine
fluorescence of mitochondria is low due to scattering of excitation light on
each single mitochondrial particle, i.e. a number of photons cannot be
absorbed by FAD. Also, the FAD fluorescence in mitochondria may be
particularly quenched by aromatic amino acids and iron-sulfur clusters.

In addition to recording of flavine fluorescence intensity, we
measured the polarization degree of flavine fluorescence. This parameter
gives us knowledge about rotation of FMN, i.e. a free flavine can be easy
differently detected, separately of a bound flavine. Polarization degree of
the bound flavine is high due to a short lifetime of the excited state and low
rotational mobility of the flavine within the protein. When FMN releases
into aqueous solution, the polarization degree is decreased, because the
velocity of rotation is greatly increased in aqueous phase (also, the lifetime
is increased - due to disappearing of scattering of excitation light on the
particles and due to lack of quenching by iron-sulfur clusters). In our
experiments, the polarization degree of flavine fluorescence was decreased
after incubation at 37°C over 2 hours to 1,5-2 times.
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For checking the place, from where FMN emits - from
mitochondrial matrix or from external solution — we measured the intensity
and polarization degree of filtrates, which were obtained by filtration of
mitochondrial suspensions (before and after 2 hours incubation at 37°C)
through 0,2 micron Millipore filters. The intensity of fluorescence of the
filtrate was strongly increased (after 2 hours incubation of mitochondria)
up to 4,5 times. The fluorescence polarization degree of the filtrate was
reduced greatly — to 0,06, which corresponds to free rotation of FMN in
water. The obtained data clearly indicate that almost all FMN molecules are
released (as a free form) from mitochondria to the external solution.

Flavine fluorescence changes in our experiments are not associated
with processes of oxidation / reduction of flavines, because incubation of
mitochondria during 2 hours in most of our experiments was performed in
the absence of NADH, succinate and other reducing or oxidizing agents.
Only in one case - the using of NADH — two phenomena during incubation
took place at the same time: the reduction of fluorescent FMN to non-
fluorescent FMN-H2 and stabilization of FMN in the enzyme. Since the
reduced form of flavine FMN-H2 has disintegrating electron clouds and is
unstable (electrons are rapidly transferred into respiratory chain), the FMN-
H2 quickly returns to FMN — the oxidized fluorescent form. Thus, it is
unlikely that any red-ox transitions FMN / FMN-H2 make a significant
contribution to the observed changing of flavine fluorescence.

We tested as stabilizers of FMN in NADH-dehydrogenase of
mitochondria the following group of substances: adenine, adenosine, ATP,
ADP and AMP (they are analogs of adenine part of NAD) and also
nicotinic acid and nicotine amide (they are analogs of the nicotine part of
NAD). The best stabilizers are AMP, ADP and ATP.

Also, we tested the more distant analogs of NAD: cAMP, caffeine,
GMP, GDP, GTP, cGMP, UDP, CDP, inosine and IMP. When adding of
GTP, GDP and GMP at a concentration of 300 uM to the suspension of
liver mitochondria was done with subsequent cultivation during 2 hours at
37°C, the intensity of flavine fluorescence was increased in 1,6, 1,8 and 1,8
times, respectively (compared to the initial level). It is less in 2,4, 2,1 and
2,0 times comparing to the control. For comparison, the intensity of flavine
fluorescence under the same conditions in the presence of ATP, ADP and
AMP was changed lesser than in the control experiments, in 1,8, 2,0 and
1,7 times.

The obtained data clearly shows that the used purine phosphates
inhibit the release of FMN from NADH dehydrogenase of mitochondria
and, therefore, stabilize the enzyme.
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Flavine fluorescence polarization degree in the presence of GTP,
GDP and GMP in comparison with the control sample (without adding
substances) was greater in 1,7; 1,5 and 2,0 times, respectively. This
indicates that presence of these substances allow FMN to be remained in
association with the enzyme.

We also tested how these substances affect on enzymatic oxidation
of NADH. In presence of guanosine phosphates the kinetics has some
small decrease in the velocity at the end of the reaction (comparing to the
control sample). It can be concluded that GTP, GDP and GMP (unlike of
adenine nucleotides) depress at some small degree on the enzymatic
activity of NADH-dehydrogenase. In the used concentrations, they a bit
compete with NADH for the active centre of the enzyme.

In order to clear the importance of phosphate groups in
stabilization of the enzyme, we conducted the investigation with guanine
and caffeine (these purines do not contain phosphate). Also, two
pyrimidine di-phosphates — UDP and CDP — were tested. When guanine
or caffeine was added (in concentration of 300 uM) to suspension of
mitochondria, the flavine fluorescence intensity and polarization degree
were changed like in the control sample. Thus, it is no influence. After
addition of UDG or CDG to mitochondrial suspension under the same
conditions, the intensity of flavine fluorescence was also changed like in
the control. Thus, it is no influence.

We have also tested cAMP and cGMP. In these cases also the
intensity and polarization of flavine emission were changed as in the
control sample.

The influence of inosine on the flavine emission of mitochondria
was negligible. Action of inosine mono-phosphate (IMP) was not too
expressed.

Thus, these tested compounds are hardly could be used as potential
stabilizers of NADH-dehydrogenase.

A number of researchers stated that the NADH-dehydrogenase has
two binding site. It was assumed that NADH is oxidized to NAD in the
first site, but NAD is reduced to NADH in the second one. If so, we can
suggest a hypothesis that such analogues of NAD, which stabilize the
molecule of FMN in the enzyme (GMP, GDP, GTP, AMP, ADP, and ATP),
bind with the second center and stabilize it, mechanically preventing exit
of FMN from the enzyme into solution (especially if the first center is oc-
cupied by molecule of NADH or NAD). Guanine phosphates and adenine
phosphates did not compete with NADH for the first binding site, since
binding constant for NADH, as well-known, is very high (~ 10° M™). That
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is why they do not inhibit the NADH:tetrazolium reaction even at 300 uM
concentration. Obviously, guanine and adenosine phosphates interact with
the second center or may be they have any own binding site in NADH-
dehydrogenase.

In summary, we go to conclusion that guanosine phosphates (GTP,
GDP, GMP) as well as adenosine phosphate (ATP, ADP, AMP) effectively
prevent the release of FMN from NADH-dehydrogenase of mitochondria.

Because of adenosine phosphates and guanosine phosphates are in-
volved in the energy metabolism, their real content in living cells depends on
many biochemical processes. In particular, a balance between amount of
phosphorylated and dephosphorylated derivatives may significantly vary,
depending on the activity of ATP-ases and other enzymes. Introduction into
cells an excess amount of adenosine phosphates or guanosine phosphates
will not cause any disorder in intracellular balance, but may temporarily sta-
bilize the mitochondrial NADH-dehydrogenase.

It is no accident that AMP and ATP are currently used in sport med-
icine, as well as for the treatment of muscular dystrophy, chronic coronary
insufficiency and myocardial dystrophy.

Guanosine phosphates are mainly involved in regulatory mecha-
nisms. Therefore, they should be more carefully examined on their effects
on the human body in possible treatment of neuromuscular diseases. Also,
a number of chemical analogues of AMP and GMP could be synthetized in
future and tested for prevention and treatment of mitochondrial aging and
neurodegenerative diseases.

