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•The most in p o r ta n t  changes th a t  occur d u rin g  th e  t r a n s i t i o n  f r e n  l iv in g  
muscle to  uead n e a t a re  a s s o c ia te d  w ith  the  an aero b ic  e n e r w  m etabolism  s 's f e i s  
tsao  ex i s  c i n  the m uscle c e l l s .  Tnese a re  i i r s t l y  and most xhiiH j - vi *" 
g ly c o ly tic  system  which co n v erts  g lycogen to  l a c t a t e ,  and secondly  those  
p ro c e sse s  which le ad  to  the  d ep h o sp h o ry la tio n  o f ATP. A c id if ic a t io n  occu rs  
in  p a r a l l e l  w ith  g ly c o ly s is ,  r ig o r  m o rtis  as a r e s u l t  o f  the lo s s  o f  n ip ."

. ' J 1  t0 °  o f te n  g ly c o ly s is  and the  p ro d u c tio n  o f ’’l a c t i c  a c id ” is  co n sid e red  
in  i s o la t io n ,  w ith o u t concern  f o r  the  fu n c tio n  o f th i s  enzymic p rocess in  l i v i n -  
n u sc le , v i z .  to  s y n th e s is e  AT? from AD? and in o rg a n ic  phosphate (?i>  in  a -a e ro b ic  
c o n d itio n s . In  " f a s t"  m uscles , which a re  q u a n t i ta t iv e ly  th e  most rm oo-tnnt" 
the  p ro d u c tio n  o f  s u f f i c i e n t  p y ruva te  f o r  m ito ch o n d ria l o x id a tio n  can be ach ieved  
oy a  sm all f r a c t i o n  o f the  g ly c o ly t ic  enzymes p re s e n t;  the la rg e  excess of t >ese  
enzymes e x i s t s  f o r  an aero b ic  c ircu m stan ces . S ince  the f r e e lv  ieac tir^ *  adenine 
m ononucleotides e x i s t  a lm ost e n t i r e ly  as ATP, g ly c o ly s is  can occu r onlv ar lor* 
as ADI i s  b e in g  produced by an ATFase system . Thus d e sn ite  dot ±lod in v e s t ig a t io n !  
in to  th e  c o n tro l  o f g ly c o ly s is  by phosphory lase  and phosuhofructelcinese a c t i v i t i e s  ’ 
by hormones^ o r by the  r e l a t i v e  amounts o f  o th e r  enzymes, u lt im a te ] /  the- r a te  i s  
c o n tro l le d  s o le ly  by th e  ATPases. This p o in t i s  c le a r ly  dem onstrated  in  Fir-ure 1.
A c e l l - f r e e  g ly c o ly s in g  system  was made by p u t t in g  to g e th e r  th e  n ecessa rv  n i t r i f ie d  
enzymes, and allow ed to  r e a c t  w ith  ATP, g lycogen  and c re a t in e  in  the  p resence  
o f the  e s s e n t i a l  c o fa c to rs  and b u f f e r s .

C rea tin e  was p h o ep h o ry la ted , p roducing  ADF w hich s tim u la te d  g ly c o ly s is  to  r e s to r e  
the AT? l e v e l .  This p rocess con tin u ed  u n t i l  most of th e  c r e a t in e  had been 
phosphoryla  t e d ; in  F igure 1 th e  f i n a l  s ta g e s  o f th e  c r e a t in e  ah esrh o r”! r t i o n  
a re  s t i l l  c au s in g  a slow a c id i f i c a t i o n  in  th e  "ho vTPuse" exam ple. ,'ith  added 
aTPase a steam y f a l l  i n  pH o c cu rred , and th e  r a t e  o f a c i d i f i c a t i o n  was p ro p o r tio n a l 
to  the amount o i ATFase p re s e n t .  The u lt im a te  p h ’s were around 5 .6 , c o m :r a c le
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to  those found i n  m eat. Cn th e  o th e r  hand, w ith  no AThase p re s e n t the  pH d id  
n o t f a i l  "below 6 .7 , and the  AT? le v e l  a t  24 h was the  seme as a t  the  s e r t  o f  
the  ex p erim en t.

