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C h r o n i c  l o w - f r e q u e n c y  s t i m u l a t i o n  el ici ts  in r a b b i t  f a s t - t w i t c h  m u s c l e  a pa r t i a l  i n a c t i v a t i o n  o f  t h e  s a r c o p l a s m i c  r e t i c u l u m  ( S R )  C a Z * - A T P a s e  a n d  
C a a * - u p t a k ¢  ac t iv i t ies .  I n a c t i v e  C a 2 " - A T P a s e  w a s  e n r i c h e d  in a l igh t  m i c r o s o m a l  f r a c t i o n  by  s u c r o s e  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  a f t e r  c a l c i u m  
o x a l a t e  l o a d i n g  in  t h e  p r e s e n c e  o f  A T P .  T h i s  f r a c t i o n  s h o w e d  a r e d u c e d  speci f ic  ac t iv i ty  a n d  p h o s p h o p r o t e i n  f o r m a t i o n  o f  t h e  C a 2 " - t r a n s p o r t  
A T P a s e .  T h e s e  r e su l t s  s u g g e s t  t h a t  t h e  i n a c t i v a t i o n  o f  t h e  C a ~ - A T P a s e  a s  i n d u c e d  by  i n c r e a s e d  c o n t r a c t i l e  ac t iv i ty ,  is c o n f i n e d  to  a specif ic  S R  

ves ic le  p o p u l a t i o n .  

L o w - f r e q u e n c y  s t i m u l a t i o n ;  S a r c ~ p l a ~ m i c  r e t i c u l u m  C a a ' - A T P a s e  

1. I N T R O D U C T I O N  

I n  p r e v i o u s  s t u d i e s ,  w e  h a v e  s h o w n  t h a t  s u s t a i n e d  
c o n t r a c t i l e  a c t i v i t y  a s  i n d u c e d  b y  c h r o n i c  l o w - f r e q u e n c y  
s t i m u l a t i o n  p a r t i a l l y  r e d u c e s  C a 2 * - s e q u e s t r a t i o n  b y  t h e  
s a r c o p l a s m i c  r e t i c u l u m  ( S R )  [ 1 - 5 ] .  T h i s  i n a c t i v a t i o n  a f -  
f e c t e d  b o t h  t h e  t o t a l  c a p a c i t y  a n d  i n i t i a l  r a t e  o f  C a  2÷- 
u p t a k e .  T h e  t o t a l  a m o u n t  o f  t h e  i m m u n o c h e m i c a U y  d e -  
t e c t a b l e  C a 2 ÷ - A T P a s e  p r o t e i n  w a s  u n a l t e r e d ,  b u t  t h e  
C a 2 * - d e p e n d e n t  A T P - h y d r o l y s i n g  a c t i v i t y ,  a s  w e l l  a s  t h e  
f o r m a t i o n  o f  t h e  p h o s p h o p r o t e i n  i n t e r m e d i a t e ,  w e r e  r e -  
d u c e d  b y  a p p r o x i m a t e l y  5 0 %  [2] .  A d e c r e a s e d  b i n d i n g  
o f  f l u o r e s c e i n  i s o t h i o c y a n a t e  ( F I T C ) .  a c o m p e t i t o r  o f  
A T P  a t  t h e  n u c l e o t i d e o b i n d i n g  s i t e ,  i n d i c a t e d  t h a t  t h e  
i n h i b i t i o n  m i g h t  .he  r e l a t e d  t o  a l o c a l  s t r u c t u r a l  a l t e r a -  
t i o n  o f  t h e  e n z y m e  [ 2 , 4 , 5 ] .  T h i s  w a s  c o r r o b o r a t e d  b y  t h e  
o b s e r v a t i o n  t h a t  t h e  i n a c t i v e  e n z y m e  w a s  l e s s  s u s -  
c e p t i b l e  f o r  t r y p t i c  c l e a v a g e  a t  A r g  sa5 [ 4 , 5 ] .  A s i m i l a r  
i n a c t i v a t i o n  o f  t h e  C a 2 ÷ - t r a n s p o r t i n g  A T P a s e  h a s  a l s o  
b e e n  o b s e r v e d  d u r i n g  e x e r c i s e  i n  f a t i g u i n g  m u s c l e  [6 ] .  
T h e  r e v e r s i b l e  i n a c t i v a t i o n  o f  t h e  S R  C a 2 + - A T P a s e  m a y ,  
t h e r e f o r e ,  b e  o f  g e n e r a l  i n t e r e s t  w i t h  r e g a r d  t o  m u s c l e  
f a t i g u e .  

