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E d u c t i o n
S i g n i f i c a n t  d i f f e r e n c e  
d e m o n s t r a t e d  t o  e x i s t

has
b e t -

the  s a r c o p l a s m i c  r e t i c u l -  
* o f  f a s t  and s l ° w t w i t c h  
* an s k e l e t a l  m u s c l e .  Moi— 

tiM0nr,®t r i c  s t u d i e s  r e v e a l e d  a 
t d r e e  f o l d  h i g h e r  v o lume  

\  ^ ° n o f  s a r c o p l a s m i c  r e t i e -
tch f ^ n f a s t  than  i n  s l o w  t w i -  

l l° e r s  ( T omanek ,  1 9 7 6 ) .  I n  
^  r dance  w i t h  

stuc|i e s  
t* o f
Qht9nd c a p a c i t y  o f  Ca2+ t r a n s p -  

<~a2 + - d e p e n d e n t  ATPase  a c t -  
a r e c o n s i d e r a b l y  l o w e r  i n  

H o ^ A l a s m i c  r e t i c u l u m  f r om  
It . t w i t c h  m us c l e  (H e i lm an n

' .» 1 9 8 1 ) .
î'i. th©

C ak®n
* Of

t h i s ,  b i o c h e m i -  
d e m o n s t r a t e d  t h a t  

v e s i c u l a r  p r o t e i n ,  r a -

p r e s e n t  s t u d y  was und-  
t o  e xam in  some p r o p e r t -  

b e e f  f a s t  m u s c l e s  SR and 
^ u ! r®d w i t h th e  b e e f  s l o w  mu 

SR> i n  v i e w  o f  t h e  impo r  
tk,e s a r c o p l a s m i c  r e t i

( S R )  and 
°hrtatio

Ca2 + i n  th e  t r a -  
n o f  m us c l e  t o  mea t .

N r ,
"ALS a n d  m e t h o d s

°) y a t t l e  o f  v a r i o u s  a g e s  ( 2- 
pd c®a r s s e x e s  ( f e m a l e s ,  m a l e s  
^ i r 9 s ^ r a t e d  m a l e s )  and t y p e s  

^V’ b e e f  and t h e i r  c r o s s e s )  
number we r e  used  i n

b study-
y  -‘- a u g h t e r i n g  was e f f e c t e d  
M a n n i n g
iK ahd Oft 9
N

ths

( c a p t i v e - b o l t  p i s -  
e x s a n g u i n a t i o n . Sampl-

M u s c l e s  b egan  a p p r o x i m a -  
30 min a f t e r  s l a u g h t e r  

g L ) ’ " e T e n s o r  f a s c i a e  l a t a e  
H m as w h i t e  f a s t  m u s c l e ,  Ps -  

"a 0o r

I S  " nd
( P S )  as  r ed  f a s t  
M a s s e t e r  (M)  as

mus-
r ed

She M us c l e ,  M u s c l e s  s t u d i e d  
c bosen  a c c o r d i n g  t o

a v a i l a b l e  i n f o r m a t i o n  on me ta ­
b o l i c  c h a r a c t e r i s t i c s  ( T a l m a n t  
e t  a l . ,  1 9 86 ) .

The s a r c o p l a s m i c  r e t i c ­
ulum (S R )  v e s i c l e s  f r om  the  
t h r e e  m u s c l e s  we r e  p r e p a r e d  
a c c o r d i n g  t o  t h e  method d e s c r ­
i b e d  by Le e  e t  a l . , ( 1 9 7 9 ) .  
How eve r ,  m o d i f i c a t i o n  i n  th e  
p r o c e s s  o f  h o m o g e n i z a t i o n  was 
made i n  t h i s  s t u d y .  The medium 
c o n t a i n e d  20 mM Hepes ,  PH4 , 
15 mM K c l , 5mM EGTA, 5mM M g c l 2 
and 1% b o v i n e  serum a l b um in .  
P r o t e i n  c o n t e n t  was d e t e r m i n e d  
a c c o r d i n g  t o  Lowry  e t  a l . , 
( 1 9 5 1 ) .  U s i n g  b o v i n e  serum a l ­
bumin as  a s t a n d a r d .
The Ca2+ - d e p e n d e n t  ATPase  a c t ­
i v i t y  was d e t e r m i n e d  a c c o r d i n g  
t o  t h e  t e c h n i q u e  d e s c r i b e d  by 
M a r t o n o s i  e t  a l . , ( 1 9 7 8 ) ,  wh i ch  
depen ded  on l i b e r a t i o n  o f  i n o ­
r g a n i c  p h o s p h a t e  i n  th e  med­
ium. The l i b e r a t e d  i n o r g a n i c  
p h o s p h a t e  was d e t e r m i n e d ( f i s k e  
and subba row ,  1 9 2 5 ) .  ATPase  
a c t i v i t y  was measured  i n  th e  
p r e s e n c e  o f  5 mM sod ium a z i d e  
as  i n h i b i t o r s  o f  m i t o c h o n d r i a l  
ATP ase .

