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Two CaZ+-sfimulated ATPase activities have beea identified in the plasma membrane of rat parotid: (a) a 
(Ca 2÷ + Mg2+)-ATPase with high affinity for free Ca 2. (apparent Ka, ffi 208 nM, gmx ffi 188 amol/min 
per mg) and requiring micromolar concentration of Mg z+ and (b) a (Ca z+ or Mg2+)-ATPase with relatively 
low affinity for free C.a 2+ (Ko.s=23 pM) or free Mg 2+ (Ko.s=26 /tM). The low-affinlty (C.a l÷ or 
MgZ+)-A_TPa.~ ~ ~ me.x~ally stimulated by Ca '+ alone or Mg '÷ alone. The hlgh-affinity (Ca'-++ 
MgZ+)-ATPase exhibits sigmoidal kinetics with respect to ATP concentration with Ke~ = 0.4 mM and a 
Hill coefficient of 1.91. It displays low substrate specificity with respect to n~leotide triphosphates. 
Although trifluoperazine inhibits the activity of the high affinity (Ca2÷ + Mg:+).ATPase only slightly, it 
inhibits the activity of the low.affinity (Ca z+ or Mg'+)-ATPase quite potently with 22 pM trifluoperazine 
inhibiting the enzymic activity by 50%. Vanadate, inositol 1,4,$-trispbosphate, phosphafidylinositol 4,5-bis- 
phosphate, Na +, K + and ouabain had no effect on the activities of both ATPases. Calmodulin added to the 
plasma membranes does not stimulate the activities of both ATPases. The properties of the high-afflnlty 
(Ca 2+ + Mg'+)-ATPase are distinctly different from tho~ of the previously reported Ca-e.pump activity o[ 
the rat parotid plasma membrane. 

Introduction 

It is well established that cytosoHc free Ca 2 + is 
an important regulator of cellular metabolism [1]. 
In the parotid acinar cell, many aspects of its 
metabolism are influenced by changes in the in- 
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tracellular level of free Ca 2. [2]. The extracdlular 
free Ca 2+ concentration is approximately four 
orders of magnitude greater than the submicro- 
molar cytosolic free Ca 2+. Movement of Ca 2+ ions 
into the cell down its steep electrochemical gradi- 
ent is countered by an active extrusion of in- 
tracellular Ca 2+. In the rat parotid, an ATP-de. 
pendent Ca 2 +-pump, responsive to submicromolar 
concentrations of free Ca 2+, has been identified in 
the plasma membrane fraction [3-5]. In addition, 
Takuma et aL [3] described a Na+/Ca e+ ex. 
changer associated with the basolateral membrane 
of the parotid cell. This Na+/Ca 2+ exchanger in 
parotid plasma membrane vesicles, however, 
showed no ability to accumulate Ca z+ against a 
concentration gradient indicating that the ATP. 
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dependent transport system is the physiologically 
more important ot~e [3]. 

A high-affinity Ca2+-stimulated ATPase has 
been reported to be associated with the plasma 
membrane fraction of a number of animal tissues 
[6-16]. A common feature of this ATPase is that it 
is stimulated by submicromolar concentrations of 
free Ca 2+ and is dependent on low concentrations 
of Mg 2+ [6-16] and is therefore a (Ca 2+ + Mg2+) - 
ATPase. The high.affinity plasma membrane 
(Ca 2+ 4- Mg2+)-ATPases of most tissues are regu- 
lated by calmodulin and acidic phospholipids 
[12,15-19] although these compounds were found 
to have no effect on plasma membrane high-affin- 
ity (Ca2++ Mg2+)-ATPases of a number of tis- 
sues [9-11,15]. A nurn~r of investigators have 
suggested that this high-affinlty plasma membrane 
(Ca2++ Mg2+)-ATPase activity and the plasma 
membrane ATP-dependent Ca 2+.pumping activity 
are expressions of the same protein [7-9,11, 
14-17,20,21]. 

Although the rat parotid plasma membrane 
ATP.dependent Ca2+-pump has been cha, ~- 
acterised [3-5], there is no report of a Ca 2+- 
stimulated ATPase in this membrane fraction. We 
report here the detection and characterisation of a 
high-affinity Ca2+-stimulated, Mg2+.dependent 
ATPase on the plasma membrane of the rat paw- 
rid. Our investigations indicate clearly that this 
ATPase possesses properties which are quite dif- 
ferent from those reported for the rat parotid 
plasma membrane ATP-dependent Ca2+.pump. 

Materials and Methods 

Materials. Calmodulln was a gift of Dr. J.H. 
Wang, University of Calgary. All other fine chem- 
icals and biochemicals were from Sigma Chemical 
Company, St. Louis. 

