ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 1

EXPERIMENTAL WORKS

UDC 577.332.4 doi: https://doi.org/10.15407/ubj90.01.025

CALIX[4]JARENE C-956 IS EFFECTIVE INHIBITOR
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1t was shown that calix[4]arene C-956 exhibited a pronounced concentration-dependent (10-100 uM)
inhibitory effect on the H*-Ca*"-exchanger of the inner mitochondrial membrane of rat uterine myocytes
(K. 35.1 7.9 uM). The inhibitory effect of calix[4]arene C-956 was accompanied by a decrease in the initial
rate (V,) and an increase in the magnitude of the characteristic time (t,,) of the ApH-induced Ca** release.
At the same time, it did not affect the potential-dependent accumulation of Ca?* in mitochondria. Thus, the
action of calix[4]arene C-956 might be directed on increasing the concentration of Ca ions in the mitochon-
drial matrix. The calculation of basic kinetic parameters of the Ca** transport from isolated organelles (in the
case of its non-zero stationary level), based on changes in fluorescence of Ca**-sensitive dye Fluo-4 AM in
mitochondria was performed. The proposed approach can be used for the kinetic analysis of the exponential

decrease of the fluorescence response of any probes under the same experimental conditions.
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itochondria play a central role in many
M fundamental biological processes, such

as energy supply of cellular functions,
oxidative metabolism, steroidogenesis, programmed
cell death, etc. [1-4]. Changes in the Ca?* concentra-
tion in mitochondria are major factors in the regu-
lation of biochemical processes in the matrix and
the functioning of the electron transport chain. An
increase in Ca?* concentration within mitochondrial
matrix activates the ATP synthesis and enzymes of
the tricarboxylic acid cycle while overloading the or-
ganelles with a cation induces cell death. It has been
established that mitochondria play an essential role
in the intracellular Ca?* signaling in smooth muscle
cells owing to their ability to accumulate and release
significant amounts of Ca ions [1, 5-7]. The vital
task of modern membranology is the search for exo-
genous non-toxic compounds that could efficiently
and selectively regulate Ca?* transport in the inner

mitochondrial membrane and, thus, modulate Ca®*
homeostasis.

In recent years, much attention has been paid
to the supramolecular macrocyclic polyphenol com-
pounds calix[4]arenes, particularly their ability to
effectively alter the metabolic, energy and transport
processes in subcellular organelles [8]. Modern re-
search is also focused on studying of calix[4]arenes
derivatives that specifically affect the cation-trans-
port systems in subcellular structures of smooth
muscle. In particular, it has been established that the
calix[4]arenes C-97, C-99 and C-107 alter the polari-
zation of the inner membrane, the redox state of pu-
rine and flavin nucleotides of the electron transport
chain, as well as mitochondrial Ca?*-homeostasis
[9, 10].

The mitochondria of uterine smooth muscle
cells are high capacious Ca?*-storage units, and able,
along with the Ca?"-pumps of the plasma membrane
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and sarcoplasmic reticulum, to terminate the Ca®*
signal and maintain a low physiological cation con-
centration in the cytosol [11]. The regulation of the
mitochondrial Ca?* concentration is based on the co-
ordinated functioning of systems that support poten-
tial-dependent calcium accumulation and cation re-
lease from the matrix into the cytosol. Two systems
that regulate the Ca?* concentration in the matrix
have been identified in the myometrial mitochondria:
a Ca%-uniporter and an H*-Ca?*-exchanger [11].
The main mechanism for the Ca?" uptake into the
mitochondrial matrix is the functioning of the Ca?*-
uniporter, whose activity is optimal at micromolar
Ca?* concentrations out of mitochondria and which
support a potential-dependent (electrophoretic),
highly capacious, ruthenium red-sensitive cation ac-
cumulation pathway [12]. In smooth muscles, unlike
other electroexcitable tissues, Na*-dependent Ca?*
transport from mitochondria is less significant com-
pared to the H*-Ca?*-exchanger [11], since the myo-
cytes excitation and, hence, the development of the
action potential occurs due to not only sodium but
also calcium inward currents [13, 14]. It was found
that in the sarcolemma of the uterine myocytes Ca?*-
independent Mg?*-ATPase, whose function may be a
production of H* in the myoplasm, exhibited a high
activity [15]. These data indicate the primary role
of the H*-Ca?*-exchanger in the mitochondria of the
uterus smooth muscle cells. A similar transport sys-
tem operates in liver and kidney cells [16]. The H*-
Ca?"-exchanger ensure a ApH-dependent decrease in
Ca?* concentration in the mitochondria. The molecu-
lar basis of this process is the protein Mdm38/Letm1
(leucine-zipper-EF hand-containing transmembrane
region) of the mitochondrial inner membrane [17].
Overloading with Ca?" and de-energization of mito-
chondria are accompanied by the opening of a non-
specific permeability transition pore through which
cation may also be transported [12, 17, 18].

