
S tu d ie s  in  th e  tu rn over o f  th e  bound phosphate o f  s k e le t a l  m uscle  

during c o n tr a c tio n  and rela> :a tion

A t h e s i s  p resen ted  by 

Susan E lis a b e th  A m iesley  W hitehead  

in  pai’t  fu lf i lm e n t  o f  th e  requirem en ts fo r  th e

degree o f  

D octor o f  P h ilo sop h y  

in  th e  U n iv e r s ity  o f  London.

Department o f  B io c h e m is t iy ,
B edford C o lle g e ,
R egent * s Park,
N .V /.l. J u ly , 1970 .



ProQuest Number: 10098183

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10098183

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



ABSTRACT

The p o s s i b i l i t y ,  a lrea d y  su g g ested  by Cheesman and H ilto n  

( j .  P h y s io l .  1 5 3 , 41 F I 56I )  th a t th e r e  i s  a tu rn over in  a c t iv e  

m uscle o f  a phosphate f r a c t io n  which rem ains a ttach ed  to  the m uscle 

a f t e r  e x tr a c t io n  w ith  aqueous m edia, was in v e s t ig a te d  fu r th e r .

A r e v e r s ib le  d ecrease  in  th e  s p e c i f i c  a c t i v i t y  was found when 

loaded  or unloaded fr o g  r e c t i  ( b r i e f ly  la b e l le d  w ith  ^ ^ -o r th o p h o sp h a te )  

were c o n tr a c ted  by treatm en t w ith  KCl. Even in  th e  absence o f  sh o rten in g  

(under iso m e tr ic  c o n d it io n s  or in  the absence o f  ca lcium  io n s )  a 

d ecrease  in  th e  s p e c i f i c  a c t i v i t y  occu rred  a f t e r  d e p o la r is a t io n  o f  

th e  membranes.

32A s im ila r  change in  s p e c i f i c  a c t i v i t y  was found when ? - la b e l l e d  . 

g ly c e r o l- e x tr a c te d  p soas f i b r i l s  v/ere tr e a te d  w ith  ATP or ITP in  th e  

p resen ce  o f magnesium io n s . Ko change occurred  when th e  f i b r i l s  vfere 

t r e a te d  v/ith  ATP and calcium  io n s .  2 ,4 -D in itr o p h e n o l d id  not in h ib i t  

th e  e f f e c t  o f ATP and magnesium io n s  on th e  bound phosphate o f  th e  

m y o f ib r ils .

In th e  in t a c t  m uscle th e  ATP-V? and th e  P o f  PC do not become

32e q u a lly  la b e l le d  when in cu b a ted  w ith  F -orthoph osp hate fo r  6O min.

That m a ter ia l which i s  e x tr a c te d  as P i  by t r ic h lo r a c e t ic  a c id  from  

a c e to n e -d r ie d  v/ashed m uscle r e s id u e s  has a s im ila r  degree o f  la b e l l in g  

as th e ATP-yp i s  i s o la t e d  from whole m u sc les.
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The on ly  p h osp h o ru s-co n ta in in g  compounds i s o la t e d  from  

t r ic h lo r a c e t i c  a c id -e x tr a c t s  o f  th e  washed ^ ^ - la b e l l e d  m uscle 

r e s id u e s  were ADP and P i .  P i  was la b e l le d ;  ADP was u n la b e lle d .

An u n id e n t i f ie d  p h o sp h oru s-con ta in in g  compound was d e te c te d  on 

some chromatograms o f  n e u tr a lis e d  H C l-e x tr a c ts  o f  a c e to n e -d r ie d  

m uscle r e s id u e s .  T h is m a ter ia l v?as p r e se n t in  a reduced  amount on 

chromatograms o f  co n tra c ted  m u sc le s .

I t  i s  su g g ested  th a t  th e  la b e l le d  phosphate f r a c t io n  may 

d er iv e  from p h osp h ory la ted  m yosin, formed as an in term ed ia te  in  

th e c y c le  o f  chem ical e v en ts  a s s o c ia te d  w ith  m uscular a c t i v i t y .
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CK/iPTER 1 

In tr o d u c t io n

The ch em ica l in v e s t ig a t i o n  o f  m uscular c o n tr a c t io n  began a t  th e  

b e g in n in g  o f  th e  p r e se n t  cen tu ry  * F le tc h e r  and H opkins (1 9 0 ? )  

d is c o v e r e d  th a t  l a c t i c  a c id  was produ ced  in  w orking m u sc le s . They were 

a b le  t o  show th a t  th e  amount o f  l a c t i c  a c id  produced under an aerob ic  

c o n d it io n s  was p r o p o r t io n a l t o  th e  work done by th e  m u sc le . T h e o r ie s   ̂

w ere d ev e lo p ed  f o r  th e  c o n v e r s io n  o f  ch em ica l en erg y , e . g .  th e  h ea t o f  

n e u t r a l i s a t io n  o f  l a c t i c  a c id ,  t o  m ech an ica l w ork. The " la c t i c  a c id  

th eory"  v/as f i n a l l y  d isc a r d e d  a f t e r  th e  d is c o v e iy  by Lundsgaard ( 1930) 

th a t  m u sc les  p o iso n e d  w ith  io d o a c e ta te  c o n tr a c te d  n orm ally  fo r  a  

c o n s id e r a b le  p e r io d  w ith o u t a con com itan t l a c t i c  a c id  p r o d u c t io n , but 

w ith  th e  s p l i t t i n g  o f  PC.

In  about 1910 A .V . H i l l  began h i s  stu d y  o f  th e  h ea t changes w hich  

occu r  d u rin g  th e  c o n tr a c t io n  c y c l e ,  w hich have dom inated th e  f i e l d  in  

th e  se a r c h  f o r  th e  i n i t i a l  energy sou rce  f o r  m uscular c o n tr a c t io n .  

Betw een th a t  y e a r  and 1926 H i l l  c a r r ie d  out ex p erim en ts w hich to g e th e r  

w ith  th o s e  o f  Penn le d  d ir e c t ly  t o  th e  fo r m u la tio n  o f  th e  req u irem en ts  

w liich  must be s a t i s f i e d  by ary th e o iy  o f  m uscular c o n tr a c t io n .

T hese req u irem en ts may be sum m arised:-

1 .  Any th eo r y  must ta k e  in t o  accou nt th a t  no endotherm ie r e a c t io n  

i s  d e te c ta b le  a t  any s ta g e  in  th e  p r o c e s s .  I f  any do occu r  th e y  must 

be b a la n ce d  or o v erb a la n ced  by exoth erm ic  r e a c t io n s .  ( H i l l  1926)

2 . T here i s  no h e a t p ro d u ctio n  du rin g  r e la x a t io n  i f  th e  m uscle  

i s  n o t lo a d e d . (Fenn 1924)
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5* The h ea t a c t iv a t io n  i s  ind ep en d en t o f  a i l  f a c t o r s  o th e r  than  

- s t im u la t io n *  The h e a t o f  a c t iv a t io n  s t a r t s  a t  i t s  maximum r a te  b e fo r e  

any v i s i b l e  s ig n s  o f  c o n tr a c t io n  o ccu r , d e c l in in g  t o  zero  a t  about th e  

tim e when th e  s tr e n g th  o f  c o n tr a c t io n  b e g in s  t o  f a l l  o f f*

4» The m aintenance h e a t in  a p ro lo n g ed  c o n tr a c t io n  i s  th e  sum o f  th e  

h e a ts  o f  a c t iv a t io n  fo l lo w in g  s u c c e s s iv e  e lem en ts  o f  th e  s t im u lu s .

E g g le to n  and E g g le to n  (1 9 2 7 ) p u b lish e d  t h e i r  work on th e  d is c o v e iy  

o f  p h o sp h o r y lc r e a tin e  and i t s  breakdown t o  c r e a t in e  and in o r g a n ic  

p h osp h ate ,E ven  in  th e  absence o f  oxygen^ th e y  showed th a t  PC was 

im m ed ia te ly  r e s y n t h e s is e d .  F isk e  and Subbarow (1 9 2 9 ) p u b lish e d  

s im i la r  f in d in g s .

The fo l lo w in g  y e a r  (1 9 3 0 ) Lundsgaard showed th a t  th e  breakdo?m o f  PC 

was p r o p o r t io n a l t o  th e  v/ork done by th e  m u sc le , v/hen th e  m uscle was 

p o iso n e d  w ith  io d o a c e ta te  and l a t e r  Lohraann ( 1934) w h ile  f a i l i n g  t o  show 

th e  breakdov/n o f  PC in  aqueous m uscle e x t r a c t s  d id  show th a t  ATP was 

s y n t h e s is e d .

ADP + PC — : — ATP + C 1 .

The f a t e  o f  PC seemed t o  be th e  r e  s y n t h e s is  o f  ATP and n ot th e  

i n i t i a l  sou rce o f  en ergy  f o r  c o n tr a c t io n .

T h is  d isc o v e r y  by Loliraann brought ab ou t a sw itc h  in  th e  sea rch  

fo r  th e  en ergy  source f o r  m uscular c o n tr a c t io n  from PC t o  an A T P -s p lit t in g  

sy stem .

E ngE lhardt and Ljubiraova (1 9 3 9 ) d is c o v e r e d  th e  ATPase a c t i v i t y  o f  

th e  m uscle p r o te in  n y o s in  and t h i s  l e d  t o  u n s u c c e s s fu l a ttem p ts  t o  i s o l a t e  

th e  enzyme from th e  s tr u c tu r a l  p r o t e in .  S zen t-G y o rg y i and Straub (1 9 4 1 )
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d em on strated  th a t  th re a d s  o f  ny^osin w ould c o n tr a c t  in  th e  p resen ce  o f  

ATP. T h is  was accom panied by th e  d is c o v e r y  th a t  th e r e  i s  a drop in  

v i s c o s i t y  o f  n y o s in  s o lu t io n s  in  th e  p r e se n c e  o f  ATP.

S zen t-G y o rg y i ( 1947) went on t o  show th a t  m yosin p rep ared  by sh o r t  

term  e x t r a c t io n  o f  m uscle showed a much sm a lle r  v i s c o s i t y  drop and a 

sm a lle r  c o n tr a c t io n  o f  i t s  th re a d s  in  th e  p r e se n c e  o f  ATP. The ATPase 

a c t i v i t y  was h ig h  in  b oth  sh o r t and lo n g  term  e x t r a c t s  o f  m u sc le .

S zen t-G y o rg y i co n c lu d ed  th a t  two p r o t e in s  were present^*he named 

th e  p r o t e in  vdiich c o n fe r r e d  th e  m ech an ica l p r o p e r t ie s  t o  th e  com plex, 

a c t in  and th e  p r o te in  v /ith  th e  enzym ic p r o p e r t ie s  m yosin . The o r ig in a l  

m uscle p r o te in  was renamed a c to n y o s in . S zen t-G y o rg y i regard ed  the  

f u n c t io n a l  u n it  as th e  actonyosin-A T P com plex .

M yosin h as a m o lecu la r  w e ig h t o f  about 5 0 0 ,0 0 0 , a r t i f i c i a l  c lea v a g e  

o f  th e  m o lecu le  w ith  p r o t e o ly t i c  enzymes b rea k s th e  m o le c u le s  in t o  two 

p a r t s ,  th e  l i g h t  (LMivl) and heavy (HI&i) m ero n y o sin s . Liai male e s  up th e  

t a i l  p a r t  o f  th e  m yosin m o le c u le , w h ile  HMIA comes from th e  "neck" and 

f a t t e n e d  head r e g io n s  and p o s s e s s e s  a l l  th e  enzym ic p r o p e r t ie s  o f  th e  

p a ren t m o le c u le .

A c t in  can e x i s t  i n  two form s, r e f e r r e d  t o  as F - a c t in  and G -a c t in .  

T h is  naming a r i s e s  from  th e  f a c t  th a t  in  low  s a l t  c o n c e n tr a t io n s , a c t in  

b eh aves a s  a g lo b u la r  p r o te in  w ith  a m o lecu la r  w e ig lit o f  about 70>000 

or  140 , 000 , w hereas in  th e  p resen ce  o f  h ig h e r  s a l t  c o n c e n tr a t io n s  i t  

b eh aves l i k e  a f ib r o u s  p r o t e in .  The p o ly m e r is a t io n  o f  th e  G -a c tin  t o  

th e  F -forin  may be brought about by th e  p r e se n c e  o f  d iv a le n t  c a t io n s  or  

more s lo v /ly  by (S trau b  1 9 4 2 ) . P etk o  and Straub (1 9 4 9 ) d isc o v e r e d
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th a t  m uscle c o n ta in ed  about 5 jim oles ADP p er  g dry m u sc le , in  a bound 

form  w hich was in a c c e s s ib le  to  enzymes w hich would s p l i t  f r e e  n u c le o t id e s .

, Straub and F euer (1 9 5 0 ) showed th a t  p o ly m e r is a t io n  o f  a c t in  was 

accom panied by th e  d ep h o sp h o ry la tio n  o f  th e  bound ATP t o  ADP.

H i s t o l o g i c a l l y  s k e l e t a l  m uscle app ears to  have a banded s t r u c tu r e .  

Under th e  l i g h t  m icroscop e th e  c o n t r a c t i l e  u n i t ,  th e  m y o f ib r il  c o n s i s t s  

o f  a l t e r n a t in g  l i g h t  bands ( l  bands) and dark bands ( a b a n d s ) .

