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Recycling of the endo-lysosomal organelles occur by permanent in the cell. This
store is thought to be the acidic store because V-type of H*-ATPase is responsible for
their acidification. Bafilomycine A1 is a selective inhibitor of vacuolar H* ATPase, and is
often used as anticancer drug. However, it is not clear if applying of bafilomycine A1 is
safe for normal cells. Endo-lysosomes are important cellular Ca?* storage, sensitive to
nicotinic acid adenine dinucleotide phosphate (NAADP). Hepatocytes were shown to
have NAADP-sensitive acidic store. But the correlation between acidic store and endo-
plasmatic reticulum or plasmatic membrane during endo-lysosomal organelles recy-
cling and fusion is still unknown. The main goal of this study was to examine influence
of bafilomycine A1 and NAADP on activity of Na*/K*-ATPase, basal Mg?*-ATPase and
Ca?"-ATPase of plasmatic membrane (PM) and endoplasmatic reticulum (ER) for better
understanding of the relationship between acidic organelles and PM/ER. Besides pos-
sibility of bafilomycine A1 applying as anticancer drug is examined. All experiments
were conducted using rat liver postmitochondrial fraction.

It was shown that SERCA activity is increasing under bafilomycine A1 presence, as
well as NAADP. At the same time, changes in PMCA activity was not found. Preincubation
of rat liver postmitochondrial fraction with bafilomycine A1 completely prevented NAADP-
induced increasing of SERCA activity. Bafilomycine A1 decreased activity of Na*/K*-
ATPase and amplificated NAADP-induced decreasing of this pump. Applying of NAADP
caused more intensive decrease in Na*/K*-ATPase activity after preincubation of this frac-
tion with bafilomycine A1. It was also shown that bafilomycine A1 caused increasing of
basal Mg?*-ATPase activity and NAADP intensify bafilomycine A1-induced changes of
function of this pump. These effects are realized due to changes of pH inside the endo-
lysosomal ogranels, acidification of incubation medium, as well as calcium concentration
in local contact sites.

A conclusion was made that NAADP-sensitive store is bafilomycine A1-sensitive,
which also has direct contact sites to ER, but not to PM. Besides, existing of NAADP-
sensitive, but bafilomycine-insensitive store in this fraction is supposed, which is more
likely represented by endosomes. So, applying bafilomycine A1 in anticancer therapy
may cause a damage of endo-lysosomal organelles recycling in healthy cells.

Keywords: NAADP, bafilomycine A1, H*-pump, Na*/K*-ATPase, SERCA, PMCA,
basal Mg*-ATPase, endosomes, lysosomes.
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INTRODUCTION

Eukaryotic cells contain lysosomes, with the exception of some highly specialized
cells such as mammalian erythrocytes. Lysosomes degrade exogenous and endogenous
macromolecules derived from biosynthetic and endocytic pathways, and catabolize cyto-
solic components that are obtained from the autophagic pathway [22]. Lysosomes, lyso-
some-related organelles, and endosomes are important Ca?* storage cellular compart-
ments with a crucial role in intracellular Ca?* signalling. V-type H*-ATPases are responsi-
ble for acidification of these organelles. Bafilomycin A1, a macrolide antibiotic isolated
from the Streptomyces species, is an inhibitor of vacuolar H*-ATPase (V-ATPase). It binds
to the V, sector subunit C of the V-ATPase complex and inhibits H* translocation, causing
an accumulation of H* in the cytoplasm of treated cells [2]. The anticancer effects of
bafilomycin A1 are considered to be attributable to the intracellular acidosis caused by
V-ATPase inhibition. However, it is not clear it applying of bafilomycine A1 as anticancer
drug is safe for normal cells.

Bafilomycin A1 has been used in the study of autophagy as an inhibitor of fusion
between autophagosomes and lysosomes and as an inhibitor of lysosomal degradation
[26]. Autophagy is a cellular catabolic pathway that is involved in lysosomal degradation
and recycling of proteins and organelles, and therefore is considered as an important
survival mechanism for both normal cells and cancer cells in response to metabolic
stress or chemotherapy. The defects in these processes can result in disease.