Table 1. Influence of NADH and its analogs (300 uM) on the intensity and
polarization degree of flavine fluorescence of mitochondria during 2 hours
incubation at 37°C. The initial intensity was taken as 100%, the initial
polarization degree was 0,32

The substance name Intensity, % Deg_ree pf

polarization
Control 241 0,11
Adenine 307 0,18
Adenosine 256 0,2
AMP 142 0,2
ADP 122 0,21
ATP 133 0,22
NADH 199 0,21
NAD” 185 0,25
Nicotine amid 336 0,15
Nicotinic acid 322 0,12
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Table 2. Influence of NADH and its analogs (300 uM) on the intensity
and polarization degree of flavine fluorescence of mitochondria during 2
hour incubation at 37°C. The initial intensity was taken as 100%, the
degree polarization was 0,25

The substance name Intensity, % Degree .Of
polarization
Control 366 0,11
Guanine 295 0,12
GMP 183 0,19
GDP 178 0,17
GTP 155 0,19
Caffeine 369 0,08
cGMP 348 0,15
cAMP 345 0,15
UDP 214 0,11
CDP 184 0,11
Inosine 366 0,09
Inosine phosphate 317 0,09

MATHEMATICAL MODELING OF RHYTHM DISTURBANCES
INDUCED BY ENHANCED Iy, INHETEROGENEOUS
MYOCARDIUM
N.A. Vikulova®, A.D. Vasilyeva'?

YInstitute of Immunology and Physiology of the Ural Branch
of the Russian Academy of Sciences, 106 Pervomayskaya st.,
Yekaterinburg, 620049, Russia;
2Ural Federal University named after the first President of Russia
B.N. Yeltsin, Mira str., 19, Ekaterinburg, 620002, Russia

The most common cause of the heart rhythm disturbances is a dis-
ruption of conductivity, which might result in abnormality of cardiac
pump function. In some cases, arrhythmia is invoked by disturbances in
electrophysiological activity of cardiac cells resulting in local spontane-
ous excitation of myocardium. An abnormal excitation could originate
not only from pacemaker cells, but also from ventricular myocytes. It is
recently shown that mechanical events in the heart could contribute to the
rhythm disturbances along with electrophysiological conditions. Thus,
experimental and theoretical studies confirm that local deformations and
loading can change electrophysiological characteristics of cardiomyo-
cytes (Carmeliet et al., 2002). For instance, disorder in mechanical de-
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formations of the pathological myocardial tissue during the cardiac cycle
can induce rhythm disturbances under calcium overloading resulted from
Na’-K* pump attenuation (Sulman et al., 2008).

Using mathematical model we study effects of the mechanical fac-
tors on the development of rhythm disturbances induced by an increased
density of sodium current (lya). A gain-of-function mutation in the sodium
channel (enhanced ly,) causes distinct clinical syndromes like LQT3 syn-
drome, heart failure, hypertrophic cardiomyopathy (Moreno et al., 2012).

The heterogeneity as the essential property of the myocardium is
considered in our mathematical modeling. Cells from inner subendocardial
(ENDO), superficial subepicardial (EPI) and mydmyocardial (MID) layers
of the ventricular wall in the normal heart differ in their electrophysiologi-
cal and mechanochemical characteristics, reaction on heart rhythm changes
and on pharmacological exposure (Markhasin et al., 2004).

In our previous studies, we have developed a mathematical model of
subendocardial (ENDO model) and subepicardial (EPI model) cells based
on the ‘Ekaterinburg-Oxford’ model (EO model) of isolated ventricular
cardiomyocyte (Katsnelson et al., 2011). The ENDO and EPI models al-
lows to reproduce transmural peculiarities of the action potential genera-
tion, membrane ion currents and flows, calcium-dependent mechanisms of
contraction and force generation (Vasilyeva & Solovyova, 2012).

In the framework of single ENDO and EPI models we have shown
that during isometric contractions (force generation under the fixed cell
length) the enhanced Iy, resulted in early afterdepolarizations (EAD) in
the ENDO model, but not in the EPI model. The arrhythmic changes in
the action potential (AP) were accompanied by significant force altera-
tions. Rapid fall down of isometric force from twitch to twitch was fol-
lowed by subsequent recovery in several beats (Vasilyeva et al, 2014).

Then ENDO and EPI models were tested under afterloaded condi-
tions. Isometric (fixed length) and isotonic (fixed load) modes inter-
changed during afterloaded twitch. Increased Iy, induced the similar re-
sponses in the ENDO model as like in isometric conditions whatever af-
terload was applied. Afterload twitch and the AP generation had the same
pattern in the EPI model under high loads. However, spontaneous excita-
tions had been only obtained during the low-load mode of contraction.
The rhythm disturbance was followed by completely stopped cell short-
ening (Vasilyeva et al, 2014).

In present study, ENDO and EPI models were used as elements of
a continuous 1D mathematical model of a cardiac muscle fiber, in which
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mechanical and electrotonic interaction between cells was implemented
(Vasilyeva et al., 2013). Under experimental data, we have constructed a
virtual fiber of 2 mm length, consisting 40%ENDO-40%M ID-20%EPI
models imitating the transmural heterogeneity of the ventricular wall.
Parameters for MID cells were linearly changed from EPI to ENDO pa-
rameters. In agreement with experimental data, the stimulation signal for
excitation of the fiber was applied to the ENDO layer of the fiber. The
depolarization wave spread along the fiber to the EPI layer with velocity
0.5 m/s (Kanai &Salama, 1995).

The developed 1D model of the transmurally heterogeneous fiber
has been used for reproducing rhythm disturbances induced by the en-
hanced Iy, Isometric (fixed fiber length) and afterloaded (fixed load
equal to 0.1 of maximum isometric force) conditions were applied to the
fiber similarly to it was made at the single ENDO and EPI models. The
density of sodium current Iy, was increased in each cell of the fiber. First
11 twitches were considered.

Although the single EPI cell was not susceptible to the enhanced
Ina  during isometric conditions we have obtained an early
afterdepolarization along the whole fiber due to electrotonic interaction
between cells of EPI, MID and ENDO layers. The pattern of EADs dif-
fered from cycle to cycle interchanging pronounced disturbances of the
AP generation with prolonged repolarization, less expressed EADs and
underlined instability of mechanical behavior of the heterogeneous fiber
under isometric conditions. Amplitude of isometric force generated by
the fiber in cycles with pronounced disturbances of APs was higher than
in the cycles following them and tended to increase from cycle to cycle.

The abnormalities in the AP generation during the low-loaded iso-
tonic contraction in the fiber were not so significant comparing with iso-
metric conditions. Nevertheless, EADs have arisen in the stimulated
ENDO layer and have spread along the fiber. We have not observed the
stop of any cell shortening as it was in the case of the single EPI model.
Moreover, the amplitude of the fiber shortening during afterload twitches
increased from cycle to cycle.