H uxley ( 1953) and Hanson and H uxley ( 1955) u s in g  th e  e le c tr o n  

m icro sco p e , showed th e  m y o f ib r i ls  to  be made up o f  two ty p e s  o f  

lo n g i t u d in a l  f ila m e n ts*  The t h ic k  f i la in e n t s  (100 A^ in  d ia m eter)  

arran ged  h e x a g o n a lly  were c o n fin e d  t o  th e  I  band b u t a ls o  p r o je c te d  in t o  

th e  A band. The th in  f i la m e n t  a l s o  i n  h exagon a l a r r a y , la y  sy m m etr ica lly  

b etw een  th r e e  th ic k  f i la m e n t s .  A prom inent f e a tu r e  o f  th e  A band i s  th e  

system  o f  c r o s s  b r id g e s  w hich p r o je c t  from  th e  t h ic k  f i la m e n t  t o  th e
I

t h in  f i la m e n t s ,  th e  b r id g e s  show a sm a ll v a r i a t i o n  in  t h e i r  sp a c in g  

and in  t h e i r  a n g le  o f  p r o j e c t io n  bu t are  ro u g lily  a t  r ig h t  a n g le s  t o  th e  

f i la m e n t s .  No b r id g e s  appear on th e  t h in  f i la m e n t s .  In  c o n tr a c t io n  th e  

A bands were u n a lte r e d  b u t th e  I  bands d isa p p ea r e d . D uring c o n tr a c t io n ,  

th e  in d iv id u a l  f i la m e n ts  rem ained unchanged in  le n g th ;  th e  sh o r te n in g  ; 

o f  th e  m uscle was brough t about by th e  i n t e r d i g i t a t i o n  o f  th e  two iy ^ e s  

o f  f i la m e n t s .  The th ic k  f i la m e n ts  appeared t o  be composed o f  m yosin  

and th e  th in  f i la m e n ts  o f  a c t in .

A ttem p ts have been  made by many w orkers to  shovi th e  breai:down 

o f  AT? du rin g  c o n tr a c t io n . Lundsgaard (1 9 4 9 ) v/as a b le  to  show cheuiges 

i n  th e  ATP c o n te n t  o f  m u sc les w hich had b een  b rou gh t in t o  c o ld  c o n tr a c tu r e
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and f ix e d  in  l iq u id  a i r  a t  i t s  b o i l in g  p o in t .  I t  seem s, how ever, th a t  

in  t h e s e  exp erim en ts a la y e r  o f  ga s  was form ed about th e  m uscle w liich  

p r e v e n te d  th e  r a p id  f i x a t i o n  o f  th e  m uscle in  a d e f i n i t e  ch em ica l s t a t e .

M unch-Petersen (1 9 5 3 ) u s in g  p a ir e d  t o r t o i s e  m u scles  f ix e d  in  l iq u id  

propane c o o le d  in  l i q u i d  n itr o g e n  showed a  s ig n i f i c a n t  in c r e a s e  in  ADP 

in  th e  e l e c t r i c a l l y  s t im u la te d  m uscle a t  h a l f  maximum c o n tr a c t io n .

Lange (1 9 5 5 ) was a b le  t o  shov/ b o th  PC and ATP breakdovm and an 

in c r e a s e  in  ADP in  fr o g  m u scles  c o n tr a c te d  a t  0^0 w ith  KCl and 

a c e ty c h o lin e  w hich had been  fi:>:ed in  c o ld  a lc o h o l  ( 6Cf'c) a t  0^C«

F le c k e n s te in  e t  a l*  (1954  a and b ) w orking w ith  fr o g  r e c tu s  

abdom inis w hich had b een  t e t a n is e d  a t  Ô C w ere unable t o  show any 

changes in  PC, ATP or ADP. L a ter  ex p er im en ts  showed an in c r e a s e  in  

P i in  s t im u la te d  m u sc le s . F le c k e n s te in  and h i s  c o l la b o r a to r s  (1 9 5 7 ) in  

ex p er im en ts  w ith  m u sc les  la b e l l e d  by in c u b a tio n  v /ith  ^ ^ -o r th o p h o s p h a te ,  

sliov/ed th a t  th e  phosphorus in  th e  te r m in a l ph osp h ate o f  ATP d id  n ot  

show th e  same degree o f  l a b e l l i n g  as  th a t  from  PC. The l a t t e r  had o n ly  

GO/o o f  th e  a c t i v i t y  o f  th e  ATP-/P. T iiis  was somewhat u n ex p ected  in  v iew  

o f th e  h ig h  c r e a t in e  k in a se  c o n te n t o f  th e  m u sc le . They were u n ab le  t o  

show any changes in  th e  d eg rees  o f  l a b e l l i n g  a f t e r  a c t i v i t y .

Kommaerts and S c h i l l in g  (1 9 5 5 ) c a r r ie d  out ex p erim en ts  w hich were  

s im ila r  in  scope t o  th o se  o f  M unch-Petersen (1 9 5 3 ) on t u r t l e  s a r t o r iu s  

and c o u ld  show no changes in  PC, ATP, ADP or p h o sp h o en o lp y ru v a te .

Fundam entally  th e  problem  i s  th a t  th e  PC co n te n t o f  th e  m uscle i s  

h ig h  and th e  e s t im a te d  changes t o  be found in  a s in g le  tw itc h  w ould be  

s m a ll . Based on th e  f ig u r e s  o f  A .V .H ill  (1 9 5 8 ) f o r  th e  h e a t  o f  

c o n tr a c t io n , about 1>1 o f  th e  t o t a l  PC w ould be s p l i t  during a s in g le
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tw it c h  i f  th e  h ea t o f  h y d r o ly s is  o f  PC i s  about 10 K ca l. The ATP 

c o n te n t o f  th e  m uscle i s  much s m a lle r , about 10;  ̂ th a t  o f  th e  PC, b u t  

i t  i s  p o s s ib le  th a t  ATP w ould be im m ed ia te ly  re  s y n th e s is e d  from th e  

PC p o o l .

I t  may be e n p h a sise d  a t  t h i s  p o in t  th a t  even  when work i s  perform ed  

by m u scle th e  breakdown o f  a phosphagen may n o t be d e te c te d . The 

ex p erim en ts  o f  Mommaerts have over a p e r io d  o f  y e a r s  g iv e n  r i s e  t o  a 

number o f  s tr a n g e  d is c r e p a n c ie s .  The f i r s t  work on breakdov/n o f  ATP 

i n  t u r t l e  s a r t o r iu s  m uscle (1 9 5 5 ) gave no e v id e n c e  o f  ATP s p l i t t i n g  

d u rin g  c o n tr a c t io n . In  1962 t h i s  v/ork was r e p e a te d  u s in g  t u r t l e  r e c tu s  

fe m o r is  and s a r t o r iu s .  The r e c tu s  fe m o r is  on c o n tr a c t io n  gave r e s u l t s  

w hich in d ic a te d  a breakdown o f  PC to g e th e r  w ith  a co rresp o n d in g  in c r e a s e  

in  b o th  P i  and c r e a t in e .  The s a r t o r iu s  m u scle gave d i f f e r e n t  r e s u l t s .  

C o n tra c tio n  o f  th e  s a r t o r iu s  d id  n o t show PC brealcdovm even  in  a sh o r t  

t e t a n u s ,  but a f t e r  a r e c o v e iy  p e r io d  fo llo v /e d  by a second s t im u la t io n  

a m easurable in c r e a s e  in  c r e a t in e  but no co rresp o n d in g  in c r e a s e  in  P i  

was shown. Yihen th e s e  exp erim en ts were r e p e a te d  u s in g  fr o g  sa rto iû .u s  

( 1962) ,  luommaerts was a b le  to  show breakdown o f  PC during t e t a n u s .

Mommaerts c o n s id e r e d  th a t  a bre ale down o f  ATP c o u ld  be c o n c e a le d  

by th e  t r a n s f e r  o f  ph osp hate from an unknown su b s ta n c e , p o s s ib ly  an 

uni-mown phosphagen . P e r iy  (1 9 5 2 ) p o in te d  out th a t  th e  m y o f ib r i ls  

occupy tw o -th ir d s  o f  th e  volum e o f  th e  c e l l  and th e  e x tr a m y o f ib r i l la r  

sp ace  o ccu p ied  by th e  sarcop lasm  c o n ta in s  b o th  g ly c o l y t i c  and c r e a t in e  

k in a se  system s f o r  th e  s y n t h e s is  o f  ATP.



lb

C arlson  and S ig e r  ( 196O) d em on strated  w ith  io d o a c e ta te  p o iso n e d  

m u sc le s , th a t  th e r e  was a lin ea i*  r e la t io n s h ip  betw een  PC s p l i t  and th e  

number o f  is o m e tr ic  t w it c h e s .  They c o u ld  show no n e t  ATP breakdown.

D a v ies  ( 1963) u s in g  lo a d e d  fr o g  m u sc les  in  w hich  c r e a t in e  k in a se  

was in h ib i t e d  by f lu o r o d in itr o b e n z e n e  was a b le  t o  show breakdown o f  ATP 

d u rin g  a sh o r t t e t a n u s ,  w hich  was p r o p o r t io n a l t o  th e  work done by th e  

m u sc le . D avies* th eo r y  o f  m uscular c o n tr a c t io n  p r o p o se s  t h a t  th e  

a c t iv a t io n  o f  th e  m u sc les  r e le a s e s  Ca'̂ "*' w hich  d i f f u s e s  and form s a 

l in k a g e  betw een  th e  a c t  in -b ou n d  ADP and ATP bound t o  th e  b r id g e s  o f  th e  

m yosin m o le c u le s . In  th e  r e s t in g  s t a t e  ATP i s  bound t o  a p o ly p e p tid e  

ch a in  in  th e  r e g io n  o f  th e  a c t iv e  s i t e  o f  th e  m yosin , t l i i s  pol;yqpeptide 

in  th e  ab sen ce o f  i s  ex ten d ed  b eca u se  th e  n e g a t iv e  charge on th e

ATP in d u c e s  r e p u ls io n  betw een  t h i s  n e g a t iv e  charge and some o th e r  f ix e d  

n e g a t iv e  charge in  th e  r e g io n  o f  th e  a c t iv e  s i t e .  V/hen Câ "*" e n te r s  th e  

sy stem , th e  fo rm a tio n  o f  a lin lcage  betw een  a c t  in -b ou n d  ADP and th e  ATP 

c o u ld  n e u t r a l i s e  th e  n e g a t iv e  charge on th e  ATP, t h i s  m ight in d u ce  

c o n fo r m a tio n a l changes in  th e  p o ly p e p tid e  c h a in . The sh o r te n in g  o f  th e  

p o ly p e p t id e  has th e  e f f e c t  o f  p u l l in g  th e  a c t in ,  r e s u l t in g  in  th e  

c o n tr a c t io n  o f  th e  I  band. The sh o r te n in g  o f  th e  p o ly p e p t id e  ch a in  

c o u ld  a l s o  b r in g  th e  bound ATP in t o  c o n ta c t  w ith  th e  ATPase s i t e .  

Subsequent s p l i t t i n g  o f  ATP r e la x e s  th e  s id e  ch a in  and a f t e r  

r e p h o sp h o r y la t io n , a fu r th e r  lin l:a g e  i s  form ed betw een  th e  bound 

n u c le o t id e  and th e  ATP b in d in g  s i t e .  T h is  s te p w ise  making and b reak in g  

o f  l in k a g e s  betv/een two ty p e s  o f  f i la m e n ts  r e s u l t s  in  th e  i n t e r d i g i t a t i o n  

o f  th e  f i la m e n ts  and c o n tr a c t io n  o f  th e  m u sc le . However D a v ies  ( 1967)
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was u n a b le  t o  show changes in  ATP e i t h e r  d u rin g a c t iv a t io n  or in  u n lead ed  

- s l io r te n in g  o f  m uscles* L ib e r a t io n  o f  h e a t during a c t iv a t io n  must be  

a cco u n ted  f o r  in  any th eo r y  o f  th e  en ergy  so u r ce s  f o r  m uscular c o n tr a c t io n .

Some w orkers have in v e s t ig a t e d  th e  p o s s i b i l i t y  th a t  th e  bound 

n u cleo tid es  a re  th e  im m ediate en ergy  sou rce  f o r  m uscular c o n tr a c t io n .

Straub and eu er  (1 9 5 0 ) showed th a t  du rin g th e  p o ly m e r is a t io n  o f  

G -a c t in  th a t  P i  was r e le a s e d  in  a 1 : 1 r a t io  w ith  th e  ATP s p l i t ,  ATP 

hence appeared to  be th e  p r o s t h e t ic  group o f  G -a c t in  and ADP th a t  o f  

F - a c t in .  Straub su g g e ste d  th a t  th e  f i r s t  s ta g e  i n  th e  c o n tr a c t io n  

p r o c e s s  was th e  p h o sp h o r y la tio n  o f  a c t in  and th a t  an u n sta b le  

p h o sp h o p ro te in  was form ed w hich y ie ld e d  i t s  p h osp h ate  d u rin g  p o ly m e r is a t io n .  

