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I n t r o d u c t io n : I t  i s  w e l l  accep ted  t h a t  th e  r a t e  of post-mortem g ly c o ly s i s  in  p ig
s k e l e t a l  muscle i s  a very  v a r ia b le  q u a n t i ty  which i s  p ro found ly  a f f e c t e d  by 
P h y s io lo g ic a l ,  g e n e t i c a l  and environm ental f a c t o r s .  C onsiderable  evidence has 
been p re sen te d  in  th e  l a s t  decade in d ic a t in g  t h a t  th e  r a te -d e te rm in in g  s tep  in  
post-mortem g ly c o ly s i s  i s  th e  h y d ro ly s is  of adenosine t r ip h o sp h a te  by one or more 
of the  s e v e ra l  a d en o s in e tr ip h o sp h a ta se  enzymes (A l ia s e s )  p re s e n t  in  the  muscle 
f i b r e .  The su g g es tio n  t h a t  c o n t ro l  o f  th e  post-mortem g ly c o ly t i c  r a t e  might be 
ef f e c t e d  by an AEPase enzyme was f i r s t  made by Bendall ( i9 6 0 ) ,  who conside red  t h a t  
the  sarcop lasm ic  ATPase enjoyed t h i s  r o l e .

K astenschm idt ( 1970) a t t r i b u t e s  much o f th e  v a r i a b i l i t y  in  th e  r a t e s  o f  p o s t 
mortem g ly c o ly s i s  in  p ig  muscle t o  a l t e r e d  c o n c e n t ra t io n s  o f  such compounds as ATP, 
ADP, AMP, g lu c o se -6-p h o sp h a te ,  in o rg an ic  phosphate  and calcium io n s .  The u t i l i s 
a t io n  o f  ATP by the  v a r io u s  ad en o s in e tr ip h o sp h a ta se  enzyme systems from the  time 
of dea th  would in  i t s e l f  cause an in c reased  g ly c o ly t i c  f lu x  by changing the  chemical 
e q u i l i b r i a  invo lved  in th e  maintenance of th e  r e s t i n g  ATP c o n c e n tra t io n .  Of the  
Products  o f  ATP h y d ro ly s i s ,  in o rg an ic  phosphate a c t s  as a s u b s t r a te  f o r  phosphcry lase  
s^d g ly c e ra ld e h y d e -3-phosphate  dehydrogenase, and as an a l l o s t e r i c  a c t i v a t o r  of 
Phosphofruc tok inase  (FFK) and hexokinase (v ide  rev iew , K astenschm id t, o p . c i t . ) .  
fhe  r a t e - l i m i t i n g  r e a c t io n s  in  th e  g ly c o ly t ic  cy c le  under anoxic c o n d i t io n s ,  
aocord ing  to  Helmreich & Cori ( 1965) ,  a re  th o se  c a ta ly s e d  by phosphorylase  and FFK.

S evera l w orkers have tu rn ed  t h e i r  a t t e n t io n  to  th e  r o l e  of th e  Adíase enzymes 
re g u la t in g  th e  r a t e  o f  post-mortem g ly c o ly s is  and to  the i d e n t i f i c a t i o n  o f  the  

s p e c i f i c  ATPase involved(Q uass &  B riskey , 1968; G reaser e t  a l . , 1969; n e f f ro n  & 
kcLoughlin, 1971)• The im portance of t h i s  goal i s  seen when i t  i s  r e a l i s e d  t h a t  
^he conversion  o f muscle t o  meat i s  fundam entally  the  e f f e c t  of th e  h y d ro ly s is  of 
AlP d u r in g  the  p e r io d  from d ea th  t o  th e  development of r i g o r  m o r t i s ( v id e ,  L i s t e r ,  
1970). Quass & B riskey  found t h a t  the  c a lc iu m -a c t iv a te d  myosin ATPase a c t i v i t y  
'Tas h ig h e r  in  s t r e s s  s u s c e p t ib le  animals w h ile  Greaser and co-workers showed th a t  
fhere  was no d i f f e r e n c e  in  the  sarcoplasm ic  re t icu lu m  ( SR; magnesium-actavated 
^fl 'ase  a c t i v i t y  in  s t r e s s  s u s c e p t ib le  and normal an im als . These ob se rv a tio n s  
Suggest th a t  th e  m y o f ib r i l l a r  ATPase may p lay  a more s i g n i f i c a n t  r o le  in  de term in ing  
^he r a t e  o f  post-mortem g ly c o ly s i s  than was h e re to fo re  r e a l i s e d .

