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The methodological procedure provides the detection of the relatively high Na*,K*-ATPase functional
activity in the crude cellular membranes of rat colon smooth muscle (CSM) following standard detergent
pretreatment (with Ds-Na vs digitonin). It includes the essential discrete steps. detergent membrane permea-
bilization under optimal detergent/protein ratio and active site protection by ATP (for Ds-Na) prior enzymatic
reaction with substantial detergent dilution far below critical micelle concentration in the ATPase medium.
The high level of the Na*,K™-ATPase activity, originally detected in CSM, did not differ for two detergents and
was comparable with ouabain-resistant Mg’*,ATP-hydrolase activity. The features of ATPase protein-lipid
complexes were evaluated by the enzyme sensitivity to the effect of ethanol and arachidonic acid with different
membrane disordering effectiveness. The long-chain fatty acid is a more effective inhibitor as compared with
aliphatic alcohol for both ATPases. Mg>t,ATP-hydrolase appeared to be much more resistant to inactivation
than Na*,K*-ATPase. The data reflect the possible differences in lipid dependence of two enzymatic systems
due to the peculiarities of the structural arrangement in membrane and importance of the hydrophobic mi-
croenvironment for mechanism of catalysis. Thus, the data represent the approach to the simple and reliable
Na',K-ATPase activity determination in nonpurified CSM membranes, acceptable for different tissues and
appropriate for quantitative comparison in pathophysiological studies and for testing the impact of diverse
effectors on Na*, K -ATPase.

Key words: ATP-hydrolases, Na*,K*-ATPase, colonic smooth muscle, digitonin, Ds-Na, ethanol, arachi-
donic acid.

Na*,K'-ATPase is a key enzyme in the tissue-
specific regulation of the active transport of sodium
and potassium ions across plasma membrane and re-
lated electrochemical gradient-dependent processes
in animal cells, including an indirect control of cal-
cium homeostasis and electromechanical coupling at
least in skeletal, cardiac and vascular smooth mus-
cles [1, 2].

Being a crucial enzyme of the ion homeosta-
sis readjustment, Na*,K'-ATPase is involved into
mechanisms of miscellaneous diseases development
accompanied by the changes of the enzymatic activ-
ity due to the direct defect or isozyme expression
pattern remodeling [3, 4]. Na*,K'-ATPase participa-
tion in the cellular response as the plasma membrane
target of cytotoxic impact is considered in oxidative

stress and redox pathologies, ischemia-hypoxia,
reprogramming of oxidative metabolism, impair-
ment of transition metals detoxication mechanisms
and appearance of a free iron or copper pool, etc
[5-7]. The relationship exists between the decrease
of the Na",K'-ATPase activity and the severity of
mucosal damage and the degree of inflammation
in inflammatory large bowel diseases accompanied
by impairment of the colonic smooth muscle (CSM)
contractility [8]. However, the pathophysiological
behavior of CSM Na*,K-ATPase and its involvement
in sarcolemmal disorders remain obscure.
Na',K*-ATPase from different sources is used
as an appropriate in vitro model for evaluation of
the inhibitory potential and specificity of the mem-
brane-acting biologically active compounds, applied
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in medical, pharmacological and environmental
researches [9,10]. To elucidate the functional in-
volvement into the pathophysiological mechanisms
the Na*,K*-ATPase expression is studied along with
enzymatic detection in crude membrane preparation
[4, 11].

Unfortunately, the reliable assay for Na*,K*-
ATPase determination in crude CSM membranes
has not been ever tested. In own researches the
biochemical features of the rat CSM Na* K'-AT-
Pase were characterized for the first time under
digitonin pretreatment in accordance with criteria
of functionally adequate enzyme [12]. Mg*'-ATP-
ase belongs to the family of the non-P-type ATP-
hydrolases with different way of ATP-hydrolyse in
comparison with ion-transporting ATPases [12-14].
It is essential to evaluate the relative conformational
resistance due to different structure-functional rela-
tions of these ATP-hydrolasing enzymes in mem-
brane on the basis of different sensitivity to mem-
branotropic agents.