The Ca2+~ u p ta k e  o f  SR and 
th e  Ca2+ a c c u m u l a t i o n  c a p a c i ­
t y  o f  SR we r e  d e t e r m i n e d  by 
th e  method o f  M a r t o n o s i  and 
F e r o t o s ,  ( 1 9 6 4 )  m o d i f i e d  by 
Kim e t  a l . ,  ( 1 9 8 1 ) .  The r e a c t ­
i o n  was s t a r t e d  by a d d i t i o n  o f  
t h e  SR s u s p e n s i o n  and s t o p p e d  
by f i l t r a t i o n  r e a c t i o n  medium 
on 0 . 2 2  urn p o r e  s i z e  M i l l i p o r  
f i l t e r  a t  s e l e c t e d  t i m e  i n ­
t e r v a l s .
R a d i o a c t i v i t y  o f  t h e  f i l t e r s  
was measured  i n  a s c i n t i l l a ­
t i o n  c o u n t e r  Beckman L5 9800,  
c a l c i u m - 4 5  u t i l i s e d  f r om  R a d i o  
C h e m i c a l  C e n t e r  Amersham, 
En g l a nd ,  s p e c i f i c  a c t i v i t y  
10 -40  mci/mg c a l c i u m .  SR p r o t ­
e i n s  we r e  s e p a r a t e d  by SDS- 
p o l y a c r y l a m i d e  g e l  e l e c t r o p h o ­
r e s i s  ( L a e m m l i , 1 9 7 0 ) .  The same 
method was used  t o  e xam ine  th e  
p u r i t y  o f  SR p r e p a r a t i o n  by 
c o m p a r i n g  t h e  m i t o c h o n d r i a l
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p r o t e i n s  w i t h  SR p r o t e i n s  
( F i g . 2 )  .

RESULTS
The method u t i l i s e d  i n  

t h i s  s t u d y  f o r  i s o l a t i n g  t h e  SR 
f a c i l i t a t e d  a g ood  q u a n t i t y  o f  
SR ( T a b l e  1 ) ,
No c o n t a m i n a t i o n  was o b s e r v e d  
w i t h  m i t o c h o n d r i a l  p r o t e i n s  
( F i g . 2 )

TABLE 1
Y i e l d  o f  SR f r o m  b e e f  m us c l e s  

TFL PS M
SR Y i e l d  0 , 2 8 0  0 , 271  0 , 0 7 0

+.0,15 ± 0 , 1 0  ± 0 , 0 0 9

R e s u l t s  e x p r e s s e d  as niea 
±  s t a n d a r d  e r r o r  Cj
Y i e l d  was e x p r e s s e d  as 
p r o t e i n  p e r  g m us c l e .

potr 
;ci'

The y i e l d  o f  SR f rom - .
t y p e s  o f  f a s t - t w i t c h  r r , u s C ^ t  
was a l m o s t  t h r e e  f o l d s  
f r o m  s l o w  t w i t c h  r ed  
( H e i lm a n n  e t  a 1 . ,  1981 )  
P o l y a c r y l a m i d e - g e l  e l e c t r o p 11 
r e s i s  p r o f i l e s  ( F i g . l )  o f  $ 
f r om  f a s t  and s l o w  mU® g' 
showed a s i g n i f i c a n t  d i . f ^ e ' - 
nee  i n  th e  p r o t e i n  p a t t e r n  g 
t we en  the  f a s t  and s l o w  niuSc

inuscl® 
NO­

TABLE 2
Ca2+- d e p e n d e n t  ATPase  A c t i v i t i e s  o f  SR f r o m  b e e f  musc l e s

TFL
ATPase  a c t i v i t é s

PS i t«s

B a s a l  ATPase  a c t i v i t y
( A i  ) 

0 , 3 4 2
( a 2 )

0 , 2 4 8
( A i  ) 

0 , 1 9 9 0 , 5 ° 9

TOTAL ATPase  a c t i v i t y 1 , 200 1 ,964 0 ,861 1,24Z

Ca2 + - d ependent .  ATPase  
a c t i v i t y

0 , 8 1 2 1 ,460 0 , 6 6 0 0 , ^

ATPase  A c t i v i t y  + EGT A 0 , 2 4 4 0 , 1 3 8 0 ,201 o , 400y

ATPase  a c t i v i t i e s  a r e  e x p r e s s e d  
A2 , A i p r e s e n t  ATPase  a c t i v i t i e s

i n  u m o l e s  pi/mn 
i n  t h e  p r e s e n c e

/mg p r o t e i n .  
o f  10 rnM p o t a 5

o x a l a t e  t o  t h a t  i n  i t s  a b s e n c e  r e s p e c t i v e l y .

