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Ca**-DEPENDENT REGULATION OF THE Ca*
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I. TRIFLUOPERAZINE EFFECTS ON MITOCHONDRIA
MEMBRANES POLARIZATION AND [Ca*]
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Ca’*-dependent regulation of Ca** exchange in mitochondria is carried out with participation of
calmodulin. We have shown previously that calmodulin antagonists reduced the level of mitochondrial mem-
brane polarization and induced increase of the ionized Ca concentration in both the mitochondrial matrix
and cell cytoplasm. The concentration-dependent influence of trifluoperazine on the level of polarization of
mitochondrial membranes has been shown in this work. The coordinates of the Hill graphs were used to calcu-
late the constant K, ; and the Hill coefficient. K, ;was 24.4 + 5 uM (n = 10). The Hill coefficient was 2.0 + (.2,
indicating the presence of two centers of the trifluoperazine binding. We have also studied [Ca®"] changes,
when incubating mitochondria in mediums of different composition: without ATP and ions of Mg (0-medium),
in the presence of 3 mM Mg (Mg-medium) and 3 mM Mg + 3 mM ATP (Mg, ATP-medium). It was shown that
the composition of the incubation medium affected the [Ca’] values in the absence of exogenous Ca’" and
did not affect them in the presence of the latter. Preincubation of mitochondria in mediums of different compo-
sition with 25 uM trifluoperazine did not affect the [Ca’’]  values both before and after the addition of 100 uM
Ca®* to the incubation medium. It was concluded, that trifluoperazine depolarized myometrial mitochondria
membranes in concentration-dependent manner. However, mitochondria preincubation with 25 uM trifluope-

razine accompanied by 50% decrease in membrane polarization did not affect the [Ca’"] values.
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companied by rapid uptake of Ca*" in the mi-

tochondria. The main pathway of mitochon-
drial Ca?" uptake is uniporter found in the inner
membrane. Ca*" uptake into mitochondria requires
an electrical potential across the mitochondrial in-
ner membrane [1-4]. It was shown that Ca*" uptake
into mitochondria is a Ca®*-activated process with
a requirement for functional calmodulin [5]. Never-
theless, still little is known about how mitochondrial
Ca* uptake is regulated. In previous papers, us-
ing two models — isolated mitochondria and intact
myometrial cells, we have shown that calmodulin
antagonists caused depolarization of the mitochon-
dria membranes and increase of Ca*" concentration
in the mitochondria matrix ([Ca*'] ) and cell cyto-
plasm [6, 7]. However, experiments with mitochon-

l ntracellular Ca?" concentration increase is ac-

dria were conducted with 100 uM trifluoperazine,
which caused full depolarization of mitochondrial
membranes. So the aim of this work was to study the
concentration-dependent influence of trifluoperazine
on the polarization of mitochondrial membranes and
the Ca?* concentration in the mitochondria matrix.
Experiments have been conducted in the incubation
mediums of different composition and with or with-
out 100 uM Ca?*",

Materials and Methods

All manipulations with animals were carried
out according to European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes and Law of Ukraine
On Protection of Animals from Cruelty. Rats were
kept under the stationary vivarium conditions at
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constant temperature and basic allowance. Animals
were narcotized with chloroform and then sacrificed
using cervical dislocation. The uterus was removed
rapidly. All procedures were executed separately
from other rats.

Nonpregnant rat myometrium mitochon-
dria were isolated using differential centrifugation
method [8]. The obtained preparation was suspended
in a solution (at 4 °C) with the following composition
(mM): sucrose — 250, EGTA — 1, Hepes — 20, pH 7.4.
The 0.1% BSA was also added. Protein concentra-
tion in the mitochondria fraction was determined by
Bradford assay [9].

Polarization of mitochondrial membranes
were investigated using potential sensitive probe
1 uM TMRM (tetramethylrhodamine-methyl-ester,
A, =540 nm, A= 590 nm) and the QuantaMas-
ter™ 40 spectrofluorimeter (Photon Technology In-
ternational). The studies were carried out in a me-
dium containing (mM): Hepes — 20, sucrose — 250,
succinate — 5, K-phosphate — 0.1, MgCl, — 0.5. The
concentration of mitochondrial protein in the sample
was 25 pg/ml.