I t  i s  commonly s ta t e d  th a t  g lycogen i s  co n v erted  to  l a c t i c  a c id ,  and 
i t  i s  th .is  a c id  which causes the  f a l l  in  pH. As a s im p lif ie d  vie*; o f  m e 
o v e r a l l  r ro c e ss  t" i s  i s  a s a t i s f a c to r y  s ta te m e n t, "but a d e ta i le d  s tu d y  re q u ire s  
a more s o p h is t ic a te d  approach . G ly c o ly s is , th a t  i s  th e  conversion  o f g lycogen 
to  l a c t a t e  w ith  s im u ltan eo u s p h o sp h o ry la tio n  o f ..DP, a c tu a l ly  r e s u l t s  in  an 
a lk a l in e  chance a t  h ig h  pH, and even  a t  low pH does n o t produce one e q u iv a le n t 
o f  a c id  f o r  each l a c t a t e  io n  ev o lv ed . But as p o in ted  ou t above, g ly c o ly s is  
canno t occur in  i s o l a t i o n ,  i t  must be accompanied by a system  f o r  déphosphory­
l a t i o n  o f AT?, which i t s e l f  r e s u l t s  in  the p ro d u c tio n  o f a c id . The d e ta i le d  
e q u a tio n s  f o r  ac id  p ro d u c tio n  are  as fo llo w s :

G ly co ly sis , ~ (1 + xj/cogen + p P i
N-i + 3 " TMl"

¿ P ra ses  3 Kg AT?2"  ------- 3 Kg ¿Di" + 3 F i J  + + 3* E+

Siia G ly co g en --------  2 L ac ta te  + 2 E
(x = degree of io n i s a t io n  o f phosphate , depends on p_.)

The o v e ra l l  r e s u l t  i s  th a t  two e q u iv a le n ts  o f a c id  a rc  produced f o r  
each g lycogen glucose re s id u e  m e tab o lised , b u t the  r e l a t i v e  amounts 1 re--need 
by the g ly c o ly t ic  p ro cess  and by the  ATPases v a ry  w idely  w ith  pH, as shown in  
Table U  '

H re le a s e d E+ re le a se d
pn X by g ly c o ly s is by ATPase
7 .4 0 .8 -0 .4 2 .4
7 .0 0 .6 0 .2 1 .8
6 .6 0 .5 0 .5 1 .5
6 .6 0 .4 0 .8 1 .2
6 .2 0 .2 1 .4 0 .6
5 .5 O.O3 1 .9 0.1

x = degree o f io n iz a t io n  o f 
in o rg a n ic  phosphate

Table 1. R e la tiv e  amounts of a c id  produced by
g ly c o ly s is  and by ATPases, p e r  g lycogen 
glucose re s id u e  m etab o lised  to  l a c t a t e .

In  l iv in g  muscle the  pho sp h o crea tin e  le v e l  i s  h ig h  , but f a l l s  s t e a d i ly  
p o s t - s la u g h te r ."  At f i J c t  t h i s  i s  th e  main mechanism by which AD? v ro tu ced  cy 
A lia se s  i s  re -c o n v e r te d  to A r, b u t as th e  rh c sp h o c re a tin e  le v e l  becomes s m a lle r ,
g l 'r'-’c I v t -’ c r  "" os who r - rl  a i ro n  ox .. n. cocones more irq-o_ tcUiu. 4 stu d ies  o f the
c o n c e n tra tio n s  o f ly c o ly i i c  in te rm e d ia te s  in  beef m uscle ' and in  r a h h i t ,  sh$c 
and wig m uscles as w e ll as i n  the p u r i f ie d  g ly c o ly tic  system  d e s c r ib 'd  above" 
show th a t  a t  no t in e  post-m ortem  do in te rm e d ia te s  sub seq u en t to  the  phosphe-^ 
fru c to ! :in a se  s te p  accum ulate s i g n i f i c a n t l y . m is  in d ic a te d  tu a t  a t  ;.o „c—• 
the  .ID? le v e l  r a te  l im i t in g ,  and th a t  the  f i r s t  re a c t io n s  o f th e  g ly c o ly t ic  
sequence p ro v id e  j u s t  enough o f the s u b s t r a te s  nccoss 
r a te  i t  is  form ed. Th.is i s  a.c s iev ed  tn ro u  
and pho sp h o fru c to k in ase  a c t i v i t y  by the  .± 
i n  p o s t mortem muscle i s  e n t i r e ly  in  th e  jd lorm , re q u ire