Further research requires elucidation of the
enzymatic dependence on membrane surrounding
and its importance for maintenance of the func-
tional conformation. In this regard the widely used
procedure with mild Ds-Na pretreatment is applied
for CSM membranes, which, as is known, unmasks
latent Na*,K*-ATPase activity preserving the in-
trinsic membrane protein-lipid enzymatic complex
(annular lipids) [15, 16]. It will allow standardizing
enzymatic assay in smooth muscle membranes with
commonly used approach for Na*,K*-ATPase purifi-
cation in highly active membrane-bound form used
for brain, kidney, salt glands, myocardium, etc. It is
important to adopt the initial step of the procedure
for determination of the functional Na*,K'-ATPase
activity in crude membrane preparations from CSM
in accordance with our previous researches [17].
This will enable to evaluate the dependence of the
enzyme structural-functional complexes on intrinsic
lipid integrity and impairment effect of the mebrane-
acting agents on the membrane microenvironment of
the ATP-hydrolases.

Thus, the aim of this study is to detect the func-
tionally active membrane-bound Na*,K*-ATPase ac-
tivity in the rat CSM crude membrane preparations
by Ds-Na pretreatment and to determine the relative
structure-function resistance in membrane of the
ATPases (Na*",K'-ATPase vs Mg?*-ATPase), affected
by the lipophilic modifiers of the enzyme lipid mi-
croenvironment, such as aliphatic compounds with

different hydrophobicity: ethanol and arachidonic
acid (AA).

Materials and Methods

ATPase activity and protein determination were
conducted in postmitochondrial membrane fraction
isolated from rat CSM in accordance with the previ-
ously described methodical conditions [12]. ATPase
activities (Na',K'-ATPase and Mg?*-ATPase) were
detected after disrupture of the membrane vesicles
by detergent digitonin or Ds-Na in accordance with
1 mM ouabain selectivity.

The pretreatment conditions were the follo-
wing: 0.2% digitonin (detergent/protein ratio = 1/1
at 23 °C, 15 min) in the medium, contained: 30 mM
tris-HCI buffer (pH 7.54), 0.16 M sucrose, 2 mg/
ml protein, 2 mg/ml digitonin. Aliquots 5-10 pl
immediately were added into ATPase reaction mix-
ture (0.5 ml) at 37 °C with dilution 50-100 times
[18, 19].

0.04% Ds-Na (detergent/protein ratio = 0.2 at
23 °C, 30 min) in the medium, contained: 30 mM
tris-HCI buffer (pH 7.54), 0.16 M sucrose, additional-
ly 1 mM EGTA and 3 mM ATP-Na, (for catalytic cite
protection), 2 mg/ml protein, 0.4 mg/ml Ds-Na. The
treatment was terminated by dilution 1/10 by chilled
30 mM tris-HCI buffer (pH 7.54) with 1 mM EGTA
and 3 mM ATP. Aliquots 50-60 ul were added into
ATPase reaction mixture (0.5 ml) at 37 °C. Final de-
tergent dilution was 80-100 times. This procedure is
more convenient and is based on the methodological
principles previously applied [17]. The values of the
enzymatic activities are given in Table 1.

Modifiers: 0.2-1.0 M ethanol or 1-330 uM AA
(all-cis-5,8,11,14-eicosatetraenoic acid) were added
into ATPase medium. AA stock solution was pre-
pared on DMSO. The corresponding quantity of
DMSO added into incubation mixture did nor alter
the enzymatic activities.

Statistical analysis of the results was performed
using Microsoft Office Excell 2007 and OriginPro
9.0. The data are given as means = SEM. The signifi-
cance of statistical differences between two groups
was evaluated using Student’s #-test (P < 0.05).

Results and Discussion

In the previous researches for the first time we
estimated functionally adequate Na*,K"-ATPase ac-
tivity in postmitochondrial cellular membrane frac-
tion of the rat CSM by digitonin pretreatment [12,
18, 19]. This study is an application of the Ds-Na
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pretreatment procedure used for the first time for the
CSM membranes. Ultimately, rather high Na*,K*-
ATPase activity was determined in crude smooth
muscle membranes (Table 1) and further investiga-
tion of the membrane properties of the ATP-hydro-
lases using modifiers of the enzyme microenviron-
ment in the membrane was conducted.