Preparation of rat parotid plasma membrane-en- 
richedfraaion. Pawtid glands were dissected from 
male Wistar rats of about 200 g which had been 
starved overnight. The glands were placed in ice- 
cold buffer containing 0.25 M sucrose, 5 mM 
Hepes-KOH (pH 7.4) (Buffer A), cleaned of extra- 
neous tissue and minced finely with a pair of 
scissors. The tissue was homogenised in Buffer A 
using an Arthur Thomas homogeniser size AA 
driven at 500 rpm. The homogenate was filtered 

through wire mesh of 0.5 mm 2 pore size to remove 
conne¢:ive tissue and unhomogenised materials 
and then made up to 6% (w/v) with Buffer A. A 
plasma membrane-enriched fraction was prepared 
from this homogenate as previously described [4]. 
The homogenate was centrifuged at 1500 × g for 
10 rain. The 1500 X g pellet was then resuspended 
in Buffer A and a 90% (w/v) solution of Percoll in 
0,25 M sucrose was added to give a final con- 
centration of 30?0 (w/v) Percoll. The mixture was 
centrifuged at 35000 × g for 30 rain. A band 
containing the plasma met rlb~a,;e:. :"b;~h f~..err~ 
near the top was aspirated :~ad resuspended in a 
hypotonic medium consisti~'g of 5 mM Hepes- 
KOH (pH 7.4). The membrane fraction was then 
pelleted by centrifugafion at 35000 × g for 10 
rain. The final hypotonic wash served to wash 
away excess Percoll. The pellet containing the 
plasma membranes was resuspended in buffer A 
and stored frozen at -80°C in small aliquots. 
The Ca2+-stimulated ATPase showed negligible 
loss of activity for up to one month when stored 
in this manner. 

Washing of plasma membranes with buffer con. 
taining EGTA. The plasma membrane fraction, 
obtained by the procedure desc~bed above, was 
pelleted by centrifugation at I00000 × g, 4°C for 
20 rain, The pellet was re.suspended in 10 mM 
Hepes-KOH (pH 7.4) buffer containing 1 mM 
EGTA and homogeniscd by four strokes of a 
hand-driven Arthur Thomas homogeniser size AA. 
The membranes were then pelleted by .centrifuga. 
tion and washed two more times in the ~ame 
manner with buffer containing 1 mM EGTA and 
once more with the same buffer minus the EGTA. 
The membranes were finally resuspended in 10 
mM Hepes-KOH (pH 7.4) buffer. 

Assay of A TPase activity. ATPase activity was 
determined by measuring the rate of release of 
inorganic phosphate, ATPase assays were carried 
out in 0.5 ml assay mixture containing 20 mM 
Hepes-KOH (pH 7.4), 1 mM Na2ATP, 2/tg/rnl 
oligomycia, 1 mM EGTA plus an amount of 
CaCI 2 added to give the desired free Ca 2+ con. 
ccntration and about 80/~g of plasma membrane. 
The membranes were preincubated for 10 rain at 
37 °C and the reaction initiated by the addition of 
the di-sodium salt of ATP. After incubation for 10 
rain at 37°C, 0.25 ml of 5~o trichloroacetic acid 
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(w/v) was added to terminate the reaction. Pre- 
cipitated proteins were removed by eentri?ugation 
and inorganic phosphate present in the super- 
natant measured by the spectrophotomctric 
method described by Baginski et al. [22]. 

The high+affinity Ca2+-stimulatexI, Mg2+-dc - 
v . . . . . .  ATPas¢ activity in the standard assay was 
calculated as the difference in the rate of ATP 
hydrolysis by membranes incubated in assay buffer 
containing 1 mM EGTA w~th no added Ca 2+ 
(basal activity) compared to that in 1 mM Ca 2++ 
EGTA buffer containing 300 nM free Ca 2+ (high- 
affinity (Ca2++ Mg2+)-ATPase activity). The 
calculation of free Ca 2+ values was according to 
Pershadsingh and McDonald [20]. At pH values 
other than 7.4 and where CDTA was used as 
chelator, free Ca 2+ and free Mg 2+ values were 
calculated also according to Pershadsingh and 
McDonald [20]. 

When .'.he ATPase activity was measured in the 
pre~en~ of high co.,t.~n~afion~ (0.3 raM) of free 
Ca 2+ or Mg x+, the ATPase activity obtained (total 
ATPas¢) was assumed to be the sum of the activi- 
ties of the high-affinity (Ca2++ MgX+)-ATPase 

plus the low-affinity (Ca 2+ or Mg2+)-ATPase. 
Thus: 

Low.affmit: (Ca z+ or Mg x+ )-ATPas¢ activity = total ATPas¢ 

a~iivity- high-afFinity (Ca 2 + + MS ~" + )ATPas¢ activity 

Other assays. Lactate dehydrogenase activities 
of the parotid cell extracts were assayed by a 
kinetic method [23]. The concentration of protein 
was determined by the method of Lowry et al. 
[~]. K+-depcndent p-nitrophenylphosphatase ac- 
tivity was assayed by the method of Aryan and 
Castle [25]. 