:0f ru e 1 0Ininase i s  in  th e  in h ib i te d  s t a t e  due vO «ne i- -̂g-- -•*-

;o remove " a t  th e
feedback c o n tro l  o f  both p.'.csp.noryl"- 

l e v e l .  Phosphory lase  in  r e s t i n g  and
f o r  a c t i v i t y .

axosan level
re q u ire s  ,JI? to  r e l ie v e  t h i s  in h ib i t i o n ,  however, th e  amount o f -1 ?  req  
to  a c t i v a te  th e se  enzymes in. v i t r o  i s  s u b s ta n t ia l ly  le s s  tn an  «.mepAg"“ l'ec~ 
le v e ls  o f t h i s  n u c le o tid e  i n  r e s t in g  o r p o e t mortem muscle vO.Op-C.^q

■aired

from which one must conclude th a t  most i s  " count" o r  com a r tu s n ia i i s e d  — no

se

,6
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f r e e ly  a v a i la b le  to  th e  enzymes. A s im i la r  co n c lu sio n  i s  reached  i f  one 
c o n s id e rs  the  e q u ilib r iu m  c o n s ta n ts  oh th e  c r e a t in e  k in a se  ; "id myokinase 
r e a c t io n s . By a s e r ie s  o f c a lc u la t io n s ,  making assum ptions about the  concen­
t r a t i o n  o f f r e e  magnesium io n s  in  reuse l e , a n d . u s in g  re p o r te d  eq u ilib riu m  c o n s ta n ts !  
and b in d in g  c o n s ta n ts  f o r  ha A fr"*  and l-lg . . " , the  r e e ly - r e a c  t in g ” co n cen tra tio n
of ADP and -HX in  muscle can be c a lc u la te d ,  and are sh o rn  in  fab le  2 f o r  a v a r ie ty  
of pH c o n d itio n s  in  p o s t mortem n u n c io .

Hxpe rim er t  s 1 ly  Dote m in e  d 
(b ee f L. d o r s i )  pmoles/g

C a lcu la ted  c o n c e n tra tio n  
o f f r e e ly  r e a c t io n  n u c leo tid e

pH . FCr Cr AT? mil ADF“ !']• AH?
7 .2 20 20 6 .0 .08 .30
7 .0 12 28 5 .9 .09 .32
6 .8 8 32 5 .5 .09 .30
6 .6 4 36 4 .5 .09 .26
6 .5 2 38 3 .8 .09 .30
6 .4 1 39 3 .0 .14 .60
6.3 0 .5 39.5 2 .2 .18 1 .0

* ADF = sum o f  I-Ig A DP 3 -and ADF

Table 2 C a lcu la ted  le v e ls  o f f r e e ly  re a c t in g  
ADF and Ai-iP in  p o s t mortem, muscle

The Al'F c o n c e n tra tio n  rem ains f a i r l y  c o n s ta n t in  the  s u b -n ic ro n c la r  
range u n t i l  below pH 6 .5 , when i t  r i s e s  a b ru p t ly . These c a lc u la te d  v a lv es  a re  
o f the r i g h t  o rd e r to  accoun t f o r  th e  th roughpu t o f phosphory lase  b in  p o st 
mortem m u sc le .

The enzyme AI-IP deaminase i s  unab le  to  a c t  s i g n i f i c a n t ly  on su .b -n ic ro n o la r 
c o n c e n tra tio n s  o f AI-IP. But as th e  pH f a l l s . ,  we see from  Table 2 t h a t  the  hi.I 
le v e l  r i s e s ,  m oreover, th e  s p e c i f ic  a c t i v i t y  o f AHF deaminase in c re a s e s  as the 
pH approaches th e  optimum ( in  phosphate b u ffe r )  a t  6 .5  (F igure  2 ) .