The data were obtained for principally different
detergents with distinct specificity towards mem-
brane components [16, 20, 21]. It is known that at
concentrations above critical micelle concentration
(CMC) detergents solubilize membrane including
its protein and lipid components into micelles. The
solubilizing effectiveness also depends on detergent
nature and detergent/protein ratio. Detergent charac-
teristics are given in Table 1. As seen, the pretreat-
ment concentration for Ds-Na is much lower than
CMC. In such conditions the detergent selectively
extracts some peripheral proteins and bulk lipids
preserving intrinsic lipid Na",K*-ATPase microenvi-
ronment [15, 16]. The activity values of two ATPase
enzymes do not differ for used detergents. Taking
into account the characteristics of the used deter-
gents and enzyme activity values, the data indicate
a high functional stability of protein-lipid complexes
of Na",K*-ATPase with annular lipids, which sustain
the folded protein conformation in membrane frag-
ments necessary for manifestation of high enzy-
matic activity. The minimal required conditions are

the keeping of the optimal detergent/protein ratio,
protection of the enzyme active center by substrate
ATP and chelator presence in the case of pretreat-
ment with negatively charged Ds-Na. It should be
emphasized that CSM Na*,K*-ATPase activity (up to
30 pmoles of P,/hour per 1mg of protein) is appreci-
ably higher that is known for other smooth muscles
including myometrium [11, 22]. This indicates the
necessity for compliance with mild pretreatment
procedure at room temperature, proper detergent/
protein ratio and considerable detergent dilution in
ATPase medium far below CMC

Summarizing in general, it is important to
emphasize that the basic principles of the meth-
odological procedure are determined by standard
characteristics and precaution of commonly used
detergents in membranological studies [15, 16, 20,
21] requiring mild pretreatment procedure at room
temperature before incubation of permeabilized
membranes with effectors or in ATPase medium at
37 °C. Thus, the methodological importance of the
separation of the procedures of the detergent action,
modification and/or ATPase reaction to minimize
the deleterious unfolding detergent effect in the
course of Na“",K"-ATPase activity determination, in-
cluding CSM preparations, is highlighted [12, 17-19].
It also diminishes the possible combined effect of de-
tergents and membrane-active agents, enhancing en-
zyme unfolding and inactivation [17]. Such approach

Table 1 ATPase activities under different detergent pretreatment in rat CSM membranes (M £ m, n = 5-8)

Parameter Digitonin Ds-Na
Activities, umoles of P /hour per 1 mg
of protein: Na*,K'-ATPase 2572 +2.99 27.67+1.79
Mg*,ATP-hydrolase 32.57+2.48 3134+ 142
Detergent type nonionic anionic
Critical micelle concentration, mM* <0.5 8.2
Optimal pretreatment concentration 1.63 1.39
(at 2 mg/ml protein), mM
Detergent/protein ratio, mg/mg 1 0.2
Detergent dilution in ATPase medium 1/50-1/100 1/80-1/100

Specificity”

preserves protein-protein
interaction, impairs protein-
lipid and lipid-lipid interactions,
specifically binds to cholesterol

impairs protein-protein,
protein-lipid and lipid-
lipid interactions

Na',K'-ATPase molecular form*

oligomer (af),

monomer of3

Note: # according to [16, 20, 21].
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provides a possibility to adjust moderate but effective
detergent concentration relative to membrane protein
content, optimal for vesicles permeabilization and
exposure of the latent activity. It also enables to pre-
serve enzyme in fragmented membranes in a form
of protein-lipid complexes with, at least, annular li-
pids, which are essential to maintain folded protein
conformation of the functionally active enzyme, not
achieving uncontrolled or complete solubilization of
the membrane components. It is of great importance
especially for denaturing anionic detergent Ds-Na.
In this case ATP addition protects active site and en-
zyme inactivation [15-17]. The following introduc-
tion of the aliquots into incubation mixture enables
to decrease detergent concentration up to negligible
and ineffective, significantly lower CMC.