TABLE ;5

Ca2+ up
The 4SCa2+ a c c u m u l a t i o n  o f SR f r om  b e e f m us c l e s

t a k e  k i n e t i c s TFL PS
I n i t i a l v e l o c i t y 1 , 88 0 ,8 3 8

lOmM o x a l a t e
I n i t i a l v e l o c i  t y 0 , 3 6 8

oo<No

o x a l a t e ab s e n c e

I n i t i a l v e l o c i t y 1 , 408 0 , 308
lOmM o x a l a t e  + EGT A

45Ca2 + a c c u m u l a t i o n 4 5Ca[ ImM] 11 ,2 0 7 , 3 3
C a p a c i t y 4 5C a [ 0 , 4mM] 5 , 7 7 2 , 37

I n t i a l  v e l o c i t y  was e x p r e s s e d  as  u mo l e  Ca2 + /nig p r o t e i n / m i n  + 
4SCa2+ a c c u m u l a t i o n  c a p a c i t y  was as  u mo l e

p r o t e i n
The f r e e  c a l c i u m  c o n c e n t r a t i o n  was 
b i n d i n g  c o n s t a n t  o f  ImM EGTA

c a p a c i t y  was e x p r e s s e d  

c a l c u l a t e d u s i n g  an apP ar■e11
t



<r £23 O a
 LU LL. (3

P o l y a c r y l  amide. "  g e l  e l e c t r o p h o r e t i c  
m i t o c h o n d r i a l  p r o t e i n s  o f  b e e f  muse 
M a s s e t e r  m i t o c h o n d r i a .
M a s s e t e r  SR.
P s o a s  m a j o r  m i t o c h o n d r i a .
P s oa s  m a j o r  SR.

T e n s o r  f a s c i a e  l a t a e  m i t o c h o n d r i a  
T e n s o r  f a s c i a e  l a t a e  SR.
S t a n d a r d  p r o t e i n s :  p h s p h o r y l a s e  b 
o v a l b u m i n e  ( 4 5  Kd)  , g l y c e r a l d e h y d e  
( 36  K d ) ,  C h y m o t r y p s i n o g e n e  ( 2 5 ,  7Kd)  
Kd: K i l o  d a l t o n

p r o f i l e s  o f  
l e s .

( 95  K d ) , 8SA 
- 3 - P -  d e shyd  

, c y t o c h r o m e  C

SR and

(6 8  K d ) ,  
r o g e n a s e  
( 1 3 , 7Kd )
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F i g . 1 :  

A-

P o l y a c r y l a m i d e - g e l  e l e c t r o p h o r e t i c  p r o f i l e s  o f  
b e e f  m u s c l e s .
S t a n d a r d  p r o t e i n s :  p h o s p h o r y l a s e  b ( 9 5  K d ) , BSA 
o v a l b u m i n e  ( 4 5  k d ) ,  g l y c e r a l d e h y d e  - 3 - P -  d e shyd  
( 36  K d ) ,  c h y m o t r y p s i n o g e n e  ( 2 5 ,  7 K d ) ,  Cy t o c h r om e  
7 K d ) .

SR f r
oft

Kd)1(68 ■ a
r o g®n3t

c (l3'

B- M a s s e t e r  SR 
C- P s o a s  m a j o r  SR 
D- T e n s o r  f a s c i a e  l a t a e  SR

1- Ca2+ d e p e n d e n t  ATPase  o f  SR
2 -  C a l s e q u e s t r i n
3- M 5 5
4-  57 Kd
5-  47 Kd
6-  44 Kd
7-  25 Kd
8-  12 Kd

Kd: K i l o  d a l t o n
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g i c l e s  c o n c e r n  
„ ® p r e s e n c e  o f  
Drote;i n s ,  bu t
atiVe aifioy nts
03 
(S71

no t  o n l y  
a d d i t i o n a l  

t h e i r  r e -  
ma j or  ba~

a l s o  
T wo

Were d i s t i n g u i s h a b l e  ( 1 0 0 ,  
^ d ) a s  w e l l  as  15 m ino r  bands  

 ̂ » 5 5 , 4 7 , 4 4 , 2 5 ,  and 12 Kd)  The
'50f' band o f  100 Kd r e p r e s e n t  

Ca2+ - d e p e n d e n t  ATPase  o f  SR(s
03
th

®r2 a l a  e t  
band

s

a l . , 1 9 8 1 )  w h i l e  t h e  
p r o b a b l y  r e p r e s e n t  

( Z u b r z y c k a -  
1 9 8 2 ) .  The m ino r

q ■ c a l s e q u e s t r i n  
rn e t  a l .