C\ c U-\A t ij Cu/rv~£

/j ft P -  cAdh Owûi,

s i

Ph C cp  k a l i

f JL h
b-0 '1G

Tills com bination o f in c re a s e d  s p e c i f ic  a c t i v i t y  and in c re a se d  s u b s tra s e  le v e l  
le a d s  to  a s u b s ta n t ia l  r a te  of deam in atio n  around t  . i s  nil; i t  i s  in  th e  range
pH 6 .5 -5 .9  th a t rgp aaccum ulates most ra p id ly  in  p o s t mortem muscle
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o f  nyold.no.se r e s to r e s  the l o s t  ALT, a t  the expense o f  /T P , and th e  .TP i s

PPL w ith  s im u ltan eo u s b u ild -u p  o f  IIT  i s  due p r im a r i ly  to  th e  a c tiv ity -  o f  th e  
enzyme —h r  deanina.se. Indeed  i f  th e re  u e re  no /IT  deaninase in  m uscle , the  
muscle m ight nev er lo se  i t s  ad en in e  n u c le o t id e s , and PIP would rem ain much 
lo n g e r , cau s in g  a  delayed  o n se t o f r ig o r  m o rtis  and probab ly  a  lo x e r  u lt im a te  
pH. Using th e  i s o la te d  g ly c o ly t ic  system  d e sc rib e d  above, an a ttem p t was made 
to  in v e s t ig a te  t h i s  c o n d it io n , by no t in c lu d in g  any TIP deam inase in  the  system . 
In  c r a c t ic e  i t  has proved d i f f i c u l t  to  o b ta in  an  ATFase f r e e  o f  IP deam inase, 
b u t the p re d ic te d  r e s u l t  does occu r, as shown in  F igure 3 . In  the  system  
la c k in g  deam inase, the ..I?  le v e l  rem ained a t  i t s  i n i t i a l  le v e l  down to  pH 6.C , 
and Trt nrtlv f a l l e n  to  POP of i t s  i n i t i a l  v a lu e  t v  nil P .6 .

Tie u lt im a te  pH o f muscle i s  reached  when g ly c o ly s is  s to p s , and t h i s  
occu rs  when th e re  i s  no lo n g e r any f r e e ly  r e a c t in g  aden ine m ononucleotide in  
th e  m uscle. In  th e  cases  o f  u l t im a te  pH’s above abou t 5 .9 , e s p e c ia l ly  in  
exam ples o f d a rk -c u t t in g  b e e f , g ly c o ly s is  s to p s  sim p ly  as a r e s u l t  o f a complete 
u t i l i z a t i o n  o f  g lycogen . In  normal meat w ith  low u lt im a te  pH’s how ever, th e re  
i s  u s u a l ly  r e s id u a l  g lycogen a t  the  u lt im a te  pH, and th e  ex ac t d e te rm in an t of 
th e  p o in t a t  which g ly c o ly s is  ceases  i s  no t so c le s  . n e v e r th e le s s  i t  fo llow s 
from the  argument t h a t  the  enzyme .IT  deamins.se i s  the  so lo  cause o f lo s s  of 
ad en ine  n u c le o tid e s  th a t  the  v a r i a t i o n  in  u ltim a te  pH 's found in  norm al ;sv-t 
cou ld  be due to  d if f e r e n c e s  in  the  a c t i v i t y  o f  t h i s  enzyme d u rin g  the  p o s t 
mortem pH f a l l .

