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1. Introduction
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Previous studies Suggesied tnat cawCium pia KEY
role in controlling secretory processesin parotld glan
[1—3]. Some events induced by cholinergic or a-adren-
ergic agonists (e.g., K* efflux, Na* influx and amylase
release) seem to be partially dependent on extracellu-
lar calcium [2—4]; other events like protein discharge
induced through B-adrenesgic receptors via the cCAMP
system or the ‘phospholipidic effect’ caused by cho-
linergic agonists, appear to be independent of extra-
cellular calcium [2,5 ,6]. Some of the events induced
by cholinergic and adrenergic agonists (e g., amylase
release [3], Ca?* efflux [3,7], or modification of sub-
cellular *5Ca?* distribution [8,9]) might involve or
reflect the mobilisation of calcium from endogenous
stores. Plasma I‘l‘léi‘l‘lur&l’lt‘:s, mitochondria and endo-
plasmic reticulum are possible sequestration sites
{8—10]. However, when muscarinic receptors are
activated, sodium and potassium intracellular levels
are modified and amylase secretion seems to be
dependent on the extracellular sodium concentration
[11,12]; sodium increases calcium efflux from the
mitochondria of various tissues, inciuding parotid
glands [13]. Taken together, these data suggest that

the variations of sodium (nnd/nr nnfneunm\ intracel-

lular levels might be 1nv01ved in some regulatlon of
secretory processes, presumably by affecting calcium
intraceilular stores.

Here, we investigated the effect of sodium and
potassium on calcium transport in a microsomal frac-
tion isolated from parotid gland; we showed that cal

SUGIII Qi

but not sxgmﬁcantly affected by lithium.

Preliminary results of this work were presented at the Second
International Congress on Cell Biology, Bexlin, 1980
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2. Materials and methods

Microsomal fractions were obtained from homog-
enate of parotid gland by differential centrifugation
a.u,uuqu to the quuwuls uludxﬁcu yIGCEd'ﬁIe lx-r]
the tissue was homogenized with a Dounce in a medium
containing 0.3 M sucrose, 0.1% fatty acid-free serum
albumin and 2 mM Tris—HCI (pH 7.5) at 4°C; after
6000 X g centrifugation, the supernatant was centri-
fuged at 16 000 X g for 20 min and the pellet dis-
carded; after further centrifugation at 48 000 X g for
1 h, the sediment was suspended in homogenization
medium and stored in liquid nitrogen from 1-7 days
and was used as the microsomal fraction. Ca** binding
to microsomal fraction (30—60 ug protein in 1 ml of
incubation medium comprising 60 or 110 mM Tris—
HC buffer (pH 7.3)) was measured at 20°C in the
absence of oxalate, and Ca?*-uptake was measured in
the presence of 4.5 mM oxalate under the same con-
ditions; 1 or 10 uM **CaCl, was added to the incuba-

tion medium. and  as indicated lithinm. sodinm or
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potassium as their respective chloride salts. The reac-
tion was initiated by adding ATP disodium or magne-
sium salt, 2 or 10 min after the microsomal proteins,
and stopped by filtration through millipore filter
(pore size: 0.45 um) {15]; fiiters were washed with

5 ml of a solution containing 100 mM CaCl, and 2 mM
Tris—HCI (pH 7.5) at 4°C [16]. We verified that the

ris—HC1 (pH erified that the
same results were obtamed when filters were washed
with Ca**-free incubation buffer. Filters were counted
in vials which contained 5 ml instagel and were placed
in a scintillation counter (Packard model 3375). The
protein concentrations were measured by the Lowry
method [17] using bovine serum albumin as standard.
The fnllnwmc nnmnmmrk were mlrr‘hmed from

Sigma Chemical Co. ATP (dlsodlum and magnesium
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salts, vanadium-free), fatty acid-free serum albumin,
phosphocreatine and creatine phosphokinase, oxalic
acid, oligomycin, ruthenium red and sodium azide.
CaCl,, MgCl,, lithium, sodium and potassium chloride
salts and Tris were obtained from Merck, and “*CaCl,
from IRE (Belgium).

3. Results

3.1. Properties of the calcium transport system

Fig.1 shows that the transport of Ca%* was ATP-
dependent and was increased by oxalate. During short
incubation times (up to 1 min), addition of oxalate
did not affect calcium binding. Several experiments
were carried out to determine the app. K, for ATP,
which, for equimolar ATP and Mg®* concentrations,
was found to be 15 uM. Calcium transport was shown
to be temperature-sensitive. These data are in agree-
ment with those reported in [10] for a microsomal
fraction from parotid gland. A similar system was
characterized in microsomes from pancreatic exo-
crine cells [18]. The microsomal fraction was exam-
ined for possible contamination by mitochondria,
but since both ruthenium red (10 ug/ml) and sodium
azide (20 mM) failed to inhibit microsomal Ca**
uptake, it was concluded that the microsomal frac-
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Fig.1. Ca?*-binding and Ca?* uptake by a parotid microsomal
fraction. 2 mM MgATP was added after 10 min preincuba-
tion of microsomal fraction in the assay medium (110 mM
Tris—HCl and 10 uM **CaCl,) with (o) or without () 4.5 mM
Tris—oxalate. Results are expressed as nmol **Ca®* incorp./
mg microsomal protein.
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Fig.2. Effect of Li*, Na* or K* on parotid microsomal Ca**
uptake. Ca?* uptake was measured in Tris—HCl buffer (pH
7.3) containing 4.5 mM Tris—oxalate, 1 uM *5CaCl,, 3 mM
MgCl,, 0.2 mM ATP and an ATP regenerating system (1.5 mM
creatine phosphate and 20 IU/ml creatine phosphokinase).
ATP was added after 10 min preincubation of microsomes.
Incubations were carried out in 130 mM Tris—HCI (o) or