Res.lts 

Identification of two types of Ca2+.dependent 
A TPases 

The reaction mixtures used for the assay of 
Ca2+-dependent ATPase actix~ties in plasma 
membranes fractions from various cells generally 
contain millimolar concentrations of Mg 2+ 
[18,26-27]. In the presence of such high con- 
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Fig,. 1. (A) Dependence of Ca2+-stimulate, d ATPasc activity on free Ca 2+ concentration. The Ca2+stunulated activity o[ th© rat 
parotid plasma-membrane fraction was assayed in the presence of 1 mM EGTA and varying concentration of Ca 2+ added to give the 
free Ca ~÷ shown on the abscissa. All otherconditions arc standard as de,scribed in Materials and Methods. Each ~int represents the 
mean of triplicate d e m f i o n s .  The standard cffors of the means are all less than 4~ of the value of the means. (B) 
Lineweaver-Rurk plot of the high.afFaxity (Ca2+ + Mg 2+ )-ATPase activity. This plot is derived from the data of Fig. IA for free 

Ca 2+ values from 30 aM to 200 aM. 
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TABLE I 

CO-PURIFICA'I ' ION OF (Ca --+ -;- MS 2+ )-A'i'i 'ase Wi i 'H  

p.NITROPHENYLPHOSPHATASE ACTIVITY 

The p.nitrophenylphosphatase and (Ca2++Mg2+)-ATPase 
activities were assayed as described in Materials and Methods. 
The (Ca2++M82+) -ATPase  activity was measured in the 
presence of 1 mM Ca2+-EGTA buffer (300 nM free Ca 2+ ). 
The ValUeS of the enzyme activitieS were the means+S.E, of 
tripficate determinations. 

Specific activity (nmol/min per rag) 

p-Nitrcphenyl- (Ca 2+ + Mg 2÷)- 
phosphatase ATPase 

Homo$enale 19A± 1.I 10.8 + 0.4 
1500× g 23.7+ 1.8 13.8+0.3 
Plasma membr~e- 

enriched fraction 202.4 + 8.1 102.6 4- 3.6 

centrations of Mg 2+, no Ca2+-stimulated ATPase 
activity could be detected in the rat parotid plasma 
membrane-enriched fractions. The presence of 
Ca2+.stimulated ATPase activity was revealed only 
when Mg 2+ was omitted from the reaction mix. 
tures. As shown in Fig. IA, in the absence of 
added M8 2+ and using a Ca2+-EGTA buffer, two 
types of Ca2+-stimulated ATPase activities were 
detected: a Ca2+-stiraulated ATPase requiring 
submicromolar concentrations of free Ca 2+ (the 
high.affinity Ca2+-ATPase), and a Ca2+-ATPase 
stimulated by millimolar concentrations of free 
Ca 2+ (the low-affinity Ca:+-ATPase). The con- 
centration of free Ca 2+ required for maximal ac- 
tivity of the, high-afffmity Ca2+-ATPase was 300 to 
500 nM while the concentration of free Ca 2+ 
required for optimal activity of the low-affinity 
Ca2+-ATPase was 0.2 to 0.5 raM. A Lineweaver- 
Burk plot (Fig. 1B) of the high-affinity Ca :+- 
ATPase activity was linear with a K m of 208 -t- 14 
(n--3)  nM free Ca 2+ and a lima x of 188+ 11 
(n = 3) nmol/mg per min. Table I shows that this 
high-affinity Ca2+-ATPase co-purified with K <'- 
stimulated p-nitrophenylphosphatase activity, 
which is widely accepted as an enzymic marker of 
plasma membranes. 

In order to demonstrate Mg2÷-dependettce, we 
employed the chelator, trans-cyclohexane-l,2-di- 
amine-N, N, N',N'-tetraacetic acid (CDTA), which 
possesses high affinities for both Mg 2+ and Ca 2+, 
unlike EGTA which has a selectively high-affinity 

for Ca ~+ only. Fi$. 2 shows that in the presence of 
Ca2~'-CDTA buffered react'.;r,~ ir, ixtures, "l-- t,t~lff 

