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S u m m a r y  

A (Ca~÷ + Mg2+)-ATPase ac t iv i ty  is d e m o n s t r a t e d  in the  m i c r o s o m a l  f r ac t ion  
o f  porc ine  c o r o n a r y  ar te ry .  The  character is t ics  o f  the  ATPase  ac t iv i ty  are 
c o m p a r e d  with  those  o f  the  Ca 2÷ t r anspor t ,  b o t h  measured  in similar  solut ions .  
I t  is c o n c l u d e d  tha t  the  (Ca 2÷ + MgZ+)-ATPase is re la ted  to  the  Ca 2÷ t r a n s p o r t  
because:  

1. Both  t r a n s p o r t  and  ATPase  have similar  low Knl values for  Ca 2÷ as well as 
c o m p a r a b l e  Hill coef f ic ients .  The  Km values are respec t ive ly  0 .34 -+ 0.03 pM 
[4] and  1.17 -+ 0.15 t im [6] .  The  Hill coef f ic ien ts  are n = 1.69 + 0 .09 [4] and  
n = 1.23 -+ 0 .17 [6] .  

2. I o n o p h o r e s  A 2 3 1 8 7  and X 5 3 7 A  s t imula te  (Ca 2÷ + Mg2+)-ATPase ac t iv i ty  
while t h e y  inhibi t  ne t  Ca 2÷ a c c u m u l a t i o n  by  increasing the  Ca 2÷ p e r m e a b i l i t y  of  
the  m e m b r a n e s .  

3. The  V values for  Ca 2÷ a c c u m u l a t i o n  and  for  (Ca2+ + Mg2+)-ATPase are 
c o m p a r a b l e .  

I n t r o d u c t i o n  

An A T P - d e p e n d e n t  Ca2+-uptake by  m i c r o s o m a l  f rac t ions  of  vascular  s m o o t h  
musc le  has been  descr ibed  by  several au thor s  [1 - -5 ] .  H o w e v e r  it p roved  m o r e  
d i f f icu l t  to  d e m o n s t r a t e  the  ex i s tence  o~ a co r r e spond ing  (Ca2++ Mg2+) - 

Abbreviations: Hepes, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid; EGTA, ethylene glycol bis(;3- 
aminoethyl ether)-N,N'-tetraacetic acid; PMSF, phenylmethylsulfonylfluoride. 
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ATPase .  S o m e  au thors  have descr ibed  a Mg:+- independen t  Ca:*-ATPase  [6] 
while o thers  have p r o p o s e d  for  vascular  s m o o t h  muscle  a (Ca 2÷ + Mg~'+)-ATPase 
w i t h o u t  charac te r iz ing  it f u r the r  [2 ,3] .  A (Ca2+ + Mg2+)-ATPase has a l ready 
been  d e m o n s t r a t e d  and invest igated in intes t inal  s m o o t h  muscle  [7] and 
m y o m e t r i u m  [8] .  

In the  p resen t  work  we d e m o n s t r a t e  the  exis tence  of  a (Ca2++ Mg:+) - 
ATPase  in the s m o o t h  musc le  cells o f  the  porc ine  c o r o n a r y  a r t e ry  and in addi- 
t ion  we p resen t  some  charac ter i s t ics  of  this e n z y m e .  We also br ing fo rward  
some  a rgumen t s  indica t ing  tha t  this e n z y m e  is re la ted to the  Ca 2* t r a n s p o r t  
s y s t e m  in the  m i c r o s o m e s  of  this t issue. 

Experimental 

Microsomal fraction. Microsomes  were  p repa red  f r o m  the c o m b i n e d  med ia  
and  in t ima  layers  of  the  large e x t r a m u r a l  b ranches  of  porc ine  r ight  c o r o n a r y  
arteries.  Hear ts  were  ob t a ined  f r o m  the s laughte rhouse  and pieces con ta in ing  
the  r ight  coronar ies  were  b rough t  to the  l a b o r a t o r y  in ice-cold,  Ca:+-free,  
mod i f i ed  Krebs  so lu t ion  bu f f e r ed  wi th  Hepes  a t  pH 7.4. The  i n t ima-med ia  layers 
were  t hen  isolated and  h o m o g e n i z e d  as descr ibed  earlier [5] .  The  homogen iza -  

t ion  m e d i u m  had the  fo l lowing c o m p o s i t i o n :  0 .25 M sucrose,  1 mM dithio-  
t re i to l ,  0.5 mM p h e n y l m e t h y l s u l f o n y l  f luor ide  (PMSF),  0.5% (v/v) e thanol .  