The p o ly m e r is a t io n  can be r e v e r se d  by d i a l y s i s  a g a in s t  d i lu t e  s o lu t io n s  

o f  ATP*

F-actin-A D P + ATP G -actin-A TP + P i  2*

Straub co n c lu d ed  th a t  G -a c t in  v/as th e  form c h a r a c t e r i s t ic  o f  r e la x e d  

m u sc le . I t  w ould fo l lo w  from eq u a tio n  (2 )  th a t  th e  s p l i t t i n g  o f  th e  

bound ATP w ould accompany c o n tr a c t io n . M a rto n esi, Gouvea and G ergely  

( i 960 ) hov/ever m ain ta in  w ith  some ex p er im en ta l su p p ort th a t  F - a c t in  i s  

th e  form  o f  a c t in  i n v iv o  and th a t  th e  p o ly m e r is a t io n  i s  n o t a 

con com itan t o f  th e  c o n tr a c t io n  p r o c ess*

O ther p o s s ib le  energy  so u rces  f o r  m uscular c o n tr a c t io n  have b een  

p o s t u la t e d  th e y  in c lu d e  th e  p o s s i b i l i t y  o f  a p h o sp h o ry la tfid s  p r o te in ,a n d  

th e  d ir e c t  d eam in ation  o f  th e  n u c le o t id e s .

The e x is t e n c e  o f  a p h o sp h o ry la ted  p r o t e in  as an in ter m e di-ate o f  

c o n tr a c t io n  co u ld  con ceiv& ab ly  e x p la in  such an om alies  as Mommaerts* 

f a i l u r e  t o  dem onstrate breakdown o f  PC in  T u r tle  s a r t o r iu s .



lU

Levy and Ryan (1 9 6 6 ) in v e s t ig a t in g  th e  enzym ic a c t i v i t y  o f  m yosin  

su g g e s te d  th a t  a p h o sp h o ry la ted  m yosin i s  form ed as a s ta g e  in  th e  

h y d r o ly s is  on ATP* Tonomura and Kanazawa ( I 965) c o n s id e r  th a t  t i e  

fo rm a tio n  o f  a r e a c t iv e  m yosin -phosphate com plex was th e  key t o  

m u scular c o n tr a c tio n *  Tonomura p rop osed  a mechanism o f  c o n tr a c t io n  

b ased  on th e  h y d r o ly s is  o f  ATP by acton iyosin  v ia  th e  fo rm a tio n  o f  a 

p h o sp h o ry la ted  p r o t e in .

B urton and L ow en stein  ( 1964) u s in g  HMM i s o l a t e d  an ATP-HIüM com plex  

on G 75 Sephadsx* The b in d in g  vm s g r e a t e s t  in  th e  p r e se n c e  o f  Mg^  ̂

and Y/as red u ced  by and K^. T h is  was th e  f i r s t  r e a l  ev id e n c e  o f  a

p h o sp h o iy ^ a ted  n y o s in , w hich i f  i t  e x i s t s  in  v iv o , m ight c o n c e iv a b ly  

a c t  a s  an en ergy  sou rce  f o r  m uscular c o n tr a c t io n .

In  a d d it io n  t o  ATP and a p h o sp h o ry la ted  m yosin , o th er  p o s s ib le  

so u r c e s  o f  energy f o r  m uscular c o n tr a c t io n  have had t h e i r  p r o t a g o n is t s .  

D eam ination  o f  n u c le o t id e s  h as been  reg a rd ed  as a p o s s ib le  energy so u rce  

by s e v e r a l  v /ork ers. D eam ination  o f  AW  i s  w e l l  e s t a b l is h e d  as  i s  i t s  

fo rm a tio n  by m yok inase. W ebster (1 9 5 4 ) fou nd  ev id en ce  f o r  ADP deam in ation  

in  actom yosin  and a stu d y  by W ajzer e t  a l . ( 1956) on th e  tr a n sm itta n c e  o f  

UV l i g h t  d u rin g  m ech an ica l work by th e  sem iten d in o su s  m uscle o f  f r o g ,  

l e d  to  th e  c o n c lu s io n  th a t  d eam in ation  o f  ATP had o ccu rred . D eam ination  

o f  bound n u c le o t id e s  h as n o t so  f a r  been  d em on strated .

In  c o n c lu s io n  i t  i s  p o s s ib le  t o  summarise th e  ev id en ce  o f  p o s s ib le  

en erg y  so u r c e s  as f o l l o w s : -

The breakdawn o f  PC during p ro lo n g ed  a c t i v i t y  i s  e s t a b l i s h e d .

The prim ary ch em ica l e v en t in  c o n tr a c t io n  and i t s  r e la t io n s h ip  t o  ohe
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c o n tr a c t io n  p r o c e s s  are s t i l l  m a tter s  open t o  s p e c u la t io n .

I t  seem s l i k e l y  th a t  some e s s e n t i a l  f a c t o r  s t i l l  rem ains u n d e te c ted  

v/hich c o u ld  r e c o n c i le  th e  apparent d is c r e p a n c ie s  and c o n f l i c t i n g  r e s u l t s  

h i t h e r t o  p u b lis h e d . The d is c o v e r y  o f  such a f a c t o r  m ight le a d  t o  th e  

in c o r p o r a t io n  o f  th e s e  d iv e r g e n t r e s u l t s  i n  a s in g le  s a t i s f a c t o r y  th e o iy  

o f  th e  en ergy  so u rces  and th e  n a tu re  o f  m uscular c o n t r a c t io n .
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CHAPTER 2

O b je c tiv e s  o f  th e  p r e se n t  in v esti.F ^ation

Cheesman and H ilto n  ( I 961) found th a t  th e  s p e c i f i c  a c t i v i t y  o f  

s t r u c t u r a l ly  bound phosphate o f  fr o g  s k e l e t a l  m uscle p r e in c u b a ted  w ith  

^ -o r th o p h o s p h a te  was reduced by some AOfa when th e  m uscle v/as c o n tr a c te d  

w ith  a c e t y lc h o l in e  or i s o t o n ic  p o ta ssiu m  c h lo r id e .  The s p e c i f i c  

a c t i v i t y  was r e s to r e d  to  th e  r e s t in g  l e v e l  by a llo w in g  th e  m uscle to  

r e la x  under lo a d  in  normal R in ger*s s o lu t io n .

The o b j e c t iv e s  o f  th e  p r e se n t  in v e s t ig a t io n  v/ere t o  e x p lo r e  

fu r t h e r  th e  h y p o th e s is  proposed  by Cheesman and H il t o n ,  th a t  some 

phosphorylatfiAi^ p r o te in  in te r m e d ia te  m ight be p r e se n t  in  m uscle and 

undergo h y d r o ly s is  du ring th e  f i r s t  s ta g e s  in  th e  c o n ti'a c t io n  c y c le .  

R ep h o sp h o ry la tio n  o f  t h i s  unimown p r o te in  m ight occu r  by tr a n s fe r  o f  

p h osp h ate  from  ATP.

I t  i s  c o n c e iv a b le  th a t  a p h o sp h o r y la tid »  p r o te in  in  r e s t in g  

m u sc le , m ight p ro v id e  a sou rce  o f  energy adequate f o r  a l im it e d  amount 

o f  a c t i v i t y  and t h a t ,  i f  i t s  r e c o n s t i t u t io n  from  ATP were d e la y e d , such  

a c t i v i t y  co u ld  occu r v /ith o u t a d e te c ta b le  r e d u c tio n  in  h ig h  en ergy  

p h osp h ate  p o o l .  Such a s t a t e  o f  a f f a i r s  w ould e x p la in  th e  anom alous 

f in d in g s  o f  Momrnaerts and S c h i l l in g  (1 9 3 5 ) and Mommaerts e t  a l .  ( I 962) .

T h is  in v e s t ig a t io n  ex p lo r ed  fu r th e r  th e  changes in  s p e c i f i c  

a c t i v i t y  o f  th e  bo’und phosphate a s s o c ia t e d  w ith  d e p o la r is a t io n ,  

c o n tr a c t io n  and r e la x a t io n ,  w ith  p a r t ic u la r  r e fe r e n c e  to  th e
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c o n d it io n s  under w hich a r e d u c tio n  in  s p e c i f i c  a c t i v i t y  m ight be  

a c h ie v e d . The p o s s i b i l i t y  o f  d em on stratin g  a s im ila r  r e d u c tio n  in  

s p e c i f i c  a c t i v i t y  in  a n o n -e x c ita b le  system  v/as a ls o  e x p lo r e d .

A tte n p ts  v/ere made t o  d is c o v e r  th e  n a tu re  o f  th e  bound phosphate  

and t o  b r in g  about an exchange betw een t h i s  su b sta n ce  and PC, ATP and ADP.
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CHAPTER 3 

Methods and M a te r ia ls

Frog m u sc les

Slow  and f a s t  m u sc les  from Rana temp or a r ia  were u se d . In  1933  

K u f i le r  and Vauglian W illia m s p u b lish e d  t h e i r  f in d in g s  on th e  d i f f e r in g  

p h y s io lo g ic a l  p r o p e r t ie s  o f  th e  s k e l e t a l  m u sc les  o f  th e  am phib ia .

C e r ta in  m u sc le s , p a r t ic u la r ly  th e  r e c tu s  ab d om in is, i l i o f i b u l a r i s  and 

sem ite n d in o su s  m u sc les  show " ton ic"  p r o p e r t ie s *  The " to n ic"  m u scles  

resp o n d  to  v a r io u s  s t im u li  e*g* m ech a n ica l and’ e l e c t r i c a l  s t im u la t io n  

and im m ersion in  c e r t a in  drugs such as a c e t y lc h o l in e  v /ith  a m ain ta in ed  

u n co o rd in a ted  c o n tr a c t io n  c a l l e d  c o n tr a c tu r e . D e p o la r is a t io n  o f  th e  

c e l l  membranes w ith  p o ta ssiu m  c h lo r id e  h as th e  same e f f e c t .  The 

c o n tr a c tu r e  i s  m a in ta in ed  f o r  a lo n g  p e r io d  u n le s s  th e  lo a d e d  m uscle  

i s  r e p o la r i s e d .  |

The u se  o f  th e  r e c tu s  abdom inis f o r  th e  p r e se n t  in v e s t ig a t i o n  

was p a r t ic u l a r ly  u s e f u l  s in c e  th e  m uscle m a in ta in s  i t s  c o n tr a c t io n  

d u rin g  th e  su b seq uen t tr e a tm e n t.

F a s t  m u sc les  were u sed  in  th o se  ex p erim en ts  w here th e  in v e s t ig a t i o n  

o f  r e la x a t io n  in  th e  ab sen ce o f  r e p o la r i s a t io n  was c a r r ie d  o u t . In  an 

un load ed  s t a t e  o f  s a r t o r iu s  rem ains c o n tr a c te d  a f t e r  d e p o la r is a t io n .

I f  a lo a d e d  s a r t o r iu s  i s  d e p o la r is e d  w ith  KCl th e  m uscle w i l l  c o n tr a c t  

b u t w i l l  r a p id ly  r e la x  w ith o u t r e p o la r i s a t io n  o f  th e  membranes*

R ab b it p so a s  f ib r e s

The p so a s  m u scles were removed a f t e r  c o o l in g  th e  sk in n ed

e v is c e r a t e d  anim al on i c e  f o r  20 m in. The m u sc les  were washed in
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Locke* s p h y s io lo g ic a l  s a l in e  c o n ta in in g  H a d  KCl 0 . 042/0,

CaCl^ 0.024?o, MgClg 0.01^2, Na^HPO  ̂ O.OOD^S, HaHCO  ̂ 0.01^:&, and g lu c o s e  

0»l;;'o* The m u sc les  w ere te a s e d  out in t o  f ib r e  b u n d les  a^^proximately 

0 .2  mm diam . t o  f a c i l i t a t e  th e  c i r c u la t io n  o f  th e  medium. The f i b r e s  

w ere su b je c te d  t o  a sm all lo a d  and suspended in  Locke * s s o lu t io n  

c o n ta in in g  2^uC i/m l ^ ^ —orthop hosphate f o r  6 h o u r s . The m a te r ia l  was 

r in s e d  w ith  L ocke*s s o lu t io n  to  remove e x c e s s  r a d io a c t iv e  p h o sp h a te , 

tr a n s fe r r e d  to  ^O/o ( v /v )  aqueous g ly c e r o l  and s t o 2?ed o v e r n ig h t a t  4^C. 

The f ib r e  b u n d les were t r a n s fe r r e d  t o  f r e s h  g ly c e r o l  and s to r e d  

under lo a d  a t  - 15^C f o r  a week b e fo r e  u s e .

S e p a r a tio n  o f  ad en in e n u c le t id e s

The e x tr a c te d  n u c le o t id e s  were sep a ra ted  by pap er chrom atography  

u s in g  th e  tw o -s ta g e  fo ld e d  paper tech n iq u e  o f  Krebs and Hems ( 1953)# 

D ie th y le th e r - fo r m ic  a c id  ( 60:30 v /v )  was u sed  f o r  th e  a scen d in g  s ta g e  

and i s o - b u t y r ic  acid-am m onia-0 . IM-EDTA-water(66: l : l * 6: 31#4 ) f o r  th e  

d escen d in g  s t a g e .  The paper was washed b e fo r e  u se  w ith  EDTA th en  

w ith  w a ter  and d r ie d  b e fo r e  u s e .