high-affinity Ca2+.ATPase activity was abolished 
as compared to the activity in the Ca2+-EGTA 
buffered system. In a separate experiment using a 
Ca2+-Mg2÷-CDTA buffered system (results not 
shown) where the free Ca 2+ concentration was 
maintained at 200 nM and the free Mg z÷ con- 
centration was varied, it was observed that the 
high-affinity (Ca 2+ + Mg 2+)-ATPase reqtfi.red free 
Mg 2÷ in excess of 3 aM for expression of its 
activity. Thus, this enzyme is a Ca2÷-stimulated, 
Mg2~-dependent ATPase referred to in this paper 
as the high.affinity (Ca2++ Mg2+)-ATPase. The 
expression of the activity of this enzyme in the 
Ca2+-EGTA system is presumably a result of the 
presence of a low concentration of endogenous 
Mg z+ in the plasma membrane preparation. The 
assay medium contained 5 to 6 /~M Mg 2÷ as 
measured by atomic absorption spectrophotome- 
try and the plasma membrane preparation used in 
our ATPase assays added a further 1.6 ttM Mg -~ ÷ 
giving a total of 6.6 to 7.6 aM Mg z÷. 

The low-affinity ATPase could be stimulated 
by Mg ~+ alone or by Ca 2+ alone (Fig. 3) and is 
therefore a (Ca z+ or Mg2+)-ATPase. Concentra- 

X 
,r. 
IE +pc 

v 

sc 

. . . .  I . . . - -  I . a 
. . . .  0 -~  - O ,4  0 ' ~  o , e  

Free Ca 2+ (pM) 

FiB. 2. Effect of Ca2*-EGTA and Ca2+-CDTA buffer systems 
on the pazotid plasma membrane hi~-affinity (Ca2++ 
Mg ~+ )-ATPase activity. Total buffer ligand concentration was 
maintained at I mM. Assay procedures were as described in 
Materials and Methods. e, Ca2+.EGTA system; o. Ca 2+- 
CDTA system. Each point represents the mean±S.E, of tri- 

plicate determinations. 
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F'~g. ~. L .r't~'n.. d_'~..c~ of the parotid ~l~m~ membrane Inw-affin- 
ity (Ca 2+ or Mg2+)-ATPase on free Ca 2+ or free Mg 2+ 
concentration. The enzyme activity ,~as assa~ in the presence 
of 1 mM CDTA and total Ca :+ or Mg 2+ added to give the 
conceatralioa of the free Ca 2+ (o) or free Mg 2+ (@) shown on 
the abscissa, All other assay conditions were as described in 
Materials and Methods. Each point represents the mean+ S.E. 

of triplicate determinations. 

tions (K0.s) of fre~ Ca 2+ or free Mg 2+ required 
for half-maximal activation of this low-affinity 
ATPas¢ were 23 gM and 26/~rvl, respectively. 0.2 
to 0.5 mM free Ca 2+ or free Mg 2+ maximally 
activate the enzyme while c.~ncentrations of free 
Ca 2+ or Mg 2+ in exces'~ of the optimal concentra- 
tion resulted in partial inhibition. In the presence 
of optimal concentration of Mg 2÷, the enzyme 
was approximately 40~ more active than in the 
pre~ence of corresponding concentration of Ca 2+. 
Ca 2+ and Mg 2+ did not exhibit syner~stic stimu- 
lation of the enzyme (results not shown) indicat- 
ing that the two divalent cations were acting on 
the same enzyme. 

Oligomycin (2 #g/ml) and Ruthenium red (2 
raM) had no effect on the h,_'gh-affinity or low-af- 
finity Ca2+-stimulated ATPases. This indicates 
that any mitochondrial contaminant that may be 
in the plasma membrane preparation made no 

measurable contribution to the observed hi,h-af- 
finity (Ca2++ Mg2+)-ATPase and the low-affin- 
ity (Ca 2+ or Mg2+)-ATPase activities. Oiigomycin 
(2 ~g/ml) was routinely included in the buffer 
used for ATPase assay. 

Effect of A TP concentration 
The effect of ATP concentration on the rate of 

ATP hydrolysis by the high-affinity (Ca2~+ 
Mg2+)-ATPase was investigated in the concentra- 
tion range of 0.1 mM to 3 mM ATP. The velocity 
vs. substrate plot (Fig. 4A) was sigmoidal and the 
Lineweaver-Burk plot (Fig. 4B) was non-linear 
indicating either the presence of two enzymes or 
one enzyme exhibiting positive co-operativity. A 
Hill plot of the data shows a straight line (results 
not shown) with a Hill coefficient of 1.91. Kos for 
ATP was 0.4 raM. 

Nucleotide spc:ificity 
The abil;.ty of the parotid plasma membrane 

fraction to hydrolyse nucleotides other than ATP 
is showa in Table If. The high affinity (Ca2+ + 
Mg2+)-ATPases exhibited wide substrate specific- 
ity. GTP, CTP, UTP and ITP were hydrolysed at 
approximately the same rate as that of ATP. AMP 
and ADP were hydrolysed at rates which were 
much lower compared to ATP. 