Ca 2+ uptake. 4SCa 2+ u p t a k e  was measu red  as descr ibed earlier [5] .  The  
u p t a k e  m e d i u m  c o n t a i n e d  100 mM KC1, 30 mM imidazole-HC1 (pH 6.8),  5.7 
mM MgC12, 5 mM d i sod ium ATP,  5 mM NAN3, 1 mM E G T A ,  and  K2(COOL as 
ind ica ted .  When ATP was o m i t t e d  the  Mg z÷ c o n c e n t r a t i o n  was kep t  at  1.0 mM. 
The  m i e r o s o m a l  suspens ion  (20 pl con ta in ing  20 - -80  pg p ro te in )  was added  to 
t es t  tubes  wi th  the  u p t a k e  m e d i u m  at  37°C; 1 rain la ter  [Ca2+]0 was adjus ted  to 
the  desired value and the  rad ioac t iv i ty  to  app rox .  1 p C i / m l  by  adding 20 pl 
4SCaC12. 200-pl  a l iquots  of  this i ncuba t i on  m e d i u m  were  f i l tered on Millipore 
fil ters (0.45 pro)  a f t e r  d i f f e r en t  i ncuba t ion  t imes.  The  f i l tered m i c r o s o m e s  were  
washed  once  wi th  2 ml of  0 .25 M sucrose  so lu t ion  con ta in ing  1 mM d i sod ium 
E G T A  at  p H  6.8. 

ATPase activity. The  ATPase  ac t iv i ty  was measu red  as descr ibed  by  Barne t t  
[9]  at  37°C in 1 ml of  a m e d i u m  having the  fo l lowing c o m p o s i t i o n :  100 mM 
KC1, 30 mM imidazole-HCl  (pH 6.8),  5.7 mM MgCt2, 5 mM d i sod ium ATP,  5 
mM NAN3, 1 mM E G T A ,  1.5 mM phosphoenolpyruvate, 0.26 mM d i sod ium 
N A D H ,  40 I .U . /ml  py ruva t e  kinase,  36 I .U . /ml  lac ta te  d e h y d r o g e n a s e  (bo th  
e n z y m e s  f r o m  rabb i t  muscle) .  The  decrease  in a b s o r b a n c e  at 340 n m  was 
r eco rded  with  an A m i n c o  DW2 s p e c t r o p h o t o m e t e r .  A mo la r  ex t inc t ion  coeffi-  
c ient  o f  e = 6.2 • 106 M -~ • cm -1 was used in the  calculat ions.  Af t e r  t e rmal  
equ i l ib ra t ion  of  the  cuve t t e ,  10 or 20 pl o f  m i c r o s o m e s  (20- -80  pg p ro te in )  
were  added .  Ouaba in ,  CaC12 or  i o n o p h o r e s  were  added  as c o n c e n t r a t e d  s tock  
so lu t ions  (100  t imes) .  A 2 3 1 8 7  and X 5 3 7 A  were  dissolved in 100% e thano l  and 
a lameth ic in  in 33% e thanol .  E t hano l  at  the  c o n c e n t r a t i o n  used in our  experi-  
m e n t s  had no  e f fec t  on ATPase  act ivi ty .  To  d e t e r m i n e  the  rate  of  (Ca 2* + 
Mg2+)-ATPase as a f unc t i on  of  [Ca2+], Ca 2+ was added  in cumula t ive  way  with  
f o u r  s u b s e q u e n t  add i t ions  per  cuve t te .  Usual ly  four  d i f f e ren t  Ca 2÷ concen t ra -  
t ions  were  s tudied  in th ree  similar  series of  m e a s u r e m e n t s .  
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T A B L E  I 