Interest to endo-lysosomes as Ca**-storage organelles has intensified with the dis-
covery that NAADP (nicotinic acid adenine dinucleotide phosphate), a Ca*-mobilizing
messenger first discovered to evoke Ca?* signals in sea urchin eggs [9], does so in
many cases by activating Ca?*-release mechanisms on acidic stores with characteris-
tics of lysosomes [4]. The fundamental question that remains unanswered is the iden-
tity of the NAADP receptor. Transient receptor potential mucolipin (TRPML) and two-
pore channels (TPCs) are Ca?"-permeable ion channels revealed within the endolysoso-
mal system. Both structures have been proposed as potential targets for NAADP [19].
Besides, it was shown that TPCs are not gated by NAADP [8]. It was identified an
endolysosomal ATP-sensitive Na* channel (lysoNa,;;), which is a complex formed by
TPCs1 and TPCs2 and mTOR (mammalian target of rapamycin) [8]. Although there is
substantial evidence that RyRs are the principal effectors of cADPR-induced Ca?*release
from the endoplasmic reticulum (ER), a number of studies have also implicated RyRs in
NAADP-evoked Ca?* release [10; 12].

It was suggesed that the effect of NAADP is dependent on ER luminal calcium in
hepatocytes [6]. Besides, it was also assumed that RyRs have been involved in indirect
modulation of the NAADP effect via increasing the level of ER luminal calcium [6]. This
suggestion predicts presence of the specific membrane contact sites between acidic
organelles and the ER. So, relationship between acidic organelles of the endolysosomal
system to ER Ca?* store remains unclear. The recycling of endosome and fusion of lyso-
some to autophagosome as results of autophagy may affect this relationship. Thus, differ-
ent ions transported systems may be also involved in this process.

The main goal of this study was to examine influence of bafilomycine A1 and
NAADP on activity of ATPases for better understanding relationship between the acidic
organelles and endoplasmic reticulum / plasmatic membrane. At the same time, these
results should provide a comprehension of bafilomycine A1 safety as an anticancer drug.
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MATERIALS AND METHODS

Isolation of a subcellular fraction. Experiments were conducted on male and fe-
male nonlinear white type rats (0.18-0.2 kg). All procedures with animals were in accor-
dance with the “International Convention for working with animals” under approval of the
Bioethics Committee of Biologycal Faculty (lvan Franko National University of Lviv) (Pro-
tocol N 11/15 dated by 10.12.2015). After ether anaesthesia rats were decapitated. Iso-
lated rat liver was perfused briefly with homogenizing medium (buffer solution) containing
(mmol/L): sucrose — 250.0; EDTA — 1.0; Tris-HCI — 10.0 (pH 7.4 t = 37 °C). Then, chilled
tissue was crushed by passing through the press. Next, buffer solution was added to the
minced liver Minced tissue was added buffer solution (in a ratio of 1:8) and tissue was
homogenized with a Potter-Elvehjam teflon-glass homogenizer at a speed of 300 rev / min.
Liver subcellular fractions obtained by differential centrifugation, the essence of which is
to conduct a series of successive centrifuging the mixture of organelles and membrane
fragments obtained after homohenization of tissue. First of all, homogenates were centri-
fuged for 10 min at 3000 g (centrifuge PC-6) for the deposition of intact cells and nuclei,
mitochondrial fraction precipitated for 10 minutes on a 6500 g and a temperature 0-2 °C.
The resulting postmitochondrial supernatant used in the experiment as “subcellular
fractions of rat liver”.

Measurement of the ATPase activity. ATPase activity was determined by ortho-
phosphate content released after ATP hydrolysis. At the beginning of the experiment
200 pulL of subcellular fraction were transferred to a standard incubation medium which
contained (mmol/L) NaCl — 50.0; KCI — 100.0; Tris-HCI — 20.0; MgCl, — 3.0; CaCl, —
0.01; NaN,; — 1; ATP — 3.0; pH 7.4 at 37 °C. The reaction was started by adding 3 mM
ATP (Sigma) and incubating samples for 15 min at 37 °C at moderate shaking in a water
bath. Before the end of incubation 0.4 ml of medium was taken for the determination of
protein content by the method of Lowry [15]. For activation NAADP-induced Ca?'-releas-
ing we used NAADP (Sigma) at subthreshold concentration 7 umol/L. Bafilomycine A1
(Sigma) was used as inhibitor V-ATPase at high concentration 1 umol/L. To compare the
impact NAADP against the background of bafilomycine A1 we conducted two parallel in-
cubation samples that contained bafilomycine A1 alone and simultaneous presence
bafilomycine A1 and NAADP. Reaction was stopped by adding 5 ml of 10% trichloroacetic
acid to samples and incubating them for 10 min followed by 10 min centrifugation at
1600 g. Supernatant obtained was used to determine the content of inorganic phosphorus
by the spectrophotometric method of Fiske—Subbarow.

