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Ca2+-ATPase act~vity was measured in rat islet ltomogenate~ in a mediul of low ionic slrenSth cottlaillillg a 
low ¢o~entralimt 04[ Ca z+ and Mg 2+ ~ devoid of K +. The enzyme aclivily was highly selzsitlve to 
inhibition by ¢,omflpotma 4 8 / 8 0  (a calmedulbt inhibitor), stimulated by 120 ~ calm0sa~ln and slightly 
aifeeted ~ i0 mM Na_,~, The addition M Mg ~÷ to the assay medlum promotes the ~aSal~manee M 
apparent CaZ÷-ATPase aetivi~. Ouabain (0.t raM) did m t  modify this ATPase aeflvlty. The enzyme sZmwed 
two kinetic ¢omlaments for Ca z+ as well as fro" ATP: one with high at~a'ent i~iinity aml loft 
velocity and the other with low skqmrent affinity and high maximum velocity. Inmbalion el Islet Immo- 
genates in this assay medium with I¥-~PIATP in the px'sence of Im~eelytic tnldbitecs, results in the 
appearance of a s~agle labelled band of 130 kDa, identllled by gel eleetroplmresis. The incorporation of ~2p 
into this band was similar in the la'esence of either 2.8 or 50 #tM Ca z+ and suscel~'ble to hydroxylamlne 
attack. The results indicate that, under the eoadl6em deseatbed above, the Ca2÷-ATPase. aetivity evtdenc~ 
in the Islet homogeaales had eharaeteristks tesembllng those o f  t h e  em.yme which ,'~J~lyzes the ~4atward 
Ca 2÷ trenslmrt. On the other hand, the melhod co~d provide a useful tool to test the elfect of different 
agents which Mfe~ insulin seeretioB upon the islet plasma m e m ~  Ca~+-ATPase activity. 

Introduction 

We have previously shown [1] that the Ca z+- 
ATPa~¢ activity exhibited by whole rat islet homo- 
genaxes has charavtevistics similar to tho~e ob- 
tained for the enzyme in partially purified mem- 
brane preparations from rat pancreatic islets, i.e., 
Ca ~+ dependence, susceptibility to ealm~dulin in- 
hibitors and inhibition of its a¢livity by vanadate. 

Abbreviations: "]'LCK, Nwp-tosyl-LAysine chlonsmethyl ke- 
tone; PMSF, pitenylmethylsulfonyl fluoride. 

Correspvnden~: LJ. Gaglla~dlno, CEN~A (UNLP-CON- 
ICE]3, Facultad de Ciendas M~livas. Calles 60 y 120, 1900 La 
P ~.',,% ,~ger,'2na. 

We describe here the characteristics of the Ca ~÷- 
ATPase activity from rat islet homogenaZes mea- 
sated in a medium of low ionic strength contain- 
ing a low concentration of Ca 2+ and Mg 2+ and 
devoid of g ÷. This procedure, which allows the 
measurement of C-'x2+-ATPase activity directly in 
a crude islet homogenate, could provide a useful 
tool to test the transient effect of different insufin 
secretagogues and blockers on the enzyme activity. 

Material and Methods 

Mater ia l s  

Collagenase was obtained from Serva, Heidel- 
berg; Trasylol ~ (1000130 KIU), was kindly pro- 
vided by Bayer Argentina. [-¢-~2P]ATP was pre- 
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pared according to the procedure of Glynn and 
Chappell [2], except that oo unlabelled orthophos- 
phate was added to the incubation mixture. 32p_ 
labelled orthophosphate was provided by the 
Comisi6n Nacinnal de Energia At6rr, ica 
(Argentlna.). Calmodulin was purified from bovine 
brain as described by Kakiuehi etal. [3]. Ouabain, 
ATP, compound 48./80, protein inhibitors (TLCK 
and PMSF), elc~rophoresis reagents, enzymes and 
the cofactors used for the ~yathesis of 17-32P]ATP, 
were obtained from Sigma (U.S.A.). SDS was ob- 
tained from Ftuka, XAR-5 X-ray film from Kodak 
and Hi-Plus enhancer screens from llford. 

Methods 
Animals and preparation of islets. Pancreases 

from fed male Wistar rats (appo3x. 200 g body 
weight) were used to obtain isolated islets by 
coUagenase digestion [4]. 