E Q U I L I B R I A  A N D  S T A B I L I T Y  C O N S T A N T S  U S E D  F O R  G A L C U L A T I N G  T H E  C a  2+ C O N C E N T R A -  

T I O N S  

T h e s e  v a l u e s  h a v e  b e e n  c o m p i l e d  f r o m  t h e  d a t a  o f  G o d t  [ 1 3 ]  a n d  o f  S i l l e n  a n d  M a r t e l l  [ 1 4 ] .  

E q u i l i b r i u m  l o g  s t a b i l i t y  c o n s t a n t  

( M  - I  ) 

H + + A T P  4 -  = H A T P  3 -  7 . 0 2  

H *  + H A T P  3 -  = H 2 A T P  2 -  4 . 0 2  

M g  2+ + A T P  4 -  = M g A T P  2 -  4 . 6 5  

M g  2+ + H A T P  3"- = M g H A T P  1-  2 . 6 5  

C a  2+ + A T P  4 -  = C a A T P  2 -  4 . 3 2  

C a  2+ + H A T P  3 -  = C a H A T P  1 -  2 . 1 3  

H ÷ + A D P  3 -  = H A D P  2 -  6 . 8 8  

M g  2+ + A D P  3 -  = M g A D P -  3 . 1 5  

C a  2+ + A D P  3 -  = C a A D P -  2 . 8 2  

H + + E G T A  4 -  = H E G T A  3 -  9 . 4 3  

H + + H E G T A  3 -  = I - I 2 E G T A  2 -  8 . 8 5  

M g  2+ + E G T A  4 -  = M g E G T A  2 -  5 . 2 0  

M g  2+ + H E G T A  3 -  = M g H E G T A  1 -  3 . 3 6  

C a  2+ + E G T A  4 -  = C a E G T A  2 -  1 0 . 4 2  

C a  2+ + H E G T A  3 -  = C a H E G T A  l -  5 . 3 2  

Protein.  Protein was measured by a modified Lowry method [10].  
Ca 2÷ buf fer ing  sys tem.  The Ca 2÷ uptake and the (Ca 2+ + Mg2÷)-ATPase activ- 

ity were measured in solutions in which [Ca 2+] was buffered by means of  1.0 
mM EGTA. In all solutions [Mg 2+] was kept  at 1.0 mM. The equilibria and the 
stability constants used in these calculations are given in Table I. 

4SCa2+ was obtained from New England Nuclear. Pyruvate kinase and lactate 
dehydrogenase were obtained from Boehringer. A23187 was a gift of Dr. R.L. 
Hamill, Eli Lilly Laboratories.  X537A was a gift from Dr. G. Haeusler, 
Hoffman-LaRoche and Co. Alamethicin was obtained from Upjohn. The other  
reagents were obtained from Sigma. 

Results 

The Ca z+ transport  in the microsomal  fract ion 
Microsomes prepared from the intima and media of the porcine coronary 

artery present an ATP dependent  uptake of Ca 2÷, which increases in the 
presence of  oxalate. This Ca 2÷ uptake is not  affected by 5 mM NaN3 (see also 
[5]) and can therefore not  be due to mitochondria  contaminating the micro- 
somal fraction. Fig. 1 shows the time course of the Ca 2÷ uptake under different  
experimental  conditions. If ATP is present, the Ca 2+ uptake reaches values 
which are appreciably larger than those obtained in media wi thout  ATP (the 
ATP-independent  binding). After 2--10 rain this ATP-dependent  Ca 2÷ accumu- 
lation reaches a plateau. Adding oxalate (2 or 5 mM) increases the Ca 2+ 
accumulat ion and this uptake now proceeds almost linearly with time during 
the first 20 min. In Fig. 2 we have plot ted the normalized rate of  Ca 2+ uptake 
expressed by v / V  during its stimulation by 5 mM oxalate. These data have 
been obtained in experiments similar to those depicted i n  Fig. 1 and in which 
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Fig .  1.  T h e  4 5 C a 2 ÷  u p t a k e  by  m i e r o s o m e s  e x p r e s s e d  as n m o l - m g  - I  p r o t e i n  is g i v e n  f o r  d i f f e r e n t  e x p e r i -  