I t  was of i n t e r e s t  t h ° r e f o r e ,  to  examine th e  r e l a t i v e  a c t i v i t i e s  of th e  ATPase 
erizyines in  p ig  m uscle, and to  compare the  a c t i v i t y  p a t t e r n s  o f  red  and w hite  muscle. 
A comparison i s  made w ith  f rog  s k e l e t a l  muscle which e x h ib i t s  very  lew r a t e s  o f  pH 
change and ATP h y d ro ly s is  post-mortem.
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Methods: Samples of th e  m. long iss im us  d o r s i  and th e  white  and red f i b r e  a reas
c f~ the  m. sem itend incsus  c f  male Landrace p ig s  (73-82 leg.) were su b jec ted  to  
d i f f e r e n t i a l  c e n t r i f u g a t io n  a fte r-  hom ogenisation in  n ine  volumes of 0.25M sucrose+ 
C .0231.1 Tris-H Cl pH 7 .3 -7 .4 .  The upper le g  muscles o f  th e  f r o g ,  Sana te m p o ra rra ,  
were t r e a t e d  s im i la r ly .  N a tu ra l  actomyosin (NAK) was p repared  from each muscle 
as d e sc r ib e d  by Heffron & McLoughlin (1971). Succin ic  dehydrogenase ( SDH) was 
assayed w ith  io d o n i t r o te t r a z o l iu m  or m anom etrically  a t  37 0* ATPase a c t i v i t i e s  
were measured as d e sc r ib ed  elsew here (H effron  & l.icLoughlin, o p . o i t . ) .

R e su l ts :  Mg2+- a c t i v a t e d  ATPase a c t i v i t y  in  the  d i f f e r e n t i a l  f r a c t i o n s  from th e
sucrose  homogenate o f  the  p ig  long iss im us  dorsi. was assayed in  a medium c o n ta in in g  
2mM A T P -tr is ,  2mM KgSO, , io n ic  s t r e n g th  0 .0 5 ,  pH 7.25 and 37 C. The ATPase 
and SDH a c t i v i t i e s  o f  th e  i s o l a t e d  f r a c t i o n s  a re  p re sen te d  in  Table  1.

Table 1 -  A d en osine tr iphospna tase  and su c c in ic  dehydrogenase a c t i v i t i e s  of sub- 
c e l l u l a r  f r a c t i o n s  o f  the  long iss im us  d o r s i  of th e  p ig .

F rac t io n *ATPase a c t i v i t y
%

SDH a c t i v i t y
%

Homogenate - - 12.43 10 0 .  e

2,000xg/10 min. 15.0 9 1 . 2 8.65 7 0 .0

i0 .000xg/20  min. 77.2 3.5 1.53 12 .4

3 8 .000xg/ 90 min. 32 ,5 2.0 0.37 3 .0

S uperna tan t 1.6 3.3 0.00 -

'•P moles ATI hydrolysed/m g. p ro te in /h o u r  a t  3 7 ° C .T  Absorbance (450 nm)/gram wet 
t i s s u e /h o u r  a t  J>7°C„ A c t i v i t i e s  a re  average v a lu e s  f o r  th re e  f r a c t i o n a t i o n s .

The reco v ery  o f  SDH a c t i v i t y  in  the  i s o l a t e d  f r a c t i o n s  was 85.4% of th e  t o t a l  a c t i v i t y  
o f  th e  homogenate. 8?;J o f  th e  SDH a c t i v i t y  i s  found in  th e  s o - c a l le d  m y o f i b r i l l a r  
f r a c t i o n  and th e  m ito ch o n d ria l  f r a c t i o n  p ro p e r  w h ile  only  3 /  remains in  th e  ’heavy’ 
microsomal f r a c t i o n  o b ta in ed  a t  38,000xg. The m y o f i b r i l l a r  f r a c t i o n  co n ta in s  
almost a l l  o f  th e  Mg - a c t i v a t e d  ATPase a c t i v i t y  as might be expec ted . The 
m ito ch o n d ria l  ATPase has th e  g r e a t e s t  s p e c i f i c  a c t i v i t y  though i t s  apparen t 
c o n t r ib u t io n  t o  th e  t o t a l  i s  on ly  3.5%. On the  b a s i s  o f  the  SDH a c t i v i t y  being 
e x c lu s iv e ly  m ito ch o n d ria l  th e  c a lc u la te d  ATPase a c t i v i t y  of the  m itocnond iia  io  
24.4% of th e  t o t a l  in  th e  i s o l a t e d  f r a c t i o n s ,  and th e  amount of m ito ch o n d ria l  
p r o t e in  i s  7 .7  mg. p e r  gram wet t i s s u e .  The s p e c i f i c  a c t i v i t y  oi the  microsomal 
ATPase i s  18 .4  Pmoles/mg, p r o te in /h o u r  when th e  p resence  of m itochondria  i s  
accounted f o r  (24%). Assuming t h a t  th e  ATPase a c t i v i t y  of th e  su p e rn a ta n t  i s  aue 
t o  a l i g h t e r  microsomal f r a c t i o n  (n o t  sedimented a t  38,00G.xg/) th e  t o  cal microsomal 
ATPase a c t i v i t y  i s  5.3%, and th e  correspond ing  amount o f  microsomal p r o te in  i s  
4 .3  mg. p e r  gram wet t i s s u e .