The total ATPase activity of subcellular fraction was calculated as a difference of
inorganic phosphorus in the media with different composition (with bafilomycine A1 or
NAADP) expressed as micromoles of inorganic phosphorus equivalent to 1 mg of pro-
tein per 1 h. Specific Na*/K*-ATPase activity was calculated as difference of inorganic
phosphorus content in medium with or without ouabain (Sigma) at concentration
1 mmol/L. For the determination of Ca?/Mg?*-ATPase activity, we quantified the diffe-
rence between the total Ca?'/Mg?*- and Na*/K*-ATPase activity. Thapsigargin (1 mkmol/L)
was used to calculate SERCA contribution into the total Ca?*/Mg?*-ATPase activity. Spe-
cific basal Mg?*-ATPase activity was determined in incubation medium that contained
1 mmol/L EGTA (Sigma) and lacked ouabain. In all experiments, as a control for the
absence of enzymatic ATP hydrolysis was incubation medium with no added tissue.

Data analysis. A significance of differences between different groups was calcu-
lated using Wilcoxon-Mann-Whitney test or Student’s t-test. P<0.05 was considered to
be statistically significant.
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RESULTS AND DISCUSSION

Activity of Ca**-ATPases of rat liver postmitochondrial fraction under bafilo-
mycine A1 and NAADP action. Previously we established that NAADP substantial in-
crease common Ca?"-ATPase activity in liver [24]. But it is still unknown which Ca?-
pumps realize this effect. Using thapsigargine as selective inhibitor of specific Ca?*-
ATPase of ER (SERCA), we found that NAADP increased its activity on (142.87+18.05) %
(P<0.05; n = 5). It was also revealed that specific SERCA activity increased by 3 fold
(P<0.05; n = 5) under bafilomycine A1 presence (Fig. 1). At the same time no NAADP, nor
bafilomycine A1 didn’t cause statistically authentic change of specific activity of plasmatic
membranes Ca?-ATPase (PMCA) (Fig. 2). Besides it was also found that bafilomycine
A1 completely prevented NAADP-induced increasing of specific SERCA activity (Fig. 1).

14 - B control B NAADP
g 12 bafilomycine B NAADP + bafilomycine
<
X 10 Fig. 1. Influence of bafilomycine A1 and NAADP
D g on Ca?-ATPase activity of endoplasmatic
§ membrane in postmitochondrial fraction of
g 6 rat liver (M+m): * — P<0.05 vs control
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S 9 HOro PeTuKyrnymy y NoCTMITOXOHAPIanbHin
IS dpakuii neviHku wypis (M+m): * — P<0,05
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Fig. 2. Influence of bafilomycine A1 and NAADP
on plasmatic membrane Ca?-ATPase ac-
tivity in postmitochondrial fraction of rat
liver (M+m)
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Thus separately bafilomycine A1 and NAADP cause the same effect on SERCA due
to local increasing of Ca?* concentration. It is possible only if there is close position be-
tween an acidic store and ER. Our data also confirmed that NAADP-sensitive Ca?*-store
in hepatocytes is at the same time bafilomycine A1-sensitive. That is why bafilomycine A1
completely prevented NAADP's effect on SERCA. Our finding is made agree with Kilpat-
rick and other (2013) postulated existing lysosome-ER membrane contact sites [13]. It is
important to note that there was no effect of NAADP and bafilomycine A1 on PMCA. This
means that acidic store is not associated to PM in this subcellular fraction.

