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CALIX[4]ARENE C-956 SELECTIVELY INHIBITS PLASMA
MEMBRANE Ca*,Mg*-ATPase IN MYOMETRIAL CELLS
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Using enzymatic assay and kinetic analysis, we demonstrated that 100 uM calix[4]arene C-956
(5,11,17,23-tetra(trifluoro)methyl-(phenylsulfonylimino) ~ methylamino-25,27-dioctyloxy-26,28-dipropoxyca-
lix[4]arene) had the most significant inhibitory effect on the plasma membrane Ca**,Mg**-ATPase activi-
ty compared to effects of other calix[4]arenes, and had no effect on specific activities of other membrane
ATPases. Using confocal microscopy and fluorescent probe fluo-4, we observed an increase of the intracellu-
lar level of Ca?* after application of calix[4]arene C-956 to immobilized myocytes. Analysis of the effect of ca-
lix[4]arene C-956 on the hydrodynamic diameter of myocytes demonstrated that application of calix[4]arene
C-956 solution decreased this parameter by 45.5 £ 9.4% compared to control value that was similar to the
action of uterotonic drug oxytocin.
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egulation of the intracellular calcium ions
R concentration [Ca*], plays a key role in the

mechanisms of contraction and relaxation of
muscle cells including uterus smooth muscle (SM)
cells [1-4]. The Ca? entry into the cytoplasm of
SM cells is vital for the muscle contraction and pro-
vided by a number of calcium channels which are
localized in the plasma membrane (PM) (voltage-,
ligand-, depot-gated Ca?* channels) and sarcoplas-
mic reticulum (SR) (ryanodine, IP, receptors) [5, 6].
After SM contraction, this secondary messenger is
removed from the cytosol by the systems localized
in PM (Ca?",Mg?*-ATPase, Na*/Ca?*-exchanger), SR
(Ca?*,Mg*-ATPase) and mitochondria [7-9].

Since the main source of Ca? for myomet-
rium contraction is the extracellular space, the PM
Ca?",Mg?*-ATPase is a leading “player” in the Ca?
release from the myometrial SM cells after contrac-
tion [10]. In addition, this enzyme maintains a strict
control of the [Ca*], level in the myometrial cells in
a rest state by compensating the passive Ca?* entry
via PM [11]. During one catalytic cycle, the Mg?-
dependent Ca?* pump transports one Ca ion against

the concentration gradient using the energy of the
hydrolysis of one ATP molecule [11, 12]. The cata-
lytic function of PM Ca?,Mg*-ATPase, as a fine
regulator of the cytosolic Ca?* concentration, is de-
scribed with such enzyme properties - high affinity
to Ca?*, but the reaction catalyzed by this enzyme
has much smaller turnover number compare to Na*/
Ca?" exchanger [7, 11].

Since the obvious regulatory role of this trans-
port enzyme in uterine SM cells, modulation of its
activity may be one of the approaches to normali-
ze the myometrium contractility and tone during
some pathologies, such as atony, hypo-, hyper-
tonic uterus, and weakness of labor [13, 14]. PM
Ca?*,Mg?-ATPase has variety of regulatory sites at
the cytoplasmic domain and is regulated by a wide
range of biochemical mechanisms in vivo. In particu-
lar, calmodulin, PDZ domain-containing proteins
and PM acidic phospholipids are considered as the
pump modulator [15, 16]. Several artificial enzyme
inhibitors (eosin Y, orthovanadate, calmodulin an-
tagonists), though they are low-molecular com-
pounds, have limited use due to their low selectivity
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[16, 17]. Novel peptide inhibitors - caloxins 1, 2, 3 -
despite their selective inhibitory effect on Ca?*,Mg?*-
ATPase, have also drowbacks: an increase of their
affinity to the enzyme leads to a loss of selectivity
[16, 18].

In previous studies, it was shown that
the synthetic compound calix[4]arene C-90
(5,11,17,23-tetra(trifluoro)methyl(phenylsulfonylimi-
no)-methylamino-25,26,27,28-tetrapropoxy-calix[4]-
arene) in concentration 100 uM efficiently (by 75%
relative to control) and selectively inhibited the ac-
tivity of PM Ca?",Mg?*-ATPase of the uterine myo-
cytes, without affecting the activity of other PM
ATPases [19, 20]. Sensitive to protonophore CCCP,
Ca?* accumulation in the myometrial mitochondria
was found to be resistant to the action of this calixa-
rene [21].