T h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e  " i n  o r d e r  t o  i n v e s t i -  
g a t e  w h e t h e r  t h e  o v e r a l l  r e d u c e d  a c t i v i t y  o f  t h e  S R  
C a 2 ÷ o A T P a s e  r e s u l t s  f r o m  a p a r t i a l  i n a c t i v a t i o n  o f  a l l  
e n z y m e  m o l e c u l e s  o r  r e l a t e s  t o  c o m p l e t e  i n a c t i v a t i o n  o f  
a s e l e c t e d  p o p u l a t i o n .  M i c r o e o m a l  p r e p a r a t i o n s  f r o m  
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n o r m a l  a n d  c h r o n i c a l l y  s t i m u l a t e d  m u s c l e s  w e r e  s e p -  
a r a t e d  o n  a d e n s i t y  g r a d i e n t  a f t e r  C a 2 % l o a d i n g  i n  t h e  
p r e s e n c e  o f  A T P  a n d  o x a l a t e .  M e a s u r e m e n t s  o f  p r o t e i n  
y i e l d ,  C a 2 * - s t i m u l a t e d  A T P a s e  a c t i v i t y ,  a n d  f o r m a t i o n  
o f  t h e  p h o s p h o r y l a t e d  e n z y m e  i n t e r m e d i a t e  m a d e  p o s -  
s i b l e  t h e  i d e n t i f i c a t i o n  o f  a l i g h t  v e s i c l e  s u b f r a c t i o n  w i t h  
a n  i n c r e a s e d  y i e l d  o f  t h e  i n a c t i v e  e n z y m e .  

2 .  M A T E R I A L S  A N D  M E T H O D S  

2. I. A~imals  a n d  chronic stimulation 
A d u l t  m a l e  N e w  Z e a l a n d  W h i t e  r a b b i t s  were  ind i rec t ly  s t i m u l a t e d  

(10 Hz ,  12 h / d )  [7,8]. T h e  a n i m a l s  were  ki l led a f t e r  4 -da~  s t i m u l a t i o n  
p e r i o d s  a n d  s t i m u l a t e d  ( lef t )  a n d  c o n t r o l  ( r igh t )  e x t e n s o r  d i g i t o r u m  
l o n g u s  ( E D L )  a n d  t ib ia l i s  a n t e r i o r  ( T A )  m u s c l e s  we re  p r o c e s s e d  fo r  
i so l a t i on  o f  S R  a c c o r d i n g  t o  N a k a m u r a  e t  al.  [9]. 

2.2. Calcium oxalate  loading and isolation o f  S R  subfractions 
C a 2 * - I o a d i n g  w a s  p e r f o r m e d  a s  d e s c r i b e d  [~] 60  m 2  c r u d e  S R  w a s  