Due to the importance of biochemical proces-
ses within mitochondria for the functioning of the
whole cell, as well as the direct relationship between
mitochondrial dysfunction and the development of
smooth muscle pathologies, the search for non-toxic
and selective modifiers of the mitochondrial Ca-
transport systems is a focus of research interest. The
ability of some supramolecular macrocyclic calix[4]-
arenes, in particular, C-90 and C-956, to inhibit the
activity of the plasma membrane and sarcoplasmic
reticulum Ca?-pumps in smooth muscle draws inter-
est to these compounds as possible regulators of Ca**
homeostasis in myocytes.

26

Given the above-mentioned, the aim of this
work was to study the effect of calix[4]arenes C-90
and C-956 on Ca?*-transport systems in isolated mi-
tochondria of rat uterine smooth muscle.

Materials and Methods

Synthesis of calix[4]arenes. Compounds
C-90 (5,11,17,23-tetra(trifluoroymethyl(phenyl-
sulfonylimino)-methylamino-25,26,27,28-
tetrapropoxy-calix[4]arene) and C-956 (5.11,
17.23-tetra(trifluoroymethyl (phenylsulfonylimino)-
methylamino-25,27-dioctyloxy-26,28-dipropoxy
calix[4]arene) were synthesized and characterized
using NMR and IR spectroscopy in the Phospho-
ranes Chemistry Department of the Institute of Or-
ganic Chemistry NASU.

Isolation of myometrium mitochondria. The
rats were anesthetized by inhalation of diethyl ether
and then decapitated. All animal experiments were
performed in accordance with the rules and regula-
tions of The European Convention for the Protection
of Vertebrate Animals used for Experimental and
Other Scientific Purposes (Strasbourg, 1986).

Mitochondria were isolated from rat myomet-
rium using differential centrifugation [19]. According
to electron microscopy, the isolated mitochondria
had round shape of 500 nm in size with cristae,
i.e., they had morphological features of intact orga-
nelles. Their hydrodynamic diameter measured by
photon correlation spectroscopy was 549 + 20 nm.
This value increased significantly to 804 + 35 nm at
mitochondrial inner membrane rupture by antibiotic
alamethicin indicating that mitochondria remained
intact during isolation. Isolated mitochondria were
functionally active and supported energy-dependent
Ca?* accumulation in the presence of succinate and
Mg-ATPZ [19].

The protein concentration in the mitochondrial
fraction was determined by the Bradford assay [20].
Its average value was 2 mg/ml, and in the sample —
25 pg/ml.

Procedure for loading fluorescent probe
Fluo-4 AM into mitochondria. The loading fluores-
cent probe Fluo-4 AM at a final concentration of
2 uM into mitochondria was carried out in a medium
containing 10 mM Hepes (pH 7.4; 37 °C), 250 mM
sucrose, 0.1% bovine serum albumin for 30 min at
37 °C. To facilitate the loading, the dye was mixed
with Pluronic F-127 (0.02%) [19].

Studying ionized Ca?* content in mitochondria
by spectrofluorimetry. The assessment of the relative
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values of the Ca?* level in the myometrium mitochon-
drial matrix loaded with Fluo-4 AM (A_, = 490 nm,
L, = 520 nm) was performed using Quanta Master
40 PRTI (Canada) and FelixGX 4.1.0.3096 software.

The potential-dependent Ca? accumulation
in mitochondria was carried out in a medium com-
posed of: 20 mM Hepes (pH 7.4, 37 °C), 250 mM
sucrose, 2 mM potassium phosphate buffer (pH 7.4,
37 °C), 3 mM MgCl,, 3 mM ATP, 5 mM sodium
succinate; the Ca?* concentration was 80 uM.