In conclusion, the 1D modeling of transmurally heterogeneous car-
diac fiber suggest that the enhanced Iy, results in rhythm disturbances and
uncoordinated mechanical activity. The appearance of obtained EADs
depends on mechanical conditions applied to the fiber. The electrotonic
and mechanical interaction between cells within the fiber results in more
similar response of the individual ENDO and EPI cells within the fiber
than they demonstrate in isolated conditions.
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This work is supported by RFBR (14-01-31134) and by the Presid-
ium of Urals Branch of the Russian Academy of Sciences (12-M-14-
2009, 14-4-HIT1-213).
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EFFECTS OF SHORT-TERM GRAVITATIONAL UNLOADING
ON NO-DEPENDENT SIGNALING PATHWAYS IN HUMAN
SKELETAL MUSCLE
N.A. Vilchinskaya, T.M. Mirzoev
SSC RF-Institute of Biomedical Problems, RAS,
Khorochevskoe Shosse 76 a, Moscow, 123007, Russia

Currently little is known about functioning of NO-dependent sig-
naling systems in human skeletal muscles during early stages of gravita-
tional unloading. It is known that during the initial period of gravitational
unloading of skeletal muscles there is an accumulation of calcium ions,
resulting in activation of calcium-dependent proteases — calpains (Ingalls
et al., 1999; Shenkman., Nemirovskaya 2008, Anrtaesa O.I". u np., 2010).
Calpains play a key role in degradation of a number of cytoskeletal pro-
teins (Bartoli et all, 2004). Previously it has been shown that NO can in-
hibit calpain activity and prevent atrophy of the skeletal muscle (Tidball
et al., 1999). The aim of the study was to investigate the mechanisms
regulating catabolic signaling pathways in human m.soleus at early stages
of gravitational unloading.
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The study was conducted on 13 individuals, aged 20-26 years. Dry
immersion was used as a ground model of hypogravity. The duration of
immersion was 3 days. After immersion, muscle samples of m.Soleus
were taken under local anesthesia, using biopsy technique. The content of
desmin, total and phosphorylated nNOS, phosphorylated AMPK was de-
termined using western-blotting technique.

After 3-day dry immersion 10% (p <0.05) decrease of cytoskeletal
protein desmin was observed in m.soleus compared to pre-immersion
level. Also, there was a 43% (p <0.05) decrease of phosphorylated nNOS
and 26% decrease of total nNOS compared to pre-immersion value. Be-
sides after 3-day dry immersion we detected a 36% (p <0.05) decrease of
phosphorylated AMPK in m.soleus compared to pre-immersion value.

Thus, our data suggest that calpain-dependent processes are likely
to develop at an early stage of gravitational unloading. We assume that
decrease of AMPK phosphorylation leads to a decrease of nNOS phos-
phorylation, resulting in reduction of NO-synthesis.

This work was supported by RFBR grants No 13-04-00888.

The authors express their gratitude to laboratory of I.B.
Kozlovskaya for conducting immersion experiment.

MOLLUSCAN SMOOTH (CATCH) MUSCLE
CONTAINS A TROPONIN-LIKE PROTEIN
I.G. Vyatchin, N.S. Shelud’ko
Zhirmunsky Institute of Marine Biology, Far Eastern Branch
of the Russian Academy of Sciences, Palchevsky str. 17,
Vladivostok, 690059, Russia

The regulation of thin filaments from bivalve smooth muscles is
supposed to be caldesmon type [1, 2]. However, we have not con-
firmed caldesmon presence in smooth muscle of mussel Crenomytilus
grayanus and managed to get from this muscle a caldesmon-free fraction
providing rabbit actomyosin with Ca®*-sensitivity [3]. This fraction
contains filamin, actin, calponin, tropomyosin, and several unidentified
proteins (fig. 1a). Using chromatographic separation methods proposed
for obtaining components of troponin [4], we have isolated from this
fraction three components with molecular weights of 19, 20, and 26 kDa
(fig. 1), which have the same properties that are known for troponin sub-
units - inhibiting (Tnl), Ca®*-binding (TnC), and tropomyosin binding
(TnT) (fig. 2).
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Fig. 1. Composition of Ca2+-sensitive fraction (a) and isolated Tn-like
components: 19 kDa (b), 20 kDa (c) and 26 kDa.

The 20 kDa component inhibits actomyosin Mg**-ATPase activity
in the same manner as Tnl does [5] (fig. 2). In addition, the 20 kDa
component is similar to Tnl [5] in its solubility and has the same
electrophoretic mobility [6] (fig. 1c).

The calcium-binding component of the mussel thin filaments is an
acidic protein of about 19 kDa molecular weight, as TnC also is [7].
Moreover, this protein, like TnC, at the same time relieves the 20 kDa
protein inhibitory effect on Mg?*-ATPase activity and confers a moderate
Ca’*-sensitivity to actomyosin [8] (fig. 2).

The 26 kDa protein is similar to vertebrate TnT. First, it interacts
with actin-tropomyosin complex, as TnT does [9]. Secondly, like TnT
[10], this protein per se does not affect the Mg®*-ATPase activity, but
enhances the inhibitory action of 20 kDa protein on this activity (Fig. 2).
Finally, the 26 kDa protein, like troponin T [11], greatly increases
calcium sensitivity confered to actomyosin by 19 kDa and 20 kDa protein
complex (fig. 2).

The properties of the protein components isolated in our study and
their effect on Mg?*-ATPase activity suggest that these proteins are troponin-
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like; therefore, thin filaments of the smooth catch muscle of the mussel
Crenomytilus grayanus possess not caldesmon, but troponin regulation.
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EFFECT OF HYPOTHERMIA ON MOTOR RECOVERY
AFTER SPINAL CORD INJURY
G.G. Yafarova, L.R. Zaripova, A.R. Hazieva, T.V. Baltina
Kazan Federal University, Kremlevskaya str., 18, Kazan, 420008, Russia

Immediate treatment of acute spinal cord injury with hypothermia
may have high potential when used alone or in combination with pharma-
cological treatment due to reducing energy requirements, apoptotic cell
death, and oxidative stress.
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Investigation of the functional state of the motor centers in the spi-
nal cord before and after experimental spinal cord injury in dogs using a
local intraoperative hypothermia. Injury was applied at a level L1.

Refrigerant is a frozen 0.9% NaCl solution for infusion, which was
placed in a decompression window of vertebral dura. Optimal exposure
time were selected experimentally, using histological control. All manipu-
lations were performed in compliance with bioethical norms. Electroneuro-
myographic study was performed before surgery, as well as in acute and
early periods of traumatic spinal cord disease. Using needle electrodes
were recorded H and M responses of square muscle after stimulation of the
tibial nerve with subsequent analysis of their parameters. Stimulation of the
tibial nerve and increased electrical responses of muscle electromyogram
was performed by the firm "Medicor" (Hungary), the intensity of stimula-
tion ranged from 0.35 to 60 V and 0.5 ms duration. The studied parameters
were the threshold, latency and maximum amplitude of the detected H-and
M-responses, as was determined the ratio of maximum amplitudes of these
responses (Hmax/Mmax). After surgery the rats exhibited movement dis-
orders, neurological status of animals is estimated at 5 points on a scale of
Bagley, which corresponds to the least severe spinal cord injury.