i n c u b a t e d  in 20  m l  o f  a m e d i u m  c o n t a i n i n g  50 m M  H F P E S  ( o H  6.8).  
100 m M  K C I ,  l 0  m M  Mg(~i2, 20 m M  p o t a s s i u m  o x a l a t e ,  5 m M  N A N , .  
10 m M  A T P  a n d  100/~IVi C a C I  2 a t  37°C  fo r  15 ra in .  T h e  c h o s e n  
C a 2 * - t o - C a 2 + - A T P a s e  r a t i o  w a s  in t h e  r a n g e  o f  t h e  p h y s i o l o g i c a l  s t o r -  
age  c a p a c i t y .  T h e r e a f t e r ,  t h e  ves ic les  were  s e d i m e n t e d  a t  55 000  × g 
fo~ 60 ra in .  T h e  pe l l e t ed  m i e r o s o m e s  were  s u s p e n d e d  in 3 m l  ~ 0 .25  
M s u c r o s e  c o n t a i n i n g  0 .3  M KCI ,  0 .05  M s o d i u m  p y r o p h o s p h a t c ,  a n d  
0.1 M T r i s / H C I ,  p H  7.2. A f t e r  m e a s u r i n g  t h e  p r o t e i n  c o n c e n t r a t i o n ,  
t h i s  s u s p e n s i o n  w a s  l aye r ed  o n  t o p  o f  a d i s c o r t i n u o u s  s u c r o s e  d e n s i t y  
g r a d i e n t  [10] w i th  c o n s e o u t i v e  l aye r s  o f  i .5. 1.0, 0 .8  a n d  0 .6  M s u c r o s e ,  
7 m l  e a c h  c o n t a i n i n g  0 .3  M K C I ,  0 .05  M "sodium p y r o p h o s p ; l a t e  a n d  
0. I M T r i s / H C l .  p H  7.2. G r a d i e n t  c e n t r i f u g a t i o n  w a s  p e r f o r n i e d  fo r  
2 h in  a S W 2 7  B e c k m a n  r o t o r  a t  27 000  r p m .  T h e  f r a c t i o n s  we re  
s e p a r a t e d  a t  t h e  i n t e r f a c e s  o f  t h e  layers .  F r a c t i o n  F i  w a s  b e t w e e n  0 .25  
a n d  0 . 6  M ,  f r a c t i o n  F i l  b e t w e e n  0 .6  a n d  0 .8  M .  f r ac t i o n  F i l l  b e t w e e n  
0 .8  a n d  1.0 M ,  a n d  f r a c t i o n  F I V  b e t w e e n  1.0 a n d  1.5 M s u c r o s e ,  
r e spec t ive ly .  T h e  f r a c t i o n s  - ~ r e  d i l u t e d  w i th  0.1 M KCI ,  10 m M  
M O P S .  a n d  c e n t r i f u g e d  fo r  90  ra in  a t  60  000 × g. T h e  pel le ts  were  
s u s p e n d e d  in  0 . 5 - t  mi  0 .25  M s u c r o s e ,  10 m M  T r i s / H C I ,  p H  8.0. 
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2.3. Analrticaf procedures 
The Ca-'~-ATPase activity in mirosomal fractions was measured at 

37°C by the coupled optical assay i I 11. Tryptie cleavage was per- 
formed as previously described [5]. After tryptic digestion for different 
time periods, microsomai fractions w c r c  phosphorylated at 4°C using 
[y-~"PIATP at a final concentration of  0.2MM in a medium containing 
75 mM KCI, 30 mM HEPES, pH 7.0, and 20 ~uM CaCI: for I min. 
The reaction was stopped by adding a two-fold volume of  6% tri- 
chloroacetic acid containing I ram ATP, 10 mM phosphate. The 
pr~-cipitate was washed by eenlrifugalion with the same solution three 
times and then dissolved in lysis buffer composed of  60% sucrose. 10 
mM EDTA, 2.5% SDS. 0.014% Bromphenot blue, 0.15 M Tris/HCI, 
pH 6.8. In order to stabilize the phosphorylated intermediate, electro- 
phoresis was performed using the acidic system described by Sarkadi 
et al. 112]. Phosphorylated peptides were detected by autoradiography 
using Hyperfilm MP (Amersham, Braunschweig, FRG) exposed at 
-70"C for 24 h. After electrophoresis, proteins were transferred to 
nitrocellulose filters. The Ca2*-ATPase protein, as well as immu- 
noreactive fragments, were identified with a polyclonal antibody 
raised against Vast SR Ca: ' -ATPase [13] Horse radish peroxidase- 
conjugated goat anti-rabbit l e g  served as the secondary antibody_ 