The sem itend inosus muscle of th e  p ig  i s  d i f f e r e n t i a t e d  i n to  d i s t in c t  w hite  and 
re d  f i b r e  a re a s ;  a  s e p a ra te  s tudy  of the  w hite  and red  a re a s  was made. P ra c t i  Dil
a t io n  o f  th e  homogenates of th e  se p a ra te  f i b r e  a re a s was c a r r i e d  out as f o r  th e
long iss im us  d o r s i ,  and th e  r e s u l t s  a re  shown in  Table 2. ihe w hite  f i b r e  a re a
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Table 2 -  A d en o sin e tr ip h o sp h a tase  and su c c in ic  dehydrogenase a c t i v i t i e s  of sub- 
c e l l u l a r  f r a c t i o n s  o f  the  w hite  and re d  f i b r e  a re a s  of th e  s e n i te n d -  
inosus  muscle of th e  p ig .

F ra c t io n White f i b r e a re a Red f i b r e a rea

* ATPase 
a c t i v i t y

❖
$

SDH
a c t i v i t y %

’'‘ATPase
a c t i v i t y $

•SDH
a c t i v i t y $

Homogenate —, 10.05 100.0 - - 29.39 100.0

2 ,000xg/l0
min.

15.0 90.2 7.20 7 1 .6 9 .8 83.6 21.20 72.1

I0 ,000xg/20
min.

56 .5 3 .0 1.30 12.9 4 6 .2 9.2 4 .10 14.0

38,000xg/90
min.

29.6 2 .6 0.30 3.0 27.5 3 .3 0.50 1.7

Supernatan t 2.0 4 .3 0.00 •• 1 .6 3 .9 0.00

nzyme a c t i v i t i e s  expressed  as in  Table 1.

of th e  sem itendinosus has a somewhat lower SDH a c t i v i t y  (81/5) than  ta e  long issim us 
d o rs i  w hile  the  red  a re a  c o n ta in s  th re e  tiroes as much as the  w h ite .  ±re re c o /6 ^ y  
of th e  SDH a c t i v i t y  in  th e  i s o l a t e d  f r a c t i o n s  was the sane f o r  both  f i o r e  a r e a s ,  
being 88$. The d i s t r i b u t i o n  o f  th e  SDH a c t i v i t y  in  the  f r a c t i o n s  i s  s im i la r  to  th e  
longissim us d o r s i .  The m y o f i b r i l l a r  and m ito ch o n d ria l  ATPase a c t i v i t i e s  a re  
g re a te r  in  th e  w hite  f i b r e  a re a  than  th e  re d  by 53%  and 22$ ,r e s p e c t iv e ly .  1 he  ̂
m itochondria l  c o n te n t ,  c a lc u la te d  from th e  t o t c l  SDH a c t i v i t y ,  i s  6 .9  ®§» p ro te in  
Psr gram wet t i s s u e  f o r  th e  w hite  a re a  and 20.8 f o r  the  r e d  a re a .  S im ila r  c a l c u l 
a t io n s  to  th o se  c a r r i e d  cu t f o r  th e  long iss im us  d o r s i  show t h a t  21.9$ and 5 / .  <7° o f  the  
t o t a l  ATPase a c t i v i t y  o f  th e  i s o l a t e d  f r a c t i o n s  belong to  th e  m ito ch o n d ria l  f r a c t i o n s  
° f  th e  w hite  .and red  a r e a s ,  r e p e c t iv e ly .  The s p e c i f i c  a c t i v i t y  of th e  microsomal 
ATPase i s  21.6 umoles/mg. p ro te in /h o u r  i n  th e  w hite  a re a  end 25.0 in  th e  red  a re a ,  
d'he corresponding  amounts o f  microsomal p r o te in  a re  6 .0  mg. p e r  gram wet t i s s u e  in  
The vihite and 4 .4  in  th e  re d .  It- i s  n o ta b le  t h a t  m ito ch o n d ria l  con tam ination  of the  
1>ed microsomal f r a c t i o n  i s  on ly  12$ compared w ith  23$ in  th e  white