Thus, the data represent the first example of
the Na*,K*-ATPase activity determination in CSM
membranes in optimal conditions with different de-
tergents for membranological and pathophysiological
usage and testing the impact of diverse effectors on
Na*,K'-ATPase.

Farther, the effect of ethanol on CSM ATPases
was compared for two detergents used for membrane
pretreatment. As it was shown earlier using fluores-
cent probe l-anilinonaphthalene-8-sulfonate (ANS)
of the membrane surface localization (in phospholi-
pids polar heads and glycerin residues region), short
chain aliphatic alcohol ethanol caused structural
modification of the membrane surface area [23].
Na*",K*-ATPase activity is sensitive to ethanol in
greater extent compared with Mg?*-ATPase (Fig. 1,
Table 2). Actually this indicates different dependence
of the ATP-hydrolases to membrane surface modifi-
cation. Regardless membrane permeabilization with
digitonin or Ds-Na the dependence of the Na*,K'-
ATPase activity inhibition by ethanol and I, values
does not differ significantly for two detergents. This
indicates the functional similarity of protein-lipid
complexes of the enzyme produced by both deter-
gents. Mg?*-ATPase is less susceptible to membrane
alterations caused by ethanol.

The obtained data for CSM ATPases almost
completely coincide with our previous researches
for rat cerebral cortex enzymes with the use of Ds-
Na for membrane permeabilization: the I, values
for Na*,K'-ATPase ethanol inhibition are the same
both for smooth muscle and brain (Table 2) [17]. It is
possible to make a conclusion about the existence of
the general differences of significance of the mem-
brane surface microenvironment for ATP hydrolysis

100
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Fig. 1. The effect of ethanol on rat CSM Na',K*-
ATPase (1, 3) and Mg**-ATPase (2, 4) activity in
permeabilized by digitonin (1,2) and Ds-Na (3,4)
membranes (M + m, n = 4-5). 100% — correspon-
ding activity without effector

mechanism by the two enzyme systems in various
tissues.

In further experiments the effect of the hydro-
phobic modifier AA on CSM ATP-hydrolases was
studied in membrane fragments that were made
leaky by Ds-Na pretreatment. The long-chain poly-
unsaturated AA is the structural component of the
membrane phospholipids. It is released in membrane
by phospholipase A, modifies membrane matrix
packaging and together with its metabolites inhibits
Na*,K'-ATPase, in pulmonary artery or colonic mu-
cosa in particular [24-27]. AA and its metabolites
also are well known physiological regulators and
pathophysiological factors, inflammation media-
tors, that participate also in neurotransmission, sig-
nal transduction, regulation of vascular tonus and
smooth muscle contractility.

It is shown (Fig. 2, Table 2), that in CSM mem-
branes AA inhibits Na',K'-ATPase in micromolar
range with I, ~ 30 uM, while Mg**-ATPase is more
resistant with I, value eight times higher, namely
~ 240 uM. These results for CSM Na*,K"-ATPase
fully coincide with parameters for enzyme from
other tissues [24, 27]. The data indicate the differen-
ces of the ATPases dependence on native hydropho-
bic membrane matrix, deep modification of the en-
zyme microenvironment with long aliphatic chains,
annular lipid packaging, thus representing the major
specific features of structural arrangement in mem-
brane of the two ATP-hydrolytic enzyme systems.