m e n t a l  c o n d i t i o n s  as a f u n c t i o n  o f  t i m e  ( r a i n ) .  T h e  c r o s s e s  a n d  t h e  b r o k e n  l i n e  r e p r e s e n t  t h e  A T P -  

i n d e p e n d e n t  Ca  2+ b i n d i n g  as o b t a i n e d  in  a m e d i u m  w i t h o u t  a n y  A T P .  In  a l l  o t h e r  e x p e r i m e n t a l  c o n d i t i o n s  

r e p r e s e n t e d  by  fu l l  l i n e s  5 m M  A T P  h a d  b e e n  a d d e d ,  b u t  t h e  o x a l a t e  c o n c e n t r a t i o n  w a s  c h a n g e d  f r o m  0 

m M  ( o ) ,  o v e r  0 . 5  m M  ( : 0 ,  1 m M  (~) ,  2 m M  (m) t o  5 m M  (,~). T h e  c o m p o s i t i o n  o f  t h e  u p t a k e  m e d i u m  is 

g i v e n  in  t h e  e x p e r i m e n t a l  s e c t i o n  a n d  [ C a  2+] is k e p t  a t  1 0  -5  M. 

the  [Ca 2÷] was var ied b e t w e e n  10 -s and 10 -s M by  adjust ing the  a m o u n t  of  
Ca 2÷ added  to  the  so lu t ion .  The  ra te  o f  Ca 2÷ u p t a k e  in the  p resence  of  oxa la te  
was measu red  f r o m  the  initial s lope o f  Ca2÷-uptake curves.  These  e x p e r i m e n t a l  
da ta  were  f i t t ed  b y  the  Hill equa t i on  

v (Ca2÷)" 

V (Kin) n + (Ca2+) n (1) 

b y  m e a n s  o f  an i tera t ive  non- l inear  least  square  m e t h o d .  The  fol lowing pa ram-  
eters,  ob t a ined  f r o m  four  e x p e r i m e n t s  yie lding a to ta l  o f  24 e x p e r i m e n t a l  
values,  p rov ided  the  bes t  f i t  fo r  the  ra te  o f  Ca 2÷ u p t a k e  in the  presence  of  5 mM 
oxa la te :  V = 14.57 -+ 2 .38  (4) n m o l  • mg -~ p ro te in  • r a in - l ;  K m =  0.34 +- 0.03 
(4) pM; n = 1.69 + 0 .09 (4). 

The  p la t eau  o f  Ca 2÷ u p t a k e  measu red  in oxala te - f ree  m e d i u m  was co r rec ted  
fo r  the  A T P - i n d e p e n d e n t  Ca2÷-binding. These  co r rec t ed  values have been f i t ted  
as a func t ion  of  [Ca2÷]0 by  Eqn.  1, bu t  in this case v and  V represen t  the 
he igh t  o f  the  p la t eau  of  Ca 2÷ up take .  The  fo l lowing  p a r a m e t e r s  have been 
ca lcu la ted  f r o m  three  e x p e r i m e n t s  wi th  a to ta l  of  24 e x p e r i m e n t a l  values: 
V = 32.67 -+ 7.43 (3) n m o l  • mg -~ p r o t e i n ; K m  = 0.23 + 0 .05  (3) pM; n = 1.00 +- 
0 .10  (3). 