80 mM Tris—HCI, with 50 mM LiCl (X), 50 mM NaCl (&) or
50 mM KCl (a). Each point represents the mean of the results
for 2 membrane preparations.

tion contained no intact mitochondria. The amount
of cytochrome ¢ oxidase detected, which was ~7%
of that in the mitochondrial fraction, only revealed
very slight contamination, possibly due to mitochon-
drial fragments.

3.2. Effects of sodium and potassium

Fig.2 shows the time course for Ca®" uptake by a
microsomal fraction in the presence of 4.5 mM Tris—
oxalate, 1 uM **CaCl,, 3 mM MgCl,, 0.2 mM ATP and
an ATP regenerating system. The ATP-driven Ca®*
uptake was linear and was hardly affected by the
addition of 50 mM LiCl or Tris—HCIl, whereas the
addition of 50 mM NaCl or KCl stimulated such
uptake by 70% and 100%, respectively. These results
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Fig.3. Effect of Li*, Na* or K* on parotid microsomal Ca**
uptake during short incubation times. Ca** uptake was mea-
sured in a Tris—HCI buffer (pH 7.3) containing 4.5 mM Tris—
oxalate, 10 uM **CaCl, and 2 mM MgATP (added 2 min after
microsomes) in one of the 5 following mediums: 110 mM
Tris—HCI (0), 60 mM Tris—HCI (e) or 60 mM Tris—HCI plus
50 mM LiCl (X), 50 mM NaCi (2) or 50 mM KCl (a). Each
point represents the average of 3 or 4 preparations.

indicate that this stimulation occurred independently
of possible effects at the nucleotide level, kept con-
stant by the ATP regenerating system.

Fig.3 gives the results obtained for 30 s or 60 s
periods of incubation in the presence of 4.5 mM
Tris—oxalate, 2 mM Mg ATP and 10 uM **CaCl,.
Under these experimental conditions, it has been
shown that the Ca®* uptake was linearly related to
the protein content of 15—90 ug/ml, and thatno Ca**
efflux seemed to take place since oxalate had no
effect. The stimulatory effect of Na" and K* obtained
under these conditions (50% and 80%, respectively,
after 1 min) indicates that these cations do act on
ATP-dependent Ca?* binding and/or Ca?* uptake. In
the absence of ATP, no effect by Na* or K* was
detected (not shown).

Fig.4 indicates the effects of different concentra-
tions of LiCl, NaCl and KCl on microsomal Ca%*
uptake. In these experiments, the osmolarity of the
medium was kept constant by addition of Tris—HCI
buffer. The specific effects of Na* and K* were detect-
able at as low as 5 mM.
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Fig.4. Dependence of microsomal Ca** uptake on concentra-
tion of Li*, Na* or K*. Ca?* uptake proceeded for 1 min at
20°C in Tris—HCl buffer containing 10 uM **CaCl,, 4.5 mM
Tris—oxalate and 2 mM MgATP (added 2 min after micro-
somes) plus LiCl (X), NaCl (2) or KCl (a). Points from a
representative experiment.

4. Conclusion

These data indicate that Na* and K" specifically
stimulate calcium transport in isolated microsomal
fractions. It is unlikely that contaminant mitochon-
dria were responsible for these effects, since they
were also obtained in the presence of 20 ug oligo-
mycin/ml and 10 ug ruthenium red/ml (not shown).
However, the involvement of plasma membranes
cannot be ruled out.

It is suggested that these effects reflect stimulation
of the Ca?* transport system; similar stimulation has
been shown on the Ca®*-transport system of sarco- _
plasmic reticulum [19—21] and the Ca?*-ATPase of
sarcolemma [22].

The effects observed in this study were obtained
for concentrations of Na* and K* compatible with
the intracellular concentrations of these cations mea-
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sured in parotid cells [11], although their cytosolic
concentrations are not known.

The stimulation of Ca%* uptake by Na* and K*
reported in this work suggests that these ions might
help to regulate the intracellular calcium concentra-
tion, mainly during cholinergic stimulation. On the
one hand, Na* can induce a calcium efflux from mito-
chondria [13], and on the other, Na" and/or K*
(following rise or fall in their intracellular concen-
trations), can also modulate the calcium uptake in
other compartments such as the endoplasmic retic-
ulum.

The observations reported in this work are also of
interest for the investigation of the part the endo-
plasmic reticulum might play in any intracellular cal-
cium movements involved in the regulation of secre-
tory processes.
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