Calixarenes are cyclic oligomers formed from
para-substituted phenols and formaldehyde, low-
molecular, low-toxic supramolecular compounds
capable of forming host-guest complexes with metal
ions and organic compounds [22]. A lot of publica-
tions shows the potential use of these macrocyclic
compounds as enzyme effectors, receptor simula-
tors, organic polymer stabilizers, DNA microarray
platform, etc. [23-25]. Knowing the effect of some
the structural features (hydrophobic “bowl” with
substituents on upper and lower rims) on specific
biochemical properties (lipophilicity, low toxicity
and immunogenicity) [26], it is possible to synthe-
size compounds with new properties and appropriate
selectivity, changing a bowl size and substituents on
its rims.

We investigated the effect of a number of ca-
lix[4]arenes (C-715, C-716, C-772, C-956, C-957,
C-975) - the structural analogs of calix[4]arene

C-90 - on the activity of PM Ca*,Mg*-ATPase,
and found that calix[4]arene C-956 exhibits an
even greater inhibitory effect than calix[4]arene
C-90. Thus, the aim of this work was to study the
inhibitory effect of calix[4]arene C-956 on the PM
Ca?",Mg*"-ATPase activity and Ca?* level of the uter-
ine SM cells.

Materials and Methods

Structure and synthesis of calix[4]arene C-956.
Calix[4]arene C-956 (5,11,17,23-tetra(trifluoro)
methyl(phenylsulfonylimino)methylamino-25,27-
dioctyloxy-26,28-dipropoxycalix[4]arene) and ca-
lyx[4]arene “bowl” C-150 (Fig. 1) were synthesized
and characterized using NMR and infrared spectros-
copy in the Phosphoranes Chemistry Department of
the Institute of Organic Chemistry, NASU.

Biochemical study. Biochemical studies were
carried out in the Department of Muscle Biochemis-
try of Palladin Institute of Biochemistry, NASU. The
PM fraction of uterine SM cells was obtained from
the porcine myometrium as it was described earlier
[27, 28]. The protein concentration in the membrane
fraction was determined by Bradford method [29]
using Kumasi-G250 reagent.

Enzymatic studies. Total ATPase activity was
determined in the fraction of myometrium PMs
at 37 °C in a standard medium (0.4 ml) contai-
ning (mM): 3 ATP, 3 MgCl,, 0.95 CaCl,, 25 NaCl,
125 KCI, 1 EGTA, 20 HEPES-Tris buffer (pH 7.4),
1 NaN, (inhibitor of mitochondrial ATPase [30]),
1 ouabain (selective inhibitor of Na* K*-ATPase
[31, 32]), 0.1 uM thapsigargin (selective inhibitor of
the sarco/endoplasmic reticulum Ca?,Mg?-ATP-
ase [30]) and 0.1% digitonin (for PM permeabili-
zation [33]). Calculations made using MAXCHEL
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Fig. 1. Structural formulas of calix[4]arene C-956 (a) and calyx[4]arene “bowl” C-150 (b)
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program indicated that under the mentioned physi-
cochemical and concentration conditions of the in-
cubation medium, the free Ca®* concentration was
1 uM. During the study of the effect of various Ca*
concentrations on the Ca?,Mg*-ATPase activity,
the required concentrations of Ca?* were also deter-
mined using MAXCHEL calculations. The content
of membrane fraction protein in the sample was 20-
30 pg, incubation time — 5 min. The enzymatic reac-
tion was initiated by addition the aliquot (50 pl) of
the PM suspension to the medium, and terminated
by addition to the incubation mixture 1 ml of the
“stop” solution composed of: 1.5 M sodium acetate,
3.7% formaldehyde, 14% ethanol, 5% TCA, pH 4.3
(at 8 °C). The amount of the reaction product P, was
determined by method [34].

Ca?",Mg?#-ATPase activity was calculated as
the difference between the ATPase activities in the
presence and absence of exogenous Ca? in the incu-
bation medium (on the background of 1 mM EGTA -
specific Ca? chelating agent). In the porcine myome-
trium sarcolemma, the specific Ca?",Mg?"-ATPase
activity was 3.4 + 0.3 uM P/mg of protein per hour
M+tm;n=T1).

The “basal” Mg*"-ATPase activity was deter-
mined in the fraction of PM of myometrium cells
at 37 °C in a medium (volume — 0.4 ml) containing
(mM): 1 ATP, 3 MgCl,, 125 NaCl, 25 KCI, 1 EGTA,
20 Hepes-tris buffer (pH 7.4), 1 NaN,, 1 uabain,
0.1 uM thapsigargin and 0.1% digitonin. The “ba-
sal” Mg?*-ATPase activity was calculated as the dif-
ference between the amounts of P, produced in the
incubation medium in the presence and absence of
the PM fraction with correction for the content of
endogenous P, in the membrane fraction.

Na*,K*-ATPase activity was determined in the
same medium and was calculated as the difference
between the ATPase activities in the absence and
presence of 1 mM ouabain.