Activity of Na* /K* -ATPases of rat liver subcellular fraction under bafilomy-
cine A1 and NAADP action. Besides Na'/K*-ATPase is responsible for generating
and maintaining transmembrane ionic gradients that are of vital importance for cellular
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function and subservient activities such as volume regulation, pH maintenance, and
generation of action potentials and secondary active transport as well as calcium con-
tent through Na*/H*- and Na*/Ca?*-exchangers, respectively [11]. It was shown that Na*/
K*-ATPases is a key player in the regulation of endosomal pH and endocytosed mem-
brane traffic [11]. Presumably, functional Na*/K*-ATPases are retained within the plas-
ma membrane/endosomal axis as a result of endosome recycling [19]. They reinforce
a lumen positive membrane potential and therefore will inhibit H* pumping in the mem-
brane of organelles [19]. So Na*/K*-ATPase inhibits acidification of endosomes Iu-
men [11]. We found that bafilomycine A1 decreased activity of Na*/K*-ATPase by
(41.67+7.03) % (P<0.001; n = 6) (Fig. 3). It is probably due to inhibition of H*-pump by
bafilomycine A1 and alkalization of endosome’s lumen. The dependence of Na*'/K*-
ATPase activity on pH in the range of 6.0-7.5 is characterized by the bell-shaped
curve [14]. Alkalization more than pH 7.5 inhibits this protein as well as acidification
lower pH 6.0 [14]. Previously it was also found that NAADP decreased specific activity
of Na*/K*-ATPase [24]. A.J. Morgan et al. estimated that NAADP caused alkalization of
endo-lysosomal lumen [18]. Thus, most likely that NAADP, as well as bafilomycine A1,
decreased activity of Na*/K*-ATPase due to a increse in pH.

-
o

® control B NAADP
bafilomycine M NAADP + bafilomycine

Fig. 3. Influence of bafilomycine A1 and NAADP
on Na*/K*-ATPase activity in postmito-
chondrial fraction of rat liver (M+m): * —
P<0.05 vs control; # — P<0.05 vs bafilomy-

cine
* 1 Fig. 3. Bnnue GaginomiunHy ta HAAQ® Ha ak-
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* — P<0,05 wopo koHTponto; # — P<0,05
0 I__I_I_ woao 6adinomiumHy

The TPCs family of endolysosomal proteins was shown to be regulated by
NAADP [3]. Based on their sequence similarity to voltage-gated Ca*/Na* channels,
TPCs are predicted to comprise two homologous domains each consisting of 6 trans-
membrane regions with a putative pore-forming domain located between the 5" and 6™
membranespanning regions [20]. Recently, it was shown that endolysosomal ATP-sen-
sitive Na* channel (lysoNa(ATP)) is a complex formed by TPC1 and TPC2 [8]. It was
also demonstrated that TPC2/NAADP/Ca?* signaling alkalinizes lysosomal pH to spe-
cifically inhibit the later stage of basal autophagy progression [16]. Such as TPCs func-
tion as Na*-selective channels apparently insensitive to NAADP, so it is possible to as-
sume that under NAADP action Na* concentration inside the luman of endosomal store
may changed and this also decreased activity of Na*/K*-ATPase.

After preincubation of liver subcellular fraction with bafilomycine A1, next applying
NAADP caused more intensive decreasing of Na*/K*-ATPase activity. Such as bafilo-
mycine A1 amplified NAADP’s effect we assumed that it is possible an existing of
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NAADP-sensitive but bafilomycine-insensitive store in this subcellular fraction. This as-
sumption was made early observing decreasing of stored calcium in permeabilized
hepatocytes, which was not sensitive to thapsigargine or nigericine [6]. This store is the
most likely represented by endosome, which may possess Na*/K*-pump as results of
endocytosis [11].

Summarizing these data, we assume that Na*/K*-ATPase may be active in the en-
dosomal organels and bafilomycine A1, as well as NAADP decreased pump’s activity
due to alkalization of endosomal luman.