The ApH-induced release of Ca?" after 5" min
of their potential-dependent accumulation was
triggered by diluting an aliquot of the suspension
(100 pl) in a Ca?* release medium (2 ml) composed
of: 20 mM Hepes (pH 6.5, 37 °C), 250 mM sucrose,
2 mM potassium phosphate buffer (pH 6.5, 37 °C),
5 mM sodium succinate, 5 uM cyclosporin A.

The Fluo-4 fluorescent signal was presented in
relative units as (F-F)/F,, where F is the fluores-
cence intensity at the start of the experiment. F is
the fluorescence intensity recorded as the experiment
runs.

The apparent inhibition constant K. and Hill
coefficient were calculated by the Hill method in
coordinates {(1-FIF,) .o Q- FIF,) i) [(L-FIF) i
lg [calix[4]arene]}. K — control in the absence of
calix[4]arene, F, — initial fluorescence, F’ — fluores-
cence at appropriate intervals.

The studied calix[4]arenes (10 ul aliquots in
DMSO) were introduced directly into the Ca®" ac-
cumulation/release medium.

Statistical data analysis was performed with
common statistical methods [21] and Student’s t-test
using the IBM standard software.

C-90

The following reagents were used in the experi-
ments: Hepes, DMSO, cyclosporin A, sodium suc-
cinate, sucrose, ATP, bovine serum albumin (Sig-
ma, USA); Fluo-4 AM, Pluronic F-127 (Invitrogen,
USA); mineral salts of domestic production. The
solutions were prepared with double distilled water
(conductivity under 1.5 puS/cm. The water conduc-
tivity was measured by a conductivity meter type
OK-102/1 (Hungary).

Results and Discussion

Calix[4]arenes C-90 and C-956 are structural
analogs (Fig. 1) that differ in existence of two elon-
gated aliphatic chains in the C-956 structure that fa-
cilitates interaction of C-956 with hydrophobic parts
of subcellular membranes and penetration into a li-
pid bilayer.

It was found that calix[4]arene C-956 at a con-
centration of 100 uM almost completely blocked the
ApH-induced Ca?* release from isolated rat myome-
trium mitochondria and did not affect the potential-
dependent accumulation of this cation. Its structural
precursor, C-90, at the same concentration exhibi-
ted slight inhibitory effect (P < 0.1) on both Ca?
exchange systems in the inner mitochondrial mem-
brane (Fig. 2).

It was shown that the studied calix[4]arenes
markedly affect the Ca?* transport and, respectively,
Ca?"-homeostasis in the smooth muscle subcellular
organelles [22]. Thus, C-90 inhibited Ca%, Mg?*-
ATPase of the plasma membrane (I, = 20 uM)
and sarcoplasmic reticulum (I . = 57 uM), but did
not inhibit other plasma membrane-localized ATP-
hydrolases. Treatment uterine myocytes with C-90

C-956

Fig. 1. Structural formulas of the studied calix[4]arenes

27



ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 1

0.30

0.25
0.20
0.15

0 I ' I

0.10
0.05
Control C-956

0
-0.01
-0.02
-0.03
-0.04 -
-0.05 -
-0.06

-0.07

Fluorescence Fluo-4, relative units

Control C-956

Fluorescence Fluo-4, relative units

-0.08

Fig. 2. Energy-dependent accumulation of Ca**

Fluorescence Fluo-4, relative units

Fluorescence Fluo-4, relative units

© o o
N
a1

o
[
o

o
[
o

o
o
G

.
o o
[ o
o ol

w
o

N
o

- Control

—— 100 uM C-956

o
O

300 500 600

Time, s

200 400

Time, s

0.01

0
-0.01
-0.02 -

-0.03 |
-0.04

-0.05 -
-0.06
-0.07
-0.08 -
-0.09 -

400 500

600

—a— Control
-@- C-90
= C-956

in isolated rat myometrium mitochondria (A, B) and ApH-

induced Ca** release from them (C, D) in the presence of calix[4]arenes C-90 and C-956 (100 uM) in the incu-
bation medium. A, C — statistical processing of the results, * P < 0.1, ** P < 0.05, relative to control (M £ m,