Enzyme preparation. Groups of 400-500 islets 
were placed in a microhomogenizer (tissue grinder, 
Potter-Eivelajern, Teflon, size 18, rod o.d. 1/8 
inch, 0.5 ml capacity, from Kontes Scientific Glas- 
sware Instruments) and washed twice at 4"C with 
0.3 M sucrose/10 raM Tris-HCl (pH 7.24). The 
islets were then homogenized in 0,15 ml of the 
same buffer by 200 excursions of the plunger. This 
crude homogenate preparalion was used in all the 
experiments describccl in this paper. 

CaZ+-ATPase assay. ATPase activity was 
measured in 0.5 ml of 50 mM Trls-HCI (pH 7.24 
at 37°C), 0.1 mM ouabai~ 1 mM [,/-~2P]ATP, 1 
mM EGTA and several concentrations of CaC12 
and other additions as shown in Results. Of the 
tissue homogenate, 0.05 rnl containing 5-6 #g of 
protein (equivalent to 10 islets) was added to each 
assay tube. Ca2+-ATPase activity was expressed as 
the difference between the activity measured in 
the above medium and that measured in the same 
medium without calcium. After 60 rain of incuba- 
tion at 37°C, the tubes were transferred to an 
ice/water hath and after 1 rain each tube received 
0.6 ml of isobutanol followed by 0.75 ml of 0.5% 
(w/v) ammonium molybdate in 5~g (v/v) perel'do- 
ric acid. After 15 s at 37°C, the mixture was 
~.-ig-,~-. vasly stirred for 20 s and then spun down for 
3 rain at 1700 × g (4 ° C). The radioactivity was 
measured in an aliquot of the organic phase by 
liquid ~clnt llation a~cl *'he amo)l~t of itxc2r.gar~c 

phosphate liberated from ATP was calculated from 
this value. All determinations were performed in 
triplicat~ Under these experimental conditions, 
no more than 4~ of the ATP in the reaction 
mixture underwent enzymatic hydrolysis and the 
rate of appearance of 32p remained constant up to 
90 mln of incubation time. 

Free calcium was measured with a Ca2+-scnsi - 
tire electrode [5]. Protein was measured according 
to the method of Lowry etal. [6]. 

Phosphorylation procedure. Phosphorylation was 
carried out at 4°C in a medium containing 50 
mM Tris-HCl (pH 7.20 at 4°C) and different 
reagents as described in the legend of each figure. 
The reaction was started by the addition of [~,- 
32p]ATP (10 pM final concentration) under vigor- 
ous stirr/ng and offer 30 8 was stopped by the 
addition of an ice-cold solution of 50 mM in- 
organic phosphate in 50% triehloroaeetie add. The 
tubes were then spun do'0vn at 3000 x g for 5 rain 
and the precipitates obtained were then washed 
three times in the same solution and later processed 
for SDS-PAGE. For this purpose, they were dis- 
solved in a medium containing 50 mM Tris-HCI 
(pH 7.0 at 370C), SDS 5~,, dithiothreitol 5%, 
glyccrol 10~ and Bromophenol blue, with or 
without the addition of proteolytic inhibitors as 
described in the legends of figures and incubated 
for 15 rain at 37°C. Inunediately after this proce- 
dure, the samples were transferred to an ice-cold 
bath until they were placed into the wells of the 
stacking gel. Electrophoresis was performed at pH 
6.5 in discontinuous 1.5 mm thick slab gels. They 
were casted from a 5.6~ acrylamide/0.2$ bis- 
acrylamide solution with 0.1 M sodium phosphate, 
0.1 or 0.2% SDS, 0,05~ Temed and 0.15~ am- 
moninm persulfate. Stacking gels had a similar 
composition, except that acrylamide concentration 
was 4.6%. The reservoir buffer contained 0.1 M 
sodium phosphate (pH 6.5) with 0.1-0.2~ SDS. 
Migratic,n of the sample components took place at 
12°C, with a current of either 30 mA (0.1~ SDS 
gels) or 40 mA (0.2~o SDS gels) and was continued 
until the tracking dye reached a distance of about 
8 cm from the top of the gel. Gels were stained 
overnight, in a cold room, with 0.05~ Amido 
Black 10 B in methanol/acetic acid/water 
(4.5:1.4.5, v/v), Gels were then partially de- 
stained with metha.not./acetic ac.id/wa*.er 
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(1.5 : 1 : %5, v/v) and dried under vacuum at room 
temperature. Radioactivity was visualized in 
Kodak XAR-5 X-ray films, each backed by an 
intensifying screen, and exposed at -70~C for 
1-10 days. 