S e p a r a tio n  o f  aden in e n u c le o t id e s  from  p h o sp h o r y lc r e a tin e  and in o r gan ic  

ph osp h ate

The s e p a r a t io n  o f  PC and P i and th e  aden in e n u c le o t id e s  was 

c a r r ie d  out u s in g  th e  method o f  F le c k e n s te in  e t  a l .  ( i 9 6 0 ) .  In o rg a n ic  

p h osp h ate  was removed w ith  d ie t h y l  e th e r -fo r m ic  a c id .  The ad en in e  

n u c le o t id e s  and PC were sep a ra ted  w ith  isop rop an ol-m eth an ol-am m on ia-  

w a ter  ( 4 0 : 3 0 : 1 0 : 2 0 ) .  The paper was washed w ith  2^ form ic  a c id  fo llo w e d

by v /a ter  ahd d r ie d  b e fo r e  u s e .
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L o ca tio n  o f  p h o sp h o ru s-co n ta in in g  compounds on chromatogrsms

Adenine n u c le o t id e s  were lo c a te d  by means o f  a UV lamp w ith  

emmision a t 247 a t which w avelen gth  th ey  quench th e  flu o i'e sc e n c e  

o f  th e  chromatography p ap er . S u ita b le  markers were used  to  id e n t i f y  

th e  compounds. PC and P i y/ere lo c a te d  by th e  method o f  Hanes and 

Ishexwood ( 1949): th e  paper was sprayed w ith  a c id  m olybdate and

exposed  t o  UV l i g h t .

E st im a tio n  o f  th e  s p e c i f i c  a c t i v i t y  of PC, P i  and ATP-fr

In  th o se  exp erim en ts where th e  s p e c i f i c  a c t i v i t y  o f  PC and ATP 

and P i  v/ere compared, th e  compounds were lo c a te d  and cu t out o f  th e  

chromatograms as standard  s iz e  d i s c s  to  f i t  an 17 mm p la n c h e t te .

A fte r  co u n tin g  th e  d is c s  in  a Panax c a s t l e  w ith  a s o l id  co u n tin g  tu b e , 

th e  paper was d ig e s te d  w ith  H^SO  ̂ and th e  phosphorus co n ten t was 

e st im a te d  by th e  method o f  Berenblum end Chain (1 938) w hich i s  more 

s e n s i t iv e  than th e  A lle n  (194-0) method.

The s p e c i f i c  a c t i v i t y  v/as e x p ressed  as c o u n ts /m in ./^ g  P f o r  PC 

and P i .  For ATP; th e  s p e c i f i c  a c t i v i t y  was c a lc u la te d  in  term s o f  

ATP-)F.

Other m a te r ia ls  used

Whatman N o .l  paper was u sed  f o r  a l l  chromatography* S u p p lies  o f
T O  O

P -orth oh osp h ate  were brought from th e  R ad io-ch em ica l C entre, Amersham.

The ^ ^ -o r th o p h o sp h a te  was h y d ro ly sed  w ith  5 ml 2N-HC1 b e fo r e  use t o  

remove any polyp h osp h ate compounds. Causey and H a rris  (1940) found  

th a t  th e s e  compounds were p r e se n t in  e a r ly  s u p p lie s  o f  ra d io C a ctiv e  

p h o sp h a te . H y d r o ly s is  was d isc o n tin u e d  when i t  was found t o  be unnecessair/



S o lv e n t s  w ere r e d i s t i l l e d  b e fo r e  u se ( e t h e r ,  m eth a n o l, p r o p a n o l,  

fo r m ic  a c id ,  a c e to n e  and TCA)* A l l  o th e r  c h e m ic a ls  w ere o f  a n a l y t i c a l  

g r a d e s • S u p p lie s  o f  PC, ATP and ADP w ere bou gh t from  th e  Sigm a 

C o r p o r a tio n ,

F ro g s  w ere o b ta in e d  from  a number o f  d i f f e r e n t  so m -c e s . The 

m a jo r ity  o f  a n im a ls  w ere s t o r e d  f o r  s e v e r a l  w eek s b e fo r e  u se  a t

: i - r -  '  \
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The C o n tr a c tio n  B f r e c t

E xp erim en ts w ere c a r r ie d  o u t t o  stu d y  th e  e f f e c t  o f  p o ta ss iu m  

c o n tr a c tu r e  on th e  s p e c i f i c  a c t i v i t y  o f  th e  bound '^ ^ P -la b e lled  p h o sp h a te  

o f  f r o g  s k e l e t a l  m u sc le . E s s e n t i a l  c o n tr o l  e x p e r im en ts  w ere c a r r ie d  

o u t t o  e s t a b l i s h  t h a t  th e  two r e c t i  ab d om in is o f  f r o g  have th e  same 

p h osp h oru s c o n te n t  a f t e r  e x h a u s t iv e  w a sh in g  and e x h ib i t  a s im i la r  d eg ree  

o f  l a b e l l i n g .

I t  had b een  s u g g e s te d  by P r o fe s s o r  K .E . D a v ie s  in  a p e r so n a l  

com m unication  t o  P r o fe s s o r  Cheesman t h a t  th e  a b sen ce  o f  Ca*^ from  th e  

c o n t r a c t io n  medium m ight b e  r e s p o n s ib le  f o r  the change in  s p e c i f i c  

a c t i v i t y  r e p o r te d  by Cheesman and H il t o n  ( 1 9 6 6 ) ,  E x p erim en ts  w ere  

c a r r ie d  o u t t o  i n v e s t i g a t e  th e  e f f e c t  o f  Ca^^ in  th e  c o n tr a c t io n  medium, 

SERIES A

The e f f e c t  o f  c o n tr a c tu r e  on th e  s p e c i f i c  a c t i v i t y  o f  t h e  w a t e r - in s o lu b le

r e s i du e s  from ^^P-l a b e l l e d  r e c t i

Method

The m u sc le s  w ere rem oved from  th e  d e c a p ita te d  a n im a ls  and were 

p r e in c u b a te d  in  R in g e r 's  s o lu t io n  w hich c o n ta in e d ;  0.6%u IlaC l, 0 , KCl ,  

O.Ol^c- CaClg and 0 . l;i- HaHCÜy, The m u sc le s  w ere in c u b a te d  in  a 9 ml 

organ  b a th , a t ta c h e d  t o  a sm a ll sp r in g  b a la n c e ,  th e  in c u b a t io n  medium 

b e in g  a e r a te d  a t  room tem p era tu re  w ith  a m ix tu re  o f  9%o 0  ̂ : 5/? CC^- 

A f t e r  30 m in. th e  m u sc le s  w ere l a b e l l e d  by in c u b a t io n  in  R in g e r 's  

s o lu t io n  c o n ta in in g  0.02^^ ^ C i/m l ^ ^ -o r th o p h o s p h a te ,  w ith  2 x  3.0 

a s c a r r i e r ,  f o r  30 to  60 m in .
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A fte r  l a b e l l i n g  th e  m u sc le s  w ere w ashed 2.. t im e s  w ith  5 ml s a l in e  

s o lu t io n  t o  remove e x c e s s  r a d io a c t iv e  p h o sp h a te .

The c o n t r o l  m u sc le s  rem ained i n  fr o g  s a l in e  a t  room tem p era tu re .

The t e s t  m u sc le s  w ere d e p o la r is e d  by im m ersion  in  i s o t o n i c  (0.76%%) KCl; 

c o n t r a c t io n  o f  th e  d e p o la r is e d  m u sc le s  was n o te d . Some m u sc le s  were 

d e p o la r is e d  w h ile  a t ta c h e d  to  th e  sp r in g  b a la n c e  and some w ere d e p o la r is e d  

i n  an u n load ed  s t a t e .  The t e s t  and c o n tr o l  m u sc les  w ere c o o le d  on i c e ,  

m inced w ith  f i n e  s c i s s o r s  i n  t h e i r  a p p r o p r ia te  m edia (KCl f o r  th e  t e s t s  

and R in g e r 's  s o lu t io n  f o r  th e  c o n t r o l s ) .  The m inced t i s s u e  was e x tr a c te d  

w ith  0 .0 5  M NaîiCO^-Na^CO^ (pH 9« 9 ) f o r  30 rain, and w ashed 1 0 -2 0  t im e s  

o v e r  a p e r io d  o f  2 h o u rs w ith  i c e - c o l d  w a te r . The r e s id u e s  w ere washed  

4  t im e s  w ith  25 ml a c e to n e  and d r ie d  in  a i r .  The a c e to n e  pow ders w ere

w eig h ed  and th e  ph osp h oru s c o n te n ts  e s t im a te d  by th e  m ethod o f  A lie n  (1 9 4 0 ) .

The r a d i o a c t i v i t y  o f  th e  c o lo r im e t r ic  s o lu t io n  was m easui'ed in  a l i q u i d  

c o u n te r  o f  12 .5  ml c a p a c ity  u s in g  a Panax s c a l e r .

The s p e c i f i c  a c t i v i t y  was c o u n t s /m in ./ | ig  ph osphorus.

R e s u l t s  (T a b le  1 . )

The e f f e c t  o f  d e p o la r is a t io n  o f  th e  r e c tu s  m u scle  w ith  o r  

w ith o u t  lo a d  i s  t o  red u ce  th e  r a d io a c t iv e  cou n t i n  th e  w a t e r - in s c lu b le  '

r e s id u e  from  ^ ^ P - la b e l le d  r e c t i  by some
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TA13LE 1

P o ta ss iu m  c o n tr a c tu r e  o f  " " ^ -- la b e lle d  r e c t i  

E f f e c t  oi\ s p e c i f i c  a c t i v i t y  o f  bound, v/at e r - i n  s o lu b le  p h o sp h a te

P a ir e d  m u sc le s  in c u b a te d  a t  room tem p eratu rÇ p for  30 m in .,  
L a b e lle d  w ith  R in g e r 's  s o lu t io n  c o n ta in in g   ̂ P -o r th o p h o sp h a te  
U nloaded  or l i g h t l y  lo a d e d  t e s t  m u sc le s  c o n tr a c te d  in  
i s o t o n i c  KCl. T e s t  and c o n t r o l  m u sc le s  m inced and e x t r a c t e d  
by m ethod d e s c r ib e d  i n  t e x t .

C o n tro l C o n tra c ted

a c e to n e  powder 
jiQ P/mg c o u n t y  min . / j i g  P

a c e to n e  pow der'
JÀQ P/mg c o u n t y  m in * /u g  P

R a t io  o f  s p e c i f i c  
a c t i v i t i e s

C ontractée^' C o n tro l

2.25 7 9 .0 2 .49 6 4 .0 0 .8 1

2«^if 1 1 3 .0 2 .57 • 7 4 .0 0 .6 6

2 .16 103 .0 2 .07 8 2 .0 0 .8 0

1 .5 5 3 1 .0 1 .95 1 5 .0 0 .52
1

1 .3 2 7 4 .0 1 .5 1 5 3 .0 0 .7 1

1 .91 5 0 .0 1 .8 1 21 .5 0 .4 3

2 . 5.1 1 7 .2 2 .1 4 1 2 .6 0 .7 3

2 .1 4 110 .5 2 .48 241.0 0 .4 0

2 .7 1 4 0 .0 2.32 2 2 .0 0.55

2 .0 8 79 .5 2 .5 1 6 1 .5 0 .7 8

1 .8 5 91 .5 1 .8 8 6 8 .0 0 .7 4

1 .7 8 38 .0 1 .76 29 .5 0 .7 3

l . B l 5 0 .0 1.2,8 1 6 .1 0 .5 2

1 .8 6 155 .0 1 .6 8 1 3 0 .0 0 .8 4

1 .46 1 2 2 .0 1 .8 5 6 5 .0 - 0 .53

C o n t ./o v e r
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1 .8 2  3 9 .4  1 .8 7  2 4 .5  0 .6 2

1 .61  1 9 .9  1 .6 8  1 2 .3  0 .6 2

1 .4 9  7 .2  1 .6 8  4 .5  0 .6 3

2 .3 0  8 9 .0  2 .1 2  4 4 .0  0 .5 0

1 .8 4  1 3 7 .0  1 .6 2  5 6 .0  0 .4 1

1 .3 1  1 0 .5  1 .6 9  6 .0  0 .5 7

1 .4 5  2 3 .0  1 .5 2  1 3 .0  0 .5 6

1 .5 9  3 4 .5  1 .7 9  2 2 .0  0 .6 4

Mean -  S .D .