A complete f r a c t i o n a t i o n  of th e  homogenate d e r iv ed  from th e  upper le g  muscles 
of the  f ro g  i s  shown in  Ta^le  3- The d i s t r i b u t i o n  of SDH a c t i v i t y  in  th e  f r a c t i o n s  
Ts s im i la r  to  th e  p ig  muscxcs. The c a lc u la te d  m ito ch o n d ria l  AiPase a c t i v i t y  _s

of the  t o t a l ,  and th e  amount of m ito ch o n d ria l  p r o te in  p e r  gram wet t i s s u e  i s  
j5*5 mg. The microsomal f r a c t i o n s  have th e  g r e a t e s t  s p e c i f i c  ATPase a c t i v i t y ,  the  
T igh t '  (200 ,000xg) f r a c t i o n  having a g r e a t e r  a c t i v i t y  than  th e  ’heavy* (75,000xg) 

^ a c t i o n .  The ATPase a c t i v i t y  o f  th e  combined microsomal f r a c t i o n s  i s  16.67b of the  
*o ta l  fo r  th e  i s o l a t e d  f r a c t i o n s ,  assuming t h a t  th e  ATFase a c t i v i t y  o f  the  su p e rn a tan t  
Ts due t o  r e s id u a l  microsomal m a te r ia l .  I t  i s  c a lc u la te d  t h a t  0 .9  ^g. microsomal 
P ro te in  p e r  gram t i s s u e  remains in  th e  su p e rn a tan t  a f t e r  c e n t r i f u g a t io n  a t  200,0Q0xg, 

th a t"  th e  t o t a l  microsomal p r o te in  co n ten t  i s  4 .5  mg. p e r  gram wet t i s s u e .
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Table 3 -  D i s t r ib u t io n  o f  a d e n o s in e tr ip h o sp h a ta se  and su c c in ic  dehydrogenase 
a c t i v i t i e s  in  s u b c e l lu la r  f r a c t i o n s  c f  f rog  leg  muscle.

F ra c t io n m g.Pro te in  
/gram  wet 
t i s s u e .

ATPase
a c t i v i t y %

SDH
a c t i v i t y
fo

Homogenate — - 100.0

2 ,000xg /l0  min. 142.0 7.0 76.6 72.3

'i0,000xg/' '0  min. 3 .9 14.5 4 .4 24.4

75,000xg/20 min. 2.3 43 .5 7 .7 2.0

200,000xg/1+0 miui. 1 .6 58.0 7.2 0 ,0

S uperna tan t 22.0 2 .4 4.1 0 .0

V m oles  ATP hydrolysed/mg. p r o te in /h o u r  a t  30°C. T reasu red  m anom etrica lly  
a t  37°C. A c t i v i t i e s  a re  average v a lu e s  f o r  3 (ATPase) and 4  (SDH) p r e p a r a t io n s .

ATPase a c t i v i t y  o f  n a t u r a l  actomyosin: N a tu ra l  actom yosins i s o l a t e d  by th e  same
method from th e  long iss im us  d o r s i ,  th e  w hite  and re d  a re a s  o f  th e  sem itendinosus 
o f  th e  p ig ,  and the  leg  muscle of th e  f ro g  had th e  fo l lo w in g  a c t i v i t i e s  when 
assayed  in  2mM A T P - tr is ,  2mM MgCl2 , io n ic  s t r e n g th  0 .0 5 ,  pH 7.3 and 30°C, r e s p e c t 
iv e ly :  1 9 .7 ,  18 .0 ,  12.0 and 28.3  pmoles ATP hydro lysed  p e r  mg. p r o te in  p e r  hour.
The f ro g  actomyosin was more a c t iv e  th an  any of th e  o tn e r s  w h ile  the  red  actomyosin 
showed th e  lowest a c t i v i t y .