Influence of bafilomycine A1 and NAADP on basal Mg?*-ATPase activity in rat
liver subcellular fraction. It should to note that activity of basal Mg?*-ATPase is coupled
to H*-translocation in plasma membrane [17; 23] as well as in endosomal fraction [21].
Also in hepatocytes Mg?*-ATPase is considered as markers of canalicular memebrane [1].
It was observed that bafilomycine A1 caused increasing of basal Mg?*-ATPase activity by
(60.13+£11.68) % (P<0.05; n = 15) (Fig. 4). This effect doesn’t associated with the calcium
concentration increasing because of EGTA presence in incubation medium. The most
likely that bafilomycine’s effect is due to pH changing. Previously NAADP-induced de-
creasing of basal Mg?*-ATPase activity was found in subcellular fraction of rat liver, which
has been also explained by NAADP-induced alkalization of endo-lysosomal luman [24].
Our results are in agreement with kinetic interpretation of the original pH-dependence
of enzymatic activity of basal Mg?-ATPase of the smooth muscle sarcolemma [14].
S. O. Kosterin et al. [14] showed that a cause of linear pH-dependence of enzymatic activ-
ity of the basal Mg?*-ATPase is that H* is a competitive inhibitor of given enzyme: the in-
crease of protons concentration leads to a decrease of the affinity of Mg?*-ATP substrate
for the enzyme. Our data suggest that bafilomycine A1, as well as NAADP, decrease
basal Mg?*-ATPase activity due to alkalization of endo-lysosomal lumen.

B control B NAADP
35 NEF bafilomycine ® NAADP + bafilomycine

é 30 Fig. 4. Influence of bafilomycine A1 and NAADP
x 25 * on basal Mg?*-ATPase activity in postmito-
c chondrial fraction of rat liver (Mtm): * —
2 9 [ I P<0.05 vs control; # — P<0.05 vs bafilomy-
2 cine; A — P<0.05 vs NAADP

o 15 e Fig. 4. Bnnus 6adinomiunHy ta HAAO® Ha ak-
\E_ 10 4 TUBHICTb 6asanbHoi Mg?-ATd-a3n y nocT-
E MiTOXOHApIanNbHIN dpakuii neviHkn wypis
g 5 - * (M+m): * — P<0,05 wopgo KoHTponio; # —
=4 0 P<0,05 wopno 6adinomiumny; * — P<0,05

wono HAAOD

Simultaneous presence at incubation medium of bafilomycine A1 and NAADP
caused an increase of basal Mg?*-ATPase activity by 2 folds (P<0.05; n = 15) compared
to control (Fig. 4). So, NAADP intensify the effect of bafilomycine A1 which confirm pre-
sence of the additional NAADP-sensitive store in this subcellular fraction.

This supports our hypothesis that NAADP and bafilomycine A1 cause changes of
pH inside the endo-lysosomal ogranels, as well as in the incubation medium.
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CONCLUSIONS

It was shown that SERCA activity increased under bafilomycine A1 presence as
well as NAADRP in rat liver postmitochondrial fraction. At the same time, changes in PM
Ca?*-ATPase activity were not found. These effects are explained by an existing of lyso-
some-ER membrane contact sites with close apposition between NAADP-sensitive Ca?*-
channels of acidic store and SERCA. Previously, preincubation of rat liver postmitochon-
drial fraction with bafilomycine A1 completely prevented to NAADP-induced increasing of
SERCA activity. It was made conclusion that NAADP-sensitive store is at the same time
bafilomycine A1-sensitive, which has direct contact sites to ER, but not to PM.

It was found that bafilomycine A1 decreased activity of Na*/K*-ATPase and amplifi-
cated NAADP-induced decreasing of Na*/K*-ATPase activity. After preincubation of liver
subcellular fraction with bafilomycine A1 next applying NAADP caused more intensive
decreasing of Na*/K*-ATPase activity, and bafilomycine A1 amplified NAADP’s effect.
We assumed that Na*/K*-ATPase may be active in endosomal organels and bafilomy-
cine A1, as well as NAADP decreased its activity due to alkalization of their luman. Be-
sides, existing of NAADP-sensitive but bafilomycine-insensitive store in this subcellular
fraction is supposed, which is more likely represented by the endosomes. It was also
observed that bafilomycine A1 caused an increase in basal Mg*-ATPase activity, and
NAADP intensify bafilomycine A1 -induced changes of this pump function. These effects
are realized due to changes of pH inside the endo-lysosomal organelles.