The average values of the specific activities
of Na',K*-ATPase, Ca?,Mg?-ATPase and the “ba-
sal” PM Mg?-ATPase were 10.2 + 0.7, 3.4 + 0.3 and
18.1 £ 1.2 uM P /mg of protein per hour (M + m;
n = 7), respectively.

It should be noted that Ca?*-ATPase, which dif-
fer by its properties from Ca?*,Mg?*-ATPase, was
also found in the PM of the uterine myocytes. Its
activity determined in the presence of mM concen-
trations of Ca?* and ATP in the incubation medium
and the absence of Mg?* [35, 36]. Ca?-ATPase has a
low affinity to activating cation (the activation con-
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stant by Ca*, K_,,, is 1 mM) [36]. Low-affine Mg*-
independent Ca?*-ATPase activity was determined
in the PM fraction of myometrium cellsat 37 °Cin a
medium (0.4 ml) containing (mM): 1 ATP, 3 CaCl,,
125 NaCl, 25 KCI, 1 EGTA, 20 HEPES-tris buffer
(pH 7.4), 1 NaN,, 1 ouabain, 0.1 uM thapsigargin
and 0.1% digitonin. Ca®*-ATPase activity was cal-
culated as the difference between the amount of P,
produced in the incubation medium in the presence
and absence of the PM fraction with correction for
the content of endogenous P, in the membrane frac-
tion. In porcine myometrium sarcolemma, the spe-
cific activity of low-affine PM Mg?*-independent
Ca*-ATPase was 12.7 = 2.0 uM P/mg of protein per
hour (M £m; n=1).

The effect of calix[4]arene C-956 at various
concentrations (1-100 uM) on Ca?,Mg**-ATPase
was investigated using the standard incubation me-
dium (as described above) to which the solution
of calix[4]arene at the relevant concentration was
added. A concentrated (20 mM) calix[4]arene C-956
solution in DMSO was diluted with water to required
concentrations.

Determination of the intracellular Ca*" con-
centration by confocal microscopy. To measure the
Ca?* concentration in SM cells, the suspension of
myocytes obtained by the modified Mollard method
[37, 38] was being loaded with a Ca?*-sensitive probe
fluo-4 AM for 20 min at room temperature, the sus-
pension then was centrifuged for 15 min at 1000 g,
the pellet was diluted with isotonic storage medium
(containing 25 mM HEPES-KOH (pH 7.4, 8 °C),
150 mM NacCl) and put on poly-L-lysine-coated
glass surface. The samples of immobilized cells
were analyzed using a laser confocal scanning mi-
croscope LSM 510 META. For the analysis, spindle-
shaped cells with clearly defined nucleus dyed with
DNA-sensitive fluorescent Hoechst probe (added
10 min prior to registration) were selected. The rela-
tive changes in Ca?" concentration in the cytoplasm
were registered by taking a series of photographic
images. During analysis, C-956 solution (test) or
C-150 solution (control) at a concentration of 20 uM
(5 pl) were applied.

Determination of the hydrodynamic diameter
of myocytes by dynamic light scattering. The hyd-
rodynamic diameter of myocytes was determined
using ZetaSizer-3 (Malvern Instruments, UK), equi-
pped with a He-Ne laser LGN-111 (P = 25 mW,
A =633 nm). The size measuring ranges from 1 nm
to 20 um. The registration and statistical processing
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of laser light scattered from the aqueous suspension
of particles (n = 1.33) were carried out 5 times for
60 sec at 22 °C at a scattering angle of 90 °.

First, 100 pl of cell suspension and 900 pl
of Hanks A solution composed of, mM: 136.9
NaCl, 5.36 KCI, 0.44 KH,PO,, 0.26 NaHCO,, 0.26
Na,HPO,, 1.26 CaCl,, 0.4 MgCl,, 5.5 glucose, 10
HEPES (pH 7.4 at 37 °C) were placed into a cuvette.
After registration of control values, 10 pl of the ca-
lix[4]arene solution in DMSO (final concentration
50 uM) was introduced into the cuvette and measu-
rements were made, as described above. The measu-
rement data were processed using PCS-Size mode
v1.61 program.

Kinetic calculations. For quantifying of the ca-
lix[4]arenes effect on enzymatic activity, the inhi-
bition coefficients I ; and Hill coefficients n,, were
calculated using linearized Hill plots of the equation
lo[(4,,,— A)A] = - n lgl .+ n lg[C-956], where 4
and 4 are specific enzymatic activities in the absence
(“zero point™) or in the presence of calix[4]arene at
the concentration [C-956] in the incubation medium.

Statistical analysis. Statistical analysis of the
obtained data was performed using Student’s t-test.
Kinetic and statistical parameters were calculated
using MS Excel software.