The (Ca 2÷ ÷ Mg2+)-A TPase activity o f  the microsomes 
(Ca2÷ + Mg2÷)-ATPase was d e m o n s t r a t e d  and  measu red  in the  m i c r o s o m a l  

f r ac t ion  using the  above  descr ibed  coup led  e n z y m e  sys tem.  The  m e d i u m  is 
s imilar  to  the  one  used to  s t udy  the  Ca 2÷ u p t a k e  bu t  it con ta ins  in addi t ion  an 
A T P  regenera t ing  s y s t e m  consis t ing  of  N A D H ,  phosphoenolpyruvate, py ruva t e  
kinase and  lac ta te  dehydrogenase .  I t  was shown  in con t ro l  e x p e r i m e n t s  tha t  
these  subs tances  did n o t  m o d i f y  the  kinet ics  of  the  Ca 2÷ up take .  Af t e r  addi t ion  
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Fig .  2. T he  ra te  o f  45 Ca 2+ u p t a k e  was  m e a s u r e d  in  a s o l u t i o n  c o n t a i n i n g  5 m M  o x a l a t e  a n d  is e x p r e s s e d  as 

u/V o n  t h e  o r d i n a t e .  The  c o n c e n t r a t i o n  o f  Ca 2+ is g i v e n  o n  a l o g a r i t h m i c  scale  o n  t h e  absc i ssa .  These  

r e s u l t s  are r e p r e s e n t e d  b y  o p e n  c i rc les  (~)  a n d  the  fu l l  l i ne  is d r a w n  a c c o r d i n g  t o  Eqn .  1. The  p l a t e a u  o f  

t h e  Ca 2+ u p t a k e ,  m e a s u r e d  in  o x a l a t e - f r e e  m e d i u m  is g iven  o n  t h e  o r d i n a t e  b y  t he  r a t i o  o f  t he  m e a s u r e d  

v a l u e  t o  t he  m a x i m a l  v a l u e  o f  t he  u p t a k e .  These  d a t a  are r e p r e s e n t e d  by  o p e n  t r i a n g l e s  (~)  a n d  t he  p e c k e d  
l i ne  is d r a w n  aga in  a c c o r d i n g  to  E q n .  1. The  p a r a m e t e r s  o f  b o t h  c u r v e s  a n d  the  n u m b e r  o f  e x p e r i m e n t s  

are g iven  in  t he  t e x t .  V e r t i c a l  ba r s  r e p r e s e n t  S.E.  o f  m e a n .  

of microsomes to this medium a Mg2+-ATPase activity was recorded. This activ- 
ity was partly inhibited by 10 -4 M ouabain. This ouabain-sensitive component  
was defined as (Na ÷ + K÷}-ATPase. The remaining 'basal' Mg2÷-ATPase activity 
was increased by increasing [Ca 2÷] and an additional stimulation was obtained 
by 10-6--10 -s M of  the ionophores A23187 or X537A or by 20 pg/ml of the 
pore-forming ionophore alamethicin (Table II). Because the basal Mg2÷-ATPase 
activity is not affected by the ionophores in Ca2÷-free medium, it is likely that  
these substances act by increasing the Ca 2÷ permeability of the vesicles and 
hereby reducing the intravesicular [Ca:+]. This would diminish the inhibitory 
action of high intravesicular [Ca :÷] on the (Ca 2÷ + Mg:+)-ATPase, as has been 

T A B L E  II 

A T P a s e  A C T I V I T Y  IN T H E  M I C R O S O M A L  F R A C T I O N  

V a l u e s  are m e a n s  + S.E.  N u m b e r  o f  e x p e r i m e n t s  is g i v e n  in  p a r e n t h e s e s .  A T P a s e  a c t i v i t i e s  were  m e a s u r e d  

as i n d i c a t e d  in  e x p e r i m e n t a l  s e c t i o n .  ' B a s a l '  Mg2+-ATPase  is m e a s u r e d  in  t h e  p r e s e n c e  o f  10  -4 M o u a b a i n .  

(Na* + K+)-ATPase  is d e f i n e d  as t h e  d i f f e r e n c e  b e t w e e n  t o t a l  Mg2+-ATPase  a n d  Mg2+-ATPase  a f t e r  1 0 - 4  M 

o u a b a i n .  (Ca 2+ + Mg2+) -ATPase  is m e a s u r e d  in  t he  p r e s e n c e  o f  10  - 4  M o u a b a i n  a n d  a t  [Ca  2+] = 10  -S M. 