D iscussion : There i s  l i t t l e  d i f f e r e n c e  in  the  amounts o f  m y o f i b r i l l a r  m a te r ia l
jji th e  long issim us d o r s i ,  th e  w hite  and red  a re a s  oi ¿he sem itenninosus oi ¿he p ig ,  
and th e  le g  muscles of th e  f ro g .  Of th e  muscle examined, th e  m y o f i b r i l l a r  Mg2+-  
a c t i v a t e d  ATPase a c t i v i t y  of th e  long iss im us  d o r s i  was g r e a t e s t .  N a tu ra l  actomyosin 
Mg^+a c t iv a te d  ATPase a c t i v i t y  was g r e a t e s t  in  the  long iss im us  d o r s i  and f ro g  leg  
muscle and l e a s t  in  the  red  f i b r e  a re a  of th e  sem itend inosus .

Microsomal M g2+-activated ATPase showed g r e a t e s t  a c t i v i t y  in  th e  red  f i b r e  a rea  
of th e  sem itendinosus under the  a ssa y  c o n d i t io n s  used; i t  was 34/o g r e a t e r  than  the  
long iss im us  d o r s i  enzyme and 16% g r e a t e r  than  th e  enzyme from the  w hite  l i o r e  a re a ,  
bu t i t  was l e s s  than  h a l f  as a c t iv e  as th e  co rrespond ing  f rog  muscle enzyme.  ̂ The 
amount of microsomal p r o te in  was the  same in  a l l  th e  muscles except tne re d  t i b r e  
a re a  o f  the  sem itend inosus which had 33°/° more p r o te in .  The l a t t e r  had a lso  the 
g r e a t e s t  amount of m ito ch o n d ria l  p r o t e i n ,  as expected . The m ito ch o n d ria l  ATPase 
a c t i v i t y  o f  th e  p ig  muscles was ve ry  high compared w ith  w ith  th a t  oi th e  f ro g  
m uscles . However, in  view o f the  la te n c y  c f  m ito ch o n d ria l  ATPase in  l i v e r  t i s s u e  
(Myers & S l a t e r ,  1957), i t  i s  l i k e l y  t h a t  th e  r a t h e r  high a c t i v i t y  of i s o l a t e d  
muscle m itochondria  i s  due to  d i s r u p t io n  of the  m icochondria l membrane by the  
hom ogenisation p ro ced u re ,  and t h a t  m ito c h o n d r ia l  ATPase a c t i v i t y  i s  of l i t t l e  
importance in  th e  i n t a c t  t i s s u e .

I t  was not p o s s ib le  t o  d e te c t  th e  Na+-K+-ATPase in  th e  i s o l a t e d  f r a c t i o n s  w ith  
th e  p re p a ra t iv e  p rocedure  used . I t s  c o n t r ib u t io n  t o  th e  t o t a l  ATPase a c t i v i t y  oi
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the  muscle f i b r e  cannot be a s se ssed  u n t i l  a r e l i a b l e  method i s  o b ta ined  f o r  i t s  
p r e p a ra t io n  i n  an a c t iv e  forin.

/ ) ?

R eferences .

B endall,  J .R .  ( i9 6 0 )  I n ,  S t ru c tu re  and Function  o f Muscle, v o l .  3 ,  Bourne, G-.H.
( e d . ) ,  227. Academic p r e s s ,  N.Y.

G reaser, M.L., Cassens, R.G. , B riskey , E . J .  and H o ekstra ,  W.G. (1969) J * Fd»
S c i . , 34s 120.

t te ffro n , J . J . A .  and McLoughlin, J .V . ( l 9 7 l )  Proc. 2nd. I n t e r .  Symp. on Condition
and Meat Q u a li ty  in  P ig s ,  I n s t i t u t e  o f  Animal Husbandry, 
Schoonoord Z e i s t ,  H olland , in  P re s s .

Helmreich, E and C ori, C.F. (19o5) I n ,  Advances in  Enzyme R eg u la t io n ,  v o l .  3,
Weber, G. ( e d . ) ,  p . 91.

Kastenschm idt, L.L . (1970) I n ,  P h y s io l .  Biochem. Muscle as a Food, v o l .  2,
B riskey , E . J . ,  C assens, R.G. and Marsh, B.B. ( e a s . ) ,  733. 
U n iv e r s i ty  of W isconsin P r e s s ,  Madison.

L i s t e r ,  D. (1970) I b i d . ,  705.
Lyers, D.K. and S la te r ,  E. (1957) Biochem. J . , 67, 558.
Qnass, D.W. and B riskey , E .J .  (1968) J .  Fd. S c i . ,  33, 180.

53