Reagents. The following reagents were used
in the study: ATP, Hepes, ouabain, thapsigargin,
Hoechst, Fluo-4 AM, collagenase, poly-L-lysine
(Sigma, USA), Tris-hydroxymethyl-aminomethane
(Reanal, Hungary), digitonin (Merck, Germany),
EGTA (Fluka, Switzerland), oxytocin (Gedeon Rich-
ter, Hungary). Other reagents of domestic production
were of reagent grade or laboratory grade.

Results and Discussion

The obtained results of the studying the
effect of calix[4]arenes on Mg?-dependent
ATP-hydrolase activities in the fraction of
PM of myometrium cells indicate that ca-
lix[4]arene C-956 (5,11,17,23-tetra(trifluoro)
methyl(phenylsulfonylnimino)methylamino-25,27-
dioctyloxy-26,28-dipropoxycalix[4]arene) at a
concentration of 100 uM efficiently inhibited the
Ca?,Mg*-ATPase activity of PM of myometrium
cells to a level of 20.8 + 0.4% relative to control
value taken as 100% (M + m; n = 5) (Fig. 2). In
addition, this compound at the same concentra-
tion did not affect the activities of Na*,K*-ATPase,
“basal” Mg?*-ATPase and Ca*-ATPase of PM: the
respective values were 95.2 + 0.6; 108.4 + 1.0 and

104.3 £ 0.9%, relative to the control (Fig. 2). It should
be noted that the calixarene “bowl!” (calix[4]arene
C-150) (25,27-dipropoxycalix[4]arene) had practi-
cally no effect on the PM Ca?",Mg?"-ATPase activity
(data are not presented). Thus, calix[4]arene C-956
at a concentration of 100 uM selectively (at the PM
level) inhibited the PM Ca?*,Mg?-ATPase activi-
ty without affecting the activity of Na*,K*-ATPase,
Mg?*-ATPase and Ca*"-ATPase of PM.

It was previously shown by researchers of our
department that calix[4]arene C-956 had also an in-
hibitory effect on H*-Ca?*-exchanger of the inner
mitochondrial membrane of rat uterine myocytes
(I, =351 =79 uM) and did not affect the voltage-
dependent accumulation of Ca% in mitochondria
[39].

In our further research, we studied a concen-
tration-dependence of the inhibitory effect of ca-
lix[4]arene C-956 (108-10* M) on the activity of
Ca?",Mg?*-ATPase of PM.

Calix[4]arene C-956 inhibited Ca?*,Mg?*-
ATPase activity in a dose-dependent manner
(Fig. 3). The calculated inhibition coefficient I was
15.0 £ 0.5 uM, the Hill coefficient n  was 0.55 + 0.01
(M + m; n =5). Therefore, the inhibition coeffi-
cient 1 . for calix[4]arene C-956 was found to be
less than the same parameter of calix[4]arene C-90
(I,5=20.2+ 0.5 uM) [19], and the Hill coefficient n,
(0.55 for C-90) was the same for both calixarenes.
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Fig. 2. The effect of calix[4]arene C-956 (100 uM)
on ATP-hydrolase activities of PMs of myometrium
cells. 100% is enzymatic activity in the absence of
calix[4]arene C-956 in the incubation medium
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Affecting ion transport systems of myocytes,
calix[4]arenes can influence both the contraction of
SM cells and water-salt metabolism, and can also
change the shape and volume of these cells that
can be detected by dynamic light scattering. This
method allows measuring the effective hydrody-
namic diameter of SM cells and its changes under
various conditions. The literature data indicate that
the factors which increase the contractile response of
SM also change the effective hydrodynamic diameter
of SM cells. It was reported in [40] that the addition
of Ca?" (3 mM), treatment of a suspension of cells
with A-23187 (10 uM), tetraethyl ammonium (1 mM)
or 4-aminopyridine (1 mM) led to a decrease of the
cells’ effective hydrodynamic diameter, which cor-
relates with the SM contraction.

The average magnitude of the effective hydro-
dynamic diameter of myocytes was found to be
about 9 uM (Fig. 4). The addition of uterotonic hor-
mone oxytocin (100 nM) led to a decrease of the
effective hydrodynamic diameter of SM cells by
28.7 + 4.5% (M + m,; n = 6), relative to the control
value (Fig. 4) that might indicate a trigger for mecha-
nisms of SM cell contraction. The application of ca-
lix[4]arene C-956 (50 uM) inhibitor of Mg?" ,ATP-
dependent Ca?* pump of the PM of SM cells, led
to a decrease of the hydrodynamic diameter by
45.5 + 9.4% (M £+ m, n = 6), relative to the control
value, therefore, oxytocin and calix[4]arene C-956
have a similar effect (Fig. 4). We also analyzed the
effect of DMSO to exclude a potential impact of this
solvent of the calix[4]arene C-956 solution and found
that DMSO solution (0.25%) did not affect the hydro-
dynamic diameter of cells (Fig. 4).