A c t i v i t y  
( n m o l  A T P  • m g  -1 p r o t e i n  • r a in  - 1 )  

' B a s a l '  Mg2+-ATPase  

(Na+ + K+)-ATPase  
(Ca 2+ + Mg2+) -ATPase  

(Ca 2+ + Mg2+) -ATPase  + X 5 3 7 A  10 -5 M 

(Ca 2+ + M g 2 * ) - A T P a s e  + A 2 3 1 8 7  10  -6 or  10  -5 M 

(Ca 2+ + M g 2 * ) - A T P a s e  + a l a m e t h i c i n  2 0  p g / m l  

3 2 . 9 9  + 0 . 6 2  ( 3 2 )  

9 . 2 4  ± 0 . 5 2  ( 3 8 )  

2 0 . 0 4  ± 0 . 7 8  ( 1 7 )  

2 7 . 8 9  + 1 . 6 4  (9)  

3 4 . 7 9  ± 1 .08  (S) 

3 4 . 5 2  + 0 . 8 7  (6)  
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Fig. 3. The (Ca2++ Mg2+)-ATPase ac t i v i t y  measured in the presence ( ) or in the absence ( ) o f  
i o n o p h o r e  A 2 3 1 8 7  and  e x p r e s s e d  as v / V  o n  t h e  o r d i n a t e  are p l o t t e d  as a f u n c t i o n  o f  t h e  l o g a r i t h m  

o f  [Ca2+].  The  cu rves  were  d r a w n  a c c o r d i n g  to  E q n .  1 w i t h  a fu l l  l ine  fo r  a m e d i u m  c o n t a i n i n g  the  i o n o -  

p h o r e  a n d  w i t h  a p e c k e d  l i ne  fo r  a m e d i u m  w i t h o u t .  The  p a r a m e t e r s  for  b o t h  c u r v e s  a n d  the  n u m b e r  o f  

e x p e r i m e n t s  are g i v e n  in  t he  t e x t .  V e r t i c a l  ba r s  r e p r e s e n t  S.E.  o f  m e a n .  

r e p o r t e d  fo r  f r a g m e n t e d  sa rcop lasmic  r e t i cu lum of  skeletal  musc le  [ 11] .  In Fig. 
3 we have r ep re sen ted  the (CaZ÷ + Mg2+)-ATPase ac t iv i ty  expressed  by  v/V 
as a f unc t i on  of  [Ca2÷]. This ATPase  ac t iv i ty  observed  in the  p resence  of  10 -s 
M o f  the  i o n o p h o r e s  A 2 3 1 8 7  or X 5 3 7 A  is r ep resen ted  by  the  full line. Because 
the  K m and  n values are s imilar  for  b o t h  i o n o p h o r e s  on ly  e x p e r i m e n t s  wi th  
A 2 3 1 8 7  are r ep re sen ted  in Fig. 3. These  values ob t a ined  in six e x p e r i m e n t s  
wi th  70 po in t s  are: K m =  1.17 ± 0 .15 pM [ 6 ] ; n  = 1.23 ± 0.17 [6] .  The  (Ca 2+ + 
M g > ) - A T P a s e  ac t iv i ty  m eas u red  in the  absence  of  i o n o p h o r e s  ( two e x p e r i m e n t s  
wi th  24 po in t s )  is r ep re sen ted  by  a pecked  line and has a mean  value for  K m of  
4 .23  pM and  fo r  n of  0.78.  

Discussion 

The  main  pu rp os e  o f  these  e x p e r i m e n t s  was to d e m o n s t r a t e  the  exis tence  of  
a (Ca z÷ + M g > ) - A T P a s e  ac t iv i ty  in the  m i c r o s o m e s  of  vascular  s m o o t h  muscle .  
T h e  da ta  o f  Tab le  I I  c lear ly show t h a t  10 -s M Ca 2+ increases the  ATPase  ac t iv i ty  
by  a f a c t o r  o f  2 over  its basal value.  In add i t ion  we have t r ied to  relate  this 
e n z y m e  to a Ca 2+ t r a n s p o r t  sys tem.  This hypo thes i s  is subs t an t i a t ed  by  the  
fo l lowing  observa t ions .  

