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Abstract

The in vitro influence of decameric vanadate species on Na'/K'-ATPase, plasma
membrane Ca>-ATPase (PMCA)-calcium pump and ecto-ATPase activity, using
rat synaptic plasma membrane (SPM) as a model system was investigated. The
concentration-dependent responses to decavanadate of these enzymes were
obtained. The half-maximum inhibition (ICsy) of the enzyme activity was achieved
at (4.74 + 1.15) x 10mol/l for Na"/K*~ATPase and (3.13 £ 1.70) x 10™* mol/l
for Ca**-ATPase, while ecto-ATPase is significantly less sensitive toward
decavanadate (ICso- (1.05 = 0.10) x 10 mol/l) than investigated P-type ATPases.

Introduction

Interest in the interaction of vanadate oxoanions with biological systems has
inceased since it has been demonstrated to have a variety of physiological effects
acting either as a phosphate analogue in the monomeric form (H,VO,) [1] or
through oligomeric vanadate species which interact with biomolecules with various
and versatile activity (enzymes inhibitor or activator). Several studies report that
decavanadate has a stronger effect on various enzymes, when compared to other
vanadate oligomers and include the possibility of its use as a tool in the in the
understanding of molecular mechanism of muscle contraction as well as inhibition
of several ATPases such as P-type ATPases [2,3].

The aim of this work was the investigation of the in vitro effect of
ammonium decavanadate, (NH4)V00,5.5H,0 on Na'/K™-ATPase (sodium pump),
plasma membrane Ca**-ATPase (PMCA)-calcium pump and ecto-ATPase (Mg’
ATPase) activity, using rat synaptic plasma membrane (SPM) as a model system.

Material and Methods

Ammonium  decavanadate was prepared by dissolving ammonium
trioxovanadate(V) NH,;VO; (0.4 g, 3.42 mmol) in distilled water (20 ml) as
described in [1] to obtain decavanadate anions. The solution was stirred and heated
until complete dissolution of NH,VOj; (about 2h). The pH was adjusted to 5.90 by
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dropwise addition of NH,OH. Orange crystals were formed within four days from
the solution and kept at room temperature.

The SPM were isolated from the whole rat (albino, Vistar) brain according
to the standard method [4]. The standard assay medium for investigation of SPM
Na'/K-ATPase activity contained (in mM) 50 Tris—HCI, pH 7.4; 100 NaCl; 20
KCI; 5 MgCly; 2 ATP; 25 ng SPM proteins, while the rat synaptic PMCA activity
was assayed in standard medium containing (in mM): Tris-HCI (pH 7.4), 0.5
EGTA, 0.5 CaCl,, 5 MgCl,, 2 ATP and 25 pg SPM proteins in a final volume of
200 pl. Incubation mixtures were preincubated for 10 min at 37°C in the presence
of investigated compound or distilled water (control). The inorganic
orthophosphate (P;) liberated from the hidrolysis of ATP, was measured using
spectrophotometry at 690 nm. The activity obtained in the presence of Mg®" alone
was attributed to ecto-ATPase (Mg®-ATPase) activity. SPM Na'/K" -ATPase as
well as SPM Ca®-ATPase activities were calculated by subtracting the Mg*'-
ATPase activity from the total ATPase activity in the presence of Na", K" and Mg**
jons (i.e. in the presence of Ca®" and Mg”" ions).

Results and Discussion

The influence of decavanadate on SPM ATPases activity was investigated by in
vitro exposure to enzymes in the concentration range from 1x10™° to 1x10™ mol/L.
The results show, that increasing concentrations of decavanadate induced inhibition
of enzymatic activity in a concentration-dependent manner in all cases (Fig. 1a).
The dependence of enzyme activity, expressed as a percentage of the control value
(obtained without inhibitor) on inhibitor concentration fit a sigmoidal function for
all enzymes. The half-maximum inhibitory concentrations (ICs) of the investigated
compound for all ATPases were determined by sigmoidal fitting of the
experimental results as well as by Hill analysis (Fig.1b) and are summarized in
Table 1. It is obvious that plasma membrane calcium and sodium pumps are more
sensitive toward decavanadate anion than ecto — ATPase. At the concentration of
1x10”° mol/l decavanadate inhibited Na"/K™~ATPase as well as Ca’"-ATPase up to
80%, while the effect of the same concentration of decavanadate on the ecto-
ATPase activity was negligible. The half-maximum inhibition (ICs,) of the enzyme
activity was achieved at (4.74 + 1.15) x 10mol/I for Na’/K*~ATPase and (3.13
+1.70) x 10® mol/l for Ca®*-ATPase, while the same effect for ecto-ATPase was
observed at a few (several) orders of magnitude higher concentration of
decavanadate - (1.05 + 0.10) x 10™ mol/l. The obtained dose-dependent inhibition
of PMCA and sodium pump by decavanadate is in agreement with previously
reported findings that decameric vanadate species block the active side of P-type
ATPases and consequently prevent formation of the phosphoenzyme intermediary
[5]. However, this mechanism could not be responsible for obtained ecto-ATPase
inhibition (a member of E-NTPDases) and probably occurs via different
mechanism resulting in lower sensitivity toward decavanadate, when compared to
P-type ATPases (sodium and calcium pump).
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Fig. 1. The concentration dependent (a) and Hill analysis (b) inhibition of
Na"/K*™~ATPase (1), Ca**-ATPase (2) and Mg*"-ATPase (3) by ammonium
decavanadate

Table 1. ICs, values of ammonium decavanadate for all ATPases obtained by fit of
sigmoidal inhibition curves and by Hill analysis

Enzyme ICs9, M Hill ICso, M
Na'/K'-ATPase 4.79x 107 (4.74+1.15)x 107
Ca**-ATPase 4.68x 10" (3.13+1.70)x 10
Mg**-ATPase 1.58x 10™ (1.05+0.10)x 10™

Conclusion

It could be concluded that the decameric vanadate species induce inhibition of
SPM ATPases activity in concentration-dependent manner, probably directly
affecting phosphorylation step in the enzyme cycle of P-type ATPases (sodium and
calcium pump).
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