Protein standards used for molecular weight 
estimation were soybean trypsin inhibitor, 
carbonic anhydrase, ovalhumin, bovine serum al- 
bumin and phosphorylase b from Bio-Rad 
Laboratories and bovine serum albumin dimer 
cross-linked with dimethylsubcrimidate. Theoreti- 
cal equations were adjusted to the experimental 
results by least-squares nonlinear regression using 
the procedure of Gauss-Newton with optional 
damping. It was assumed that concentration vat- 
ties were affected by negligible error, whereas the 
variable velocity was considered homoscedastic. 
The program was run on a microcomputer with 
15-digit precision (Ro~,si, g.C. and Ga.rrahan, PJ., 
unpublished data). 

Results 

Mgz +.dependence of the enzyme aaivi~ 
Fig. 1 shows the Mg2÷-delzm.ndenc~ of Ca 2+- 

ATPase aadvity measured in crude islet homo- 
genates, washed with 1 tam EGTA with or without 
the addition of 120 nM of exogenous brain 
calmodulin. It is clear that the apparent Ca 2÷- 

2£ 

c 

D1 

e~ i5 30 45 60 
MgCI added (~M) 

Fig. I .  Err,=t Qf Mg :÷ o~ U= Ca =~ and MX, z~-ATI~a~ =c~'~- 
ti~s, C.-a~*-ATP~ activity m=a,su~ed in the present© (e) or the 
absence (0)  of 120 riM calrnodulin and Mg2+ATF'ase (At) 
activity is repz~ented as a function of the MgCI 2 added to the 
assay medium. For the meesutemem of the Cag*-ATPase 
activity, the concentration of free Ca 2+ in the a~ay medium 

was adjusted with EGTA tri 1.1 ~tM. 

> / 
0 5'0 i I ~  

C~ v (~M) 
Fig, 2, Ca2*-ATPase activity measeted in a etude home.hate  
pZepamtion or r~t p~met~atie islets, is rcprcscnteM as a function 
of the Ca 2. concentration. The contintmus curve is the repro* 
sentatiori of Eqn. 1 with values for gr~l = 0.600 #M: Kr. 2 = 

13.76 ;tM; V~ = 1.090, V 2 = 7.890 ttmrit P, /mg prowein p c  h. 

ATPase activity decreases, either in the presence 
or absence of calmodulin as a function of the 
inca-ease in the total magnesium concentration up 
to 60 FM MgClz. Greater Mg z÷ concentrations 
even produce negative values of the apparent 
Ca2÷-ATPas¢ activity (data not shown), probably 
due to an inhibitory effect of Ca z+ on Mg 2+- 
ATPase actMty. On the other hand, the Mg 2÷- 
ATPase activity increases as a function of the 
increment in the concentration of magnesium. It is 
worthwhile to point out that both M8 2.- and 
C.~2+-ATPascs were active, even without the ad- 
dition of MgCI 2 [7]. Nevertheless, it has b~v 
reported that the K0. s for Mg:* during ATP hy- 
drolysis by CaX+-ATPase is in the micromolar 
range [8]. Hence, virtually Mg2%fres solutions 
could contain enough Mg 2+ to activate the split- 
ting of ATP by CaZ+-ATPase. According to the 
data of Mg:+-ATPa.~ acdvity shown in Fig. 1, 
under our conditions the incubation media would 
contain at least 3-6 pM Mg 2+. 