It seems expedient to compare the effective-
ness of membranotropic action of the aliphatic
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Fig. 2. The effect of arachidonic acid on rat CSM
Na*,K*-ATPase (1) and Mg’*-ATPase (2) activity
(M £ m, n = 4-6) in permeabilized by Ds-Na mem-
branes. 100% — corresponding activity without ef-
fector

compounds despite the nonhomologous series on
ATPases from various tissue. The extent of the in-
hibition sharply enhanced with the chain length ac-
cording to the increased hydrophobicity in the range:
alcohols < long chain unsaturated fatty acids (etha-
nol < butanol < AA). I, decreased from high mil-
limolar range to micromolar values for two ATPases
(Table 2). But Mg?*-ATPase in all cases was much
more resistant than Na*,K'-ATPase. For ethanol the
inhibition parameters for Na",K*-ATPase appeared to
be the same for CSM and brain cortex membranes
pretreated with Ds-Na [17]. I values for ethanol in-
hibition of the CSM Na*,K"-ATPase for two deter-
gents do not differ significantly. Taking into account
our previous researches that ethanol is a moderate
modifier of the structural state of the surface mem-
brane area [23], these data indicate the structural-
functional similarity of the Na",K*~-ATPase protein-
lipid complexes formed by both detergents, but in

tendency somewhat more stable in the case of Ds-Na
pretreatment.

Much higher resistance of the Mg?*-ATPase in
comparison with Na*,K*-ATPase to inactivation by
hydrophobic aliphatic membrane-acting agents re-
veals the different importance of the lipid environ-
ment for their functional activity and peculiarities
of the mechanism of the enzymatic ATP hydrolysis.

Thus, the optimal conditions were chosen for
Na*,K*-ATPase activity determination in rat CSM
crude membrane preparation. The universal me-
thodical approach, proven in other tissues [15-17], is
adapted in our case. It provides simple and reliable
detection of the CSM Na* K*-ATPase functional ac-
tivity in a relatively nonpurified membranes — the
highest of the known for smooth muscle enzyme, in-
cluding myometrial plasma membranes [11, 22], with
comparable Mg*-ATPase acivity. The technique is
appropriate for membranological assays, quantita-
tive comparison in pathophysiological studies and
for testing the impact of diverse effectors on Na*,K'-
ATPase. The key feature is that the enzyme stays
embedded in intrinsic membrane environment due to
the mode of the detergent exposure [15, 16, 20]. The
presence of the protein-lipid complexes is essential
for determination of the enzyme dependence on the
membrane microenvironment under the influence of
the lipophilic modifiers. The higher Na",K*-ATPase
susceptibility in comparison with Mg?*-ATPase to
the membrane modification by ethanol and arachi-
donic acid was revealed in this study, thus proving
the essential importance of the hydrophobic envi-
ronment for the maintenance of the properly folded
functional enzymatic conformation.

In the previous own researches the following
biochemical features of the CSM ATP-hydrolases
were revealed for the first time in accordance with
general insights of structure-functional enzymatic

Table 2. Inhibition parameters for ATP-hydrolases (1,,) by membrane-active modifiers (M +m, n = 4-3).
* Significant differenses vs corresponding Mg>*-ATPase activity

L, Na*,K*-ATPase Mg>*-ATPase
Ethanol, mM, CSM, digitonin 46792 + 64.88* > 1000
Ethanol, mM, CSM, Ds-Na 606.96 + 40.38* > 1000
Ethanol, mM, brain cortex, Ds-Na [17] 690.00 + 10.00* > 2000
Butanol, mM, brain cortex, Ds-Na* 79.52 &+ 1.35% 234.26 + 6.83
Arachidonic acid, uM, CSM, Ds-Na 30.55 £ 4.37* 237.87 £43.35

Note: #brain cortex microsomes were obtained according [17]
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properties. Rat CSM Na*,K"*-ATPase is mainly rep-
resented by rodent species-specific ouabain resistant
al-isofrm with I, ~ 70 uM, prevailing in membrane
fraction [18]. By the way, the determination any-
where of the low apparent ouabain affinity (high I,
uM) of the native, non-mutant, not rodent enzyme
indicates the mismatch of conditions for stationa-
ry glycoside binding. Na*,K*-ATPase of rat CSM in
comparison with Mg, ATP-hydrolase is character-
ized by a greater functional importance of SH-groups
corresponding to the higher sensitivity to inhibition
by divalent heavy metal ions. Sodium nitroprusside
as nitric oxide donor and polyamine spermine (mM)
are the weak inhibitors also of Na*,K'-ATPase but
not of Mg*-ATPase [12, 19]. Contrary, in membrane
preparations Na',K'-ATPase and Mg?**-ATPase both
are insensitive to submillimolar H,O, concentrations
(in the presence of EGTA), but unlike Mg?*-ATPase,
Na*,K*-ATPase is highly sensitive to hydroxyl radi-
cal, generated in the presence of transition metals.
Thus, the above data may reflect the differences
between two types of ATP-hydrolases in enzyme
structural arrangement in membrane, susceptibility
to oxidation and catalytic mechanism.