Having d e sc rib e d  seme th e o r e t ic a l  a sp e c ts  o f p o s t mortem g ly c o ly s is ,  I 
should  l ik e  now to  come to  seme ex p erim en ta l o b se rv a tio n s  and t r y  to  ex p T  in  
th ese  in  term s of the th e o ry  d e sc rib e d . pH-time curves f o r  lamb muscle e x c ise d  
and p laced  a t  th e  in d ic a te d  tem pera tu re  a re  shown in  F igure  4 . Ike r a te s  a re  in  
most re sn o c t s im i la r  to  th o se  found fo r  b e e f  s te ra o n a n d ib u lc r is  m uscle ' excep t 
th a t  th e  u l t im a te  pH o f  lamb tends to  be 0 .1 -0 .2  u n i ts  h ig h e r . The r a te s  decre . 
w ith  d e c re a s in g  tem p era tu re  u n t i l  about 1C°; below ta r s  tem p era tu re  sac rape ce 
pH f a l l  down to  p.I 6 .5  in c re a s e s  w ith  d e c re a s in g  te m p e ra tu re . P a r a l le l in g  t h i s  
phenomenon we observe c o ld -s h o r te n in g  of th e  muscle0 , the  r a te  and e x te n t of 
c o ld -s h o r te n in g  in c re a s in g  as the tem p era tu re  approaches f r e e z in g  p o in t .  I t  i s  
c le a r  th a t  th e  u n d e rly in g  cause o f c o ld -s h o r te n in g  i s  a lso  re sp o n s ib le  l o r  the  
a c c e le r a te d  pH f a l l ,  i . e .  th e  a c c e le ra te d  AITase a c t i v i t y  a t  tem p era tu res  below

in  tu rn  r e s to r e d  by A lia s e s , lo w erin g  th e  AT? le v e l .  And so d e p le t io n  o f

m t'f

ATP

/

c \



Below about pH 6 .3 , th e  r a t e  o f  pH f a l l  a t  low tem peratu re  d e c rea se s  s h a rn ly  
to  the s o r t  o f value ex p ec ted  by e x tr a p o la t io n  from h ig h e r  ten n ern tu ire , i . e .  
the  excess ¿ . r a s e  a c t i v i t y  a s s o c ia te d  w ith  c o ld -s h o r te n in g  i s  no lo n g e r over: t in g  
Indeed c o ld -s h o r te n in g  does n o t occur i f  the  m uscle, hav ing  reached nH 6 .3  a t  
a h ig h e r tem p era tu re  i s  th en  ra p id ly  c o o le d . ,m il evidence a t  p re se n t in d ic a te s  
th a t  the  u n d e rly in g  cause  i s  a re le a s e  o f  Ca',"T ions from th e  sarcop lasm ic  r e t i c u l  
At th ese  low tem pera tu res th e  sarcop lasm ic  re tic u lu m  cannot o p e ra te  s u f f i c i e n t l y  
f a s t  to  p re v e n t the c e l l u l a r  Ca"r"r c o n c e n tra tio n  from r i s i n g  above the  c r i t i c a l  
v a lue  f o r  m y o f ib r i l la r  c o n tr a c t io n  (c a u s in g  sh o rte n in g )  and .HTase s t im u la t io n  
(cau sin g  th e  f a s t e r  pH f a l l ) .

Another f a m i l ia r  ab n o rm ality  in  p o s t mortem g ly c o ly s is  i s  th e  b33--'orh 
syndrome. In  F ig u re  5 a re  shown ty p ic a l  pH-time cu rv es  fo r  133 and normal porh .

From the  argum ents above i t  i s  c l e a r  th a t  the P33 muscle fo r  some reason  has a 
f a r  g r e a te r  A ila se  a c t i v i t y  in  i t  th an  th e  norm al m uscle. P o s s ib le  causes o f  t ’-.f 
w i l l  be d isc u sse d  in  the  nex t p a p e r , b u t seme s ig n i f i c a n t  f e e tu re s  can be m sstion
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new. There i s  ev idence t h a t ,  as in  th e  case  o f c o ld -s h o r te n in g , th e  In c re a se d  
.-.TFase i s  m y o f ib r i l la r  in  o r ig in  caused  by a s u p e r - c r i t i c a l  Ca~ c o n c e n tra t io n . 
H uscle c o n ta in s  an enzymic oyster, which responds to  Ca'"~ by in c re a s in g  the  
p rep a red n ess  o f  g ly c o ly s is  to  cope w ith  impending demands f o r  -did. namely the 
enzyme complex f o r  c o n v e r tin g  phosphory lase  b to a .  _.pr r t  from a l l  th e  net:-: i le d  
s u b t l e t i e s  o f th i s  system  in c lu d in g  hormonal re sp o n se , i t  i s  a p ta r e n t  from re c e n t 
work th a t  phosphory lase  a, i s  on ly  produced in  the  p resence  o f Ca'" ■ » C. 1 _..cs- 
p h o ry la se  a  re v e a ls  i t s e l f  in  a h ig h e r  r a t e  o f phosphory lase  a c t i v i t y  th an  of 
phesphofructoldLnc.se, cau s in g  accum ulation  o f the  in te rm e d ia te  hexose monophosphates. 
? r0£  fa b le  3 i t  i s  c l e a r  th a t  P3E p ig  m uscles do have phosphorylase  c_ p re s e n t ,  mliichl 
in  tu r n  im p lies  a c e l l u l a r  Ca++ le v e l  h igh  enough to  cause the  p hosphory lase  t  to  a 
c o n v e rs io n .