Ca 2 ÷-dependence of :he enzyme activity 
Fig. 2 represents the Ca2÷-ATPa~ activity of 

islet homogenates as a function of Ca 2÷ con- 
ccntration in the range of 0A to 100 /~M. The 
curve that fits the experimental points is described 
by the following equation, which represents the 
sum of two Miehaelis-like equations: 

r"=V~l[1-~-KtllC~n÷]) + V21(L÷Kd[¢;+]) (I) 
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where V+ and V 2 are the maximum velocities and 
K~ and K 2 the apparent affinities of each compo- 
nent  for Ca 2+. The best-fitting values for these 
parameters were Vt = 1.090 ~mol  P j /mg protein 
per h, V 2 = 7,890 pmo[ Pi /mg protein per h, K 1 = 
0.600 btM and K 2 = 13.76 #M. Fig. 2 shows that 
the enzyme has two components for Ca 2÷, one 
with high apparent affinity and low maximum 
velocity and the other with low apparent affinity 
and high maximum velocity. An attempt to adjust 
the experimental points of  Fig. 2 to a single 
Michaelis-fike curve produces a bias in the fitting 
of the experimental points corresponding to the 
lower range of Ca 2+ concentrations (0.3 to 5/~M). 
The pre~cnce of two components for Ca 2+ in the 
Ca2+-ATPase activity have also been reported in 
islet homogenates [1,91 or purified plasma mem- 
bJ,a~c~ [I0]. It is not  c'~:~ whether these compo- 
nents  belong to a single CaZ+-ATPase or are the 
expression of two different enzymes. To overcome 
this difficulty, CaZ+-ATPase activity was mea- 
sured at Ca 2÷ concentrations up to 1,1 pM, where 
the contribution of the low-affinity component  to 
the total acawty is aimo~t ack, figible, 

A TP-dependence of the enzyme activity 
Ca~*-ATPase activity was measured as a func- 

tion of ATP concentrations (1 to 1900 ~tM), in a 
medium with 7/xM Ca -++ (Fig. 3). The cu t ,c  that 

~h = 

~r 

, .4 I 

,ATP ¢ o n c e n t r o t l O n  {jaM) 

Fig. 3r ATP-dependence or the Ca2*-ATPas~ acdvity of crude 
islet homogenat~ The ~etual concentration of Cu 2+ in the 
assay medium was measured al eae~ ATP concentration and 
adjusted to 7 I,M. The ~ r v e  that fits the filled circles rcpre- 
scrtts E.qn+ 2 (see Results) with values for Kml~] .90  / ~ i ,  
K,,~ = 120 pM, V, ml.92 and V 2 ~ 4.21 /tmol P i /mg  protein 

Per h. 

TABLE i 
EFFEC'FS OF DIFFERENT DRUGS UPON Ca2+-ATPasc 
ACTIVITY 

The values represent the mean-I-S.E. Number of cases in 
parentheses. Ca 2+ concentration was adjusted to 1.1 /.tM with 
EGTA. 

Effcctor Ca2+-ATP~e activity 
(gmol P,/rng protein per tl) 

Control 1.0P3 +0.01914) 
NaNj (10 raM) 0.938+0,018 (4) P .~ 0.005 
Calmodulin (120 nM) 1.8954.0.0]5 {3) P < 0.001 
Compound 4S/g0 (50 #g./ml) 0.544+0.020 (3) P < 0.00"~ 

fits the experimental points can be adjusted by the 
sum of two Michaelis-Menten equations: 

V=VI/{I+IATPI/K=~) + V~/(I+[ATPI/Km:) (2) 

where V l and V z are the maximum velocities and 
K,m and K,,,2 are the  Michaelis constants for the 
ATP high- and low-affinity components,  resptm- 
tively. The best-fittlng values for these parameters 
were V, = 1.92 ~mol  P+/mg prot¢in per It, ~ = 
4.21 pmol  P , / m g  protein per h; K=t = 1.90 # M  
and Knt: = 120/~M. This biphasic pauera  is com- 
mon to other transport ATPases.  like endoplasmie 
reticulum and plasma membrane Ca2÷-ATPases. 

Effect of different drugs upon Ca 2 +-A TPase activity 
Table I shows the effect of  different drugs and 

effectors upon the Ca2÷.ATPase measured in pan- 
creatic islet homogenates. The addition of 10 mM 
NaN~ to the incubation medium does not  fignifi- 
cantly affect the activity of Ca2+-ATPase+ Since 
NaNz is an effective blocker of mltochondrlal 
activity t i l l  these results indicate that, under our 
experimental conditions, ATP hydrolysis consecu- 
tive to the mitochondrial activity is poorly ex- 
pressed. 