1. Bo th  the  Ca > u p t a k e  and the  (Ca2+ + Mg2+)-ATPase activit ies have a 
s imilar  low K m value for  [Ca > ]  in the  pM range.  This  K m of  the  (Ca 2+ + Mg2+) - 
ATPase  has been  m eas u red  in the  p resence  of  a Ca 2+ i o n o p h o r e  because  he r eby  
the  inh ib i to ry  e f fec t  o f  the  in t ravesicular  [Ca > ]  is p r o b a b l y  p reven ted .  A 
t r a n s p o r t  sys tem with  a high a f f in i ty  fo r  Ca 2÷ and a co r r e spond ing  (Ca2+ + 
M g > ) - A T P a s e  could  r ep resen t  t w o  aspects  o f  a m e c h a n i s m  playing  an impor -  
t a n t  role  in s m o o t h  musc le  re laxa t ion .  

2. In t raves icu la r  Ca 2÷ a c c u m u l a t i o n  migh t  also in s m o o t h  muscle  micro-  



263 

somes ,  as it has been  r e p o r t e d  fo r  skeletal  musc le  m i c r o s o m e s  [11] ,  exe r t  an 
inh ib i to ry  e f f ec t  on the  (Ca 2+ + Mg2+)-ATPase. Prevent ing  this a c c u m u l a t i o n  by  
increasing the  Ca 2÷ p e r m e a b i l i t y  wi th  Ca 2÷ i o n o p h o r e s  n o t  on ly  increases V 
{Table II)  bu t  also d iminishes  Km (Fig. 3). I f  these  i o n o p h o r e s  (at  concen t ra -  
t ions  exceed ing  10 -6 M) are added  to  the  vesicles before  Ca 2÷, ca lc ium accumu-  
la t ion  is p reven ted .  

3. A lameth ic in  also s t imula tes  the  (Ca 2÷ + Mg2÷)-ATPase. I t  is bel ieved tha t  
this an t ib io t ic  a t  a c o n c e n t r a t i o n  o f  20 p g / m l  makes  the  vesicles p e r m e a b l e  n o t  
on ly  to Ca "-+ bu t  also to ATP. I t  could  in this way  m a k e  also l a t en t  ATP- 
h y d r o l y s i n g  sites accessible in vesicles of  reverse sidedness [ 12] .  

4. The V of  the  Ca 2÷ a c c u m u l a t i o n  is r a the r  s imilar  wi th  the  V of  the  (Ca 2+ + 
Mg:+)-ATPase.  The ra t io  of  C a / ATP  = 1 4 . 5 7 / 2 0 . 0 4  = 0.73.  The precis ion of  this 
ra t io  can be ques t ioned  because  the  Ca 2÷ u p t a k e  has been  measu red  in the pres- 
ence of  oxa la te  and the (Ca 2÷ + Mg2+)-ATPase in the absence  of  oxa la te .  We 
had  to fo l low the  la t ter  p r o c e d u r e  because  oxa la te  inhibi ts  the  p y r u v a t e  kinase 
in our  e n z y m e  sys tem.  However ,  we k n o w  f r o m  con t ro l  e x p e r i m e n t s  t ha t  the 
ra te  of  Ca 2+ a c c u m u l a t i o n  measured  in a so lu t ion  con ta in ing  5 mM oxa la te  is a 
good  es t ima te  of  the initial ra te  of  Ca > u p t a k e  in oxa la te - f ree  m e d i u m .  

We can conc lude  f r o m  these  e x p e r i m e n t s  tha t  (Ca 2+ +Mg2+)-ATPase  is 
p r e sen t  in these m i c r o s o m e s  o f  vascular  s m o o t h  musc le  and  tha t  this ac t iv i ty  is 
p r o b a b l y  re la ted  to  an ATP-dr iven  Ca 2+ t r a n s p o r t  sys tem.  
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