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EFFECTSOF METAL IONSON ECTO-ATPase ACTIVITY
INPLASMA MEMBRANE ISOLATED FROM THE RAT OVARY

M.Milosevi¢, S.Petrovi¢ and A.Horvat

Laboratory of Molecular Biology and Endocrinology, “Vinca” Institute of Nuclear Sciences,
P.O. Box 522, 11001 Belgrade, Serbia and Montenegro

Abstract

Effects of increasing concentrations of metal salts SrCl,, CsCl, CrCls;, CdCl,,
and HgCl, on rat ovarian plasma membrane ecto-ATPase activity were investigated.
CrCl;, CdCl,, and HgCl, exert total inhibition of enzyme activity in the presence of
0.01 M and 0.1 M respectively. SrCl, and CsCl exhibit up to 25% of inhibition. Ac-
cording to the IC50, ecto-ATPase possesses greater sensibility to cd* (ICs01s 0.887
mM) > Cr’" (IC50 is 1.936 mM) > Hg”" (IC50 is 4.39 mM). All investigated ions exert
negative cooperativity (n<1). Physico-chemical properties of the metal are of impor-
tance in metal toxicity. Cr’” and Cd*" ions, with lower radius may inhibit ecto-ATPase
activity by binding to hydrolytic site or by replacing Mg”" in Mg-ATP, a substrate of
the enzyme. Hg”', as a larger ion probably inhibits the enzyme activity through con-
formational changing the enzyme by binding to S-S or -SH groups on the site distinct
to hydrolytic one. By inhibiting the enzyme activity these metals may affect matura-
tion and release of oocytes as well as synthesis and release of gonadal hormones and
decrease the fertility of mammals.

Introduction

Metals are widely dispersed throughout the environment. Environmental pollu-
tion by metals increase the exposure of organisms, which results in their accumulation
in various tissues, including the ovary [1]. Metals have a number of toxic mechanisms
including interference with enzyme function either by binding competitively with
binding sites or by modifying metal-binding proteins. A plenitude of evidence indi-
cates that heavy metals such as lead, mercury, cadmium, arsenic, chromium, nickel
and several others, are developmental and reproductive toxicants acting on DNA tran-
scription and production of reactive oxygen species [1]. The ecto-adenosine triphos-
phatase (ecto-ATPase, EC 3.6.1.3) is a membrane-bound enzyme, which in the pres-
ence of divalent cations (Ca>" or Mg*") plays a role in the extra cellular metabolism of
ATP. By controlling the concentration of the extra cellular ATP, it influences a large
variety of P2 receptor-mediated processes [2]. ATP may influence maturation of ovar-
ian cells and synthesis of gonadal hormones. The specific inhibitor(s) of ecto-ATPase
has not been found up to now. In this work, we investigated possible metal toxicity on
the reproductive system of mammals. With this aim we examined the effects of CrCl;,
SrCl,, CsCl, CdCl,, and HgCl,, on plasma membrane ecto-ATPase activity from the
rat ovary, as a model system.
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Experimental Procedure

Experiments were performed on 3-month-old female Wistar albino rats obtained
from a local colony. Ovarian plasma membranes (OPM) were isolated as described
previously [3]. The activity of ecto-ATPase was determined by the spectrophotometric
method by measuring the inorganic phosphate liberated from hydrolysis of ATP. OPM
(70ug) were preincubated at 37°C without or in the presence of increasing concentra-
tions of CrCls, SrCl,, CsCl, CdCl,, and HgCl,, for 20 min in an enzyme assay medium
containing (in mM) 50 Tris-HCI, pH 7.4; 1 EDTA; 5 MgCl,. After incubation, the en-
zyme reaction was started by the addition of 2 mM ATP, allowed to proceed for 15
min and stopped by the addition of 3 mol/l perchloric acid. All measurements were
performed in triplicate. The results are expressed as the mean percentage of enzyme
activity compared to the corresponding control.

Results and Discussion

Chloride salts of the investigated metals were added to the reaction mixture in
the concentration range from 1x107 to 0.1 M. The effects of increasing concentrations
of metal salts CrCl;, CdCl,, and HgCl, on OPM ecto-ATPase activity shows total in-
hibition relative to the control samples while, SrCl, and CsCl exhibits up to 25% of
inhibition. Concentrations of metals for 50% of enzyme activity inhibition (IC50)
were calculated from the Hill analysis of the experimental results.
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Figure 1. Effects of CrCls, SrCl,, CsCl, CdCl,, and HgCl,
on ecto-ATPase activity. Hill graph presented as inset.
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Cr’*, Cd*" and Hg*" ions exert total inhibition of control enzyme activity (0.130
pmol Pi/mg/min) in the presence of 0.01 M and 0.1 M respectively (Fig. 1.). Accord-
ing to the IC50, ecto-ATPase possesses greater sensibility to Cd*" (IC50 is 0.887 mM)
followed by Cr*" (IC50 is 1.936 mM), and Hg*" (IC50 is 4.39 mM). According to the
Hill coefficient, n, all investigated ions exert negative cooperativity (n<1). When deal-
ing with defining the metal toxicity, particular attention should be focused on metal
chemical specificity in the physico-chemical properties of the metal coordination
sphere. The absence of ecto-ATPase inhibition by Cs and Sr may be explained by
large ionic radius, compared to Mg®", so they probably cannot substitute Mg”" in the
Mg-ATP complex. Also they lack the ability to form complexes with —SH, -NH,, -OH
or other groups in protein. Transition metals may modify the secondary structure of
the protein, compete with free Mg”" or bind to functional catalytic groups, such as SH-
groups and exert the inhibition of enzyme activity. Due to similarity in ionic radius,
Cd*" and Cr*" can probably substitute Mg”" ions in Mg-ATP, which is the substrate for
ecto-ATPase, or binding to the hydrolytic site. Hg*', possessing high radius may form
complexes with —SH or —S-S- residues, out of active center of enzyme, affecting pro-
tein conformation and inhibition of hydrolytic activity.

Conclusion

When dealing with metal ion toxicology, particular attention should be focused
on metal chemical speciation in that the physico-chemical properties of the metal co-
ordination sphere are of importance in defining the metal toxicity. Metals, Cd*" and
Cr’", with lower a radius may inhibit ecto-ATPase activity by binding to hydrolytic
site or replacing Mg”" in Mg-ATP, a substrate of the enzyme. Hg”", as the larger ion
probably inhibits enzyme activity by conformational changing the enzyme protein by
binding to S-S or -SH groups on the site distinct to the hydrolytic one. By inhibiting
the enzyme activity, these metals may affect maturation and release of oocytes as well
as synthesis and release of gonadal hormones and consequently decrease the fertility
of mammals. Further investigations will be undertaken with the aim to define inhibi-
tion mechanisms of the studied metals.
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