The addition of 121} nM of purified brain 
calmodulin, signifleanfly increases the Ca z+- 
ATPase activity up to 180~ of the control value. 
Table I also shows the effect of compound 48/80,  
described as the most  specific calmodulin inhibi- 
tor [12], upon the enzyme activity. It~ the presence 
of 50 # g / m l  of ccenponn6 48/80,  Ca2+-ATPase 
activity drops to near 50% of its control value and 
to 28.7% of the activity measured in the presence 
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of calmodulin. Ouabain (0.1 mM) does not modify 
the Ca2+ATPas¢ activity measured in any of the 
experiments shown in Table L 

In a similar medium as described in Materials 
and Methods, but  with the addidon of 120 mM  
NaCl, 30 mM KCI, 0.1 mM  EGTA and 1 mM  
MgC[2, the Na+/K+-ATPase  activity, measured 
as the difference belwovn the activity in a medium 
with or without 0,1 r tM ouabaln, was 0.529 :t: 0.054 
/xmol P i /mg proteia per h for five independent 
preparations. Hone,', another enzyme activity re- 
lated to the plasma membrane cart be measured in 
crude panoreas isIel homogenates. 

134-- 

9 3 -  

6 7 -  

45--  ~ . ~  

Examination of the plwgphorylared intermediates 
The autoradiogram represented in Fig. 4 shows 

the phosphorylated species formed in a prepara- 
tion of homogenized islets incubated at 4 ° C  for 
30 s with 10 t iM labelled ATP and subsequently 
separated by e.,Icotrophoresis in gels cont.:fining 
0.1% SDS. Phosphorylatlon was carried out in the 
presence of EGTA 20 p M  (Ca 2+ concentration < 
0.1/xM), with the addition of 20 pM  MgCt 2 0aries 
1 and 2) or with 50 ~M Ca 2+ (EGTA-Ca buffer 
without further addition of M82. ,  lanes 3 , n d  4). 
Under  the former condition, the phosphorylated 
species of 105, 61 and 46 kDa show greater inten- 
sity than in the presence of high Caa+/low MgzL 
These phosphorylated species present characteris- 
tics of  acyl phosphate intermediates, namely acid 
stability and, as presented later on, susceptibility 
to hydroxylamin© cleavage [13]. The Na + does not 
modify the distribution of the radioactive liner- 
mediates (of. lanes 1 and 2). Hence, these liner- 
mediates could originate from the Mga+.ATPase 
or the CaZ+-ATPas¢ activity but  would not  be 
derived from the Na+/K+-dependent  enzyme. 
Labelled intermediates of  98, 80 and 55 kDa were 
present in higher amounts  when the islet phos- 
phorylation was performed in the presence of 
Ca 2+ (lanes 3 and 4) but  the overall distribution of 
radioactive bands was qualitatively similar to the 
previous one. These patterns, in turn, resemble 
those described by  Enyedi et al. [14] for plstetets 
submitted to partial proteolysis by trypsin. Since 
the islet homogenization and the subsequent pro- 
cedures were, in this case, performed in the ab- 
sence of proteolysis inhibitors and the ATPases 
can be degraded by lysosoma[ enzymes, the 105 to 

1 2 3 4 

Fig. 4. Auloeadiogvam or the pho~I~enzyrne inlet'ffledi~lles 
(EP) of the Ca~"-r'~mp generated aher its pbospho~latiOn in 
a mcdiura devoid of pmteolysis ina"Llbitors. Phosphorylation 
was carried oa~ with 100 gg islet protein a g 4 ° C for 30 s in the 
f~!lowing ;aedia: 

Lanes: ! ~- 3 4 

Tris-HCl (pH 7.4) 50 mM + 4- + + 
KC] 50 mM + 
NaCl 50 mM - 
Choline-el 50 mM + - + - 
MgCI2 20 .aM + + 
Ca 2~ frm < 0.'1 p.M + ~- 
EGTA-CaCI z buffer 
Ca2 +-free 50 pM - + + 
EGTA 20 ~M + ÷ - 

After this procedure, aliquots of each sample were submitted 
to g¢l eleclmphoresis in the presence of 0,15 SDS, ana tim 
radioactive bands v, ete visualized by eKposing the dried gel 

slab to th© X-ray film for l0 days. 