1 .8 8  i  0 .3 8  1 .9 4  -  0 .3 2  0 .6 4  -  0 .1 4

23 e x p e r im en ts
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SERIES B

The e f f e c t  o f  a lc o h o l  f i x a t i o n  and e x t r a c t io n  on th e  s p e c i f i c  a c t i v i t y

52o f  t h e  bound p h o sp h a te  o f  P - l a b e l l e d  f r o g  r e c t u s  abdom inis  

Method

A f t e r  l a b e l l i n g  and c o n tr a c t io n  o f  th e  t e s t  m u sc le s  a s  i n  S e r ie s  A , 

th e  t e s t  and c o n t r o l  m u sc le s  w ere t r a n s f e n e d  t o  e th a n o l a t  Ô G f o r  

10  min# The f i x e d  m u sc le s  w ere m inced in  e th a n o l and l e f t  i n  t h i s  medium 

f o r  5 m in . The m in ces w ere e x tr a c te d  w ith  a l k a l i  b u f f e r ,  w ashed and  

d r ie d  f o l lo w in g  th e  p ro ced u re  in  s e r i e s  A and the s p e c i f i c  a c t i v i t y  o f  

th e  bound p h osp h ate  e s t im a te d #

R e s u l t s  (T a b le  2 # )

A lc o h o l f i x a t i o n  and e x t r a c t io n  d o es  n o t a f f e c t  th e  r a t i o  o f  th e  

s p e c i f i c  a c t i v i t i e s  o f  c o n tr o l  and c o n tr a c te d  m u sc le s . The ph csph oru s  

c o n te n t  o f  b oth  t e s t  and c o n tr o l  m u sc le s  was c o n s id e r a b ly  red u ced  by  

a lc o h o l  f i x a t i o n  and e x tr a c t io n #

SERIES C

The e f f e c t  o f  i s o m e tr ic  c o n t r a c t io n  on th e  s p e c i f i c  a c t i v i t y  o f  th e  bound

p h o sp h a te  o f  ^ ^ - l a b e l l e d  f r o g  r e c t u s  abd om in is

Method

I s o m e tr ic  e x p er im en ts  c o u ld  n o t be c a r r ie d  ou t w ith o u t m o d if ic a t io n  

t o  th e  b a s ic  e x p e r im e n ta l p r o c e d u r e . M u scles w ere l a b e l l e d  f o l lo w in g  

th e  m ethod i n  s e r i e s  A# A f t e r  r in s in g  w ith  R in g e r 's  s o lu t io n  th e y  were  

m easured , a t ta c h e d  t o  an is o m e tr ic  l e v e r  and e x ten d ed  t o  about Ip O l o f  

t h e i r  r e s t i n g  le n g t h  a f t e r  e x t i r p a t io n .
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TABLE 2

Po ta ssiu m  c o n tr a c tu r e  o f  e l l e d r e c t i

E f f e c t  on s p e c i f i c  a c t i v i t y  o f  bound, w a te r - in s o lu b le  p h osp h ate

E xperim ents a s  in  T able  1 , b u t w ith  f i l i a t io n  o f  m uscle  
in  a lc o h o l  b e fo r e  m incing and e x t r a c t io n  o f  m inced m uscle  
Y/ith a lc o h o l  b e fo r e  e x tr a c t io n  w ith  aqueous s o lv e n t s .

jig  P/rag 

C on trol 

0.87 

1.02  

0 .9 7  

1 .0 4  

1 .1 7  

0 .9 7

1 .0 3

0 .7 7

T o ta l  phosphorus c o n te n t  

a ce to n e  powder

p/mg

Mean -  S .D .

0.99  -  0.12

C on tracted

1.06

1 .2 3  

1 .1 7

I)o09

1 .1 3

1.00
1 .0 4

0.68

1 .0 5  -  0 .1 7

R a tio  o f  s p e c i f i c  a c t i v i t i e s  

C on tractée^  C on tro l

I 0.56 

0,61 

0.70 

0 .8 7  

0.60  

0.48 

0 .6 4  

0 .4 9

0 .62  ~  0.11

8 ex p er im en ts
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The t e s t  m u sc le s  w ere d e p o la r is e d  w ith  i s o t o n i c  KCl; no s h o r te n in g  

- o c c u r r e d . The c o n t r o l  m u sc le s  w ere n o t  c o n tr a c te d  b u t w ere r in s e d  w ith  

R in g e r 's  s o lu t io n .

B e fo r e  th e  m u sc le s  w ere d e ta ch ed  from  th e  l e v e r  th e y  were f i x e d  

by im m ersion  in  c o ld  e th a n o l f o r  10 m in . I f  th e  d e p o la r is e d  r e c tu s  

i s  d e ta c h e d  from  t h e  l e v e r  b e fo r e  f i x a t i o n ,  u n load ed  c o n tr a c tu r e  w i l l  

o c c u r . The f i x e d  m u sc le s  v /e ie  m inced w ith  f i n e  s c i s s o r s  in  e th a n o l ,  

d r a in e d  w e l l  t o  rem ove th e  s o lv e n t  and e x t r a c t e d  w ith  a l k a l i  b u f fe r  f o r  

50 m in . S u bseq uent tr e a tm e n t was a s  i n  s e r i e s  A,

R e s u l t s  (T a b le  3 )

S in c e  a lc o h o l  f i x a t i o n  d oes n o t  a f f e c t  t h e  r a t i o  o f  th e  s p e c i f i c  

a c t i v i t i e s  o f  t e s t  and c o n t r o l  m u sc le s  w hich  have b een  c o n tr a c te d  

i s o t o n i c  a l l y ,  i t  w ou ld  appear th a t  i s o m e t r ic  c o n t r a c t io n  o f  f r o g  r e c tu s  

b r in g s  about r e d u c t io n  i n  th e  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  

s im i la r  t o  t h a t  fo u n d  w ith  i s o t o n i c  c o n t r a c t io n ,

SERIES D

The e f f e c t  o f  d e p o la r is a t io n  a f t e r  p r e in c u b a t io n  and l a b e l l i n g in  Ca** 

- f r e e  R in g e r 's  s o lu t io n  on th e  s p e c i f i c  a c t i v i t y  o f  th e  bound p h osp h ate  

o f  ^ ^ - l a b e l l e d  f r o g  r e c t u s  abd om in is  

M ethod

The lo a d e d  m u sc le s  w ere p r e in c u b a te d  in  Ca** - f r e e  R in g e r 's  

s o l u t i o n  f o r  30 m in . S u bsequent tr e a tm e n t fo l lo w e d  th e  m ethod i n  

s e r i e s  A e x c e p t th a t  a l l  s o lu t io n s  u sed  w ere Ca** - f r e e ,  i , e ,  th e  medium 

i n  w h ich  th e  m u sc le s  w ere l a b e l l e d  and th e  R in g e r 's  s o lu t io n  w ith  w h ich  

th e  m u sc le s  w ere r in s e d  t o  remove e x c e s s  r a d i o a c t i v i t y .  The t e s t  m u sc le s  

w ere d e p o la r is e d  i n  a l i g h t l y  lo a d e d  s t a t e .
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.5, ' i  TABLE 3

I s o m e tr ic  c o n tr a c tu r e  o f  ^ ^ - l a b e l l e d  r e c t i  

E f f e c t  on s p e c i f i c  a c t i v i t y  o f  bound, w a t e r - in s o lu b le  p h osp h ate

F ix a t io n  w ith  a lc o h o l  a f t e r  d e p o la r i s a t io n .  
O ther c o n d it io n s  as in  T ab le  1 ,

T o ta l.p h o sp h o r u s  c o n te n t  

a c e to n e  powder R a t io  o f  s p e c i f i c  a c t i v i t i e s

C o n tro l C o n tra c ted

pg/m g pg/m g C o n tr a c te ^ /C o n tro l

1 .5 1 1 .4 5 0 .5 7

1 .2 2 1 .5 7 0 .6 0

■■ l i 3 0 1 .3 7 0 .8 6

1 .8 4 1 .7 4 0 .4 8

1 .6 3 1 .7 3 0 .4 0

1 .4 1 1 .61 0 .6 8

1 .3 0 1 ,3 0 0 .3 2

1 .8 0 2 .0 0 0 .8 1

1 .9 7 1 .9 3 0 .6 2

1 .8 9 1 .5 5 0 .5 8

-  S .D .

1 .5 9  -  0 .26 1 .6 2  — 0 .2 1 0 .5 7  -  0 .1 8

10 experim ents
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R e s u l t s  (T a b le  4 )

D e p o la r is a t io n  o f  th e  c e l l  membranes in  th e  a b sen ce  o f

d oes n o t  in d u ce  c o n tr a c t io n ;  th e  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  

i s  r e d u c e d .

SERIES E

The e f f e c t  o f  c o n t r a c t io n  a t  0°C on th e  s p e c i f i c  a c t i v i t y  o f  th e  bound

p h o sp h a te  i n  w a t e r - in s o lu b le  r e s id u e s  o f  ^ ^ P -la b e l l ed r e c t i

Method

The lo a d e d  m u sc le s  w ere p r e in c u b a te d  and l a b e l l e d  a t  room 

te m p e r a tu r e . A f t e r  w ash in g  w ith  R in g e r 's  s o lu t io n  t o  rem ove e x c e s s  

r a d i o a c t i v i t y ,  th e  m u sc le s  w ere c o o le d  by su rro u n d in g  th e  organ  b a th  

w ith  m e lt in g  i c e  and by w ash in g  th e  m u sc le s  w ith  i c e - c o l d  R in g e r 's  

s o l u t i o n .  A f te r  20 m in . th e  t e s t  m u sc le s  w ere d e p o la r is e d  w ith o u t

lo a d  i n  i c e - c o l d  i s o t o n i c  KCl. Subseq uent tr e a tm e n t f o l lo w e d  th e
i

p ro ced u re  in  s e r i e s  A.

R e s u l t s  (T a b le  5 )

T e s t  m u sc le s  c o n tr a c te d  when d e p o la r is e d  w ith  KCl a t  0°C . The 

d e c r e a s e  i n  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  on c o n t r a c t io n  

i s  s im i la r  t o  th a t  found  a t  room te m p er a tu r e .

SERIES F

The e f f e c t  o f  c o n t r a c t io n  a f t e r  b r i e f  l a b e l l i n g  on th e  s p e c i f i c  a c t i v i t y

52
o f  th e  bound p h o sp h a te  o f  w a t e r - in s o lu b le  r e s id u e s  o f  p - l a b e l l e d  r e c t i  

Method

The ex p er im en ts  w ere c a n l e d  ou t by th e  m ethod d e s c r ib e d  in  s e r i e s

52A e x c e p t  t h a t  l a b e l l i n g  w ith  P -o r th o p h o sp h a te  was red u ced  to  JO s e c .  

The t e s t  m u sc le s  w ere d e p o la r is e d  w ith o u t lo a d .



33

T ^ tE  If

52P o ta ss iu m  c o n tr a c tu r e  o f  p - l a b e l l e d  r e c t i

E f f e c t  o f  d e p o la r is a t io n  a f t e r  in c u b a t io n  and l a b e l l i n g  in  Ca - f r e e

R in g e r 's  s o lu t io n #

M u scles p r e in c u b a te d  and l a b e l l e d  in  C a^ ^ -free  
media* Other c o n d it io n s  a s  in  T a b le  1*

C o n tro l 

pS p/mg

1 .8 9

1 .96

■ 1.82

2 .0 4

1.51  

1 .56

1.73

1.65 

2 .01  

2.10

Mean ± S .D .

1 .8 3  -  0 .<2S>

T o ta l  p h osp horus c o n te n t  

a c e to n e  powder
'Depolarised.

p s  p/m g

2 .1 4

1 .79

2.11

1.95

1 .46

1 .52

1 .4 4

1 .8 9

1 .8 4

2 .2 4  

1 .8 4  -  0 .27

R a tio  o f  s p e c i f i c  a c t i v i t i e s  

D e p o la r is e d /  C o n tro l

0 .5 2

0 .76

0 .7 7

0.66

0 .26

0 ,3 4

0 .7 0

0.60

0 .72

0 .95

0 .62  -  0 .2 0

10 e x p e r im en ts
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TABIIl 5

P o ta ss iu m  co n tra ctu re , o f la b e l l e d  r e c t i

E f f e c t  o f  c o n tr a c tu r e  a t  0 C# 
O ther c o n d it io n s  a s  in  T ab le  1®

T o ta l  p h osp horu s c o n te n t  

a c e to n e  powder 

C o n tro l C o n tra c ted

jia/mg jug/mg

2 .6 3

1 .5 1

1.06

1 .6 4  

1 .3 1  

2 .02  

1.82 

2.09

1 .6 4

Kean « S .D .

1 .7 3  -  0 .4 1

2.72

1 .4 1  

1 .3 2  

1 .7 3

1 .5 5

2 .01

1 .8 1

2.23 

1.80

1 .8 4  -  0 .4 1

9 e x p er im en ts

R a t io  o f  s p e c i f i c  a c t i v i t i e s  

C o n tr a c te ^ /C o n tro l

1.12

0 .7 5  

0 .7 1  

0 .0 9  

0 .8 0  

0 ,3 9  

0 .7 1  

0 .3 8  

0 .4 4

y ,  0 ,6 9  -  0 .28
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R e s u l t s  (T a b le  6 )

The t e s t  m u sc le s  shov/ed a d e c r e a s e  i n  s p e c i f i c  a c t i v i t y  s im i la r  t o  

t h a t  shown by m u sc le s  l a b e l l e d  w ith  r -o r th o p h o sp h a te  f o r  30 t o  60  m in . 

SERIES Or

The e f f e c t  o f  a r e p e a te d  c o n t r a c t io n  on t h e . s p e c i f i c  a c t i v i t y  o f  th e  

32bound P - l a b e l l e d  p h o sp h a te

Method

The t e s t  and c o n t r o l  m u sc le s  w ere p r e in c u b a te d  and d e p o la r is e d  a s  

d e s c r ib e d  in  s e r i e s  A. B oth m u sc le s  w ere r e p o la r i s e d  by r e t u r n in g  t h e  

m u sc le s  t o  R in g e r 's  s o l u t i o n .  The m u sc le s  w ere r e la x e d  by s t r e t c h in g  

them  b etw een  f o r c e p s e s  t o  r e s t o r e  t h e  m u scle  t o  i t s  o r i g i n a l  l e n g t h .