3. R E S U L T S  

S a r c o p l a s m i c  r e t i c u l u m  v e s i c l e s  i s o l a t e d  f r o m  
n o r m a l ,  a n d  4 - d a y - s t i m u l a t e d  m u s c l e s  w e r e  s u b f r a c -  
t i o n a t e d  o n  a s u c r o s e  d e n s i t y  g r a d i e n t  a f t e r  l o a d i n g  w i t h  
c a l c i u m  o x a l a t e .  T h e  t o t a l  y i e l d  w a s  f o u n d  t o  be  u n -  
a l t e r e d  b e t w e e n  t h e  t w o  e x p e r i m e n t a l  c o n d i t i o n s ,  in -  
d i c a t i n g  t h a t  c o n t a m i n a t i o n  w i t h  n o n - S R  m e m b r a n e s  
[2] h a d  n o t  ye t  o c c u r r e d  a f t e r  t h i s  s h o r t  s t i m u l a t i o n  
p e r i o d .  M a r k e d  d i f f e r e n c e s  e x i s t e d  b e t w e e n  t h e  p r o t e i n  
a m o u n t s  r e c o v e r e d  in  t h e  d i f f e r e n t  s u b f r a c t i o n s  ( T a b l e  
!). T h e  l ightes= f r a c t i o n  ( F I )  o f  t h e  u u s t i m u l a t e d  m u s c l e  
c o n t a i n e d  8 . 5 %  o f  t h e  t o t a l  p r o t e i n ,  w h e r e a s  t h e  F I  
f r a c t i o n  o f  t h e  s t i m u l a t e d  m u s c l e  c o n t a i n e d  1 8 . 6 %  o f t h e  
t o t a l  p r o t e i n  a p p l i e d  t o  t h e  g r a d i e n t .  T h e  h i g h e r  p r o t e i n  
a m o u n t  o f  F I  w a s  c o m p e n s a t e d  f o r  b y  a l o w e r  y i e l d  in  
t h e  h e a v i e r  f r a c t i o n s ,  p a r t i c u l a r l y  in  F i l l .  I t s  p r o t e i n  
a m o u n t  w a s  3 5 %  ii ,  t h e  u n s t i m u l a t e d ,  b u t  o n l y  2 6 %  in  
t h e  s t i m u l a t e d  m u s c l e  ( T a b l e  I). 

T h e  F I  f r a c t i o n  o f  t h e  s t i m u l a t e d  m u s c l e  e x h i b i t e d  t h e  
l o w e s t  C a ~ + - A T P a s e  spec i f i c  a c t i v i t y ,  a m o u n t i n g  t o  o n l y  
4 3 %  o f  t h a t  d e t e c t e d  in  [ I o f  t h e  u n s t i m u l a t e d  m u s c l e .  

N o  d i f f e r e n c e s  w e r e  f o u n d  b e t w e e n  t h e  C a 2 + - A T P a s c  
s p e c i f i c  a c t i v i t i e s  o f  f r a c t i o n s  F i l l  a n d  F I V  f r o m  u n -  
s t i m u l a t e d  a n d  s t i m u l a t e d  m u s c l e s .  

T h e  p o s s i b i l i t y  e x i s t e d  t h a t  t h e  v e s i c l e s  w i t h  l o w e r  
C a 2 + - a o c u m u l a t i n g  a c t i v i t y  c o n t a i n e d  p r e f e r e n t i a l l y  t h e  
i n a c t i v e  e n z y m e .  T h e r e f o r e ,  t h e  v e s i c l e  f r a c t i o n s  s e p -  
a r a t e d  a f t e r  c a l c i u m  o x a l a t e  I ~ a d i n g  w e r e  s,-~tL~ected t o  
t r y p t i c  d i g e s t i o n .  T h e r e a f t e r ,  w e  e x a m i n e d  t h e  a b i l i t y  o f  
t h e  t r y p s i n - t r e a t e d  v e s i c l e s  t o  f o r m  p h o s p h o r y l a t e d  i n -  
t e r m e d i a t e s .  T h e  p h o s p h o r y l a t e d  p e p t i d e s  w e r e  s e -  
p a r a t e d  e l e c t r o p h o r e t i c a l l y  a n d  t h e i r  i d e n t i t y  w a s  e s t a b -  
l i s h e d  b y  i m m u n o b l o t t i n g .  T h e  r a d i o a c t i v e  p e p t i d e s  
w e r e  v i s u a l i z e d  a u t o r a d i o g r a p h i c a l l y  o n  t h e  s a m e  
n i t r o c e l l u l o s e  m e m b r a n e s .  

C o m p a r e d  w i t h  t h e  c o n t r a l a t e r a i  ( u n s t i m u l a t e d )  m u s -  
c l e  ( F i g .  I A ) ,  t h e  p h o s p h a t e  i n c o r p o r a t i o n  i n t o  F !  w a s  
r e d u c e d  in t h e  s t i m u l a t e d  m u s c l e  ( F i g .  I B) .  A s  j u d g e d  
f r o m  t h e  r a d i o a c t i v i t y  o f  t h e  f i r s t  c l e a v a g e  p r o d u c t  A 
a n d  t h e  s e c o n d  c l e a v a g e  p r o d u c t  A1  ( F i g .  I A , B ) ,  t h i s  
d i f f e r e n c e  e x i s t e d  a l s o  a f t e r  t r y p t i c  c l e a v a g e .  T h e  i m m u -  
n o s t a i n i n g  o f  t h e  s a m e  n i t r o c e l l u l o s e  m e m b r a n e s  i n d i -  
c a t e d  t h a t  t h i s  d i f f e r e n c e  w a s  n o t  d u e  t o  t h e  a p p l i c a t i o n  
o f  d i f f e r e n t  a m o u n t s  o f  t h e  C a Z ÷ - A T P a s e  p r o t e i n  ( F i g .  
I C , D ) .  N o  d i f f e r e n c e  in r a d i o a c t i v e  p h o s p h a t e  i n -  
c o r p o r a t i ' m  w a s  o b s e r v e d  b e t w e e n  t h e  h e a v y  f r a c t i o n s  
F I l l  f r o m  c o n t r a l a t e r a l  u n s t i m u l a t e d  a n d  s t i m u l a t e d  
m u s c l e s  ( F i g .  2).  