The results showed that the using of 20-minute Local hypothermia
after experimental spinal cord contusion, the ratio of Hmax/Mmax does
not exceed the reference level. It is indicating that we get the inhibition of
excitability of spinal motoneurons. At a similar spinal cord injury in dogs
without the any interventions, the reflex excitability of spinal motor neu-
rons in the posttraumatic period was increases as well as we observed
spasticity of hind limbs. Thus, the use of local hypothermia of the spinal
cord during the surgery improves outcomes after spinal cord injury. This
research was supported by the Russian Foundation for Basic Research Ne
13-04-01746 a.

THE SYNAPTIC PLASTICITY OF NEURONS IN LAYER IV
OF SOMATOSENSORY CORTEX OF NEWBORN RATS
A.V. Yakovlev, E.A. Minkina, G.F. Sitdikova, R.N. Khazipov
Kazan (Volga Region) Federal University , Russia, Kazan

Sensory experience during early postnatal development modifies
cortical connections and form responses of cortical neurons transforming
immature neuronal circuits in the well-organized neuronal network of the
adult brain. One of the well-studied systems for research development
and formation of thalamocortical synaptic plasticity is the cortical
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representation of vibrissae (barrels) in the somatosensory cortex of the
rat. It is known, that one of the mechanism of synaptic plasticity is the
temporal correlation between pre- and postsynaptic neuronal activity.
Does this rule in developing thalamocortical synapses during the critical
period remains poorly known.

To analysis of synaptic plasticity in the somatosensory cortex of
newborn rats experiments were performed on thalamocortical brain slices of
rats aged 4 to 8 days after birth. Using extracellular and bipolar stimulation
electrodes the evoked synaptic response in IV layers of neurons in the cortex
was recorded. To investigate the temporal correlation between pre- and
postsynaptic neuronal activity in IV layers of the somatosensory cortex using
paired stimulation of thalamic projections (stimulation electrode placed in
the VPM thalamic nucleus or white matter of the cortex) and the axons of IV
layers neurons (stimulation electrode placed in 11/111 layers of somatosensory
cortex) by driving antidromic action potential.

Long-term synaptic depression in thalamocortical synapses of IV
layers neurons was observed when, the antidromic action potentials in
axons of principal cells at 5 - 10ms preceded the presynaptic neurotrans-
mitter secretion trigger of the stimulation of thalamic projections. In this
case, the amplitude of excitatory postsynaptic potentials decreased to 25-
30% of control after paired stimulation. If the activation of thalamic
ascending pathways occurred over 10- 15ms before the arrival of
antidromic action potential, the cortical IV layer neurons formed long-
term synaptic potentiation and the amplitude of synaptic response
increased to 40-55 % of control after the paired stimulation.

Thus, we have shown that the IV layers of the somatosensory
cortex of the first postnatal week in the formation of synaptic potentiation
and depression depends on the time of spikes in the pre- or postsynaptic
neuron.

EFFECT OF NITRIC OXIDE ON THE PROCESS
OF EXOCYTOSIS OF SYNAPTIC VESICLES
FROM MOUSE MOTOR NERVE ENDINGS
OF MUSCLES DIAPHRAGM AND SOLEUS
0O.V. Yakovleva, E.D. Kurmashova, G.F. Sitdikova
Kazan (Volga Region) Federal University,
Kremlevskaya str., 18, Kazan, 420008, Russia

Nitric oxide (I1) (NO) is the first gaseous mediator which functions
have been fully explored in various systems of the body. It is known that
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NO reduces the transmitter release from in neuromuscular junction of
cold-blooded animals and slows down the recycling of synaptic vesicles
in warm-blooded animals. The aim of our study was to investigate the
action of NO on transmitter release from motor nerve endings in muscles
of different types.
Materials and methods

Experiments were performed on isolated neuromuscular
preparations of diaphragm and soleus muscles of laboratory white mice.
The dye reversibly bounds to the presynaptic membrane and during en-
docytosis gets ("'is loaded") into the newly formed synaptic vesicles. Dye
loading is accompanied by the fluorescence of the nerve ending, which
reflects the aggregates of the vesicles that have captured the dye. Endocy-
tosis processes were investigated using the following protocols. FM 1-43
was present in the solution for 1 min during the 50 Hz stimulation of the
motor nerve and for 7 min after its termination (“full loading”). Then the
loaded nerve terminals were stimulated at 50 Hz for 20 minutes and a
decrease in the fluorescence intensity was observed ("unloading™). Soleus
nerve stimulation was performed for 15 minutes with following pattern: 5
secat1Hzand 10 s at 10 Hz.

The fluorescence of nerve endings was observed using MIKMED-
2 (LOMO, St. Petersburg) or AxioScope Al (Carl Zeiss, Germany) mi-
croscopes through water immersion objectives LUMPLFL 60x/0.9-NA
(Olympus, USA) and/or Plan-Neofluar 63x/0.9 (Carl Zeiss, Germany).
All observations were made only for nerve endings in the most superficial
layers of tissues. Fluorescence patterns were recorded with high-speed
black-and-white video cameras AxioCam MRm (Carl Zeiss, Germany).
The mean fluorescence intensity was estimated in arbitary units (AU),
taking the maximum pixel fluorescence of 256 as 1. Then background
fluorescence was determined as the mean fluorescence intensity in a 50 x
50 square of pixels in the image area without nerve ending. The back-
ground value was then subtracted from each pixel obtained after image
averaging. All data were processed by the methods of variation statistics.
The quantitative results are presented as the mean value + standard devia-
tion; n is the number of independent experiments.

In experiments NG-nitro-L-arginine methyl ester (LNAME 100
mKkM) the inhibitor of NO synthesis was used.

Results

In control the high frequency stimulation of diaphragm motor

nerve induced the decrease of nerve terminals fluorescence which
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reflected the process of exocytosis of synaptic vesicles preloaded with
FM 1-4. By 30 seconds of stimulation to 79 £ 3% , 1 minute - 64 + 3 % to
3 min - to 51 + 3% to 6 min - to 41 + 4% for 20 min - 30 £ 1%. (n = 11)
compare to the initial value.

In the presence LNAME (100 mkM) the unloading process was
slower than in control and by 30 seconds of high-frequency stimulation
the fluorescence intensity was 83 * 6%, by 60 seconds - 78 + 6% , 3 min
- 64 + 5% , 6 min - 50 £ 3%, 20 min - to 36 + 2%.(n = 9) compare to the
initial value.

Stimulation of soleus muscle induces the exocytosis of synaptic
vesicles followed by unloading of motor nerve terminals by 30 seconds -
to 79 £ 6% , by 1 minute - 68 + 8% to 3 min - 57 £ 6%, by 6 min - 50 +
4%, by 15 min - to 46 * 4%. (n = 9 ) compare to initial value. In the
presence of LNAME (100 mkM) there were no significant differences in
unloading process of motor nerve terminals. By to 30 seconds of
stimulation the fluorescence intensity was 86 + 2%, by 60 seconds - 76 +
5% , by 3 min - 63 = 5%, byr 6 min - 51 £ 5%, by 20 min - 44 + 4%.(n =
8) compare to initial value.

Thus it was shown than in diaphragm muscle the inhibition of NO
synthesis slowed down the process of exocytosis of synaptic vesicles,
which indicated on the participation of this gaseous molecule in regulation
of transmitter release in motor nerve ending. In soleus muscle we didn’t
reveal changes in unloading process of fluorescent dye during inhibition of
NO-synthase. It was suggested that these results may be associated with the
properties or content of NO-synthase in fast and slow muscle fibres.