TABLE It 

NUCLEOTIDE SPECIFICITY OF THE (Ca2++Mg2+)- 
ATPase 

The tlucleotidase acfvity was assayed as described for ATPase 
in Materials and Methods. Concentration of the nucleotides 
were all at 1 raM. The incubation mixtures contained 1 mM 
Ca2+-EGTA buffer (300 nM free Ca 2+ ). The value~ of the 
enzyme activities were means+S.E, of triplicate oetermina- 
tions. 

Nucl~tide Nucleotidase activhy 
(nmol/min per rag) 

ATP 102 ±3.2 
GTP 104 +4.3 
CTP 103 ±3.7 
UTP 110 ~3.3 
ITP 101 +2.8 

ADP 66 +3.6 
AMP 8.9+0.7 
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Fig. 4, (A) Dependence of the parotid plasma membrane high-affinlty (Ca2++ Mg 2+ )-ATPase on ATP concentration. Enzyme 
activity was assayed in the standard incubation medium (1 mM Ca2+-~.GTA buffer, free Ca 2+ = 300 riM) as described in Materials 
and Methods with the exception that the A'rP concentration was varied between O.l mM and 3 raM. Each point represents the 
mean ± S.E. of triplicate determinations. (B) Linew-..aver-13urk plot of the dependence of the high-affinlty (Ca 2+ + Mg 2+ )-ATPS~e 

activity on ATP concentration. This plot is derived from ~,e data of Fig. 4A 
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Fig, 5, Effect of 60 FM Irifluoperazine on the Ca2+-stimulated 
ATPase activities of parotid plasma membrane fraction. The 
CaZ+.stimulated ATPase activity was assayed in the presenee 
of l mM EGTA and vary/n8 concentration of Ca 2÷ added to 
five the free Ca 2 + shown in the ab~ssa. All other conditions 
were standard as d~r ibed in Materials and Methods. e,  No 
tdflnoperazine; o, C.a2+.sthnu]ated ATPase activity assayed in 
the presence of 60 FM trifluoperazine. Each point represents 
the mean of triplicate determinations. The standard errors of 

the means are all less than 4~. 

TrlflgOl:~ra;inl, Cmcentration IJM 

FiB. 6. Dose-rep(mse of the effect of tdfluop~azine on the 
hish.affmity (Ca2÷+Ms~+).ATPas¢ and the low-affinity 
(Ca 2* or Mgt+)-ATPase a~tivities. The CaZ+-stimulated 
ATPase activities of the parotid plasma membrane fraction 
were assayed under standmd conditions as described in 
Materials and Methods. o, high-affu'dty (Ca2÷+M82"*') - 
ATPase activity; e, low-affin/ty (Ca 2+ or Mg 2+ ~-ATPase ac- 

tivi;,y. Each point represents the mr, an + S.E. of triplicate 
detertrdnations. 
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Effects of trifluoperac?ne and calmodulin 
Fig. 5 shows that while 60/~M trifiuoperazine 

had little effect on the activity of the high-affinity 
(Ca 2+ + Mg2+)-ATPase, it inhibited the low-affin- 
ity (Ca .'+ or MgZ+)-ATPase quite effectively. A 
plot of the ATPase activity at various concentra- 
tions of trifluoperazine (Fig. 6) shows that while 
60 laM trifluoperazine inhibited the high-affinity 
(Ca~++ Mg2+)-ATPasc by 12~, i', i,-,2Libited the 
low-affinity (Ca 2+ or Mg2+)-ATPasc by 92~. 50c$ 
inhibition of the low-affinity (Ca 2+ or Mg2+)- 
ATPase was observed in the presence of 22/~M 
tfifluopcrazine. Calmodulin, added at concentra- 
tions of up to 150 nM, did not stimulate the 
activities of both ATPases. This lack of stimula- 
tion by added calmodulin was also observed with 
plasma membranes that had been washed with 
buffer containing EGTA (see Materials and Meth- 
ods). 

Effects of a variety of compounds 
The following compounds, with their con- 

centrations tested in parenthesis, were found to 
have no significant effect on the activities of the 
high-affinity (Ca 2+ + Mg2+)-ATPase and the 
low-affinity (Ca 2+ or Mg2+)-ATPase: Na + (100 
mM); K + (100 raM); ouabain (1 raM); vanadate 
(20-200/~M); NaF (1 raM); carbamylcholine (20 
/~M); phenylepl-,-ine (20 #M); isoproterenol (20 
~M); cyclic AMP (20 /LM); inositol 1,4,5-tris- 
phosphate (20 ttM) and phosphatidylinositol 4,5- 
bisphosphate (40 ~tg/ral). The insensitivity of the 
high-affinity (Ca 2+ + Mg2+).ATPase towards 
vanadate could be because Mg 2+ was not present 
at miilimolar concentration. It had been reported 
by Barrabin et al. [28] that vanadate requires the 
presence of Mg :+ in the millimolar range in order 
to inhibit the human erythrocyte (Ca z+ + MgZ+)- 
ATPase. 