4.  D I S C U S S I O N  

C r u d e  m i c r o s o m a i  p r e p a r a t i o n s  c a n  b e  s e p a r a t e d  b y  
d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  i n t o  s u b f r a c t i o n s  o f  d i f -  
f e r e n t  d e n s i t i e s  c o r r e s p o n d i n g  t o  d i f f e r e n t  s a r c o m e r i c  
r e g i o n s  o f  t h e  S R .  T h i s  p u r e l y  m e m b r a n e - d e r i v e d  se-  
d i m e n t a t i o n  p a t t e r n  is s h i f t e d  b y  t h e  c a l c i u m  o x a l a t e  
p r e - l o a d i n g  p r o c e d u r e  w h i c h  l e a d s  t o  a s e p a r a t i o n  
p r i m a r i l y  b a s e d  o n  d i f f e r e n t  C a 2 + - a c c u m u l a t i n g  a c -  
t i v i t i e s .  B e c a u s e  o f  t h e  l o a d i n g  a t  a n  a p p r o x i m a t e l y  
p h y s i o l o g i c a l  C a 2 * - t o - m e m b r a n e  p r o t e i n  r a t i o ,  i.e. 30-  
50 n M  C a  2÷ p e r  m g  p r o t e i n ,  t h e  e f f e c t s  o f  n a t i v e  v e s i c l e  

Table I 
The distribution o f  protein yield and Ca2+-ATPase specific activity between sarcoplasmi¢ reticulum 

subtractions of  contralateral unstimulated and 4-day-stimulated rabbit fast-twitch muscles 

Subfraction Protein amount 
(% of total prolein) 

Unstimulated Stimulated 

Ca2+-ATPase activity 
0~mol ATP × m g  protein -I × min- ')  

Unstimulated Stimulated Stimulated 
(%) 

Unstimulated 

F! 8.5 18.6 ! .40 0.60 43 
Ft!  48.5  48 .6  2.54  ! .70 67  
l- i l l  35.4 25+5 2.30 2.25 98 
FIV 7.6 7.3 1.01 ! .03 102 

Sarcoplasmic rcticulum subfractions were seperated by density gradient centr l fugat ion after calcium 
oxalate loz ding. 
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F i g .  I .  S D S / g e i  ¢ l e c t r o p h o r e t i c  s e p a r a t i o n  a t  p H  6 . 0  o f  t h e  t i g h t e s t  
s a r c o p l a s m i c  r e t i c u l u m  f r a c t i o n  ( F I )  a f t e r  t r y p t i e  d i g e s t i o n  a n d  p h o s -  
p h o r y l a t i o n .  T h e  f r a c t i o n  i s o l a t e d  b y  d e n s i t y  g r a d i e n t  e e n t r i f u g a t i o n  
a f t e r  c a l c i u m  o x a l a t e  l o a d i n g  w a s  s u b j e c t e d  fo r  d i f f e r e n t  l i m e  p e r i o d s  
t o  t r yp t i c  d i g e s t i o n  a t  a r a t e  o f  1:20 ( m s / r a g  p r o t e i n )  a n d ,  t h e r e a f t e r ,  
i n c u b a t e d  wi th  [y -32P]ATP a t  4 ° C  fo r  ! ra in.  A f t e r  e l e c t r o p h o r e t i c  
s e p a r a t i o n  w a s  c o m p l e t e d ,  p r o t e i n s  we re  t r a n s f e r r e d  e l e c t r o p h o r e t i -  
ca l ly  t o  n i t r o c e l l u l o s e  m e m b r a n e s  fo r  a u t o r a d i o g r a p h y  a n d  W e s t e r n  
b lo t  a n a l y s i s  w i th  a p o l y d o n a l  a n t i b o d y  a g a i n s t  C a 2 * - A T P a s c .  ( A  a n d  
B)  a u t o r a d i o g r a p h s  o f  s a m p l e s  f r o m  u n s t i m u l a t e d  c o n t r a l a t e r a l  a n d  
4 - d a y  s t i m u l a t e d  f a s t - t w i t c h  m u s c l e s ,  r e spec t ive ly .  (C  a n d  D )  i m m u n e -  
b l o t s  o f  ( A )  a n d  (B). ( L a n e s  a - e )  t r yp t i e  f r a g m e n t  a f t e r  d i g e s t i o n  
p e r i o d s  o f ( a )  0 s; (b )  i 5 s; (c) I ra in;  (d)  5 m i n ;  (e) 30 ra in .  A ,  B, p r i m a r y  
t r y p t i c  c l e a v a g e  f r a g m e n t s ,  A I .  s e c o n d a r y  t ryp t i¢  c l e a v a g e  f r a g m e n t .  