n =4-6); B, D —the data of a typical experiment

(20 uM) led to an increase in Ca?* concentration in
myoplasm (according to the changes in the fluores-
cence intensity of the Ca?*-sensitive Fluo-4 AM dye
and confocal microscopy), however, the Ca?* concen-
tration decreased over time to basal level indicating
a trigger for cellular mechanisms for reducing the
level of ionized Ca?" in myoplasm. This phenomenon
might be account for the function of mitochondria
as a potent Ca?* store and/or Na*-Ca?*-exchanger of
the plasma membrane [23]. These authors showed
that calix[4]arene C-956 inhibited the plasma mem-
brane Ca?, Mg#-ATPase even more effectively, and
caused a transient increase in Ca?* concentration in
myoplasm. In view of the results presented in this
study, the inhibition of H*-Ca?"-exchanger by C-956
compound may lead to a shift in the equilibrium in
the inner mitochondrial membrane Ca?* transport to-
ward the calcium accumulation and a corresponding
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decrease in the Ca?* concentration in the myoplasm
after the transient increase.

Thus, the results obtained indicate that ca-
lix[4]arene C-956 affects the H*-Ca?*-exchanger of
myometrium mitochondria, but not the system of
potential-dependent Ca?* accumulation in these sub-
cellular structures.

The unique property of the calix[4]arenes
is their specific structure-dependent effect on the
cation-transport systems of subcellular organelles.
In particular, we showed that the high-affinity in-
hibitors of Na*, K*-ATPase namely, C-97, C-99 and
C-107 depolarized the plasma membrane of rat uteri-
ne myocytes and transiently hyperpolarized the in-
ternal mitochondrial membrane [9]. The latter effect
testifies to the penetration of calix[4]arenes into the
cell and their direct interaction with mitochondria.
The indicated calix[4]arenes were shown to effec-
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tively block the potential-dependent Ca?* accumula-
tion and reduce the cation concentration in the myo-
metrium mitochondria, probably, stimulating the
H*-Ca?*-exchanger [10]. In this respect, the effects
of mentioned calix[4]arenes, as well as C-956, on the
Ca?* transport in mitochondria differ significantly,
that may be due to different chemical nature, size,
hydrophobicity, charge and relative position of the
substituents on the calix[4]arene cup.

We studied the concentration and time de-
pendences of the calix[4]arene C-956 inhibitory ef-
fect on the ApH-induced Ca?* release from isolated
mitochondria in concentration range of 10-100 uM
(Fig. 3, in 3 A — data are given only for three con-
centrations)

The calculated apparent inhibition constant XK.
for calix[4]arene C-956 effect on the mitochondrial
H*-Ca?*-exchanger was 35.1 + 7.9 uM, and the Hill
coefficient (n,) was close to 1 (Fig. 3, B).

The time dependence of the cation release for
both the control and in the presence of calix[4]arene
is an exponential curve, and the level of the cation
in the matrix, according to the changes in Fluo-4
fluorescence, reaches a constant level and, hence,
does not reach zero values (Fig. 4). In the case, when
the cation release from the matrix becomes constant
over time and does not tend to zero, the calculation
of the kinetic parameters of the transport process is
not trivial. Therefore, we proposed a methodology
for calculating the initial rate (V) and the charac-
teristic time (t,,) of ApH-induced Ca* release from
isolated mitochondria. It is based on the assumption
that a decrease in the fluorescence of the Ca?*-sen-
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sitive Fluo-4 probe loaded into mitochondria ade-
quately reflects a decrease in the Ca?* concentration
in the matrix.

Assuming that 7 is the initial fluorescence, F is
the fluorescence at the appropriate time interval, and
F' is the constant level of fluorescence reached over
time as a result of the release of a certain amount of
Ca?" from the matrix, we obtain the equation:

F F' F'
—:—+( ——)e"“, (1)
Fy Fy Fy
where t — time, k — rate constant.
Particular cases:

[4
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According to the equation (5), we obtain a typi-
cal linear dependence in the coordinates {In ((#,-
F)I(F-F")); t} (Fig. 5).