Changes in the ionized calcium concentration
in the mitochondria from rat myometrium were
investigated using the QuantaMaster™ 40 spectro-
fluorimeter (Photon Technology International) and
the fluorescent probe Fluo 4AM (A = 490 nm,
L., = 520 nm). Myometrium mitochondria were
loaded with 2 uM Fluo 4AM for 30 min at 37 °C
in a medium with following composition (mM): su-
crose — 250, EGTA - 1, Hepes — 20, pH 7.4 in the
presence of 0.1% BSA. Thereafter, the suspension
of mitochondria was diluted (1:10) by the same me-
dium containing no fluorescence probe followed by
centrifugation. The pellet was resuspended in the
same medium containing no fluorescence probe.
The studies were carried out in a medium containing
(mM): sucrose — 250, K*-phospate buffer — 2, sodium
succinate — 5, ®MgCl, - 3, +ATP — 3, +CaCl, - 0.1,
Hepes — 20; pH 7.4. The concentration of mitochon-
drial protein in the sample was 25 pg/ml. The testing
of each sample was completed by adding 0.1% Triton
X-100 and, in 1 min, 5 mM EGTA (fluorescence in-
tensities F___and F__ , respectively). The concentra-
tion of ionized Ca in the mitochondria matrix was
calculated using the Grynkiewicz equation [10].

The statistical methods and the software for
statistical processing were used from http:/graph-
pad.com/.

In the study the following reagents were used:
EGTA, Hepes, BSA (fatty acid free), trifluoperazine,
protonophore CCCP, D(+)-sucrose, ATP, (Sigma,
USA), Ca*-sensitive probe Fluo 4AM, potential-
sensitive probe TMRM (Invitrogen, USA) and other
chemicals of domestic production of analytical or
reagent grades.

Results and Discussion

Two approaches are used to study the polariza-
tion of membranes.

Nonquench mode is used in experiments on
flow cytometry or confocal microscopy. The concen-
tration of the potential sensitive dyes in such experi-
ments is less than 100 nM. These devices allow us to
register the redistribution of the probe between the
medium and polarized structures, in particular, the
mitochondria. Probe accumulation in the polarized
structures is accompanied by the increase in probe
fluorescence. Membranes depolarization is accom-
panied by the dye release to the medium, thus lowe-
ring fluorescence level. This method we used in the
previous papers [6, 7].

Quench mode is used in experiments conducted
on spectrofluorimeter. The concentration of the po-
tential sensitive dyes in such experiments is higher
than 1 pM. This approach also enables to track the
redistribution of the probe between the medium
and polarized structures. But probe accumulation
in the polarized structures is accompanied by the
quenching of probe fluorescence, i.e. by the decrease
in probe fluorescence. Quench mode for dye fluores-
cence is a sensitive mean to detect rapid changes in
AY that occur during the experiment [11].

We have studied polarization of myometrium
mitochondrial membranes using quench mode and
potential sensitive probe 1 uM TMRM. It was shown
that addition of potential sensitive fluorescent probe
TMRM to the incubation medium was accompanied
by output of fluorescence intensity at a certain level
(Fig. 1, 4), the probe TMRM accumulated in mito-
chondria that was accompanied by a decrease in the
intensity of dye fluorescence (Fig. 1, A). After adding
protonophore CCCP the probe came out of the mito-
chondria into incubation medium that was accompa-
nied by increasing of the dye fluorescence intensity.
Under such conditions, the adding of 100 uM trifluo-
perazine did not affect the intensity of fluorescence
probe. Thus, it was shown that: 1) the mitochondrial
membranes were polarized, as evidenced by quen-
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Fig. 1. Effects of CCCP (A) and trifluoperazine (B) on polarization of the mitochondria membranes. Fluores-
cent probe — 1 uM TMRM (tetramethylrhodamine-methyl-ester, /., = 540 nm, 4, = 590 nm)

ching of probe fluorescence. Depolarization of the
mitochondrial membranes by adding protonophore
CCCP was accompanied by TMRM release from
mitochondria and restoration of the fluorescence
level; 2) trifluoperazine addition to the depolarized
mitochondria (after the incubation with CCCP) had
not affected the level of dye fluorescence.

The next experiment was similar to the previ-
ous, but on the 6" min of incubation 100 uM triflu-
operazine was added instead of CCCP. As it can be
seen from the results shown in Fig. 1, B, trifluopera-
zine at a concentration of 100 pM was a factor of
mitochondrial membrane potential dissipation. Ad-
dition of CCCP on the 8" min of the experiment did
not cause any changes in the fluorescence probe in-
tensity values. Thus, it was shown that incubation of
mitochondria with trifluoperazine was accompanied
by depolarization of the mitochondrial membranes.