d e n s i t y ,  ve s i c l e  s i z e  a n d  C a 2 + - a e c u m u l a t i n g  a c t i v i t y  
m o s t  l i k e l y  o v e r l a p  in t h e  f r a e t i o n a t i o n  p r o c e s s  u s e d .  

T h e  f ind ing  that  the  l i gh te s t  m i c r o s o m a l  s u b t r a c t i o n  
d i s p l a y s  I ,~ .~er p r o t e i n  a m o u n t s  in the  s t i m u l a t e d  t h a n  
in the  u n s t i m u l a t e d  m u s c l e ,  s u g g e s t s  that  a larger  p o r -  
t i o n  o f  the  v e s i c l e s  in th i s  f r a c t i o n  r e m a i n s  u n l o a d e d .  
O b v i o u s l y ,  v e s i c l e s  w i t h  i n a c t i v e  o r  r e d u c e d  CaZ+-accu - 
m u t a t i n g  ab i l i ty  h a v e  b e e n  e n r i c h e d  in th i s  f r a c t i o n .  
T h i s  is  in a g r e e m e n t  w i t h  b o t h  the  l o w e r  spec i f ic  C a  2+- 
A T P a s e  a c t i v i t y  a n d  the  r e d u c e d  p h o s p h o p r o t e i n  
f o r m a t i o n .  T h e  l o w e r  p h o s p h o r y l a t i o n  o f  the  first t r y p -  
t ic  c l e a v a g e  p r o d u c t  m a y  be  t a k e n  as an  addi t io ,~a l  
p r o o f  o f  the  m o d i f i c a t i o n  o f  the  e n z y m e  s p e c i e s  e n r i c h e d  
in the  l ight  s u b f r a c t i o n .  T h u s ,  it  is  c o n c e i v a b l e  t o  co t  re-  
late  the  r e d u c e d  C a 2 + - u p t a k e  a c t i v i t y  o f  th i s  f r a c t i o n  
w i t h  a p r e d o m i n a n c e  o f  i n a c t i v e  C a ' + - A T P a s e .  T h i s  in-  
t e r p r e t a t i o n  is s u p p o r t e d  b y  the  f ind ing  that  n o  di f :  

C)  D)  

C a 2 * _  _ 
Al"Pase 

A & B - -  

A t  

a b c cl e 

Fig.  2. SDS/ge l  e l e c t r o p h o r e t i c  s e p a r a t i o n  at  p H  6 .0  o f  t h e  h e a v y  
s a r c o p l a s m i c  r e t i c u l u m  f r a c t i o n  ( F i l l )  a f t e r  t ryp t i e  d i g e s t i o n  a n d  
p h o s p h o r y l a t i o n .  T h e  s a m e  eXlaer imenla l  p r o t o c o l  w a s  u s e d  a s  de -  
s c r ibed  in Fig.  t .  (A  a n d  B ) a u t o r a d i o g r a p h s  o f  s a m p l e s  f r o m  u n s t i m u -  
la ted  c o n t r a l a t e r a l  a n d  4 - d a y  s t i m u l a t e d  f a s t - tw i t ch  m u s c l e s ,  r e spec -  
t ively.  (C  a n d  D) ,  i m m u n o b l o t s  o f  ( A )  a n d  (B). ( L a n e s  a - e )  t ryp t ic  
f r a g m e n t  a f t e r  d i g e s t i o n  p e r i o d s  o f ( a )  0 s; (b )  15 s-- (c) 1 m in ;  (d)  5 rain;  
(c) 30 m i n .  A .  B, p r i m a l '  t r yp t i c  c l e a v a g e  f r a g m e n t s ;  A i,  ~¢¢ondary  

t r y p t i c  c l e a v a g e  f r a g m e n t .  