Thus, close association between bafilomycine-sensitive store and ER is postulated
for rat liver postmitochondrial fraction. Bafilomycine A1 applying changes activity of ac-
tive ion-transport systems which may disturb as trasformation of the endolysosomal
systems organelles due to pH changes.
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Y kniTuHI BinbyBaeTbCst MOCTIHE PELMKITIOBAHHS OpraHoifiB eHA40-Ni30CoManbHoi

cuUcTeMu, sIKi Hanexartb 00 Tak 3BaHOro “KMCNoTHOro Aeno” knitnHu. H*-ATd-a3a cTBO-
ptoe TpaHCMeMOpPaHHUA NPOTOHHUIA rpadieHT Ha UMX MeMbpaHax, 3aKUCIoHYM TXHIN
BMIiCT. CenekTuBHMI iHridiTop H*-nomnn 6adinoMiuMH BUKOPUCTOBYHOTL SIK MPOTUMYX-
NUHHWIA Npenapart, NPoTe Mano BUBYEHO € MOro 6e3neyvHiCTb Ans HopManbHUX KMiTUH.
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KucnotHi geno € ogHoyacHo Ca?*-BMiCHUMK opraHoigamu, siki MOXYTb BMBINbHIOBaTH
KanbLin 3a gii HikoTuHaumaageHiHanHykneotnadgocdaty (HAALD). [Ans KNiTUH neYiHkn
3’s1COBaHo, LLIO KMcnoTHI geno € HAAL®-uyTnmBumu. NpoTe HEBMBYEHUM € B3AaEMO3B'I30K
MK CUCTEMaMM aKTUBHOIO TPAHCMNOPTY MOHIB Ta KUCNUM Aeno renatouuTiB, SKUN MoXe
BigoOpaXkaTu CTaH peLMKItOBaHHSA OpraHoifiB eHO40-Ni30CoOMarnbHOI CUCTEMW Y KIITUHI.
MeToto poboTtun 6yno gocnigutu Bnnve dadinomiumHy tTa HAAL®P Ha aktmBHicTb Na*,K*-
AT®-a3u, 6asanbHoi Mg?*-ATd-asm i Ca?*-ATd-a3m nnasmaTuyHoi membpanm (MM) Ta
eHpgonnasmaTuyHoro petukynymy (EMNP) ana po3ymiHHA MOXIMBMX B3AEMO3B’SA3KIB MixX
opraHoigamun eHgo-nisocomansHoro geno i EMP/INM Ta ouiHUT1 MOXMMBICTb BUKOPUC-
TaHHS 6adinoMiunHy SK NPOTUNYXNMHHOTO Npenapary. [locnian nposeaeHi Ha 6e3’aaep-
Hin | 6eamiToxoHApIanbHIN pakuii NeviHky WypiB, Ky OTpMMyBanu MeToaom andepeH-
LiNHOro LeHTpudyrysaHHs. BusHavanu aktunsHicTb AT®-a3, BUMIpIOOYM BMICT Heopra-
HiYHOro dhocdpopy metogom dicke—Cybappoy.

3’scoBaHo, Wo 6adinoMiuMH BUKNMKAE 3poCcTaHHsA akTuBHocTi Ca?*-nomnu EMP
i He BnnuBae Ha Ca*-nomny MM. 3a gii HAAL® Takox 3pocTae akTuBHicTb Ca?*-nomnu
EMP i Hema 3miH y po6oTi Ca?*-nomnu MM. Micns nonepeaHboi NpeiHkybauii cyokniTuH-
HOI dopakLii neviHkn wypiB i3 6adinomiuMHom Mu He BusBunu BnnmBy HAALOD Hi Ha
Ca? nomny EMP, aHi Ha Ca?* nomny MM. BusieneHo, Wwo 3a gii 6adinomiLnHy 3HMKYETb-
cs1 akTmBHicTb Na*, K*-AT®-a3u. MNpeiHkybaLis 3 6adinomiymHom we OinbLie nigcunto-
Bana BuknukaHe HAAL® npurHidieHHsa akTUMBHOCTI Wiel nomnu. BcTaHoBMneHO, WO 3a Al
6aginomiunHy 3poctae akTMBHICTb 6asanbHoi Mg?*-ATd-a3un. MpeiHky6adis cyOkniTUH-
Hoi dppakuii neviHkn 3 HAAL® nigcunioe niaBuweHHs 6asanbHoi Mg-ATd-a3Hoi ak-
TUBHOCTI 3a Jii 6adinomiumHy. Lli ecdbektn, Ha Hawy OyMKy, MOB’A3aHi i3 6adinomiyunH-
iHOYyKOBaHMIO 3MiHOK pH, a TakoX peanis3ytoTbCa Yepes fnokarbHi CanTu 3 NigBULLEHOO
KOHLEHTpauieto KanbLito.