Very F a s t (_ SS) 
F a s t (TSE)
Slow

I-Iean t in e  to  
pH 6 .0  a t  37°

27 n in  
56 min 

230 min

hexose Ilonophosphate 
a t  pH 6 .3 , !m o les/g

17+1.2 
1 3 + 2 . 0  
4 + 1.5

Table 3 Hexose phosphate le v e ls  in  
p ig  muscle p o s t mortem

wructose D iphosphate 
a t  pH 6 .5 , ' m o les/g

0.35 + 0.1
0.25 a C.1
0.05 -  0.03

A lthough m y o f ib r i l la r  ..TFase i s  p ro b ab ly  invo lved  in  the  in c re a se d  r a te s  
observed  i n  c o ld -s h o r te n in g  and PSH m uscle, th e re  a re  many o th e r  Haase system s 
p re se n t w hich might be re s p o n s ib le  f o r  norm al b a sa l m etab o lic  r a t e s ,  due’.; system s 
a re  l i s t e d  below.

P a r t i c u la te  m.E. ases
h y o f ib r i l s
S arcoplasm ic Heticulvmi
m ito ch o n d ria
membranes

So lu b le  ^.TPases
C y c lic : lrin r.se /phospliate system s

g 1 ycogen s y n th e ta s e /  phocghory1ase 
"Water k in a se "  s id e  r e a c t io n s  of k in ase  enzymes

Table 4 ATPases in  muscle

In  l i v in g  muscle th e re  must be m slow breakdown of .-.T? in  m a in ta in in g  io n ic  balances 
bo th  a c ro ss  the  c e l l  membranes (e .g ."so d iu m  pump") and w ith in  the  c e i l s  v c ,g . 
"calcium  pump" of sa rco p la sm ic  re tic u lu m ) . I : .d a t e d  sa rco p lasm ic  re tic u lu m  
e x h ib i ts  in  v i t r o a maximum ATTase r a te  f a r  i n  excess o f  th a t  needed t c  account 
fo r  a l l  o f th e  normal p o s t mortem .A Fase; a lth o u g h  the  c o n d itio n s  f o r  the  maximum 
r a te  was nev er found p o s t m orte, th i s  f r a c t i o n  could  accoun t fo r  much o f  the  
observed  r e s t i n g  mir tu rn o v e r . H ito c h c n d r ia l .dm ase m?y a lso  c o n tr ib u te  to  the 
" p a r t ic u la te "  ATTases. O ther system s can  be c la s s e d  as s o lu b le  ..THase , in  th a t  
th ey  a re  a s s o c ia te d  w ith  so lu b le  p ro te in s  r a th e r  than  w ith  s t r u c tu r a l  components 
O bviously a t ru e  so lu b le  .-.TF'ase, c a ta ly s in g  a sim ple dephosphor^latiom  of ..IT 
v rithout c o u p lin g  to  any energy  r e q u ir in g  p ro cess  would no t be o f  any use to  a c e l l  
ex cep t to  keep i t  warm, and i t  i s  u n l ik e ly  th a t  such an enzyme would e x i s t  in  
mammalian m uscles, n e v e r th e le s s  th e re  a re  c y c lic  system s o f th e  fo r :;:

X + ATT . 
X -  ?

k inase____ X - P + AD?
hosum atase a + r i

n e t r e s u l t :  .ITT —-------- ;> .-DP + Pi
Enzymes to  c a ta ly s e  such  system s a re  known where X = g lu c o se , fru c to se  