Next experiments were conducted to study the
concentration-dependent influence of trifluoperazine
on the level of polarization of mitochondrial mem-
branes. Fig. 2 presents a slice of the experiment,
from 5 to 7 minute of incubation, i.e. the time when
trifluoperazine was added to the incubation medium.
TFP was taken at concentrations 10, 20, 30, 50, 70,
100 pM.

Initial fluorescence level of mitochondria
loaded with TMRM was the reference for each ex-
periment (n = 10). The graph presented in Fig. 3, is
a delta between plateau values of probes fluores-
cence after the trifluoperazine addition and control
values (before trifluoperazine addition). Thus the
concentration-dependent depolarizing influence of

trifluoperazine on the myometrium mitochondria
membranes has been shown.

The coordinates of the Hill graphs were used to
calculate the constant K, (half-maximum depolari-
zation) and the Hill coefficient. K was 24.4 +5 uM
(n = 10). The Hill coefficient was 2.0 £ 0.2, indica-
ting the presence of two centers of the trifluopera-
zine binding.
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Fig. 2. Concentration-dependent trifluoperazine in-
fluence on mitochondria membranes polarization
(m=10):1-100 uM TFP, 2— 70 uM TFP, 3 —50 uM
TFP, 4 — 30 uM TFP, 5 — 20 uM TFP, 6 — 10 uM
TFP. This figure represents typical results
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Fig. 3. Concentration-dependent trifluoperazine ef-
fects on the fluorescence intensity of research sam-
ples

Next experiments were designed to study
the impact of pre-incubation of mitochondria with
25 uM trifluoperazine on [Ca*"]  with incubation of
mitochondria in three mediums: without ATP and
Mg** (0-medium), in the presence of 3 mM Mg (Mg-
medium) and 3 mM Mg + 3 mM ATP (Mg,ATP-
medium). In our previous work we have investigated
the total Ca*" accumulation in mitochondria. For this
purpose the isotope method (*Ca*") was used. It was
found that ATP presence in the incubation medium
led to a significant increase of Ca?* accumulation in
the mitochondria matrix [12]. Fluorescence dyes are
used to determine free Ca?" concentration. So, first
we have studied [Ca**] changes under mitochondria
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incubation in mediums of different composition. As
presented in Fig. 4, mitochondria incubation in the
mediums of different composition resulted in dif-
ferent [Ca*]  values: 0-medium — 123.6 + 9.4 nM;
Mg-medium — 83.7 + 8.9 nM; Mg, ATP-medium —
330.9 + 13.4 nM. So the highest [Ca*]  value was
registered when mytochondria were incubated in
Mg, ATP-medium, the lowest — in the Mg-medium.

Subsequent 100 uM Ca?" addition to the in-
cubation medium was accompanied by an increase
of [Ca®] values. As it can be seen from the results
presented in Fig. 4, the [Ca®] values were the
same in the case of mitochondria incubation in 0-
and Mg, ATP-medium and somewhat lower in Mg-
medium. Thus, it was concluded that the composi-
tion of the incubation medium affected the [Ca®"]
values in the absence of exogenous Ca?>" and did not
in the presence of the latter.

The following experiments were designed to
study the impact of mitochondria preincubation
within 5 min with 25 pM trifluoperazine on the
[Ca®] values. This concentration of TFP gives half-
maximum depolarization of the myometrium mito-
chondrial membranes (Fig. 2, 3). Experiments were
conducted in three mediums listed above.

As it can be seen from the results shown in
Fig. 5 the incubation of mitochondria with 25 uM
trifluoperazine did not affect the [Ca*"]  values in
the absence of Ca ions in the incubation medium,
compared with those for the control samples. [Ca*']
values after 100 uM Ca*" addition were to some ex-

1
m2

Mg,ATP-medium

Fig. 4. [Ca**] values when mitochondria are incubated in mediums of different composition: 1 — 0 uM Ca’" in
the medium; 2 — 100 uM Ca’* in the medium. M = m, n=7. P < 0.01, * the difference relative to the 0-medium
is statistically significant. P < 0.01, # the difference relative to the 0-mediumin the presence of 100 uM is

statistically significant
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Fig. 5. [Ca’*] values under preincubation of mitochondria in mediums of different composition and presence

of 25 uM trifluoperazine (M £ m, n = 4)

tent influenced by the presence of trifluoperazine in
the incubation medium, but these changes were not
statistically reliable. Thus, preliminary incubation
of mitochondria with 25 uM trifluoperazine did not
affect the [Ca*]  values both before and after the
addition of 100 uM Ca** to the incubation medium.