3pobreHo BUCHOBOK MPO aKTMBHE PELMKITIOBAHHS OPraHoifiB eHgo-nisocoMarnbHO-
ro KUCroro geno y KniTmHax neviHki. Mu Beaxkaemo, wo HAA®-uytnuee geno renato-
UuTIB € BadiNOMIUMH-YYTNIMBUM Ta Mae (PYHKUIOHANbHUIA i i3UYHUIA KOHTAKT 3 MEMO-
paHamn EMP. Pazom 3 TMM, M1 NpuNyckaemo iCHyBaHHS MEBHOI YaCcTKM €HOO0-Ni30C0o-
MarbHOro Aeno, sika He € YyTnvBa go Gadinomiuunny, ane yytnuea go HAAL® i, ove-
BMAHO, NpeacTaBneHa eHgocomamu. OTxe, 3acTocyBaHHS 6adinomiumHy Sk NpoTMnyx-
TNIMHHOrO NpenapaTy MOXe BNAMBaTK Ha 300POBi KMNiTUHW MEYiHKM, WO BUSBNATUMETbLCS
Y NOPYLUEHHI BHYTPILLUHBbOKMITUHHOIO PELVKITIOBaHHS.

Knroyosi cnoea: kucne peno, GadinomiumH, H*-nomna, eHpo-nisocomanbHa
cuctema knituH, AT®-asHa aktuBHicTb, HAAO®P, Na*, K*-nomna,
Ca?*-nomna MM, Ca?-nomna EMNP.
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H+-AT®-a3a co3gaet TpaHCMeMOpaHHbIA MPOTOHHLIN FPagMeHT Ha 3TUX MembpaHax,
3aKkMcnss Ux n3HyTpu. CenekTuBHbIM MHIMBMTOP H*-nomnbl 6adonnomMnLmH NCNomnb3yT
Kak MpOTMBOOMYXONEBLIV Mpenapat, ogHako Maro M3y4YeHHoW sBnsieTcs ero 6esona-
CHOCTb 515t HopMarsibHbIX KNeTok. KucnotHele Aeno sienstoTcs ogHoBpemeHHo Ca?*-co-
AepXaLlymMy opraHomgamu, KoTopble MOryT OCBODOXAATb KanbLin Npy AeACTBUN HUKO-
TUHaumMaageHvHavHykneotugdocdara (HAALDP). [Ins KNeTok nevyeHn nokasaHo, 4To
KncnotHele geno asnswtca HAAOQ®-yyBcTBUTENBHLIMKW. OQHAKO HE M3yvyeHa B3auMo-
CBSA3b MeXAy CUCTEMaMu akTMBHOTO TPaHCMOPTa MOHOB M KMUCHbIM Aerno renaToumTos,
KoTopasi MOXeT oTobpaxkaTb COCTOSHME PELMKITMPOBAHMS OpraHonaoB 3HAO-NN30CO-
MarbHOWM cucTemsbl B kneTke. Llenbio paboTbl 6bino nccnegosate BAMsHWE 6admnomm-
unHa n HAAL® Ha aktmBHOCTb Na*, K*™-AT®-asbl, 6asansHon Mg?*-ATd-a3sbl n Ca?'-
AT®-asbl nnasmartudeckor mMembpanbl (M) n 3HgonnasmaTMyeckoro peTukynyma
(3MNP) Ansa NnoHMMaHWsA BO3MOXHbIX B3aMMOCBSA3EN MeXay opraHoMaaMm 3HO0-NN30C0-
ManbHoro geno n SMNMP/MM 1 oueHUTb BO3MOXHOCTb MCMONb30BaHUSA GadunoMmmumHa
Kak NpoTMBOOMNyXxoneBoro npenapara. OnbITbl NpoBeAeHbl Ha 6e3bsaepHON 1 6e3MUTo-
XOHApPVanNbHOM (bpakumMm NeYeHn KpbIC, KOTOPYH nofyvyanu metodom aunddepeHum-
anbHOro ueHTpudyrmpoBaHus. Onpegensinu akTuBHocTb ATd-a3, namepsasa cogepxa-
HWe HeopraHuyeckoro dpocdopa metogom Pucke—Cybappoy.