Taken together [12, 19], the data reflect the dif-
ferences of the structural arrangement in the mem-
brane for two ATP-hydrolases, important for the
functional manifestation. The CSM Na*, K'-ATPase
biochemical properties revealed in the own resear-
ches correspond to the specific features of the en-
zyme from different sources [12, 18, 19]. Thus, the
data also represent the approach of the simple and
reliable determination of the activity of Na",K'-
ATPase in nonpurified CSM membranes, present
in membrane-bound form with native microenvi-
ronment, necessary for functional congruence. It is
acceptable for different tissues and appropriate for
membranological assays, quantitative comparison in
pathophysiological studies and for testing the impact
of diverse effectors on Na*,K'-ATPase [28]. Primari-
ly, the high conformational mobility of the Na*,K'-
ATPase, performing the cyclic intramolecular con-
formational transitions in the process of the catalytic
turnover, is supported by native lipid environment,
at least by annular lipids, susceptible to be disor-
dered by detergents and/or lipophilic modifiers [16,
17, 28]. Such properties are important for optimiza-
tion of the functioning of the enzyme under normal
conditions. However, they determine the sensitivity
of the enzyme to the action of pathological factors,
when diverse homeostatic mechanisms in the cell go

out of control. It may be of biological relevance in
cellular response, for example, under the effect of
phospholipase A,, endogenic AA acid and its me-
tabolites or other hydrophobic compounds. The data
reflect the possible functional differences in lipid
dependence and importance of the integrity of the
protein and intrinsic microenvironment for two en-
zymatic system (Na*,K'-ATPase and Mg?*-ATPase)
due to the peculiarities of the structural arrangement
in membrane and importance of the hydrophobic
surrounding for mechanism of catalysis.

BIIMIHHOCTI B YUY TJIUBOCTI
Na*,K*-ATPa3u TA Mg*-ATPa3n
IJIAJEHBKUX M’SI3IB OBOJIOBO1
KUIIKH I[YPA 10 ETAHOJY

TA APAXIZIOHOBOI KHCJIOTH

3A IONEPEJIHBOI OBPOBKH
KJITUHHUX MEMBPAH Ds-Na

O. A. Kanas

[acTuTyT Gioximii im. O. B. [Tannanina
HAH VYkpainu, Kuis;
e-mail: kaplya@biochem kiev.ua