Discussion 

A Ca2+-stimu!ated, Mg2+-dependent ATPase 
has been identified in a rat parotid plasma mem- 
brane fraction. This enzyme copurified with the 
K+-dependent p-nitropheuylphosphatase activity 
indicating that it is a plasma membrane enzyme. 
Like the plasma membrane (Ca2++ Mg2~)- 

ATPase of a n,mber of animal tissues [9,11,13- 
15,29], the parotid enzyme exhibits a high affinity 
for Ca 2+ with an apparent K m of 208 nM. In 
common with the (Ca 2+ + Mg2+)-ATPases of liver 
[9-11], adipocytes [14,20], corpus luteum [15] and 
kidney [29], the parotid (Ca2++ Mg2+).ATPase 
requires a low concentration of Mg 2+ (estimated 
to be in the mieromolar range) in addition to 
submicromolar Ca 2+, for it to be optimally active. 

The parotid plasma membrane high affinity 
(Ca2++ Mg2+)-ATPase appears to bdong to a 
class of plasma membrane (Ca 2+ + Mg 2+).ATpase 
which exhibits common characteristics of insensi- 
tivity towards ealmodulin [10,11,15,29], pheno- 
thiazines [10,11,29], Ha + or K + [11,15,20,26] and 
lack of specificity towards nudeotide triphosphate 
substrates [I1,I2,29], in addition to requirements 
for Ca 2+ plus M82+. 

The properties of this plasma membrane (Ca 2+ 
+ Mg2+)-ATPase are quite different from those 
of the previously reported parotid endoplasmic 
reticulum (Ca 2+ + Mg2+)-ATPase [30]. Firstly, al- 
though both enzymes are stimulated by submicro. 
molar concentrations of free Ca 2+, the endo- 
plasmic reticulum enzyme requires high (milli- 
molar) concentrations of free Mg 2÷ [30] whereas 
the plasma membrane enzyme does not require 
added Mg 2+, its requirement for Mg 2+ being 
satisfied by its endogenous Mg 2+ which is esti- 
mated to be in the raicromolar level. Second, the 
parotid endoplasmie reticuium enzyme exhibits 
high specificity for its nucleotide triphosphate 
substrate [30] whereas the plasma membrane en- 
zyme exhibits broad substrate specificity in re- 
spect of nucleotide triphosphates. Third, 100 mM 
K + activates the endoplasmic reticuhm enzyme 
by 2-fold [30] whereas it has no effect on the 
activity of the plasma membrane enzyme. Fourth, 
trifluoperazine inhibits the endoplasmic reticulum 
enzyme quite effectively (50~, inhibition at 52/~M 
trifluoperazine) [30] whereas the plasma mem- 
brane enzyme is relatively resistant to inhibition 
by trifluoperazine. Fifth, phosphatidylinositol 
4,5-bisphosphate (40 izg/ml) stimulates the rat 
parotid endoplasmic reticulum (Ca2++Mg~+)- 
ATPase by 2-fold [31] whereas it has no signifi- 
cant effect on the plasma membra ~.e enzyme. Thus 
the high-affinity (Ca z+ + Mg z+).ATpase activity 
of this rat parotid plasma membrane fraction could 
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not be the expression of the activity of residual 
endoplasmic reticul~m (Ca 2+ + Mg2+)-ATFase 
activity that could pc,ssibly be found as a contami- 
nant in our plasma membrane preparation. 