The t e s t  m u scle  was d e p o la r is e d  f o r  a seco n d  tim e  w ith  i s o t o n i c  KCl; 

th e  r e la x e d  c o n t r o l  m uscle  rem ain ed  in  R in g e r 's  s o l u t i o n .  S u b seq u en t 

tr e a tm e n t  was a s  d e s c r ib e d  fo r  s e r i e s  A .

R e s u l t s  (T a b le  7 )

The c o n tr o l  m u sc le s  p a s s e d  th rou gh  co m p le te  c o n t r a c t io n  -  

r e la x a t io n  c y c l e ,  th e  t e s t  m u sc le s  d e p o la r is e d  f o r  a seco n d  tim e  

a p p eared  t o  c o n tr a c t  n o r m a lly . The r e s u l t s  a re  s im i la r  t o  th o s e  

o b ta in e d  from  a s i n g l e  d e p o la i* isa t io n  o f  th e  m u sc le .

SERIES H

Com parison o f  s p e c i f i c  a c t i v i t i e s  o f  th e  p h o sp h a te  bound t o  th e  w ash ed

r e s id u e s  o f  p a ir e d  r e c t i  abd om in is

M ethod

An e s s e n t i a l  c o n t r o l  ex p erim en t was t o  compare th e  s p e c i f i c  

a c t i v i t i e s  o f  a c e to n e  pow ders o f  p a ir s  o f  ^ ^ - l a b e l l e d  r e c t i *  The two
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TABLE 6

P o ta ss iu m 32,c o n tr a c tu r e  o f  P - l a b e l l e d  r e c t i

B r i e f  l a b e l l i n g  (JO s e c . )  w ith  ^ 5 --o r th o p iio s p h a te .  
O ther c o n d it io n s  a s  in  T a b le  1 .

T o ta l  p h osp horus c o n te n t

a c e to n e  powder R a t io  o f  s p e c i f i c  a c t i v i t i e s

C o n tro l

pg/m g

C o n tra c ted

^g/m g C o n tr a c te d /C o n tr o l

1 .4 7 1 .4 7 0 .6 2

2 .2 0 2 .0 1 0 .6 5

1 .8 9 1 .8 6 0 .6 0

1 .8 6 1 .7 5 0 .4 2

2 .0 2 2 .0 6 1 .2 1

1 .2 7 1 .2 1 0 .7 4

1 .8 8 1 .7 0 0 .9 9

1 .7 5 1 .7 4 0 .5 9

2 .0 1 1 .8 1 0 .6 7

; 2 .0 0 1 .7 9 ' 0 .7 2

1 .4 1 1 .5 0 0 .5 1

1 .1 8 1 .0 8 0 .6 6

1 .7 6 1 .7 1 0 .6 8

Mean — S .D .

1 .7 5  -  0 .3 0

■

1 .6 7  -  0 .2 8  

15 e x p e r im en ts

0 .7 0  -  0 .1 9
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TABLE 7

32.P o ta ss iu m  c o n tr a c tu r e  o f  P - la b e l l e d  r e c t i

E f f e c t  o f  r ep ea ted  d e p o la r is a t io n  on a r e la x e d  m u sc le . 
M u scles (u n lo a d e d ) c o n tr a c te d , re la :ced  and r e c o n t r a c te d .  

O ther c o n d it io n s  a s  i n  T a b le  1 .

T o ta l p h osp h oru s c o n te n t

a c e to n e  powder R a t io  o f  s p e c i f i c  a c t i v i t i e s

C o n tro l

mg

C o n tra cted

p /m g
C o n tr a c te ^ / C o n tro l

1 .9 8 1 .8 0 0 .4 1

2 .0 8 1 .8 1 0 .6 2

2 .0 6 1 .7 2 0 .8 3

1 .7 2 1 .9 3 0 .5 4

2 .5 7 2 .2 9 0 .4 2

1 .4 2 1 .6 7 0 .9 9

1 .6 0 1 .4 4 0 .8 3

1 .8 1 1 .7 4 0 .2 4

1 .2 2 1 .0 6 0 ,4 3

1 .3 2 1 .3 8  ■ 0 .7 6

S iD .

73 -  0 .3 9 1 .6 8  -  0 .32 0 .6 1  ~ 0 .2 2

10 e x p e r im en ts
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m u sc le s  are a n a to m ic a lly  d i s t i n c t  and a re  jo in e d  in  th e  m edian l i n e  

by th e  l i n e a  a lb a .  The m u sc le s  w ere e x c i s e d  and a f t e r  p r e in c u b a t io n  

i n  R in g e r 's  s o lu t io n  w ere l a b e l l e d  w ith  ''̂ ‘" P -o rth o p h o sp h a te  as d e s c r ib e d  

i n  s e r i e s  A . B oth m u sc le s  w ere th e n  m inced w ith  f i n e  s c i s s o r s  and 

e x t r a c t e d  w ith  a l k a l i  b u f f e r ,  su b seq u en t tr e a tm e n t w as a s  d e s c r ib e d  

f o r  s e r i e s  A .

R e s u l t s  (T a b le  8 )

T h ese  c o n t r o l  ex p e r im en ts  show good agreem ent b etw een  s p e c i f i c  

a c t i v i t i e s  o f  th e  two m u sc le s  i n  fo u r  o f  th e  f i v e  e x iie r im e n ts .

SERIES J

The e f f e c t  o f  h ig h  c o n c e n tr a t io n s  o f  Ca'*'**’ in  th e  c o n tr a c tu r e  medium on 

32
th e  b in d in g  o f  p -o r th o p h o sp h a te  t o  f r o g  s k e l e t a l  m u sc le

_  •

Method

32P a ir e d  r e c t i  w ere l a b e l l e d  w ith  P -o r th o p h o sp h a te  a s  in  s e r i e s  A. 

The t e s t  m u sc le s  w ere t r a n s f e r r e d  t o  i s o t o n i c  KCl c o n ta in in g  0 ,1 5 /j  

CaClg f o r  15 m in . C o n tr o ls  w ere d e p o la r is e d  i n  i s o t o n i c  KCl.

The su b seq u en t tr e a tm e n t o f  th e  m u sc le s  fo l lo w e d  th e  m ethod d e s c r ib e d  

f o r  s e r i e s  A ,

R e s u l t s  (T a b le  9 )

A w h ite  p r e c i p i t a t e  was form ed i n  t l io se  tu b e s  c o n ta in in g  th e  

h ig h  c o n c e n tr a t io n  o f  Ca"*”** on th e  a d d it io n  o f  th e  a l k a l i  b u f f e r .

The t e s t s  showed a g r e a t  in c r e a s e  i n  bound p h o sp h a te  w h ich  was 

s i g n i f i c a n t l y  g r e a t e r  th a n  t h e  e s t a b l i s h e d  norm al v a lu e  f o r  bound 

p h o sp h a te . A s s o c ia t e d  w ith  t l i i s  in c r e a s e  i n  p h osp h oru s was an in c r e a s e  

i n  c o u n t , w h ich  was g r e a t e r  th a n  th a t  w h ich  .w ould have b een  fou n d  in  

a r e la x e d  m u sc le , assu m ing t h a t  a r a t i o  o f  s p e c i f i c  a c t i v i t i e s  o f
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TABLE 8

C o n tro l ex p e r im en ts  t o  compare th e  s p e c i f i c  a c t i v i t i e s o f  th e  bound

p h o sp h a te  o f  w e l l  w ashed p a ir s  o f  f r o g  r e c t i

B oth  m u sc le s  w ere p r e in c u b a te d  i n  R in g e r 's  s o lu t io n ,  
l a b e l l e d  w ith  y -o r th o p h o s p h a te , m inced w ith  f i n e  
s c i s s o r s ,  e x tr a c te d  w ith  a l l i a l i  b u f f e r  and e x r ia u s t iv e ly  
w ash ed .

T o ta l  p h osp horus c o n te n t  

a c e to n e  powder

p/m g jig  p/m g S p e c i f i c  a c t i v i t y

■ 2 .0 1  1 .7 6 2 5 .6  . 2 6 .5

1 .7 0  1 .7 1 7 .1 3  7 .3 8

1 .5 7  1 .6 1 96 .5  10 0 .0

1 .9 5  1 .7 5 6 .2  6 .6

1 .3 6  1 .5 9 15 .1  6 .6
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TABLE 9

The e f f e c t  o f  h ig h  c o n c e n tr a t io n  o f  in  th e  c o n tr a c t u re medium

on th e  b in d in g  o f  ^ ^ -o r th o p h o s p h a te  t o  f r o g  s k e l e t a l  m u sc le .

P a ir e d  m u sc le s  w ere la b e l l e d  w ith  ^ ^ -o r th o p h o s p h a te .  
C o n tr o ls  w ere d e p o la r is e d  in  KCl. T e s t s  were  
d e p o la r is e d  in  KCl c o n ta in in g  0 .15 /o  CaCl^. T e s t s  and  
c o n t r o ls  w ere m inced w ith  f i n e  s c i s s o r s ,  su b seq u en t  
tre a tm e n t as d e s c r ib e d  in  t e x t .

T o ta l  p h osp h oru s c o n te n t

a c e to n e  powder R a t io  o f  s p e c i f i c

C o n tro l T e s t

y g  p/rag y g  p/mg
T r e a t e(^ C o n tro l

t

1 .8 1 2 .5 8 2.09

1 .7 3 2 .8 6 3 .3 6

2 .1 9 4 .7 8
m*

2 .1 5

2 .0 3 2 .8 8 2 .1 5

2 .0 8 3 .3 5 2.03

1 .9 8 2 .9 6 2 .1 0

Mean -  S .D .

1 .9 7  -  0 .1 5 3 .2 3  -  0 .7 2

6 ex p er im en ts

2 .3 1  -  0 .4 7
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c o n t r a c t é e / c o n t r o l  o f  0 ,6 2 .

SERIES J

The e f f e c t  o f  norm al t i s s u e  l e v e l  o f  i n  th e  c o n tr a c tu r e  medium on

th e  b in d in g  o f  ^ ^ P -orth op h osp h ate  t o  f r o g  s k e le t a l  rnuscle

Method

The method u sed  was th e  same a s  th a t  d e s c r ib e d  in  s e r i e s  A . e x c e p t  

t h a t  th e  i s o t o n i c  KCl c o n ta in e d  0.0125% CaCl^*

R e s u l t s  (T a b le  1 0 )

T here was p r e c i p i t a t e  on th e  a d d it io n  o f  a l k a l i  b u f f e r  t o  t h e  

t e s t s .  The KCl e f f e c t  i s  somewhat enhan ced  by th e  p r e se n c e  o f  Ca** 

i n  th e  d e p o la r is a t io n  medium. The r a t i o  o f  th e  s p e c i f i c  a c t i v i t i e s  

o f  t e s t s  and c o n t r o l s  was 0 .6 4  * 0 .1 4  (T a b le  l ) .  The r a t i o  from  t h e s e  

e x p e r im e n ts  ( 6 )  was 0,t.B  -  0 .1 9 .

SERIES K i

-------------- --  3% i
The e f f e c t  o f  a c h e la t in g  a g en t on th e  bound " P - la b e l le d  p h o sp h a te

o f  f r o g  r e c t u s  abdom inis

Method

P a ir e d  l a b e l l e d  m u sc le s  w ere m inced and t r e a t e d  w ith  a l k a l i  

b u f f e r  a s  in  s e r i e s  A, fo l lo v /e d  by 8 vfashed w ith  c o ld  w a te r .

T e s t s  w ere w ashed 4  t im e s  o v er  a p e r io d  o f  30 m in . w ith  n e u t r a l i s e d  

c o ld  10~^M-EGTA, c o n t r o ls  w ere w ashed w ith  w a te r . Su bseq u en t tr e a tm e n t  

a s  i n  s e r i e s  A.

R e s u l t s  (T a b le  1 1 )

T h is  was a sm a ll group o f  e x p e r im en ts  w hich  was n o t  a n a ly s e d .  

H owever a l l  e x p er im en ts  show a r e d u c t io n  in .. p h osp h oru s c o n te n t  and 

s p e c i f i c  a c t i v i t y  in  th e  t e s t  m u sc le s .
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TABLE 10

The e f f e c t  o f  th e  norm al t i s s u e  l e v e l  o f  Ca** in  th e  c o n tr a c tu r e  m edium

32
on th e  b in d in g  o f  P - l a b e l l e d  orth o n h o sn h a te

M ethod as  d e s c r ib e d  i n  T ab le  1 e x c e p t  t h a t  th e  
i s o t o n i c  KCl u sed  t o  d e p o la r is e  th e  m u scle  
conta in ed . 0 .0 1 2 /  CaCl^*

T o ta l  ph osphorus c o n te n t  

a c e to n e  powder

C o n tro l 

fxg p/m g

1 .5 4  

, 1.81

1.56 

1 .4 2  

1 .7 4

1 .5 4

Mean -  S .D .

R a t io  o f  s p e c i f i c  a c t i v i t i e s

1 .6 0  -  0 .1 5

T e s t C o n tr a c te ^  C o n tro l
y g  P/mg

1 .5 4  - 0 .2 3

1 .8 7 0 .7 6

1 .5 9 0 .4 7

1 .5 7 0 .2 3

1 .7 4 0 .6 8

.1 1 .5 0 0 .4 5

63 -  0 .13 0 .4 8  -  0 .1 9

6 ex p er im en ts
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TABLE 11

3 0
The e f f e c t  o f  a c h e la t in g  a g e n t on th e  bound 'p - la b o l l e d  b o o o h a te

o f  f r o g  r e c t u s  abdomini s

P a ir e d  l a b e l l e d  m u sc les  w ere m inced and e x tr a c te d  
w ith  a l k a l i  b u f f e r .  T e s t s  and c o n t r o ls  w ere  
w ashed 8 t im e s  w ith  c o ld  w a te r , T e s t s  w ere w ashed  
4  t im e s  w ith  n e u t r a l i s e d  c o ld  10 M-EGTA. 
S u bsequent tr e a tm e n t as in  t e x t .