VYHi(iKOBaHUI METOAMYHMM MIiAX1J JI03BOJISIE
BU3HAUYATH JOCUTH BUCOKH PiBeHb (PYHKIIOHAIBHOT
aktuBHocTi  Na' K'-ATPasu B  HeouuHmieHIH
(dpakiii KITHHHUX MeMOpaH TJIaJeHBKOTO M’s3a
o6onoBoi kunku (I'MOK) mrypa 3 BUKOpUCTaHHSIM
CTaHJAPTHOI IMONEPEIHbOI 00POOKH JETEPreHTOM
(Ds-Na mnopiBHsHO 3 auritoHiHoM). HeoOximHuit
O00OB’I3KOBUI  TOAIN  eTamiB: mnepmeaOdiizairii
MeMOpaH  JISTEPreHTOM 33  ONTHMAaJIbHOTO
CHIBBIIHOILICHHS JICTEPreHT/TIPOTEIH B YMOBaX 3a-
XUIICHHS aKTHBHOTO LEHTpYy eHsumy ATP (mms
Ds-Na) nornepeanbo 0 eH3MMaTHYHOI peaxiii 3a
3HAYHOTO PO3BENICHHS JIETEPreHTy HabaraTo HHX-
4Ye KPHUTHYHOI KOHIIGHTpaIii MIilenoyTBOPCHHS
B cepenosuili ATPa3su. Bucokuit pisenr Na',K'-
ATPa3Hoi aKTHUBHOCTI, sIKa BIIEpIIE BU3HAUCHA
B 'MOK, He BiJpi3HSBCS JJisi JBOX JIETECPrEHTIB
i OyB TMOpIBHSHMM 3 AaKTUBHICTIO Yya0aiH-
pesuctentHoi Mg?", ATP-rimponaszu. Crerudivni
OCOOJIMBOCTI  MPOTETHOBO-TIMIIHUX KOMILICKCIB
ATPa3 omiHroBaiM 3a YyTJIMBICTIO 10 MeMOpaHO-
TPOITHOTO BIUITMBY €TAHONY 1 apaxiJOHOBOI KHC-
JIOTH 3 PI3HOIO JIE30PraHi3youor0 MiKpPOOTOYCHHS
eH3UMIB e()eKTHBHICTIO. J[OBrOJIAHIIFOTOBA KHUP-
Ha KUCJIOTa € e(EeKTUBHINIMM iHTIOITOpOoM 000X
ATPa3, Hix amiparnyHuii ciupT. Y CBOI0O uepry
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Mg?", ATP-rigponaza XapakTepH3YETbCS 3HAYHO
OIBIION CTIWKICTIO M0 1HakTHBaIii, Hixk Na',K'-
ATPa3za B 000x Bumankax. Ilepenbavaerbes MOX-
JIUBE ICHYBaHHS BIJIMIHHOCTEH JBOX EH3MMHHUX
CHUCTeM Yy JIMiAHIA 3alle)KHOCTI AK pe3yJbrar
0co0MMBOCTEH iX CTPYKTypHOI opranizamii B
MeMOpaHi 1 BaXJIMBOCTI TigpohoOHOro OTOuEH-
HS B MexaHi3Mi katamiizy. Takum 4MHOM, 3acTO-
COBaHUM MPOCTHUH 1 HAAIWHUHA MigXiJ BU3HAUYCH-
Hs aktuBHOCTI Na',K'-ATPasu B HeouuieHii
MeMOpaHHii ¢pakuii kiritua ['MOK, ywnidiko-
BaHWI I PI3HUX TKAaHUH, IKUH MOYKE BUKOPUCTO-
BYBaTHCSI B MEMOPAHOJIOTTYHUX 1 MOPIBHSIBHUX
natoQi3i0J0riYHUX JOCIIKEHHSIX, a TaKOX IS
TECTyBaHHS BIUIMBY pi3HUX edekropiB Ha Na' K'-
ATPazy.

KnwuoBi CJIOBa: ATP-rigponasm,
Na*,K*-ATPa3a, rimageHbKui M’s13 0000BO1 KUILIKH,
nuritoHiH, Ds-Na, eTaHoII, apaxiJoHOBa KHCIIOTA.

PA3JINYUE B
YYBCTBUTEJBbHOCTH Na*,K*-
ATPa3s1t U Mg*-ATPa3b1 [VIAJIKUX
MBI, OBOJOYHOM KUILIKH
KPBICHI K 9TAHOJIY U
APAXWJOHOBOM KHCJIOTE B
YCJOBUAX NPEIOBPABOTKH
KJETOUYHBIX MEMBPAH Ds-Na

A. A. Kannas

TactutyT Onoxmmun uM. A. B. [Tannagmaa
HAH VYxpannsl, Kues;
e-mail: kaplya@biochem.kiev.ua