f e r e n c e s  ex i s t  b e t w e e n  t h e  h e a v i e r  m i c r o s o m a l  s u b f r a c -  
t i o n s  f r o m  s t i m u l a t e d  a n d  c o n t r a l a t e r a l  u n s t i m u l a t e d  
m u s c l e s  w i t h  r e g a r d  t o  Ca2~-ac, c u m u l a ' . i o n ,  C a 2 ÷ - A T P  - 
a se  a c t i v i t y  o r  p h o s p h o p r o t e i n  f o r m a t i o n .  

T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  i n a c t i v a t i o n  o f  t h e  S R  
C a 2 + - A T P a s e  is  c o n f i n e d  t o  a speci f ic  ves ic le  p o p u l a -  
t i o n .  T h i s  c o u l d  r e s u l t  f r o m  a n  i n a c t i v a t i o n  o f  se lec ted  
r e g i o n s  o f  t h e  S R  in  a l l  m u s c l e  f ibe rs  o r  f r o m  a n  i n -  
a c t i v a t i o n  o f  t h e  S R  o f  a spec i f i c  f i be r  p o p u l a t i o n .  Be-  
c a u s e  T A  a n d  E D L  m u s c l e s  a r e  c o m p o s e d  o f  a p p r o x -  
i m a t e l y  9 5 %  f a s t - t w i t c h  ( t y p e  I I A  a n d  t y p e  l i B )  f ibe r s  
w h i c h  are  ident i ca l  in the i r  fast  c a a + - A T P a s e  i s o f o r m  
c o m p o s i t i o n  [14 ,15] ,  it a p p e a r s  u n l i k e l y  that  the  inact i -  
v a t i o n  a f f ec t s ,  s e l e c t i v e l y ,  fast  o r  s l o w  i s o f o r m s .  A l s o ,  
a f a s t - t o - s l o w  C a 2 * - A T P a s ¢  i s o z y m e  t r a n s i t i o n  d o e s  n o t  
o c c u r  a f ter  4 - d a y  l o w - f r e q u e n c y  s t i m u l a t i o n  [15]. H o w -  
ever ,  t h e  p o s s i b i l i t y  e x i s t s  that  t y p e  I I A  a n d  l i B  f ibers 
w h i c h  d i f fer  in the ir  fa t igab i l i ty  and  a e r o b i c - o x i d a t i v e  
c a p a c i t y  [16],  r e s p o n d  m e t a b o l i c a l l y  in  a d i f f e r e n t  
m a n n e r  t o  p e r s i s t e n t l y  i n c r e a s e d  c o n t r a c t i l e  a c t i v i t y .  
T h e r e f o r e ,  t h e  C a 2 * - A T P a s e  m i g h t  b e  e x p o s e d  to  c o n -  
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d i t i o n s  w h i c h  l e a d  t o  i n a c t i v a t i o n  i n  t h e  o n e ,  b u t  n o t  i n  
t h e  o t h e r  f i b e r  t y p e .  M e a s u r e m e n t s  o f  t h e  S R  C a  2*- 
A T P a s e  a c t i v i t y  i n  d e f i n e d  s i n g l e  f i b e r s  o f  s t i m u l a t e d  
m u s c l e s  w i l l  p r o v i d e  a n  a n s w e r  t o  , h i s  q u e s t i o n .  T h e  
m e t h o d  e s t a b l i s h e d  i n  t h e  p r e s e n t  s t u d y  f o r  i s o l a t i n g  a n  
e n r i c h e d  p o p u l a t i o n  o f  i n a c t i v e  C a 2 * - A T P a s e  o f f e r s  t h e  
p o s s i b i l i t y  t o  i n v e s t i g a t e  i n  m o r e  d e t a i l  t h e  u n d e r l y i n g  
m e c h a n i s m  o f  t h e  i n a c t i v a t i o n  p r o c e s s .  
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