Moka3zaHo, 4To 6adPUNOMULIVH BbI3bIBAET POCT akTUBHOCTU Ca?*-nomnbl AP 1 He
BrnusieT Ha Ca?-nomny M. Mpu gencteun HAALD Takke Bo3pacTaeT aKTMBHOCTb
Ca?*-nomnbl MNP 1 HeT nameHeHun B pabote Ca?*-nomnbl MNMM. Mocne npeasaputens-
HOWM NpenHKybaumm cyokneTouHon dopakumm nNevYeHn Kpbic ¢ 6adnnoMmLMHOM Mbl HE
o6Hapyxunu BnusHua HAAO® Hu Ha Ca?*-nomny OIMP, H1 Ha Ca?"-nomny MNM. Bbisiene-
HO, YTO NpW AEeNCTBUN BadunoMmumHa CHKaeTcsl akTuBHOCTb Na*,K*-AT®d-asbl. [Npe-
WHKyGauusa ¢ 6acdmnommumnHom ele dornblue ycunmeana BbiaBaHoe HAAL® nopaene-
HWEe aKTUBHOCTM 3TOW NOMIMbI. YCTAHOBIEHO, YTO NMpu AencTBUM BadmnommLmHa Bo3pa-
CTaeT aKTUBHOCTb GasanbHoi Mg?*-ATd-asbl. [penHKkybauma cybGKneTouHon dpakumm
nedyexHn ¢ HAA® ycunueaeT noebileHne 6asanbHoln Mg?*-ATd-a3HoM akTUBHOCTM NpK
BO3aencTBUmM badbmnommumnHa. 3tn 3pdeKTbl, N0 HALLEMY MHEHUIO, CBSI3aHbl ¢ badhmno-
MULUUH-UHOYLUMPOBAHHBIM M3MEHEeHNeM pH, a Takke peanu3yloTcst Yepes NoKamnbHble
CanTbl C NOBbLILEHHOW KOHLIEHTpaLUNen KanbLmsi.

CpenaH BbiBo4 06 akTMBHOW peumknm3aumy OpraHoMaoB 3HOO0-NM30COMAaribHOMO
KICIOro Aeno B KrneTkax neyeHn. Mel cumtaem, 4to HAALID-4yBCTBMTENBHOE AENO rena-
TOUMTOB SABNSAETCA 0ahMnOMULIMH-YYBCTBUTENbHBLIM U MMEET OYHKLUMOHAIbHbIA U hU3K-
YEeCKMI KOHTaKT ¢ MembpaHamu OIP. A Takke Mbl NpeanonaraemM CyLLecTBOBaHME onpe-
AENeHHOW 0NN 9HO0-NM30COMAarnbHOro Aerno, KOTOPOe He YyBCTBUTENbLHO K badhunomum-
LMHY, HO YyyBCTBUTENBHO K HAAD 1, o4eBMAHO, NpeacTaBeHo 3HO0COMaMbl. Takum
o6pasom, npumeHeHne BadmnoMuLmHa Kak NpOTMBOOMYXONEBOrO npenapaTta MOXeT
BMMATb HA 300POBbLIE KIETKN NEYEHW, NPOSBAAACH B HAPYLLUEHUN BHYTPUKITETOYHOW pe-
LUKN3auum.

Knrouyeesie cnoea: kucnoe geno, 6acdpmnommuymH, H*-nomna, aHOo-nn3ocomarb-

Has cucTema knetok, AT®-asHas aktuBHocTb, HAAL®D, Na*,
K*-nomna, Ca?"-nomna MM, Ca?"-nomna 3I1P.
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