YHUPUIUPOBAHHBI ~ METOAUYECKUN  TOA-
XOJ1 TIO3BOJISIET OMNPEAENATh JOCTaTOYHO BBICOKHI
ypoBeHb (yHKIIMOHAIBHONW akTHBHOCTH Na',K'-
ATPa3bl B HEOUYHIIEHHOH (QpakIUK KIETOYHBIX
MeMOpaH TJIAJKOM MBIIIIbI O0OAOYHON KHIIKHU
('MOK) kpbICBI C HCTIOJNIB30BAHUEM CTaHIApTHOM
npenodpadbotku nereprentamu (Ds-Na B cpaBHe-
HUM ¢ AUTUTOHUHOM). HeoOGxoammo obs3aTenbHOE
paslielicHHe STaIoB: NEepMeadUIH3alud MEMOpaH
JETEePreHTOM MPH ONTUMAJIbHOM COOTHOIICHUH JIe-
TEPreHT/IPOTENH B YCIOBHUSX 3aIIUTHI AKTHBHOTO
nentpa sH3uMa ATP (s Ds-Na), npenmiecTByio-
LIEH PH3UMATUYECKON peaKUU IPU 3HAYUTEIBHOM
pa3BelleHUH JIeTepreHTa HaMHOTO HM)Ke KpHUTHYe-
CKOM KOHIEHTpAIlMN MHUIEJI000pa3oBaHus B cpe-
ne ATPazbl. Beicokuit ypoenb Na',K'-ATPa3noit
aKTHBHOCTH, BIepBble ompeaeneHHoH B ['MOK,
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OJIMHAKOB IS JIByX J€TEPreHTOB U COMOCTABUM
C aKTHBHOCTBbIO yabamHpesucteHTHoir Mg, ATP-
TUAPOJIA3KL. Crnenuduyeckue 0COOEHHOCTH
MPOTEUHOBO—NUIUIHBIX KoMmIuiekcoB ATPa3 orre-
HUBAJM N0 YYBCTBHTEIBHOCTH K MEMOpPaHOTpPOI-
HOMY BO3JIEHCTBHUIO 3TaHOJIa U apaxUAOHOBOM KHC-
JIOTHI C pa3HO# 3P PEKTHBHOCTHIO JIC30praHU3AINH
MUKPOOKPY’KEHMsI 3H3UMOB. [lIMHHOLENOYEYHas
JKUpHAs KUCIOTa sBisieTcss Oonee 3(pPeKTUBHBIM
narnOHTOpOoM 00enx ATPa3, yem anudarudeckuit
ciiupT. B cBoro ouepens Mg, ATP-rugponaza xa-
paKkTepU3yeTCsl 3HAUUTEIBHO OOJBIICH YCTONYH-
BOCTBI0O K HWHakTuBanuu, yem Na',K'-ATPaza B
mobom ciyyae. IIpennomnaraeTcs BO3MOMKHOE Cy-
LIECTBOBaHHUE Pa3IWYMi ABYX 3H3MMHBIX CHCTEM
B JIMIIMJIHOW 3aBHCHUMOCTH KakK pe3yJjbTaT OCOOCH-
HOCTEH MX CTPYKTYpPHOW OpraHu3aluu B MeMOpaHe
U BaXXHOCTH THUAPOPOOHOTO OKPYKEHHS B MeXa-
HHU3ME KaTanu3a. Takum oOpa3om, TpUMEHEH IPo-
CTOW M HANEKHBIM MOAXOMX ONpPENEICHHUS] aKTHBHO-
ctu Na",K"-ATPa3b1 B HeouHIIeHHONH MeMOpaHHOM
¢paxkaun knerok 'MOK, yHupunupoBaHabIi 1is
PasHBIX TKaHel, KOTOPBIH MOXKET HCIIOJIb30BaThCs B
MEeMOPaHOJOTHUECKUX M CPAaBHUTEIBHBIX MAaTO(H-
3MOJIOTUUECKUX HMCCIENOBAaHUAX, a TaKXKe IS Te-
CTHPOBAHUS BO3NEHCTBHS PasIMIHBIX d(h(PeKTOpoB
Ha Na",K*-ATPagy.

Knwuesbie cunoBa: ATP-runposnassl,
Na',K*'-ATPa3a, rinagkast MbIIIIa 000J0YHON KHIII-
KW, AWTUTOHWH, Ds-Na, 3TaHOn, apaxujaoHOBas
KHCJIOTA.
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