This work was supported by RFBR number NK-12-04-97081/14.

AMELIORATION OF RHABDOMYOLYSIS-INDUCED ACUTE
KIDNEY FAILURE BY KIDNEY PEPTIDES
I.1. Zamorskii, T.S. Shchudrova
Bucovinian state medical university,
Teatral’naia sq. 2, 58002, Chernovtsy, Ukraine

Rhabdomyolysis is a potentially life-threatening syndrome char-
acterized by the breakdown of skeletal muscle resulting in the subsequent
release of intracellular contents into the circulatory system [3]. The caus-
es of acquired rhabdomyolysis are classified as traumatic and non-
traumatic. The traumatic ones, such as crush syndrome, accidents, natural
disasters, or intense exercise, cause direct muscle injury and rupture of
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the sarcolemma. The non-traumatic causes include alcohol abuse, medi-
cines, seizures and coma [2].

Despite the great diversity in the etiology of rhabdomyolysis, the
mechanisms involved in the pathogenesis of rhabdomyolysis are direct
sarcolemmic injury (trauma) or depletion of ATP within the myocyte,
leading to an unregulated increase in intracellular calcium. The increased
calcium initiates intracellular processes, such as the activation of phos-
pholipase A2, calcium-dependent neutral proteases, prolonged contrac-
tion of muscle cells, mitochondrial dysfunction, and production of reac-
tive oxygen species, which eventually promote disintegration of the
myocyte, muscle cell damage and the release of various substances (my-
oglobin, creatine phosphokinase, potassium, organic acids, and other en-
zymes and electrolytes) into the systemic circulation, thereby leading to
the clinical manifestation of rhabdomyolysis [1, 2].

The complications of rhabdomyolysis include acute renal failure
(ARF), cardiac arrhythmias, compartmental syndrome, and disseminated
intravascular coagulopathy. It is estimated that 10-40% of cases of
rhabdomyolysis leads to ARF, and although interventions have improved,
the mortality rate may still be as high as 8% [4]. Myoglobin plays a dom-
inant role in the pathogenesis of rhabdomyolysis-induced ARF include:
renal constriction and ischemia, myoglobin cast formation in the distal
convoluted tubules, and direct cytotoxic action of myoglobin on the epi-
thelial cells of the proximal convoluted tubules. Recent studies have
demonstrated that timely prophylactic and/or early therapeutic interven-
tions ameliorated rhabdomyolysis-induced ARF.

The present study was designed to investigate the renopro-
protective potential of produced in St.-Petersburg Institute of Bioregu-
lation and Gerontology kidney polypeptide extract and short oligopepti-
des (T-31, T-35) against rhabdomyolysis-induced kidney dysfunction,
oxidative stress and fibrinolysis inhibition. The existing data indicate
their regulatory and antioxidant activity, ability to induce cell prolifera-
tion and differentiation, reparation of mitochondrial DNA.

Thirty-five non-linear adult white rats were divided into five equal
groups: | group - control, Il group — modeling of rhabdomyolytic ARF by
intramuscular injection of 50% glycerol (8 ml/kg), Il group - glycerol (8
ml/kg) and polypeptide kidney extract (300 pg/kg), IV group - glycerol (8
ml/kg) and oligopeptide T-35 (3 pug/kg), V group - glycerol (8 ml/kg) and
oligopeptide T-31 (3 pg/kg). Kidney extract and oligopeptides were ad-
ministered during seven days before glycerol administration. After 24 h
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of glycerol administration urine, blood and kidney samples were collect-
ed. Data were compared by SPSS Statistica 17.0 software and Mann-
Witney test at p<0.05. Glycerol administration induced marked renal fail-
ure, characterized by increased plasma creatinine and creatinine excre-
tion, reduced diuresis and glomerular filtration rate (GFR), increased pro-
tein, titrated acids and ammonium excretion along with high levels of
sodium and potassium excretion on the base of inhibition of their reab-
sorption. This was associated with decrease in the activity of renal gluta-
thione-peroxidase (GPX), catalase (CAT), and increased malondialde-
hyde (MDA), oxidative modification of proteins (OMP) levels compared
with control group. The enzymatic fibrinolytic activity in the kidneys was
significantly decreased compared to a control group.

Pretreatment with oligopeptides improved kidney function com-
pared with the untreated group: diuresis increased by 1.25 times in
polipeptide extract treated group, by 1.85 times in T-35 treated group and
by 1.77 times in T-31 treated group, protein excretion decreased by 3.3,
7.9 and 3.3 times simultaneously. Polipeptide extract and T-31 didn’t af-
fect significantly creatinine excretion and GFR while T-35 increased
GFR by 3.4-fold. All studied peptides decreased standardized sodium
excretion: polypeptide extract by 2.4 times, T-35 by 6.0 and T-31 by 1.9
times, but only T-35 significantly increased absolute sodium reabsorption
by 3.0 times, proximal and distal transport of this ion. Decreased titrated
acids and ammonium excretion by 1.7-fold and more was seen in all
treated groups of animals. The enzymatic fibrinolytic activity in kidneys
was increased by 5.3-fold in polypeptide extract treated group, by 4.5-
fold in T-35 treated group and by 5.2-fold in T-31 treated group, as com-
pared with untreated animals.

All peptides have shown significant antioxidant effect under the
conditions of ARF. Pretreatment with oligopeptide T-35 increased renal
CAT activity by 42% and renal GPX activity by 66.5%, decreased MDA
content by 22% and OMP content by 49% as compared with those of un-
treated animals with ARF. Pretreatment with polypeptide Kidney extract
increased renal CAT activity by 43% along with decrease of MDA con-
tent by 40% and OMP content by 54%. T-31 didn’t affect markedly kid-
ney GPX activity and MDA content, but increased CAT activity by 32%
and decreased OMP content by 46% compared with untreated group.

The obtained results suggest the renoprotective action of kidney
peptides under the conditions of rhabdomyolysis-induced kidney failure
with more significant effect of oligopeptide T-35 that points out the
marked organospecific action of short peptides.
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USE OF STATINS FOR TREATMENT
OF THE MYOGLOBINURIC ACUTE RENAL FAILURE
CAUSED BY RHABDOMYOLYSIS
I.1. Zamorskii, V.G. Zeleniuk, T.S. Shchudrova
Bukovinian State Medical University,
Teatralna Sq., 2, Chernovtsy, 58002, Ukraine

The muscle damage may be caused by medications, drug abuse, in-
fections, vascular interruption, ischemia-reperfusion, crush injury, im-
proper patient positioning, alcohol ingestion, seizures, extreme exercise,
electrical injury, infection, hyperthermia, and steroids and neuromuscular
blockade (especially in combination). Rhabdomyolysis and its complica-
tions are significant problems for those injured in disasters such as earth-
quakes and bombings. With heightened suspicion for this disorder, non-
traumatic causes are being seen with increasing frequency.