T o ta l  p h osp h oru s c o n te n t  

a c e to n e  pov/der

C o n tr o ls  

y g  p/m g

1.68

1 .8 7

1.58

1 .67

T e s t  

fig  p/mg

1.58

I J A

1 .3 4

r .42

R a tio  o f  s p e c i f i c  a c t i v i t i e s  

EGTA/Control

0.39

"0 .7 4  - 

0 .4 0  

0 .31

4  ex p er im en ts
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SERIES L

F u r th e r  stu d y  o f  th e  e f f e c t  EGTA on th e  b in d in g  o f  ^ % ^ -la .belled  p h o sp h a te  

Method

As i n  s e r i e s  A , e x c e p t th a t  a f t e r  8 w ash es w ith  w a te r , t e s t s  and  

c o n t r o l s  w ere washed. 4  t im e s  w ith  n e u t r a l i s e d  10“‘̂ LKEGTA.

R e s u l t s  (T a b le  1 2 )

The t o t a l  bound p h o sp h a te  was lo w e r  in  th e  EGTA-washed a c e to n e  

pow ders th a n  i n  norm al p ow d ers.

Normal T e s t s  1 .9 4  -  O.38  C o n tr o ls  1 ,8 8  * O.58  jig/m g

EGTA-washed T e s t s  1 .7 5  * 0 .2 5  C o n tr o ls  1 .7 9  * 0 .2 7

The p h o sp h a te  c o n te n t s  o f  th e  -EGTA-washed m u scle  pov/ders w ere n o t a s  

low  a s  had  b een  a n t ic ip a t e d  from  s e r i e s  K. The ICCl e f f e c t  ap p ears  

t o  b e  s l i g h t l y  enhanced by th e  EGTA w ash , b u t a com parison  i s  d i f f i c u l t  

w ith  such a sm a ll s e r i e s  o f  e x p e r im e n ts .

R a tio  o f  s p e c i f i c  a c t i v i t i e s  

C o n tr a c te ^ /C o n tro l 

Normal ( a s  i n  s e r i e s  A) 0 .6 4  ^ O .I4  25 e x p er im en ts

EGTA w a sk (a s  in  s e r i e s  h ) 0 .4 9  i  O.O6 6 e x p er im en ts

SERIES M

The y i e l d  o f  a c e to n e  powder from  v/et m u sc le s  

Method

T e s t  and c o n t r o l  m u sc le s  w ere b l o t t e d  t o  rem ove e x c e s s  m o is tu re  • 

and w e ig h e d . T e s t  m u sc le s  w ere d e p o la r is e d  w ith  i s o t o n i c  KCl; c o n t r o ls

rem ained  in  R in g e r 's  s o lu t io n .  The m u sc le s  were m inced w ith  f i n e

s c i s s o r s  and w ashed ( s e r i e s  A ) . Care was talcen t o  p r e v e n t  any l o s s  

o f  m a t e r ia l  d u rin g  w a sh in g . The r e s id u e s  w ere red u ced  t o  a c e to n e
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TABLE 12

The e f f e c t  o f  w ash in g  w ith  a c h e la t in g  a g e n t on th e  sp e c i f i c  a c t i v i t y

52,o f  th e  bound P - la b e l l e d  phosph a te

Method a s  d e sc r ib e d  in  T ab le  1 e x c e p t t h a t  t e s t s  and 
c o n t r o ls  w ere w ashed Zy t im e s  w ith  EGTA.

C o n tro l 

y e  p/mg

2 .12

1 .7 4

1 .9 0

1 .7 9

1 .2 5

1 .9 7

T o ta l  p h osp horus c o n te n t  

a c e to n e  powder

C o n tra cted

Mean -  S .D .

1 .7 9  * 0 .2 7

y s  1 /  mg

1 .98  

1 .6 7  

1 .82  

1.77  

1 .30

1 .98

1 .75  -  0 .23

R a tio  o f  s p e c i f i c  a c t i v i t i e s  

C o n tr a c te ^  C o n tro l

0 ,4 0

0 .48

0 .51

0 .5 5

0 .59

O.ZiA

0 .4 9  -  0 .0 6

6 ex p er im en ts
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p07/ders and d r ie d  i n  a i r .  The dry pow ders w ere fu r t h e r  d r ie d  in  a  

vacuum d e s ic c a t o r  o v e r n ig h t , w eigh ed  r e d e s ic c a t e d  and w e ig h ed  again*

Dry w e ig h t s  w ere e }q )ressed  as a p e r c e n ta g e  o f  th e  w et w e ig h t o f  th e  

m u sc le .

R e s u l t s  (T a b le  1 3 )

T h ere  i s  no s i g n i f i c a n t  d i f f e r e n c e  b etw een  th e  o x y  w e ig lit s  o f  

a c e to n e  po;vders on c o n tr a c te d  and r e la x e d  m u scles*

Summary o f  e^qperim ental f in d in g s  from atu dy o f  th e  c o n tr a c t io n  e f f e c t  

1* The e f f e c t  o f  d e p o la r is a t io n  o f  th e  r e c t u s  m u scle  w ith  o r  w ith o u t

lo a d  i s  t o  red u ce th e  r a d io a c t iv e  cou n t in  th e  w a t e r - in s o lu b le  

r e s id u e  from  ^ ^ - l a b e l l e d  r e c t i .  T h is  was th e  e f f e c t  d em on stra ted  

by Cheesman and H i l t o n  ( I 96I ) .

2* A lc o h o l f i x a t i o n  and e x t r a c t io n  d oes n o t a f f e c t  th e  r a t i o  o f  th e

s p e c i f i c  a c t i v i t i e s  o f  c o n tr o l  and c o n tr a c te d  m u sc le s .

3 . When d e p o la r is a t io n  i s  n o t accom panied by c o n tr a c t io n  i . e *  w ith o u t  

Ca**, th e  s p e c i f i c  a c t i v i t y  o f  th e  l a b e l l e d  p h o sp h a te  i s  s t i l l  

r ed u c ed .

4 . The r e d u c t io n  in  s p e c i f i c  a c t i v i t y  on c o n tr a c t io n  i s  n o t r e la t e d  

t o  tem p eratu re*  P le c k e n s te in  and Janice (1 9 5 4 ) showed t h a t  th e r e  

i s  v ery  l i t t l e  brealcdown o f  PC a t  0°C so  t h a t  th e  p o s s i b i l i t y  o f  

th e  r e d u c t io n s  b e in g  ca u sed  by th e  breakdown o f  PC i s  l e s s e n e d .

5 . I t  may be co n c lu d ed  th a t  th e  r e d u c t io n  i n  bound .— l a b e l l e d  

p h o sp h a te  i s  a s s o c ia t e d  n e i t h e r  w ith  th e  sh o r te n in g  nor w ith

th e  developm ent o f  t e n s io n  b u t r a th e r  w ith  th e  a c t iv a t io n  p r o c e s s .
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TABU-: 13

P o ta ss iu m  c o n tr a c tu r e  o f  f r o g  r e c t u s  ab d om in is  

Y ie ld  o f  a c e to n e  powder from  w et m u scle

P a ir e d  m u sc le s  b lo t t e d  and w e ig h e d . U nload ed  t e s t  
m u sc les  d e p o la r is e d  in  i s o t o n i c  KCl, c o n t r o ls  
rem ained in  R in g e r * s  s o l u t i o n .  T e s t s  and c o n t r o ls  
m inced and e x t r a c t e d  by m ethod d e s o r io e d  in  t e x t .

C o n tr o ls T e s t s

W eight o f W eigh t o f
Wet w e ig h t 3° Wet w e ig h t •

a c e to n e  powder a c e to n e  powder
mg mg mg mg

342 2 0 .1 8 .3 234 2 1 .2 9 .1

117 ■ 8 .5 7 .3 135 13 .1 9 .6

265 2 6 .7 1 0 .1 266 27 .1 1 0 .2

234 2 2 .5 9 .6 238 22.9
1 .

9 .6

125 8 .6 6 .8 130 9 .7 7 .4

102 6 .9 6 .7 96 10 .6 1 1 .0

245 2 5 .0 1 0 .3 207 20.3 ■ 9 .8

128 1 0 .1 7 .9 135 1 1 .1 8 .3

116 1 5 .8 1 3 .6 151 16 .6 1 2 .7

191 1 4 .8 7 .8 193 1 3 .1 6 .8

Wh4 1 3 .8 9 .6 168 14 .5 8 .6

204 2 0 .5 1 0 .0 234 2 0 .5 8 .7

Mean -  S.D *

T e s t s 9 .0  -  1 . 5;?

C o n tr o ls 8 .9  ” 1 ’ 9;i
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6 . O c c lu s io n  o f  c a lc iu m  p h o sp h a te  i n  th e  c o n tr o l  m u sc le s  i s  n ot  

r e s p o n s ib le  f o r  th e  KCl e f f e c t .

7 .  T h ere i s  no s i g n i f i c a n t  d i f f e r e n c e  in  th e  dry w e ig iit s  o f  a c e to n e  

pov/der o b ta in e d  from  c o n tr a c te d  and r e la x e d  m u s c le s .

3 ^
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CUAPTilH 3 

The R e la x a t io n  E f f e c t

The e f f e c t  o f  r e la x a t io n  on th e  s p e c i f i c  a c t i v i t y  o f  th e  

w a t e r - in s o lu b le  r e s id u e s  o f  ^ ^ P - la b e l le d  r e c t i  was s tu d ie d  by Cheesman 

and H i l t o n  ( 1963 )* R e la x a t io n  o f  th e  d e p o la r is e d  m u scle  r e s t o r e s  th e  

s p e c i f i c  a c t i v i t y  o f  th e  bound p h osp h ate  t o  i t s  r e s t i n g  v a lu e .

In  th e  p r e s e n t  in v e s t ig a t i o n  i t  was p la n n ed  t o  a s c e r t a in  v /hether  

th e  r e s t o r a t io n  o f  s p e c i f i c  a c t i v i t y  was r e la t e d  t o  th e  r e la x a t io n  

p r o c e s s  o r  sim p ly  t o  th e  r e p o la r i s a t io n  o f  th e  f i b r e  membranes.

SERIES A

The e f f e c t  o f  r e la x a t io n  w ith o u t r e c o l o r i s a t i o n  on th e  s p e c i f i c  a c t i v i t y

52o f  th e  bound p h osp h ate  o f  p - l a b e l l e d  f r o g  s a r t o r iu s  

Method

F a s t  m u sc le s  r e la x  r a p id ly  w ith o u t r e p o la r i s a t io n  when lo a d e d .  

T e s t s  and c o n tr o l  m u sc le s  w ere la b e l l e d  and d e p o la r is e d  by th e  p ro ced u re  

d e s c r ib e d  in  c h a p ter  s e r i e s  A. The lo a d e d  m u sc les  (a t ta c h e d  t o  a 

s p r in g  b a la n c e )  r e la x e d  w ith o u t r e p o la r i s a t io n ;  th e  u n load ed  c o n tr o l  

m u sc le s  rem ained  c o n tr a c te d  i n  i s o t o n i c  KCl. T e s t  and c o n tr o l  m u sc le s  

w ere su b se q u e n tly  m inced w ith  f i n e  s c i s s o r s  and red u ced  t o  a c e to n e  

pow ders a s  d e s c r ib e d  p r e v io u s ly .

R e s u l t s  (T a b le  1 4 )

R e la x a t io n  o f  th e  t e s t  m u sc le s  was n o te d  in  th e  ab sen ce  o f  

r e p o l a r i s a t i o n .  The r a t i o  o f  s p e c i f i c  a c t i v i t i e s  o f  bound p h o sp h a te  

( c o n t r a c té e ^ r e la x e d )  was 0 .5 9  ~ 0 .1 4 *  T h is  i s  s im i la r  t o  t h a t  fou n d  

by Cheesman and H ilt o n  ( 1 9 6 5 ) ^ r e la x a t io n  o f  r e c t i  w ith  r e p o la r i s a t i o n .
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T a b le  I 4

R e la x a t io n  o f  ^ ^ P - la b e l le d  S a r t o r i i  

E f f e c t  o f  r e la x a t io n  w ith o u t r e p o la r i s a t i o n

S a r t o r i i  w ere c o n tr a c te d  w ith  i s o t o n i c  KCl. 
T e st  m u sc le s  r e la x e d  under lo a d  in  KCl, 
c o n t r o ls  rem ained  in  KCl u n lo a d ed . T e s t  

,cind c o n t r o l  m inced and e x t r a c t e d  by th e  
method d e s c r ib e d  in  th e  t e x t .