At first glance, the lack of the effect of mito-
chondria preincubation with 25 pM trifluoperazine
on the Ca*" level surprised, since this compound
reduced polarization of mitochondrial membranes
to 50%. It is well known that the main system that
provides the Ca?" accumulation in the mitochondria
is Ca*"-uniporter; its activity depends on the polari-
zation of membranes. However, it was shown that
mitochondria in metabolically inhibited renal epi-
thelial cells take up Ca** via the Na*/Ca*" exchanger,
acting in the reverse mode [13]. In these cells the
mitochondrial potential was lost, excluding mito-
chondrial Ca*" uptake via the potential-dependent
mitochondrial Ca?* uniporter. Our previous results
also indicate that even under conditions of 100% mi-
tochondrial membrane depolarization (preincubation
with 10 uM CCCP) Ca accumulation still took place
in these organelles [7]. The question, what system
provides the accumulation of Ca ions in the depolari-
zed myometrium mitochondria, remains open.

Thus, it was shown, that trifluoperazine depo-
larized mitochondrial membranes of the myomet-
rium in a concentration-dependent manner. Howe-
ver, mitochondria preincubation with 25 pM
trifluoperazine did not affect the [Ca*'] values
when mitochondria were incubated in mediums with
or without ATP and in the presence or absence of
100 uM Ca.

Ca?*-3AJIE’)KHA PETI'YJIALIS
KOHIEHTPAIIII Ca*

B MITOXOH/IPISIX MIOMETPISI.

I. EOEKTH TPU®JTYOIIEPASUHY
HA TOJSAPU3AIIIIO
MITOXOH/JIPIAJIbHUX MEMBPAH
TA [Ca™]

JI I Babiu, C. I [lInuxos,
A. M. Kywnapvosa, C. O. Kocmepin

IncruryT 6ioximii im. O. B. [Tannanina
HAH VYkpainu, Kuis;
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Ca?*-3anexxHa  perynsmiss  oominy  Ca?
B MITOXOHApisAX BigOyBaeTbcs 3a  ydacTio
KaJbMoOAyiiHy. Panime M  mokasanu, IO
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AQHTAroOHICTH KaJbMOIYJiHY 3HHMKYIOTh piBEHb
MoJIsipU3alii MiTOXOHApiadTbHUX MEMOpaH Ta CIpH-
YUHIOIOTH PICT KOHIEHTpalii ioHizoBaHoro Ca sk y
MaTpPUKCI MITOXOHJIPiH, TaK i B UTO30M1 KIITHH. Y
1iif poOOTI BUBYABCS 3aJICKHUN BiJI KOHIEHTpAILil
BITUB TpH(IIyonepa3suHy Ha piBeHb MOJISIpU3allii
MiToxoHpianbHuX MeMOpaH. Ilokasano, mo K
cranoBuTh 24,4 = 5,0 uM (n = 10). Koedinient
Xiya nopiBHioe 2,0 + 0,2, 1110 BKa3ye Ha HasIBHICTh
JBOX LIEHTPIB 3B’I3yBaHHA TpuQIIyoriepa3suHy Ha
MeMOpaHi MiTOXOHIpii. Takox Oyno mociigxkeHo
sminn [Ca*] 3a ymoB iHkyOauii MiToXoHapiil B
CepeloBUIIaX pi3HOrO cKiany, a came: 0e3 ATP
ta ioHiB Mg (0-cepenouine), 3 3 MM Mg (Mg-
CepeoBHUIle) Ta Te, Mo MicTmwio 3 MM Mg + 3 MM
ATP (Mg,ATP-cepenosuie). BcranoBieHo, 1110
CKJIAJ| CepeIoBUIIa 1HKYOAIl1 BIUIMBAB HA 3HAYCH-
us [Ca*]  3a BigcyTHOCTi ek3orennoro Ca*" ta He
BIIJIMBAB y MPHUCYTHOCTI I[boro Kartiona. I[lomepen-
Hs iHKyOalisi MITOXOHAPIH B cepeloBUIIAX Pi3HOTO
ckiany i3 25 uM tpuduiyonepa3suHOM HE BIUTMBA-
na Ha 3HaueHHs [Ca®] sk fo, Tak i micis pona-
BanHs 100 uM Ca?* nmo iHKyOamiiHOTO CepenoBH-
ma. TakuM 4MHOM, TPUQITYONIepa3HH CIPUYHHIOE
JETIONSIPU3ALIiI0 MITOXOHIPiaJIbHUX MeMOpaH 1 1ei
edeKT 3ajexuTh Bijg Horo koHueHTpauii. IIporte
norepeaHs iHKyOamist MiToXoHApii 3 25 uM Ttpu-
(dbnyonepasuHoMm, sika CynpoBojkyeTbess 50% 3HU-
KEHHSM ToJsipu3anii MeMOpaH, He BIUTHBAE Ha 3Ha-
uenHs [Ca®'] .