Thus, the effective hydrodynamic diameter of
the SM cells was decreased by calix[4]arene C-956
similary to the uterotonic oxytocin. Such alterations
in the hydrodynamic diameter can be interpreted as
a result of the events that accompany the processes
of SM cell contraction/relaxation, namely changes
in the water-osmotic balance, the rearrangement of
the cytoskeleton elements. Since the change in the
hydrodynamic diameter of SM cells in the presence
of contractile agents correlates with the SM contrac-
tion, the obtained results show the promising poten-
tial of calix[4]arene C-956 as a regulator of the con-
tractile activity of the uterine SMs.

Taking into consideration an important role of
PM Ca?* pump in controlling the Ca?" concentration
in the cytoplasm of SM, it is important to find out
whether calix[4]arene C-956 affects the intracel-
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Fig. 3. The effect of calix[4]arene C-956 on the ac-
tivity of Ca**,Mg**-ATPase of myometrium cell PMs
(M +m, n=235). 100% is the relative enzymatic ac-
tivity in the absence of calix[4]arene C-956 in the
incubation medium

lular Ca?* concentration in SM cells. Therefore, in
our further experiments, we detected changes of the
Ca?* concentrations in myoplasm in the presence of
calix[4]arene C-956 by confocal microscopy using
Ca?*-sensitive fluo-4 probe. It was observed that, af-
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Fig. 4. Effect of calix[4]aren and oxyticin on hy-
drodynamic diameter of SM cells (M = m, n = 6).
100% is the control value of the hydrodynamic dia-
meter of the SM cells in the absence of any effectors
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Fig. 5. A. Time course of fluorescence intensity of Ca**-sensitive probe fluo-4 AM (1) and DNA-sensitive probe
Hoechst (2) in SM cell after addition of calix[4]arene C-956. B. Image of the uterine SM cells obtained with
a scanning laser confocal microscope. The arrows show the time points of adding of the calix[4]arene C-956
solution. The results of the typical experiment are presented

ter addition of calix[4]arene C-956 (20 uM), there
was a sharp increase in the fluorescence response of
Ca*-sensitive fluo-4 AM probe in the cell (Fig. 5).
Then the Ca?* concentration decreased within the
next 2.5 min that indicates the engagement of other
homeostatic mechanisms of Ca?" concentration
regulation (mitochondrial Ca?"-uniporter, PM Na*/
Ca*-exchanger). Re-adding of calix[4]arene C-956
led to a less increase of the cell Ca?* concentration,
compared to first addition, probably because the
Ca?" gradient was not completely restored. Thus,
calix[4]arene C-956, inhibitor of PM Ca?,Mg?-
ATPase, increases the cytosolic Ca?* concentration
in SM cells.

In the control experiments, where calix[4]arene
“pbowl” C-150 (20 uM) was used, which according
to our results had no significant effect on the PM
Ca%,Mg?-ATPase activity (see above), any increase
in fluorescence intensity of fluo-4 was not observed
(results are not presented). Hoechst fluorescence in-
tensity also remained unchanged.

These results indicate that after application of
calix[4]arene C-956 (20 uM) the cell Ca?" concen-
tration increased sharply that was probably related
to a decrease in the basal activity of PM Ca?,Mg?*-
ATPase inhibited by this calixarene. Moreover, the
Ca* concentration decreased to the initial level

within next 100 sec, therefore, the compensatory
Ca*-transport systems, which have a low affinity
for Ca?* and mainly respond to its high concentra-
tions in cells (mitochondrial Ca?*-uniporter, PM Na*/
Ca?"-exchanger), are employed for relaxation of the
calcium signal.

Thus, the obtained data can provide the basis
for using of calix[4]arene C-956 as a selective and
effective inhibitor of PM Ca?*,Mg?*-AT Pase that can
be important for further ivestigation of the mem-
brane mechanisms of Ca?* exchange in the SM, in
particular, PM participation in electromechanical
coupling in SMs. The obtained results may also be
used in further studies aimed to determine a cor-
relation between the calix[4]arenes’ structure and
their effect on various cation transport enzymatic
systems, that can be helpful in enhancing selectivi-
ty and efficiency of the calixarene-based inhibitors.
In addition, our data can provide a basis for the de-
velopment of potential pharmacological agents for
modulating uterine contractile function during pa-
thologies of the SM contractile activity.