From the resulting equation, we calculated the
characteristic time (t,,,) and the initial rate V, of the

ApH-induced Ca?" release (equations (6) and (7)):
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Fig. 3. Concentration and time dependences of calix[4]arene C-956 effect on ApH-induced Ca?* release from
rat myometrium isolated mitochondria. A — the time dependences of Ca** release at different concentrations
of calix[4]arene C-956, the data of a typical experiment (n = 5). B — concentration dependence of the inhibi-
tory effect of calix[4]arene C-956, (M + m, n = 5). C — control in the absence of calix[4]arene
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Fig. 4. The ApH-induced Ca?* release from rat myometrium isolated mitochondria. 4 — initial experimental
data, spectrofluorometry method, Ca**-sensitive fluorescence probe Fluo-4; B — experimental data (selected
points for a certain period of time) are rebuilt in relative units of fluorescence F/F, de F, — initial fluores-
cence, F — fluorescence at appropriate intervals, F' — stationary fluorescence level

the mechanisms for the C-956 inhibitory effect can

T1, = % (6)  support or disprove our assumption.
Thus, the results obtained indicate the
P Fo—F' @) following: calix[4]arene C-956 (derivative of ca-
0~ ( Fo ) lix[4]arene C-90) in the range of micromolar con-

We performed calculations with the use of
equations (6) and (7), and obtained the correspond-
ing dependences (Fig. 6).

The calix[4]arene C-956 was found to reduce
the initial rate V, (i.e., the number of the H*-Ca**-ex-
changer cycles) and increase the characteristic time
1, of ApH-induced Ca*" release in a concentration-
dependent manner (10-100 uM) (Fig. 6).

Our previous results [19] demonstrated that
the H*-Ca?*-exchanger of the inner mitochondrial
membrane of myometrium cells is an electrogenic
system involved in calcium ions transport in the
stoichiometric ratio 1H* : 1Ca?*. Plasma membrane
Ca%, Mg#*-ATPase — another subcellular transport
system of uterine smooth muscles — also functions in
the electrogenic mode and can transport one Ca ion
from the cell in exchange for H* [24]. In each case,
H* can be the counter-ion upon Ca?* transport across
the membrane. Taking into account that both sys-
tems are highly sensitive to the inhibitory effect of
C-956 and have similar inhibitory constants (tens of
UM) [23], it can be suggested that the calix[4]arene
C-956 targets specifically at the H*-transport compo-
nent of these systems. More detailed studies of the
transporter structure along with further research of
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centrations exhibited a pronounced inhibitory effect
on the H*-Ca?*-exchanger, which was a decrease in
the initial rate V; and, as a result, an increase in the
characteristic time 7, of ApH-induced Ca** release

from mitochondria. Though, C-956 did not affect
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Fig. 5. The linear dependence of changes in the
logarithmic value of the relative fluorescence signal
Fluo-4 in mitochondria on time was subsequently
used to calculate the constant of the rate of ApH-
induced Ca** release from mitochondria. The data
of a typical experiment
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induced Ca** release from isolated rat myometrium mitochondria on the concentration of calix[4]arene C-956.
C — control in the absence of calix[4]arene (M £+ m, n = 5)

the potential-dependent accumulation of the calcium
ions by these subcellular organelles. The methodolo-
gy for calculating the basic kinetic parameters of the
Ca?* transport from isolated mitochondria, in the
case when the transport process reaches a nonzero
constant level, was proposed. This approach can be
used for the kinetic analysis of the exponential de-
crease in the fluorescent response of any probe.
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KAJIKC[4]APEH C-956 —
E®EKTUBHMUI IHTTBITOP H*-Ca?-
OBMIHHHUKA B MITOXOHJIPISAX
IJIAAEHBKOT'O M’SI3A
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[lokazano, mo kanikc[4]apen C-956 Bu-
SIBJISIB BUPAXKEHUW  KOHICHTPALIHO3AICKHU I
(10-100 mMkM) ranbmiBamii BB Ha H'-Ca?-
OOMIHHUK BHYTPIIIHBOI MITOXOHJIPIaJIbHOI MeM-