46 kDa species could also represent degradativ¢ 
products [14]. However, most  of the radioactivity 
did not enter 1~e g~  when the electrophoresis was 
performed in 0 . I~  SDS, giving rise to dark spots 
on top of the autoradiogram. It should [m pointed 
out that lengthy exposure in aut_,:'r~_,~;.~aphy was 
necessary to reveal the existence o f  the degrada- 
tion products. On the other hand, a single hand of 
130 kDa was observed when the phosphorylation 
procedure was performed in the presence of pro- 
teolytic inhibitors and the etectrophoresis was car. 
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t ied out  in 0.2% SDS (Fig. 5, lanes 4 and  5). N o  
phosphoryla ted in te rmedia te  appeared  when  islet  
homogenates  were incubated  wi th  [T-32P]ATP /13 
the absence of  C a  2÷ (lanes 1 and  2). A s i m i h r  lack 
of  radioact ive in te rmedia tes  was no ted  when  the 
islet  phosphory la t ion  was performed in  the pres- 
ence of  Ca 2 + p lus  hyd roxy lamme  (lane 3), sxtggest- 
hag the e.,dstence of  aoyl phosphate  g roups  in  the 
label led  species, The presence of K + decreased the 
level of phosphory la t ion  (cf. lanes 4 and  5). 

9 3 - -  

6 7 - -  

4 5 - -  

67"~ 

m a i m  

4 S - -  

3 1 - -  

1 2 3 4 5 

Fig. :5. Autoradiogl"am of the phosphoenzyme interl-flecllat¢,$ 
(F,P) of the Ca2+-pump generated after its phosphorylation in 
a medium with pr0te01ysis inhibitors (1 mM PMSF and TLCK) 
and hydmxylamine. Phosphorylatioa was carded out with 100 
gg/ml islet protein at 4°C for 30 s in the foUowing media: 

Lane:: 1 2 3 4 S 

Trls-HCI (.oH 7.2) ~O mM + + ÷ ÷ ÷ 
KCI 50 mM - - - + 
NaCI 50 mM - + 4- 
Mg z* <10~M - - + + 
MgCiz 20 ttM + + 
NH2OH 100 ram * 
EGTA-CaCI 2 bu ff,ta" 
Ca2÷-free SO pM + + 
EDTA 100 ~M -+ + - - -  

Following the phosphorylation procedme, aliquo~ of each 
,sample were submitted to gel ¢|:ctrophoresis in the presence of 
0.2~ SDS and the radioactive bands were vis'Jalized by expos- 

ing the dried gel slabs to the X-ray i'dm fez 2 days. 

a l -  

1 2 3 4 

Fig. 6. Effect of ionic strength and low Ca 2÷ concentration on 
the appear~a~¢.¢ of phosphoenzyme intermediute~ (E.F) t.ff the 
CaZ++pump. Phosphorylation w~ carried out with 100 #g/ml 
islet homogenates at 4°C for 30 s in the following medium 
.,,dth proteolysis iahibitors ( l  mM PMSF and TLCK). 

Lanes: l 2 3 4 

Ttis-HCl (pH 7.2) 50 rnM + 4- + + 
KCI 50 mM + - 
NaCI $0 MM + 
Ch oline.-Cl 50 mM - + 
MgCI 2 20 ~M + 4- - 
Ca z+ (contain.) 2,8 fJM + 
EGTA-CaCI a buffer 
CaZ+-free 50 ,aM - -I- + + 

After phosl~horylation procedut~ aliquotz or each sample were 
treated as described in Fig. 5. 

W h e n  is le ts  homogena t e s  we, re incubated with  
[ , t -~P]ATP unde r  di f ferent  condi t ions ,  hu t  keep-  
ing cons tan t  a m e d i u m  of  low ionic  s trength,  on ly  
a s ingle band,  of  130 k D a ,  appeared  in  the ¢hro- 
m a t o g r a m s  (Fig.  6, l anes  1-4)+ The  rad ioac t iv i ty  
of  this  b a n d  was  la rger  w h e n  the is le t  i ncuba t ion  
was  per formed  wi th  50/ . tM C a  2+ in  the absence  of 
e i ther  NaC1 or  KCI  (compare  lane  4 wi th  1, 2 a n d  
3). Otherwise,  the [-/-)2p]ATP incorpora t ion  in to  
this  b a n d  was  s imi la r  in  the presence of  e i ther  2.8 
/ tM ( lane 1) or 50 ~ M  Ca  2+ ( lanes  2 and  3). 
Hence,  these results  would  suggest  tha t  on ly  one  
pro te in  f rac t ion  is  phosphorylate.d,  wi th  a h igh  
appa ren t  af f in i ty  for C a  2":. They wouid  also sug- 
gest tha t  b o t h  the  high-  and  low.af f in i ty  ca lc ium 
sites, evidenced by  the  CaZ+.ATPase,  give r ise to  a 
c o m m o n  ph0sphory la t ed  in termedia te ,  
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Discussion 