The work was supported by grants: state
registration No. 0115U003638, 0115U003639,
0117U006348.
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I3 BUKOpPHCTAaHHAM METOIIB EH3UMAaTHUYHOI'O
Ta KIHETMYHOI'O aHalli3y MPOAEMOHCTPOBAHO, IO
kamikc[4]apen C-956 (5,11,17,23-terpa(rpudTop)
MeTul-(peHin-cynbpdoHiTiMiHO)MEe THIIaMiHO-25,27-
TIOKTUIIOKCH-26,28-aumponokcukatikc[4]apen)
y xonmeHtpanii 100 MkM dYuWHHB HaHOIIBITY
iHribiTopHy miro Ha Ca?",Mg?*-ATPa3Hy aKTHBHICTb
MJ1a3MaTHYHOI MEeMOpaHW TIOPIBHSHO 3 I1HIIMMH
aHaJoramMH IhOTO Kallikc[4]apeHy 1 He BIUIMBaB Ha
MMATOMY aKTUBHICTH iHIMMX MemOpaHHuUX ATPas.
3a J0mOMOTror0 KOH(POKATHHOT MiKPOCKOTIii 3 BUKO-
PUCTAaHHSAM KaJbLiHYyTJIMBOTrO ()IIyOpecLEHTHOrO
3oH71a fluo-4 mokazano, 110 BHECEHHs Kaiikc[4]ape-
Hy C-956 mo iMMOOLTI30BaHMX MIONMTIB MaTKU
3YMOBJTIOE 3pOCTAHHS PiBHS BHYTPIITHBOKIITHHHOT
koHneHTpamnii Ca?*. AHasi3 BIUTHBY KaJikc[4]apeHy
C-956 Ha eekTUBHUU TiIPOJUHAMIYHHUHN IiaMeTp
MIOITUTIB MIOMETpis MPOAEMOHCTPYBAB, MO J0/Aa-
BaHHS PO3YMHY II€T CIIOIYKH JI0 CYCIIeH311 MiOIIUTIB
3MEHIIYe BKa3zaHMU mnokazHuk Ha 45,5 + 94%
OIIOHO 10 Jii yTepOTOHIKA OKCUTOIIHHY.

Knrouosi cmnosa: Ca? ,Mg*-ATPa3za,
rj1a3MaTuyHa MeMOpaHa, TJIaJICHBKOM SI30B1
KJIITUHU, MIOMETpiH, eH3uMaTuaHuit rigpomni3z ATP,
Kaiikc[4]apeHu.
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C  ucrnoiap3oBaHHMEM  METOJAOB  DH3MMa-
THYECKOTO W KWHETHYECKOTO aHajm3a TIpo-
JEMOHCTPUPOBAaHO, uTO Kajukc[4]apen C-956
(5,11,17,23-rerpa(rpudTop)mMeTrii-(heHUI-cyIb(o-
HIUTUMHAHO)METHIIAMHHO-25,27-THOKTHUIIOKCH-
26,28-qunporokcuKkaankc[4]apeH) B KOHIEHTpaInu
100 MKkM oka3zbIBan HanOoJbIIee HHTHOMPYIOIIEe
neiicteue Ha Ca?,MQg*-ATPa3Hyi0 aKTHBHOCTH
IJIa3MaTHYECKOW MEeMOpPaHBbI 1I0 CPaBHEHUIO C JIPY-
THUMM aHaJOraMy YyKa3aHHOro Kajukc[4]apeHa U
MMPAKTHYECKH HE BIWSAJ HAa YJCIBHYIO aKTHBHOCTH
npyrux memOpanHbix ATPa3. Kpome Toro, mpu
ITOMOIIH KOH(OKATHHONH MHKPOCKOIHU C HCIIONb-
30BaHHEM KallbIIMAYyBCTBUTEIBHOTO (hIyopec-
nentHoro 3onga fluo-4 mokaszaHo, YTO BHECEHHE
kanukc[4]apena C-956 B mMMOOMIM30BaHHBIE MH-
OIIMUTHl MAaTKW BBI3BIBACT IOBBINICHWE BHYTPHKJIE-
ToYHOW KOoHIeHTpaiuu Ca®. AHanu3 BIHSHUS
kannkc[4]apena C-956 Ha 3¢ppexTuBHBIN TUAPOIH-
HaMHYECKHHA IUaMeTpP MPOAEMOHCTPHUPOBAN, HYTO
no0aBIeHUE PacTBOpa JaHHOTO COCMHEHUS B CY-
CIICH3UI0 MUOIIMUTOB YMEHBIIAET JTOT MOKa3aTelh
Ha 45,5 £ 9,4% mnono0HO NEHCTBUIO yTEPOTOHHKA
OKCHTOILIMHA.

KnwueBbie cunosa: Ca* Mg?-ATPa3a,
maa3MaTudeckass MeMOpaHa, TIJIaJIKOMBIIICTHBIC
KJIETKH, MHOMETPUM, HH3UMATUUYECKUH TUApPO-
nu3 ATP, xunerwdeckue cpoiictBa ATPasbl, ka-
nukc[4]apeHsl.