Many investigators have suggested that the 
plasma membrane high-affinity (Ca2++ Mg 2)- 
ATPase may be the same protein as the ATP-de- 
pendent Cae+.pump [9,11,14-16,20]. The bio- 
chemical properties of the rat parotid plasma 
membrane l'dgh-affinity (Ca 2+ + MgZ+)-ATPase 
described in this paper and the properties of the 
plasma membrane Ca2÷otransporter of the same 
tissue are however distinctly different: (a) trifluo- 
perazine is a potent inhibitor of Ca2+-transport 
(30/zM trifluoperazine inhibits Ca 2+ transport by 
50¢~) [4] but is ineffective against the (Ca2++ 
Mg2+).ATPase; (b) the (Ca 2+ + Mg2+)-ATPase 
hydrolyses the different nucleotide triphosphates 
equally well whereas the Ca2+-transportet exhibits 
high specificity in its requirement for nucleotide 
triphosphate [4]; (c) the Caa+-transporter requires 
millimolar concentrations of Mg z+ [3-5] whereas 
the (Ca2++ Mg2+)-ATPase does not require ad- 
ded Mg 2+ for its reaction as the endogenous Mg 2+ 
(free Mg 2+ estimated to be in the micromolar 
level) is sufficient; and (d) the (Ca2++ Mg2+) - 
ATPase's apparent Km for free Ca 2+ is approx. 
5.times higher that the Ca2+-transporter's K0. 5 for 
free Ca 2+ [4]. There is thus sufficient evidence to 
suggest that the observed high-affinity (Ca2++ 
Mg2+)-ATpase activity of the parotid plasma 
membrane may not be attributable to the previ- 
ously reported ATP-dependent Ca2+-pump. Un. 
doubtedly this parotid membrane fraction also 
contains the ATP-dependent Ca2+.pump as re- 
ported previously [4], but since it requires milli- 
molar concentration of Mg 2. for optimal activity 
[3-5], it would be largely inactive in the absence 
of added Mg z+. Since the high affinity (Ca2++ 
Mg2+)-ATPase activity described in this paper 
was assayed in a system where no Mg 2+ was 
added (see Materials and Methods), the ATP-de- 
pendent Ca2+-pump would therefore make negli- 
gible contribution to the observed ATPase activ- 
ity. 

Lin [32] solubilised the ATP.dependent Ca 2+- 
pump of liver plasma membrane and reconstituted 
it in phospholipid vesicles, He reported that the 

properties of the reconstituted Ca2+-transporter 
indicated that it is not the sa~ne protein as the 
previously reported high-affinity (Ca 2 + + Mg 2 +)- 
ATPase. Ghi3sen et al. [29], wocking -~th rat kid- 
~ey basolateral membranes, came to a similar 
conclusion, in a recent report [21], however, the 
high-affinity (Ca2÷+ MgZ+)-ATPase purified 
from rat liver plasma membrane was found to be 
an active ATP-dependent Ca2+-pump when it was 
reconstituted into phospholipid vesicles. The liver 
plasma membrane enzyme differs from the paro- 
tid plasma membrane (Ca2++ Mg2+)-ATPase 
with respect to their affinities for ATP and free 
Ca 2+ [9,21] and are probably different enzymes. 

The parotid plasma membrane fraction also 
possesses a divalent ion-stimulated AXPase which 
is distinctly different from the high-affinity (Ca 2 + 
+ Mg2+)-ATPase in that it (a) exhibits low affin- 
ity for Ca ~-+ with a Ko.s of 23 ttM and (b) can be 
maximally stimulated by Ca 2÷ alone or by Mg 2+ 
alone. This enzyme is therefore a low-affinity 
(Ca 2+ or Mga+)-ATPase. (Ca 2+ or Mg2+) - 
ATPases which possess similar properties have 
been found in the plasma membrane fractions of a 
wide variety of animal cells [11,20,29,33-36] and 
have often been referred to as 'non-specific 
Mg2+-ATPases '. The parotid low.affinity (Ca a+ or 
Mg 2+)-ATPase is inhibited effectively by low con- 
centrations of trifluoperazine whereas the high-af- 
finity (Ca2*+ Mg2+)-ATPase is relatively unaf- 
fected. This differential effects of trifluoperazine 
lends support to the suggestion that the two 
ATPases are distinct entities. Ghijsen et al. [29] 
reported similar differences in the effects of tri- 
fluoperazine on the low- and high-affinity Ca 2+- 
ATPases of rat kidney basolateral membranes. 
That trifluoperazine inhibits, while added 
calmodulin did not stimulate, its activity suggest~ 
the possibility that trifluoperazine can inhibit 
enzymes independently of calmodulin activation 
[37]. Interpretation of the data is complicated by 
the fact that the effects were observed in experi- 
ments carried out on native membranes which 
contain a mixture of the two ATPases. Work is in 
progress in our laboratory in the study of the 
properties of purified ATPases following solubili- 
sation of the membranes and fractionation of the 
enzymes. 



210 

Ackaowle~gemeat 

This  work was  suppor t ed  b y  a grant  
(RB347/86)  from the National University of  

Singapore. 