Rhabdomyolysis is a condition in which damaged skeletal muscle
tissue breaks down rapidly and leads to the release of ruptured muscle
cells’ products into the bloodstream. When damaged, muscle tissue rapid-
ly fills with fluid from the bloodstream, including sodium ions. The
swelling itself may lead to destruction of muscle cells, but those cells that
survive are subject to various disruptions that lead to rise in intracellular
calcium ions resulting in continuous muscle contraction and depletion of
ATP. The persistent contraction of the muscle cell leads to breakdown of
intracellular proteins and disintegration of the cell. Neutrophil granulo-
cytes enter the muscle tissue, producing an inflammatory reaction and
releasing reactive oxygen species, particularly after crush injury. Crush
syndrome may also cause reperfusion injury. Finally, destroyed muscle
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cells release potassium ions, phosphate ions, the heme-containing protein
myoglobin, the enzyme creatine kinase and uric acid into the blood. Acti-
vation of the coagulation system may precipitate disseminated intravascu-
lar coagulation [1].

The incidence of acute renal failure (ARF) in rhabdomyolysis is 10-
30%. Rhabdomyolysis may cause ARF by several mechanisms. The most
important problem is the accumulation of myoglobin in the kidney tubules.
Normally, the blood protein haptoglobin binds circulating myoglobin and
other heme-containing substances, but in rhabdomyolysis the quantity of
myoglobin exceeds the binding capacity of haptoglobin. As the kidneys
reabsorb more water from the filtrate, myoglobin interacts with Tamm-
Horsfall protein in the nephron to form casts (solid aggregates) that ob-
struct the normal flow of fluid; the condition is worsened further by high
levels of uric acid and acidification of the filtrate, which increase cast for-
mation. Iron released from the heme generates reactive oxygen species,
damaging the kidney cells. In addition to the myoglobinuria, two other
mechanisms contribute to renal impairment: low blood pressure leads to
constriction of the blood vessels and therefore a relative lack of blood flow
to the kidney, and finally uric acid may form crystals in the tubules of the
kidneys, causing obstruction. Together, these processes lead to acute tubu-
lar necrosis, the destruction of the cells of tubules. Glomerular filtration
rate falls and the kidney is unable to perform its normal excretory func-
tions. This causes disruption of electrolyte regulation, leading to a further
rise in potassium levels [2].

The main goal of rhabdomyolysis treatment is to treat shock and
preserve kidney function. While many sources recommend additional in-
travenous agents to reduce damage to the kidney, most of the evidence
supporting this practice comes from animal studies, and is inconsistent and
conflicting. Mannitol acts by osmosis to enhance urine production and is
thought to prevent myoglobin deposition in the kidney, but its efficacy has
not been shown in studies and there is a risk of worsening renal function.
The addition of bicarbonate to the intravenous fluids may alleviate acidosis
and make the urine more alkaline to prevent cast formation in the kidneys,
but there is limited evidence that it has benefits above saline alone, and it
can worsen hypocalcemia by enhancing calcium and phosphate deposition
in the tissues. Furosemide, a loop diuretic, is often used to ensure sufficient
urine production, but evidence that this prevents renal failure is lacking.

It has been found that drugs from a group of statins had a positive
effect on renal functions. Specifically, based on some experimental and
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clinical research studies its was found that on the occasions of
postischemic and toxic ARF the statins were efficient to improve the re-
nal functions of patients due to their effects on inflammatory mecha-
nisms, the NO, fibrinolysis, prooxidant and antioxidant systems [3].

Our research study was targeted at the examination of statin influ-
ence on rhabdomyolytic ARF in rats. In vivo studies were carried out us-
ing 40 white laboratory rats randomly divided into five groups of 8 ani-
mals each. Myoglobinuric ARF was modelled after 50% glycerol solution
injected intramuscularly with the dose of 10 ml/kg. An administration of
statins (atorvastatin, lovastatin, simvastatin) was conducted intragas-
trically at 20 mg/kg daily during a week after the ARF simulation. The
renal functions and other parameters were assessed 7 days after comple-
tion of ARF simulation.

As has been found in our experiments, myoglobinuria caused severe
loss in renal function, to illustrate: glomerular filtration rate (GFR) de-
creased by 2.9 times (p<0,01), creatinine plasma concentration and protein
level in the urine increased by 2 times (p<0,01), and creatinephosphokinase
(CPK) activity in the blood plasma by 1.4 times (p<0,05). Elevation of
CPK activity is seen in this disorder and its activity has been seen to corre-
late with the GFR (r=0.7). It is worthy of note, that mortality rate within a
week after ARF simulation in the group of untreated animals was 10.7%,
but neither died owing to statin administration.

Under the conditions of ARF statin-treated rats featured improve-
ments in the excretory functions of kidneys. Characteristically, the best
results were found with atorvastatin which caused an increase of diuresis
by 1.28 times (p<0,05), GFR by 2.9 times (p<0,01) and levels of
creatinine excretion by 1.4 times (p<0,05) (in comparison with the group
of untreated animals). A significant impact on proteinuria has been
shown: an average decrease in urine protein levels by 1.8 times (p<0,01)
by all of the studied statins.

Myoglobinuric ARF caused an increase in the malonic dialdehyde
(MDA) concentration in the kidney tissue of untreated animals by 1.7
times (p<0,05) and the decrease in glutathione peroxidase (GP) activity in
the kidney tissue by 1.2 times (p<0,05) (in comparison with the intact
animals). Atorvastatin reduced MDA content in the kidney tissue by 1.7
times (p<0,01) and increased GP activity in the kidney tissue by 1.2 times
(p=<0,05) as compared with a group of untreated rats.

Furthermore, we have found a number of favourable changes con-
cerning the effects of studied medicinal agents on fybrinolytic and
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proteolytic systems. To illustrate: the administration of atorvastatin has
demonstrated considerably increased enzymatic and non-enzymatic
fybrinolytic activity by 1.4 and 1.7 times (p<0,01) simultaneously and
low molecular weight proteins lysis on an average by 1.6 times (p<0,01).

It should be emphasized that the CPK activity in the blood plasma
of statin-treated rats approached the intact animals’ levels confirming the
absence of myotoxic effects, caused by statins.

Relying on our data, we may conclude that under the conditions of
experimental myoglobinuric ARF certain of studied statins (atorvastatin,
lovastatin, and simvastatin) at 20 mg/kg did not cause any aggravation of
ARF. Renoprotective properties of statins were shown and verified by sig-
nificant reduction in proteinuria, and increase in GFR. Atorvastatin have
featured high renoprotective properties due to improved prooxidant/anti-
oxidant balances and activation of fybrinolytic and proteolytic systems.
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WATER DEFICIT AND ACTIVITY OF MITOCHONDRIAL
RESPIRATORY CHAIN COMPLEX | OF PEA SEEDLING
Irina Zhigacheva, Elena Burlakova, Tamara Misharina,
Mariya Terenina, Natalya Krikunova
Emanuel Institute of Biochemical Physics, Russian Academy of Sciences,
ul. Kosygina 4, Moscow, 119334 Russia

The development and, probability, survival of plant in any case are
more dependent on availability of water than on any other environmental
factors. Metabolism of plants survived even short-term strong drought
could not be recovered [4]. Water deficit modified cell membranes,
which affected their functions and disturbed cell metabolism [5]. The al-
terations occur at the level of glycolipids, monogalactosyl-diacyl-glycerol
and digalactosyl-diacyl- glycerol [6, 7]. The content of unsaturated fatty
acids decreases in these lipids which results in the decreasing the mem-
brane “fluidity”, alteration in the lipid - protein ratio, and eventually in
the activity changes of the enzymes associated with membrane, first of all
enzymes which enter into complex of electron-transport chain of mito-
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chondria and chloroplasts [1]. The energy metabolism plays a significant
role in adaptive response of the organism. Mitochondria play a key role in
the energy, redox and metabolic processes in cell [8]. As known from the
literature, regulators of plant growth and development improve their tol-
erance to biotic and abiotic stresses, to water deficit in particular [2]. One
of such growth regulators is melaphen — a melamine salt of bis(oxy-
metyl)phosphonic acid [3] :

NH, (HD

N
)‘\ * HOP(CHon)z .
H,NT N NH,

The aim of this work is to study the effect of insufficient watering
and the plant growth regulator — melaphen on the fatty acids composition
of lipid fraction of mitochondrial membranes and bioenergetical function
of 5-day pea seedling mitochondria.