T. O. Veklich, O. A. Skrabak, Yu. V. Nikonishyna et al.

1

2.

References

Webb RC. Smooth muscle contraction and
relaxation. Adv Physiol Educ. 2003; 27(1-4): 201-
206.

Wray S. Insights into the uterus. Exp Physiol.
2007; 92(4): 621-631.

3. Wray S, Kupittayanant S, Shmygol A, Smith RD,

10.

Burdyga T. The physiological basis of uterine
contractility: a short review. Exp Physiol. 2001;
86(2): 239-246.

Kosterin SO, Babich LG, Shlykov SG,
Danylovych IuV, Veklich TO, Mazur YuYu.
Biochemical properties and regulation of
smooth muscle cell Ca®*-transporting systems.
K.: Science opinion, 2016. 210 p.

. Laporte R, Hui A, Laher I. Pharmacological

modulation of sarcoplasmic reticulum function
in smooth muscle. Pharmacol Rev. 2004; 56(4):
439-513.

. Moccia F, Berra-Romani R, Tanzi F. Update on

vascular endothelial Ca(2+) signalling: A tale of
ion channels, pumps and transporters. World J
Biol Chem. 2012; 3(7): 127-158.

. Noble D, Herchuelz A. Role of Na/Ca exchange

and the plasma membrane Ca*-ATPase in
cell function. Conference on Na/Ca exchange.
EMBO Rep. 2007; 8(3): 228-232.

. Inesi G, Toyoshima C. Catalytic and transport

Mechanism of the Sarco-(Endo)Plasmic
Reticulum Ca?*-ATPase (SERCA). Eds. Futai M,
Wada Y, Kaplan JH. Handbook of ATPases:
Biochemistry, Cell Biology, Pathophysiology.
Wiley-VCH, 2004: 63-87.

. Karaki H, Ozaki H, Hori M, Mitsui-Saito M,

Amano K, Harada K, Miyamoto S, Nakazawa H,
Won KJ, Sato K. Calcium movements,
distribution, and functions in smooth muscle.
Pharmacol Rev. 1997; 49(2): 157-230.

Shmigol A, Eisner DA, Wray S. Carboxyeosin
decreases the rate of decay of the [Ca*]. transient
in uterine smooth muscle cells isolated from
pregnant rats. Pflugers Arch. 1998; 437(1): 158-
160.

11. Veklich TO, Mazur lulu, Kosterin SO. Mg?*,ATP-

12.

depenent plasma membrane calcium pump of
smooth muscle cells. II. Regulation of acrivity.
Ukr Biochem J. 2015; 87(2): 5-25. (In Ukrainian).
Brini M. Plasma-Membrane Calcium Pump:
Structure and Function. Elsevier Inc. 2013; 3:
525-529.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Uterine contractility. Ed. by R.E. Garfield.
Serano Simposia, VSA, Norwill, Massachuses,
1990. 388 p.

Hertelendy F, Zakar T. Regulation of myometrial
smooth muscle functions. Curr Pharm Des.
2004; 10(20): 2499-2517.

Di LevaF, Domi T, Fedrizzi L, Lim D, Carafoli E.
The plasma membrane Ca* ATPase of animal
cells: structure, function and regulation. Arch
Biochem Biophys. 2008; 476(1): 65-74.

Pestov NB, Dmitriev RI, Shakhparonov MI.
Regulation of Ca*-ATPase of plasma
membranes. Adv Biol Chem. 2003; 45: 235-268.
Monteith GR, Wanigasekara Y, Roufogalis BD.
The plasma membrane calcium pump, its role and
regulation: new complexities and possibilities.
J Pharmacol Toxicol Methods. 1998; 40(4): 183-
190.

Pande J, Mallhi KK, Grover AK. A novel plasma
membrane Ca(2+)-pump inhibitor: caloxin 1Al
Eur J Pharmacol. 2005; 508(1-3): 1-6.

Veklich TA, Shkrabak AA, Slinchenko NN,
Mazur 11, Rodik RV, Boyko VI, Kalchenko VI,
Kosterin SA. Calix[4]arene C-90 selectively
inhibits Ca*,Mg?*-ATPase of myometrium cell
plasma membrane. Biochemistry (Mosc). 2014;
79(5): 417-424.

Mazur lul, Veklich TO, Shkrabak OA,
Mohart NA, Demchenko AM, Gerashchenko 1V,
Rodik RV, Kalchenko VI, Kosterin SO. Selective
inhibition of smooth muscle plasma membrane
transport Ca®",Mg*-ATPase by calix[4]arene
C-90 and its activation by IFT-35 compound.
Gen Physiol Biophys. 2018; 37(02): 223-231.
Rodik R, Boiko V, Danylyuk O, Suwinska K,
Tsymbal I, Slinchenko N, Babich L, Shlykov S,
Kosterin S, Lipkowski J, Kalchenko W.
Calix[4]arenesulfonylamidines. Synthesis, stru-
cture and influence on Mg? ATP-dependent
calcium pumps. Tetrahedron Lett. 2005; 46(43):
7459-7462.