KnmodoBi cioBa: MioMeTpiid, MIiTOXOH-
npis, tpumyonepasun, [Ca*] , Mg, ATP.

Ca*-3ABUCHUMASI PETVJISILIU ST
KOHLEHTPALIUM Ca*

B MUTOXOHJPUSIX MUOMETPUSI.
L. DXO®EKTBI TPUDJIYOINEPABUHA
HA MOJISIPU3A LU IO
MUTOXOHJPUAJIBHBIX MEMBPAH
U [Ca¥]_
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Ca*-zaBucumMas perynasnus obmena Ca** B
MUTOXOHJIPUAX MPOUCXOAUT INPU YUYACTHH Kallb-
MojyinHa. PaHee MbI 1OKa3ajiu, 4YT0 aHTArOHUCTHI
KaJIbMOAYyJIMHa CHHIXXAIOT YPOBCHL IMOJAPU3ALUN

10

MUTOXOHJIPHAIILHBIX MeMOpaH © HWHAYLUPYIOT
pOCT KOHLIEHTpalUuu HMOHU3MpoBaHHOro Ca Kak B
MaTpUKCE MUTOXOHPUH, TAK U B LIUTO30JIE KJIETOK.
B »Toli paboTe M3yuyasoch 3aBUCMMOE OT KOHIICH-
Tpauuu BIWSHHE TpudIyornepa3uHa Ha ypPOBEHb
NOJISIPU3allMd MUTOXOHJIpHANbHBIX MeMOpaH. [lo-
Ka3aHo, 4To K  coctaBuser 24,4 £ 5,0 uM (n = 10).
Koadpdunment Xunna pasen 2,0 + 0,2, 4To TOBOPUT
0 HAJIMYUU JIBYX LEHTPOB CBS3BIBAaHUS TPUPITyOTIe-
pasuHa Ha MeMOpaHe MUTOXOHJpUH. Takke ObLIN
uccnenoBanbl usmMeHenus [Ca’] B ycIOBUAX HHKY-
0anMyu MEUTOXOHAPUH B Cpefax pa3HOTro COCTaBa, a
umenHo: 6e3 ATP u nonoB Mg (0-cpena), ¢ 3 MM
Mg (Mg-cpena) u ta, 4yto couepxkaia 3 MM Mg u
3 MM ATP (Mg, ATP-cpena). Ilokazano, 4to co-
CcTaB cpe/ibl MHKyOanuu Biusn Ha 3Hadenue [Ca’']
B OTCYTCTBHE IK30T'€HHO no0aBieHHoro Ca*" u He
BIIMSAN B €ro npucyrcrsud. IlpeasapurensHas uH-
KyOalusi MUTOXOHJIPHH B cpelax pa3HoOro cocTaBa
¢ 25 uM TpuduyonepazuHoM He BIUsJIA HA 3HAYeE-
nue [Ca*]  Kkak 10, Tak u nocine BHecenus 100 pM
Ca B WHKYyOalMoHHYIO cpeny. Takum oOpasom,
TpudayonepasuH BbI3BIBACT ACTIONSPHU3ALNIO MU-
TOXOH/IPHAJIEHBIX MeMOpaH U 5ToT 3 deKT 3aBuCHT
OT ero KoHueHTpanuu. OgHaKo MpenBapUTeIbHASL
MHKYOAlKss MUTOXOHIPUH B Cpelax pa3Horo cocTa-
Ba ¢ 25 uM tpudayonepaznHoM, KOTOpast COIPOBO-
xkaaetcs 50% CHUKEHUEM TS pU3aluu MeMOpaH,
He BIusAeT Ha 3Hadenue [Ca®'] .

KnwoueBbie cioBa: MHOMETpUH, MHTO-
Xonapus, Tpudyonepasun, [Ca*] , Mg, ATP.
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