Using a low-ionic-strength medium (with low 
concentration of Mg z+ and K " )  and slightly al- 
kallne pH, it was possible to measure in crude islet 
homogenates a Ca:+-ATPase activity. In sueh a 
medium, Na*/K+-ATPase is not detected, prob- 
ably due to the high requirement of this enzyme 
for Mg 2÷ to express its activity. In addition, the 
presence of  ouabai~ in the assay medium further 
blocks such activity. The slight effect of NaN3 
upon Ca2+-ATPase activity measured in the islet 
homogenates makes the participation of the 
mitochondrial activity in the ATP hydrolysis a 
remote possibility. 

Various experimental evidence suggests that the 
Ca2+-ATPase activity measured belongs to the 
islet plasma membrane. (a) The two CaZ+-compo- 
nents with different affinity for the cation have 
values quite close to tho.~ reported for the Ca 2+- 
ATPase meam]red in purified plasma membrane 
preparation of rat islets 110]. (b) The enzyme also 
shows two different kinetic sites for ATP, one 
with high affinity and low maximum velodty and 
the other with low apparent affinity and high 
maximum velocity for ATP, This behavior is simi- 
lar to that rq~orted for the CaZ÷otrans'port ATPase 
1151. (c) The activity is enhanced by calmodulin, as 
occurs with the membrane Ca2%ATPase [16], and 
is decreased by compound 48/80, a highly specific 
calmodnlin inhibitor [12]. (d) As previously re- 
ported I1], this Ca2÷-ATPase activity is highly 
sensitive to vanadate inhibition. (e) In islet homo- 
ganatcs phosphorylated with [7-~zP]ATP in a 
medium of composition similar to that used for 
ATPase assay, it was possible to identify by SDS- 
PAGE, an acid-stable single radioactive band of 
130 kDa. A similar molecular mass was r~ot-tc,*. 
for the Ca 2 ~-ATPase of plasma membrane from 
different cells [15]. The 80 and 55 kDa as well as 
the 105 kDa radioactive intermediate8~ obtained 
when the above-mentioned method was performed 
in the absence of proteoliti¢ inhibitors, have the 
same molecular masses as those reported by di- 
gestion of purified Ca2+-ATPase from red cell 
membranes and liver plasma membranes, respec- 
tively |14]. (f) The contrast to the results obtained 
with the Ca2+-ATPase measured in endoplasm_;e 
retieulum, K ÷ inhibits the incorporation of  32p 

into the 130 kDa intermediate. (g) The appearance 
of this 130 kDa intermediate was completely 
blocked by hydroxylamine and 70% inhibited by 
25 ~M vanadat¢ when E'aongh Mg 2. and K* were 
added to the phosphorylation media (data not 
she-ran), Altogether, these :esults reinforce the 
concept that we are dealing with a plasma mem- 
brane rather than with a C12*.ATPase from the 
endoplasmic reticnlum [17]. Although we cannot 
be absolutely sure that the total activity measured 
in the homogenates belongs to the islet plasma 
membrane, ~ve can safely suggest that. if any, only 
a minor proportion of this activity wotdd corre- 
spond to the e:.doplasmic redculum fractiot~. 

Regardless of the above-mentioned characteris- 
tics, we cannot rule out the possibility of measur- 
ing a Ca~+-ATPase activity similar to the one 
described by Enyedl et al. [181 in the rat 
myometrium, which is apparently not involved in 
CaZ÷-transport. 

The procedure currently described and per- 
formed with only 10 islets could provide an instrtt- 
meat to te-~t the transient effect of different agents 
which affect insulin secretion on the plasma mem- 
brane Ca2+-ATPase activity. These facts, as weil 
as the uncertainty of  the role of CaZ+-ATPase in 
the mechanism of insulin secretion, prompt us to 
use this method in the search of experimental 
evidence capable of answering this question. 
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