6-phos’ h a te ,  phosnhorylr.se b , and 3-phosphogT;.cerate ( in  th e  l a t t e r  case the 
"p h o sp h a tase" c o n s is ts  o f two enzym es), more e la b o r a te  i s  th e  system  invo lved  
in  glycogen s y n th e s is ,  which co up led  w ith  phosphory lase  leads tc  a n e t _APc.se, 
w ith  f iv e  enzymic reac tio n s; in v o lv ed ;

1 9



a2
UDPG n (Glycogen)., ---> TIDF + (Giy.
UDP + ATP .a. UTP + ABP
UTF + Glucose 1-P ---> UDrG *f jtxlL

PFi — > 2 Pi
(filycogen)n+-| + Fi — -> (Glycogen).

Lot result: ATP ---> ADP + Pi

n + Glucose 1-1

Even more e la b o ra te  sequences c f  . r e a c tio n s  e x i s t ,  bu t th e  ones above are  
more im portan t as th e  q u a n t i t ie s  o f enzymes c a ta ly s in g  the  re a c t io n s  a re  q u ite  la rg e . 
However, each o f th e se  system s has c o n t r o l l in g  f a c to r s  so th a t  th ey  do not cycle  
round w a s te f u l ly . F or in s ta n ce  in  th e  c o n d itio n s  where th e  g lycogen s y n th e t ic  
complex i s  a c t iv e ,  phosphorylase i s  la rg e ly  in a c t iv e ,  and whereas phosp lio fruc to - 
k in a se  i s  a c t iv a te d  by tr a c e s  o f HIP, f ru c to s e  d iphosphatase  i s  e q u a lly  a f fe c te d  
by b e ing  in h ib i te d  by su b -m ic ro n o la r AE-iP c o n c e n tra t io n s . Indeed, add ing  muscle 
f r u c to s e  d ip k o sp h atase  a t  f iv e  tim es th e  normal c o n c e n tra tio n  to  th e  p u r if ie d  
g ly c o ly t ic  system , in  the  absence o f  any ATPase, d id  no t r e s u l t  in  any more wTP 
breakdown, in d ic a t in g  th a t  t h i s  p a r t i c u l a r  c y c lic  system  does n o t o p e ra te  as an 
ATPase p o s t mortem.

The f i n a l  p o s s ib le  source of ATP breakdown in  by s id e  re a c tio n s  o f o th e r  
enzymes, in  g e n e ra l, k in a s e s ,  lio enzyme i s  p e r f e c t ,  and severed  k in a se s  have been 
shown to  e x h ib i t  tra c e  amounts o f ATPase a c t i v i t y  ( "w ater k in a s e 11) 11’ From
known f ig u r e s  i t  i s  p o s s ib le  th a t  a t  l e a s t  20y of p o st mortem ATPase a c t i v i t y  in  
normal muscle i s  due to  the  ATPase a c t i v i t i e s  c f  the  enzymes c r e a t in e  k in a s e , 
p h o sp h o fru e to k in ase , p y ru v a te  k in a se , p hosphog lycera te  k in a se  and m yokinase. 
A lthough th e se  a re  on ly  betw een 1G” P and 10*~4 tim es the  t ru e  k in ase  a c t i v i t i e s ,  
the  q u a n t i t i e s  of th e  enzymes p re se n t makes the  t o t a l  s i g n i f i c a n t .

In  c o n c lu s io n , i t  can be co n sid e red  th a t  th e  ra te  o f p o s t mortem g ly c o ly s is  
i s  c o n tro l le d  by th e  ATPases in c lu d e  sarco p lasm ic  re tic u lu m  and s o lu b le  system s, 
and c o n tr ib u tio n s  may a lso  be made from m ito ch o n d ria l and m y o f ib r i l la r  A lia se s .
In  abnormal c o n d it io n s , when th e  r a te  i s  much h ig h e r  (PSE m uscle) o r  h ig h e r th an  
ex p ec ted  (c o ld -s h o r te n in g  m u sc le ), th ese  a re  supplem ented by C a‘ '- s t im u la te d  myofib­
r i l l a r  ATPase, which has a p o te n t i a l  of up to  500 tim es the  norm al p o s t mortem r a te  
o f  ATP breakdown observed .
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