Atamas LI, Boyko VI, Drapaylo AB,
Yesypenko AA, Kalchenko OI, Klyachina MA,
Matveev Yul, Miroshnichenko SI, Rodik RV,
Chrenok SA, Kalchenko VI. Supramolecular
chemistry of calixarenes. J Org Pharmac Chem.
2009; 7(2(26)): 28-36. (In Ukrainian).

Agrawal YK, Bhatt H. Calixarenes and their
biomimetic applications. Bioinorg Chem Appl.
2004: 237-274.

41



ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 5

24,

25.

26.

217.

28.

29.

30.

3L

32.

42

Rodik RV, Boyko VI, Kalchenko V1. Calixarenes
in Biotechnology and Bio-Medical Researches.
Front Med Chem. 2016; 8: 206-301.

Nimse SB, Kim T. Biological applications of
functionalized calixarenes. Chem Soc Rev. 2013;
42(1): 366-386.

Coleman AW, Jebors S, Cecillon S, Perret P,
Garin D, Marti-Battle D, Moulin M. Toxicity
and biodistribution of para-sulfonato-calix[4]-
arene in mice. New J Chem. 2008; 32(5): 780-
782.

Veklich TO, Kosterin SO. Comparative study
of properties of Na', K-ATPase and Mg?*-
ATPase of the myometrium plasma membrane.
Ukr Biokhim Zhurn. 2005; 77(2): 66-75. (In
Ukrainian).

Kondratyuk TP, Bychenok SF, Prishchepa LA,
Babich LG, Kursky MD, Osipinko AA. Isolation
and characteristics of the fraction of plasma
membranes in pig myometrium. Ukr Biokhim
Zhurn. 1986; 58(4): 50-56. (In Russian).
Bradford MM. A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye
binding. Anal Biochem. 1976; 72: 248-254.
Flynn ER, Bradley KN, Muir TC, McCarron JG.
Functionally separate intracellular Ca*" stores
in smooth muscle. J Biol Chem. 2001; 276(39):
36411-36418.

Valente RC, Capella LS, Monteiro RQ,
Rumjanek VM, Lopes AG, Capella MA.
Mechanisms of ouabain toxicity. FASEB J. 2003,
17(12): 1700-1702.

Wang H, Haas M, Liang M, Cai T, Tian J, Li S,
Xie Z. Ouabain assembles signaling cascades
through the caveolar Na*/K'-ATPase. J Biol
Chem. 2004; 279(17): 17250-17259.

33. Veklich TO, Kosterin SO, Shynlova OP. Cationic

34.

35.

36.

specificity of a Ca?-accumulating system in
smooth muscle cell mitochondria. Ukr Biokhim
Zhurn. 2002; 74(1):42-8. (In Ukrainian).
Rathbun WB, Betlach MV. Estimation of
enzymically produced orthophosphate in the
presence of cysteine and adenosine triphosphate.
Anal Biochem. 1969; 28(1): 436-446.
Mikhailova MV, Gontareva NB, Nesterov VP.
The significance of adaptive modifications in the
evolution. J Evol Biochem Physiol. 1992; 28(4):
447-453.

Magocsi M, Penniston JT. Ca?* or Mg nucleotide
phosphohydrolases in myometrium: two ecto-
enzymes. Biochim Biophys Acta. 1991; 1070(1):
163-172.

37. Mollard P, Mironneau J, Amedee T, Mironneau C.

38.

Electrophysiological characterization of single
pregnant rat myometrial cells in short-term
primary culture. Am J Physiol. 1986; 250(1 Pt 1):
C47-Ch4.

Amédée T, Mironneau C, Mironneau J. Isolation
and contractile responses of single pregnant rat
myometrial cells in short-term primary culture
and the effects of pharmacological and electrical
stimuli. Br J Pharmacol. 1986; 88(4): 873-880.

39. Danylovych GV, Kolomiets OV, Danylovych YuV,

40.

Rodik RV, Kalchenko VI, Kosterin SO. Calix[4]-
arene C-956 is effective inhibitor of H*-Ca?*-
exchanger in smooth muscle mitochondria. Ukr
Biochem J. 2018; 90(2): 25-33.

Danylovych IuV, Chunikhin Olu, Danylo-
vych HV. Investigation of the changes in uterine
myocytes size depending on contractile activity
modulators by photon correlation spectroscopy.
Fiziol Zh. 2013; 59(1): 32-39. (In Ukrainian).

Received 22.05.2018