Opanu miouuTie MaTku mypis (K, 35,1 = 7,9 MmxM).
IaridyBaneauii ehext kanikc[4]apeny C-956 cymnpo-
BOJIKYBABCsl 3HMKEHHAM TI0YaTKOBOI IIBUJIKOCTI V)
Ta 30UIBLICHHSM BEJIMYMHU XapaKTECPUCTHUHOIO
yacy 1, ApH-imgykosanoro suxomy Ca*. Bog-
HOYaC 3a3HaueHW Kajikc[4]apeH He BIUIMBaB Ha
CHEPro3alexHy akymyisiiiro Ca?* MiTOXOHAPIsIMH.
OTtxe, nia kanikc[4]apeny moxe OyTH cHpsMoBa-
Ha Ha 3pOCTaHHs KoHueHTpawii Ca?* B marpukci
MiToxoHpii. 3a 3miHamu Qayopecuenuii Ca?-
gyTnuBoro 6apBHuka Fluo-4 B MIiTOXOHIpisX, IO
BijoOpakarote Tpancmopt Ca®* 3 i301bOBaHHX
OpraHeli, 3amporoOHOBAaHO PO3PAXyHOK OCHOBHHX
KIHETUYHUX TapaMeTpiB TPaHCIOPTHOTO IPO-
Hecy Uil BUIIAJKIB HEHYJIBOBOTO CTAIL[iOHAPHOTO
piBHs. Takuii miaxix MOXHa 3aCTOCOBYBATH JIJIst
KIHETUYHOTO aHaJli3y €KCIIOHEHLiaIbHOTO 3HHKCH-
Hs (hITyOpeceHTHOI BiIMOBI i OYAb-IKOT0 30HAA 32
CXOXHUX EKCIIEPUMEHTAIBHUX YMOB.

KnmouoBi cnoBa: xamikc[4]apern, H*-
Ca*-00MIiHHUK, MITOXOHIPil, TIAaJCHBKI M’SI3H,
MaTkKa.
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KAJMKC[4JAPEH C-956 —
Y®OEKTUBHBINA UHTUBUTOP
H*-Ca*-OBMEHHHUKA B
MHUTOXOHJAPHSAX I'TATKOM
MBI

A. B. Jlanunosud®, O. B. Konomuey?,
IO. B. Janunosuy®, P. B. Pooux?,
B. 1. Kanvuenxo?®, C. A. Kocmepun®

NucturyT 6noxumun um. A. B. Tannaaguna
HAH Vkpaunsi, Kues;
e-mail: danylovych@biochem.kiev.ua;
2Mucturyt oprannveckoil xumun HAH Ykpaunsi, Kues

[lokazano, uyto kanukc[4]lapen C-956 wumen
BBIPQKEHHBIN KOHIICHTPAllMOHHO3aBUCUMBIH (10—
100 MxM) wunrnobutopusiii 3¢dext na H'-Ca?*-
OOMEHHUK BHYTPEHHEH MHUTOXOHAPHAIBHOW MEM-
OpaHbl MHOLMTOB MaTKM KpbIC (K, 35,1 + 7,9 MkM).
Warnbutopusiii a¢dext kamukc[4]lapera C-956
COIIPOBOKIAJICSI CHUKCHHEM HayalbHOW CKOPOCTU
(V) u yBenuueHHMEM BEIMYMHBI XapaKTEPHUCTH-
4eckoro Bpemenu (t,,) ApH-unmynmpoBaHHOrO
Beixoma Ca®". B TO e Bpemsi MCCIeyeMblii Ka-
JIUKC[4]apeH He BIIUSI HA SHEPrO3aBUCUMYIO aKKy-
myssiiuio Ca?* MUTOXOHIpUSIMHU. TakuM 00Opasom,
neicTBre KalnKc[4]apeHa MOKeT OBITh HalpaBiie-
HO Ha yBenuueHue KoHueHTpanun Ca?t B MaTpHKce
MuTOXOHApHH. [lo m3MeHeHMsIM (yopecueHINH
Ca?*-uyBcTBHUTENBHOTO 30HAa Fluo-4 B MHTOXOH-
ApHsIX, oToOpaxaronux Tpancnopt Ca?* u3 nzomu-
POBaHHBIX OpraHell, MPEeIJIOKEH pacuyeT OCHOBHBIX
KMHETUYECKHX MapaMeTpOB TPaHCIOPTHOTO IPo-
Lecca A CIy4aeB HEHYJIEBOI'O CTAlMOHAPHOIO
ypoBHs. JlaHHBIH MOAXOA MOXHO HCIIOJIB30BaTh
JUIsl KHHETHYECKOTO aHajIu3a JKCIIOHEHIIMAIbHOIO
CHIDKEHHS (ITyOpEeCcEHTHOI'O OTBETa JIF000ro 30H-
J1a TP NOAOOHBIX 3KCIEPUMEHTAIIBHBIX YCIIOBHUSX.

KnwoueBrpie cioBa: kamukc[4]apens, H-
Ca?*-00MEHHUK, MUTOXOHIPHH, TJIAJKHE MBIIIIBI,
MaTKa.
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