Materials and methods

Plant material. The study was carried out on mitochondria isolated
from pea seedlings (Pisum sativum) obtained in standard conditions and in
the conditions of insufficient watering. Pea seeds germination. The seeds
from the control group were washed with soap solution and 0.01 %
KMnO4 solution and left in water for 60 min. The seeds from the experi-
mental group were placed in the 2 x10-12 M melaphen solution for 60 min.
After 1-day exposure, half of the seeds from the control group and half of
the seeds treated with melaphen were placed onto a dry filter paper in open
cuvettes. Two days later the seeds were placed into closed cuvettes with
periodically watered filter paper and left for 2 days. On the 5-th day the
amount of germinated seeds was calculated and mitochondria isolated.

Isolation of mitochondria from 5-day sprouts epicotyls was per-
formed by a method of [9] in our modification. The isolation medium
comprised: 0.4 M sucrose, 20 mM KH,PO, (pH 8.0), 10 mM KCI, 2 mM
dithioerythritol, and 0.1% BSA (free of fatty acids).The homogenate was
centrifugated at 250009 for 5 min. The second centrifugation was carried
out at 3000g for 3 min. The sediment was re-suspended in 2-3 ml of solu-
tion contained: 0.4 M sucrose, 20 mM KH,PO, (pH 7.4), 0.1 % BSA
(without fatty acids) and mitochondria were precipitated by centrifuga-
tion at 11000 g for 10 min.

The rate of mitochondria respiration was measured with the aid
of Clarke oxygen electrodes and LP-7 polarograph (Czechia). Mitochon-
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dria were incubated in a medium containing 0.4 M sucrose, 20 mM
HEPES-Tris buffer (pH 7.2), 5 mM KH,PO,, 4 mM MgCl, and 0.1%
BSA, 10 mM mlate + glutamate, pH 7.4. The rate of respiration was ex-
pressed in ng-atom O/(mg protein min).

Fatty acid methyl esters (FAMEs) were produced by acidic
methanolysis of mitochondrial membrane lipids [10].

FAME identification was performed by gas chromatography-
mass-spectrometry (GC-MS) using a Hewlett-Packard-6890 spectropho-
tometer with a HP-5972 mass-selective detector and the use of retention
times [11].

FAME quantification was performed using a Kristall 2000M
chromatograph (Russia) with flame-ionization detector and quarts capil-
lary column SPB-1 (50 m x 0.32 mm, a nonpolar phase layer - 0.25 pum).
FAME analysis was performed at programmed temperature increase from
120 to 270 oC at the rate of 4 °C /min. The FAME content in samples was
calculated as the ratio of peak area of a corresponding acid to the sum of
peak areas of all found FAMEs.

Lipid peroxidation (LPO) activity was assessed by fluorescent
method [12]. A fluorescence was recorded in 10-mm quartz cuvettes with
a spectrofluorometer (FluoroMaxHoribaYvon, Germany). The excitation
wavelength was 360 nm, the emission wavelength was 420--470 nm.

RESULTS. Insufficient watering resulted in 3-fold increase in
content of LPO products in pea seedling mitochondrial membranes. The
treatment of seeds with a 2 x10™ M melaphen solution decreased the
content of LPO products to the control values. Insufficient watering pro-
moted LPO accompanied by modification of the fatty acid composition of
pea seedling mitochondrial membranes. Water deficit led to the increase
in the relative content of saturated and a decrease in the content of un-
saturated fatty acids in mitochondrial membranes of pea seedlings. The
relative content of linoleic acid was reduced by 11%, that of linolenic
acid -- by 19%. The content of stearic acid increased by 41%, which re-
sulted in the decrease in the total content of C18 unsaturated fatty acids
relative to the content of stearic acid from 16.61 + 0.30 to 10.59+ 0.20.
Similar effect of the water deficit on the fatty acid composition of the
mitochondrial membranes from maize, potato, and leaves of Arabidopsis
thaliana and apricot was observed earlier [6, 13-14]. The authors detected
a considerable decrease of the levels of linoleic and linolenic acids and an
increase of the level of stearic acid in the membranes. Substantial chang-
es occurred also in the relative content of fatty acids with 20 carbon at-
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oms. The pool of 20:2w6 reduced by 2.7 times, 20:10 9 - 1.3 times. At
the same time, the content of eicosanoic acid (20:0) increased more than
twofold. As a result, the ratio of pool unsaturated fatty acids containing
20 carbon atoms (20:107 + 20:1w 9) + (20:2w6) x 2 to eicosanic acid in
mitochondrial membrane lipids decreased from 3.65+0.03 to 1.20+ 0.16.

The observed alterations possibly influence lipid—protein relation
and thus alter the activity of the enzymes associated with the membrane.
Indeed, insufficient watering results in a decrease of the maximal rates of
NAD-dependent substrates oxidation. The rate of the pair glutamate +
malate oxidation in the presence of uncoupling agent (FCCP) drops from
70.0 £ 4.6 down to 48.9 + 3.2 ng oxygen atom/mg of protein min and the
respiratory control rate (RCR) decreases from 2.27 + 0.1t0 1.7 £ 0.2. The
treatment of seeds with a 2 x10™> M melaphen solution before germina-
tion prevents the alteration of the oxidative phosphorylation efficiency
caused by insufficient watering. Besides, the preliminary treatment with
melaphen reduces the rates of NAD-dependent substrates oxidation in the
presence of ATP or FCCP to the control values. Apparently, the de-
scribed alterations are related with the physicochemical state of mito-
chondrial membranes. Indeed the treatment with melaphen protects the
unsaturated fatty acid from LPO and prevents thereby from changes in
the fatty acid composition of seedling membranes in condition of insuffi-
cient watering. In the group of seedlings subjected to insufficient water-
ing combined with melaphen treatment fatty acid composition of mito-
chondrial membranes was not different from the fatty acid composition of
mitochondrial membranes control group. The changes in the fatty acid
composition of mitochondrial membranes were accompanied by changes
in maximum rates of NAD-dependent substrates oxidation. A decrease in
unsaturation coefficient of fatty acids in mitochondrial membranes led to
decreasing the rates of NAD-dependent substrates oxidation and efficien-
cy of oxidative phosphorylation.