References 

1 Rasmussen, H. (1981) Calcium and Cyclic-AMP ~.s Synar- 
chic Messengers, John Wiley & Sons, New York. 

2 Butcher, FJL and Pumey, J.W. (1980) Adv. Cyclic Nucleo- 
tide Res. 13, 215-249. 

3 T-,,kua~ T., Kuyatt, B.L and Baum, B~I. (1985) Biochem. 
J. 227, 239-245. 

4 Low, 1LG.H., Teo, T.S. and Thiyagarajah, P. (1987) Bio- 
chem. InL 14, 921-932. 

5 Helman, J.H., Kuyatt, B.L., Takmna, ~.., SeUgmann, B. and 
Baum, BJ. (1986) J. Biol. Chem. 261, 8919-8923. 

6 Penniston, J.T. (1983) in Calcium and Cell Function, Vol. 
IV, pp. 99-149 (Cheung~ W.Y. ed.), Academic Press, New 
YorL 

7 Sfhatzmann, HJ. and Vincenzi, F.F. (1969) J. Ph)'~oL 201, 
369-395. 

8 Niggli, V., Penmston, £1". and Carafoli, E. (1979) J. Biol. 
Chea~ 254, 9955-9958. 

9 Loterszlajn, S., Hanoune, J. and Pecker, F. (1981) J. Biol. 
Chem. 256,11209-11215. 

10 1.in, S.H. (I984) J. Biol. Chem. 259, 3016-3020. 
11 lwasa, T., lw:,g~, Y. and. grisbe.~aj, IL (1983) Arch. Int. 

Pharmazodyn. 264, ~--Sg. 
12 Ausab., 'L..t~oiia, A. and Katz, S. (1984) J. Biol. Chem. 

259,13442-13450. 
13 Kasson, B.G. and Levin, S.R. (1981) Biochim. Biophys. 

Acta 662, 30--35. 
14 Petshadsinglh H.A. and McDonald, J.M. (19"/9) Nature 

281,495--497. 
15 Vermg A.K. and Penniston, J.T. (1981) J. Biol. Chem. 256, 

1269-1275. 
16 Debetlo, P. and Cantley. L. (1984) J. Biol. Chem. 259, 

13824--i3831. 

17 Niggti, V., Adumyah, E.S., Penniston, J.T. and Carafoli, E. 
(19gl) J. Biol. Chem. 256, 395-401. 

18 Carafoli, E. and Zurini, M. (1982) Biocbim. Biophys. A¢'~ 
683, 279-301. 

19 SchutteL G.D., Wuytack, F.. Verbist, J. and Casteel, R. 
(1984) Biochim. Biophys. Acta 773, 1-10. 

20 Pershadsinglh H.A. and McDonald, J.M. (1980) J. Biol. 
Chem. 255, 4087-4093. 

21 Pavoine, C., Lotersztajn, S., Mallat, A. and Pecker, F. 
(1987) J. Biol. Chem. 262, 5113-5117. 

22 Baginski, E.S., Foa, P.P. and Zak, B. (1976) Clin. Chim. 
Acta 15, 155-158. 

23 Bergmeyer, H.U. and Brent, E. (1965) in Methods of En- 
zymatic Annlysis, Vol. 2 (krgmeyer, H.U., ed.), pp. 575, 
Academic Press, New York. 

24 Lowry, O.H., Rosebroe~, N.J., Farr, A.L. and Randall, 
RJ. (1951) J. Biol. Chem. 193, 265-275. 

25 Aryan, P. and Castle, J.D. (1982) J. Cell Biol. 95. 8-19. 
26 Lichtman, A.H,, Segel, G.B. and Lichtman, M.A. (1981) J. 

Biol. Chem. 256, 6148-6154. 
27 De Smedt, If., Par#, J.B., Borghgraef, R., and Wuytaek, F. 

(i981) FEBS Lett. 131, 60-62. 
28 Barrabin, H., Garrahan, PJ. and Reg~ A.F. (1980) Bio- 

c :him. Biophys. Acta 600, 796-°004. 
29 Ghijsen, W., Gmaj, P. and Muter, H. (1984) Biochim. 

B,.'ophys. Acta 778, 481-488. 
30_ Taiyagarajah, P. and Lira, S.C. (1986) Biochem. J. 235, 

491-498. 
31 Thiyagarajah, P. and Lim, S.C. (1984) Biochem. Int. 9, 

625-630. 
32 Lin, S.H. (1985) J. Biol. Chem. 260, 7850-7856. 
33 Kaowles, A. and Lip., L. (19~) J. Biol. Chem. 259, 

10919-10924. 
34 Gantzer, M.L. and Grishman, C.M. (1979) Arch. Biochem. 

Biophys. ~.98, 263-267. 
35 Mardh, S. and Vega, F. ~1980) Bioehim. Biophys. Acta 601, 

524-531. 
36 Ashraf, M., Peterson, ILN. and R~t.tsel, L.D. (1982) Bio- 

chem. Biophys. Res. Commun. 107,1273-1278. 
37 Vincenzi, F.F., Adanyah, E.S., Ni881i, V. and Carafoli, E. 

(1982) Cell Calcium 3, 545-559. 