o f  55Kd r e p r e s e n t  p r o b a b l y  
P o l y p e p t i d e  name ly  Mbs o b s -  

a^^b  by M i c h a l a k  e t  a l  „ ( 1980  )
P™ I k e m o t o  ( 1 9 8 2 ) .
Q^b-1 ( b ) p r e s e n t s  th e  p r o f i l e  

the  SR f r om  m a s s e t e r  mus c l e(h)
, as  s l o w  r ed  m u s c l e ;  t h e  nu- 

_ o f  p r o t e i n  c ompon en t s  h e r e  
h i g h e r  than i n  t h o s e  i s o l a t ­

ing.^r orn f a s t  t w i t c h  m u s c l e .  The 
P r o t e i n s  p r e s e n t  i n  s l ow-

°h  muscl e  SR have  th e  f o i l -  
4)  hg m o l e c u l a r  w e i g h t s  57,  55,  

^ ^ ’ hd,  w h i l e  t h e  100,  63 Kd 
9r  as  m in o r s  b a n d s . T h i s  r e -  

t i s  i n  a c c o r d a n c e  w i t h  t h o -  
( i * . o f  z u b r z y c k a - G a a r n  e t  a l .V ^ 2 ) ,  ......
Vu + “ d e p e n d e n t  ATPase  a c t i -  
- ^ o f  f a s t - t w i t c h  w h i t e  muse-

f " t f l  w e r e  h i g h e r  than  o f  
(K,  " t w i t c h  r ed  m u s c l e s  PS

> C ‘S 2 >-
th|Q p r ® s e n t  r e s u l t s  a g r e e  w i t h  
arlr,Se o f  C o r n f o r t h  e t  al... ( 1 9 8 0 )  

h ewbo ld  and Turns ( 1 9 8 1 ) .
3 r e p r e s e n t s  Ca2 + accurnu- 

^  °n and Ca2+ - u p t a k e  o f  TFL 
+ The i n i t i a l  r a t e  o f

^ t " ub t a k e  0 f  SR f r o m  TFL. ( f a s t  
m u s c l e )  measur ed  i n  th e  

^  e nce o r  a b s e n c e  o f  
4̂  airnost. t h r e e
^Of^Î'hat f oun d  

, é t i o n s  i n  PS 
The t o t a l  

ih i, c a p a c i t y  fb the

t i m e s  
unde r  
(fast 
Ca2 +

o x a l a t e  
as  h i g h t  
similar- 

r ed  mus- 
accurnula-

was a l s o  h i g h e r  
S '""® f o r m e r  m u s c l e s  than i n  

^ i f L ^ b s c l e s  and i n  a c c o r d a n c e  
t h o s e  o f  kirn e t  a l .  ( 1 9 8 1 )  

\  pQwbo ld  and Turns ( 1 9 8 1 ) .
® r e p r e s e n t  an a c c u m u l a t -  

CaP a c i t y  e q u a l  t o  65% o f

TFL c a p a c i t y  i n  ImM Ca2+ c o n c ­
e n t r a t i o n  and 41% o f  TFL c a p a ­
c i t y  i n  0 , 4mM Ca2+ c o n c e n t r ­
a t i o n .
CONCLUSION

The r e s u l t s  o f  t h i s  e x p e r ­
imen t  have  shown t h a t  t h e  y i e ­
l d  o f  s a r c o p l a s m i c  t w i t c h  mus­
c l e s  was a l m o s t  t h r e e  t i m e s  as  
h i g h  as  t h o s e  f r om  s l o w - t w i t c h  
r ed  m u s c l e s .  P o l y  a c r y l a m i d e -  
g e l  e l e c t r o p h o r e s i s  p r o f i l e s  
o f  s a r c o p l a s m i c  r e t i c u l u m  f r om 
f a s t  and s l o w  m u s c l e s  showed a 
s i g n i f i c a n t  d i f f e r e n c e  i n  th e  
p r o t e i n  p a t t e r n .  The Ca2 + - 
d e p e n d e n t  ATPase  a c t i v i t y  and 
Ca2 + u p ta k e  and Ca2+ a c cu m u la ­
t i o n  c a p a c i t y  o f  t h e  f a s t - t w i ­
t c h  w h i t e  m u s c l e s  ( T F L )  we r e  
h i g h e r  than  i n  th e  f a s t - t w i t c h  
r ed  m u s c l e s  ( P S ) .
Such k i n e t i c  m ea su rm e n t s , c o ­
u l d  no t  be  c a r r i e d  o u t  i n  th e  
s l o w - t w i t c h  r ed  m us c l e s  (M)  
b e c a u s e  o f  t h e i r  r e l a t i v e l y  
l ow c o n t e n t  o f  s a r c o p l a s m i c  
r e t i c u l u m .
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