On the basis of presented data, it may be supposed that a preven-
tion of unsaturated fatty acids peroxidation, in particular C18 and C20
acids in membranes of plant tissues leads to enhancement of plant re-
sistance to insufficient watering. In fact, a close correlation was observed
between the unsaturation coefficient of C18 fatty acids in mitochondrial
membranes (Y unsaturated C18 fatty acids/ C18:0) and maximum rates of
NAD-dependent substrate oxidation (the correlation coefficient r= 0.765).
An even greater correlation is observed between the unsaturation coeffi-
cient of C20 fatty acids (20:2 w6) x 2+ 20:1 ® 9+ 20:1 ® 7/20:0) and
maximum rates of NAD-dependent substrate oxidation (r= 0.964).
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Thus, under condition of insufficient watering, melaphen decreased
the intensity of lipid peroxidation in mitochondrial membranes. As a re-
sult, the pool of unsaturated fatty acids containing 18 and 20 carbon at-
oms in the lipid phase of mitochondrial membranes remained unchanged.
The prevention of changes in fatty acid composition of mitochondrial
membranes affected the bioenergetic indices: there was maintained a high
activity of the NADH-dehydrogenase complex of the respiratory chain of
mitochondria.
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MICROTUBULE DYNAMICS
IN DIFFERENT ZONES OF FIBROBLAST
E.l. Zvorykina, A.V. Tvorogova, T.A. Smirnova, I.A. Vorobjev
Faculty of biology, Moscow State University,
Leninskie Gory 1-12, Moscow, 119991, Russia

Microtubule system is a major component of cytoskeleton. Microtu-
bules have important functions in various cellular processes, such as cell
shape formation, cell polarization, and, particularly, motility. Nonetheless,
the peculiarities of microtubule dynamics and inner cell space organization
are still poorly enlightened. In various cell types microtubules are orga-
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nized in a radial array with their minus-ends anchored at the centrosome
and their plus-ends extending toward the cell periphery where they are in-
volved in a number of essential cellular events. In mesenchymal cells and
neurons microtubules are organized according to cell polarization (Yvon
and Wadsworth, 2000 ; de Anda et al., 2010. In fibroblasts and epithelial
cells microtubules are radially organized and are known to interact in cell-
cell adhesion process (S. Mary et al., 2002 ; Akhmanova et al., 2009). The
question of microtubule centers of organization is rather complicated and
still unclear. In most cell types the majority of microtubules are formed on
centrosome, contrary, previous data showed that low amount of microtu-
bules in fibroblasts are connected with centrosome and are directly nucleat-
ed in cytoplasm (Vorobjev et. al., 2000).

In order to reveal details of microtubule dynamical properties we ob-
served microtubules in fibroblasts. The present assay was performed on
3T3 Swiss cell culture. Cells were seeded on glass bottom Petri dishes and
transfected with EB1-GFP plasmid. We analyzed microtubule growing
plus ends in 10 cells expressing EB1-GFP (70-100 MT tracks in each cell).
EB1-GFP movement was analyzed by time-lapse microscopy. All the ob-
served tracks (periods of microtubule growth) were divided into three
groups according to their localization in cell’s inner space. Tracks that
started to grow radially from centrosome were confined as centrosomal
region, tracks that started to grow in cytoplasm and ended at 10 um and
more from the cell edges were defined as internal cytoplasm area. Tracks
that ended on the leading edge were distinguished to the leading edge area
(Figure 1). Tracks that started on the first stack of the video were excluded
from further analysis because the beginning of track could not be defined
properly. Further analysis of obtained data was performed with imagel
software (NIH imageJ). We determined track length, duration and instanta-
neous growth rate as dynamic parameters for microtubules.

A portion of tracks that started directly from centrosome grew in a
radial way and did not reach the edge of the cell, as well as tracks that
started in cytoplasm. Tracks on the leading edge reached the border of the
cell and, in some cases, continued growing along the cell’s edge. Average
parameterstmedian of dynamic parameters obtained on sedentary cells
are presented in table.

The quantification of track length showed relative rates for all the
observed cell’s areas - 4+3.5 um. Meanwhile there are some significant
variations in velocities and growth period durations measured in the ana-
lyzed zones. In 3T3 cells the most long-lasting tracks were observed at

345



. Growth period Growth rate, | Growth period
Position - .
length, um pum/min duration, sec
_ 12.5+£12,1 _
centrosomal area | 4.1+3.7 (n=103) (n=103) 20.6+20 (n=103)
Internal cytoplasm | 3.8+3.4 (n=102) 13}‘__‘?324)2 17.6+12 (n=102)
. _ 9.6+14 4 -
leading edge 5.2+3.9 (n=300) (n=300) 25.7+28 (n=300)

the leading edge (table). Track length was 20% lower in the centrosomal
area and 32% lower in the internal cytoplasm (table). The highest velocity
of microtubule growth was in the internal cytoplasm, growth rates of MTs
in centrosomal region are 17% lower and the slowest MT growth rate was
at the leading edge (table). The sufficient volume of measurements enabled
to obtain significant differences for microtubules in distinguished zones .
Significance was evaluated using the Mann - Whitney U-test (p<0,05 ).
Thus we expect different ways of regulation of microtubule dynamics

in established zones of fibroblast.
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Distribution of MTs growth periods at the leading edge according to
their duration. Microtubule growing plus-ends were selectively marked
in 3T3 cells. The cells were transfected with EB3-GFP. Transfected pro-
tein’s movement was visualized by time-lapse microscopy. Stacks were
acquired every 4 sec. Microtubules growing directly into the moving
lamella were measured. Number of analyzed tracks=250. The histogram
of duration distribution in lamella showed two peaks — at 30 sec level
and 60 sec level (frequency maximum in these areas). Mean growth pe-
riod duration is 46.1+36 sec.
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Most of the observed cells changed their shape in non-dramatic
way, but we’ve distinguished a group of cells (10 cells expressing EB1-
GFP, EB3-GFP or tubulin-GFP) with growing lamella (velocity of retrac-
tion over 0.5 pum/min). Using the obtained data we analyzed MT dynam-
ics in protruding lamella by time-lapse microscopy. We observed 10 cells
(30-40 tracks in each cell). The mean distance that growing part of the
cell passed was 7.35 £8.2 um. (Distance was measured during 100 stacks
in films). Approximate velocity of protrusion was 0.83£0.9 pm/min.
Mean MT growth rate was 11.0+11.3 pm/min that is consistent with the
same meaning in sedentary cells (10.8£12.3um/min respectively). The
mean growth period duration rate was 1.5 times higher than in spread-
eagled cells (8.0+6.1 pum vs 5.2+3.9 um). Mean growth period duration
was 46.1+36 sec that is 1.7 times higher than in sedentary cells, 25.7+28
sec consistently. Therefore growing microtubules in protruding la-
mella demonstrate higher processivity than in sedentary cells despite
the same velocity.

The review of instantaneous growth rate and track allocation
showed quite uniform way of distribution, meanwhile track duration dis-
tribution demonstrated two peaks — at 30 sec level and 60 sec level (fre-
guency maximum in these areas). (figure).

The work is performed with a support of RFBR (grant 13-04-
40189H) and MSU Program of development.
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