R e la x ed  C o n tra c ted
a c e to n e  powder

Ug/mg

1 . 64 

1.67

2 .3 6  

1.52  

1 .24

2 .3 7  

1 .84

jUg/ mg

1 .65

1.66 

2 .50

1.41

1 . 3 4

2.26

2 .07

R a tio  o f  s p e c i f i c  a c t i v i t i e s  

. C o n tr a c te d /c o n tr o l

0 .6 4

0.71

0 .6 5

0 .72

0 .72

0 .67

0 .26

Mean + S .b .
1 .94  -f. 0.41 .90  + 0 .39

7 e x p e r im en ts

0 .59  + 0 .1 5
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SirJRISS B

The e f f e c t  o f  r e p o la r i s a t i o n  w ith o u t r e la x a t io n  on th e  s p e c i f i c  a c t iv i t y .

o f  t h e  hound p h osp h ate  o f  P - la b e l l e d  f r o g  r e c t i

Method

A f t e r  l a b e l l i n g ,  u n lo a d ed  p a ir e d  m u sc le s  w ere d e p o la r is e d  in  

i s o t o n i c  KC1» B oth  m u scles w ere r e p o la r i s e d  in  R in g e r * s  s o lu t io n .

One o f  each  p a ir  was r e la x e d  by s t r e t c h in g  t o  i t s  o r ig in a l  le n g t h .  

S u bsequent m in cin g  and e x t r a c t io n  fo l lo w e d  th e  m ethod in  c h a p te r  4 ,  

s e r i e s  A.

R e s u l t s  (T a b le  1 5 )

R e p o la r is a t io n  o f  th e  m u scle  d oes n o t i t s e l f  r e s t o r e  t h e  s p e c i f i c  

a c t i v i t y  o f  th e  bound p h o sp h a te  t o  i t s  r e s t i n g  v a lu e .  I t  w ould  appear  

t h a t  th e  m ech a n ica l e f f e c t  o f  r e la x a t io n  i s  r e la t e d  t o  th e  r e s t o r a t io n  

o f  th e  r e s t i n g  v a lu e  o f  th e  s p e c i f i c  a c t i v i t y .

SERES C

The e f f e c t  o f  s e v e r e  e x te n s io n  on th e  s p e c i f i c  a c t i v i t y  o f  bound

p h o sp h a te  in  ^ ^ P - la b e l le d  f r o g  m u scles

M ethod

R ectu s  and s a r t o r iu s  m u sc le s  w ere u sed  f o r  t h e s e  e x p e r im e n ts .

The m u sc le s  w ere p r e in c u b a te d  and l a b e l l e d  i n  ^ ^ - l a b e l l e d  Rrnger* s  

s o l u t i o n  c o n ta in in g  ( + )-tu b o c u r a r in e  ( l  i n  10^ ) f o l lo w in g  th e  

p ro ced u re  in  c h a p te r  if. The t e s t  m u sc le s  w ere s e v e r e ly  e x ten d ed  w ith  

f o r c e p s e s  t o  abou t tw ic e  t h e i r  o r i g i n a l  le n g t h .  The c o n t r o l  m u sc le s  

w ere  n o t s t r e t c h e d .  The m u ss le s  w ere m in ced  and e x t r a c t e d  by th e
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TABLE 15

R e p o la r is a t io n  o f  ^ ^ - l a b e l l o d  r e c t i  

E f f e c t  o f  r e p o la r i s a t io n  w ith o u t  r e la x a t io n

T e s t  and c o n tr o l  m u scles  w ere d e p o la r is e d  in  
i s o t o n i c  KCl. T es tsa n d  c o n t r o ls  w ere  
r e p o la r i s e d  by im m ersion i n  R in g e r ’ s  s o l u t i o n ,  
c o n t r o ls  r e la x e d  by s t r e t c h in g  t o  o r ig in a l  
le n g t h ,  t e s t  m u sc les  n o t r e la x e d .

T o t a l  ph osp horus c o n te n t  

a c e to n e  powder R a tio  o f  s p e c i f i c  a c t i v i t i e s

R ela x ed C o n tra c ted

jag/mg C on tracte^ /R el& xed

1 .6 3 1.72 0 .6 0

1 .6 1 1 .6 0 0 .5 9

1 .7 0 2 .0 3 0 .2 9

1 .2 1 1 .4 4 0 .7 3

1 .3 8 1 .1 4 C453.

1 .4 4 1 .4 5 0 .5 8

1.32 . 1 .5 8 0 .7 8

1 .3 6 1 .2 7 0 .8 4

" S .D .

1 .4 6  -  0.16 1 .5 3  -  0.26 0.62 “  0 . 1 /

8 experim ents



p r o c e d u r e  i n  c h a p te r  4#

R e s u l t s  (T a b le  l 6 )

C u r a r is a t io n  was a p p l ie d  i n  an  a ttem p t t o  i n h i b i t  m e c h a n ic a l - 

s t im u la t io n  o f  th e  m u s c le s .  S e v e r e  e x t e n s io n  o f  th e  m u sc le s  d o es  

n o t  r e s u l t  i n  a s i g n i f i c a n t  a l t e r a t i o n  i n  th e  s p e c i f i c  a c t i v i t y  o f  

t h e  bound ' ^ - l a b e l l e d  p h o s p h a te , a lth o u g h  th e  s c a t t e r  o f  th e  

r e s u l t s  i s  c o n s id e r a b le .

Summary o f  e x p e r im e n ta l  f in d i n g s  from  t h e  s tu d y  o f  th e  r e l a x a t i o n  

e f f e c t

Cheesman and H i l t o n  (1 9 6 5 )  showed t h a t  r e l a x a t i o n  o f  a c o n t r a c t e d  

m u sc le  r e s t o r e s  th e  s p e c i f i c  a c t i v i t y  o f  t h e  m u sc le  t o  i t s  o r i g i n a l  

v a l u e . . The t o t a l  p h o sp h o ru s  c o n te n t  a p p ea red  t o  b e  u n a lt e r e d  w i t h in  

th e  l i m i t s  o f  e x p e r im e n ta l  e r r o r .

C o n tr o l 1*78  -  0 .1 4  a c e t o n e  pow der j

T e s t  1 .8 1  -  0 .2 2  a c e to n e  pow der

F u i^ h e r  i n v e s t i g a t i o n  show s t h a t : -

1 .  R e p o la r i s a t io n  o f  t h e  m u sc le  w ith o u t  r e l a x a t i o n  d o e s  n o t  r e s t o r e  

t h e  s p e c i f i c  a c t i v i t y  t o  i t s  r e s t i n g  l e v e l .

2 .  R e la x a t io n  o f  a f a s t  m u sc lé  w ith o u t  r e p o l a r i s a t i o n  r e s t o r e s  th e  

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

5 .  • S e v e r e  m e c h a n ic a l e x t e n s io n  i n  i t s e l f  h a s  n o  e f f e c t  on th e

s p e c i f i c  a c t i v i t y  o f  th e  b ou n d  p h o s p h a te . T h is  t e n d s  t o  e x c lu d e  

t h e  p o s s i b i l i t y  t h a t  th e  e f f e c t s  a r e  c a u s e d  by m e c h a n ic a l means.-
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TABLK 16

S e v e r e  e x t e n s io n  o f  ^ 4 - l a b e l l e d  m u sc le s  

E f f e c t  o f  s t r e t c h  on c u r a r is e d  m u s c le s .

T e s t  and c o n t r o l  r e c t i  and s a r t o r i i  w ere  in c u b a te d  
and  l a b e l l e d  i n  R in g e r ’ s  s o l u t i o n  c o n t a in in g  c u r a r e .  
T e s t  m u sc le  e x te n d e d  t o  a b ou t 2 t im e s  o r i g i n a l  le n g t h ,  
S u b seq u en t tr e a tm e n t  a s  i n  T a b le  1 .

R e c t i

T o t a l  p h o sp h o ru s  c o n te n t  

a c e to n e  pow der R a t io  o f  s p e c i f i c  a c t i v i t i e s

C o n tr o l E x ten d ed

jiQ/mg j is /m g E x te n d s 4/ C o n tr o l

1.92 1 .9 8 1 .0 2

1 .4 4 l.'+ 2 1 .0 3

1 .9 6 1 .7 6 0 .8 8

2 .2 0 1 .9 5 0 .9 2

1 .7 8 1 .7 6 2 .2 7

1 .8 1 1 .6 4 1 .5 4

1 .4 2 1 .5 4 0 .4 9

2 .0 5 • 1 .6 5 0 .6 0

1 .5 7 1 .4 9 0 .8 6

1 .6 7 1 .6 7 0 .8 0

1 .6 0 1 .7 5 0 .5 5

1 .3 8 1 .8 1 1 .0 0

C e n t . /  o v e r



S a r t o r i i

1 .5 4

1 .5 4  

1 .4 3  

1.81 

1.92

Mean -  S .D .

1 .7 0  -  0 .2 5

37

1 .5 7

1.46

1 .3 7

1 .7 4

1 .7 7

1.66 -  0.17

0.69

0 .8 5

0 .9 7

1 .28

1 .8 9

1 .0 3  i  0 .3 6

17 ex p e r im en ts  

12 r e c t i  5 s a r t o r i i
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CHAPTER 6

I n v e s t i g a t i o n  o f  N o n - e x c i t a b le  M uscle  S y s t e ms

A number o f  e x p e r im e n ts  w ere  c a r r ie d  o u t on g l y c e r o l - e x t r a c t e d  

p s o a s  f i b r e s  from  r a b b i t ,  i n  an a tte m p t t o  s e e  w h e th er  th e  e f f e c t  

p ro d u ced  b y  i s o t o n i c  KCl on r e c t u s  a b d o m in is  o f  f r o g  c o u ld  b e  

p ro d u ced  by c o n t r a c t io n  o f  a n o n - e x c i t a b le  sy ste m  w ith  ATP and I?P*

The m y o f ib r i l s  f o r  th e s e  e x p e r im e n ts  w ere  p r e p a r e d  from  r a b b i t  p s o a s  

m u sc le s  w h ich  had b e e n  p r e v io u s ly  l a b e l l e d  and g l y c e r o l - e x t r a c t e d  

( c h a p t e r  ) ) .  M y o f ib r i l s  f o r  t h e  e x p e r im e n ts  w it h  ITP w ere o b ta in e d  

from  th e  m u sc le s  o f  f r o g s  i n j e c t e d  w ith  ^ ^ -o r th o p h o s p h a te  and l e f t  

a t  room te m p er a tu r e  o v e r n ig h t ,

SERIES A

The e f f e c t  o f  ATP i n  th e  p r e s e n c e  o f  on th e  s p e c i f i c  a c t i v i t y

o f  t h e  bound ^ ^ - l a b e l l e d  p h o sp h a te  o f  g l y c e r o l - e x t r a c t e d  p s o a s  f i b r e s  

M ethod

The l a b e l l e d  g l y c e r o l - e x t r a c t e d  f i b r e s  b u n d le s  w ere  r in s e d  

w ith  Oo5%-“KC1 t o  rem ove g l y c e r o l .  A p p ro x im a te ly  1 5 0  mg f i b r e s  w ere  

h o m o g en ised  i n  100  ml c o ld  KCl i n  an M .S .E . h o ra o g en iser  f o r  3 a i n .

The h om ogen ate was p a s s e d  th ro u g li a s i n g l e  l a y e r  o f  c h e e s e - c l o t h  

and c e n t r i f u g e d  a t  a b o u t 5 >000 rpm f o r  10  m in . The s u p e r n a te n t  was 

d is c a r d e d  and th e  p r e c i p i t a t e  w as r e su sp e n d e d  i n  t h e  same volum e o f  

KCl and r e h o m o g e n ise d . The f i b r i l s  w ere  w ash ed  6 t im e s  w ith  KCl 

by r e s u s p e n s io n  and c e n t r i f u g a t i o n ,  and t w ic e  w ith  c o ld  d i s t i l l e d  

w a te r  t o  rem ove K Cl. T hey w ere th e n  su sp en d ed  i n  20 ml 0 .0 5  II-T r is-H C l 

b u f f e r  pH 7 . 0 , c o n t a in in g  lO^^M MgCl2 ^nd d iv id e d  i n t o  2 p a i t s  o f  e q u a l
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v o lu m e. T e s t s  w ere  t r e a t e d  w ith  an e q u a l volum e o f  T r is -H C l  

c o n t a in in g  lO^^M-MgCl^ and 2 x  10 “‘̂ M-ATP. C o n tr o ls  w ere t r e a t e d  

w ith  an e q u a l volum e o f  T ris-M gC l^# T h is  g a v e  a f i n a l  c o n c e n tr a t io n  

o f  10  ^M*ATP i n  t h e  t e s t s  and 10  ^M^MgCl^ i n  b o th  t e s t s  and c o n t r o l s .  

The m a t e r ia l  w as k e p t  a t  room te m p er a tu r e  f o r  15 m in . and spun g e n t ly  

f o r  3 m in . a t  1 ,0 0 0  rpm. The su p e r n a ta n t w as d is c a r d e d . T e s t s  and 

c o n t r o l s  w ere t r e a t e d  f o r  30^m in . w ith  O .O J M -a lk a li b u f f e r  ( c h a p te r  

s e r i e s  A ) .  The f i b r i l s  w ere  spun g e n t ly  a s  b e f o r e  and th e su p e r n a ta n t

d is c a r d e d .  The f i b r i l s  w ere  w ashed 6 t im e s  w ith  0 .5  M-KCl, 3 t im e s

w ith  w a te r  and 4  t im e s  w ith  25 ml a c e t o n e .  T hey w ere  a l lo w e d  t o  dry  

"in a i r .  The p h osp h oru s c o n t e n t s  and r a d io a c t iv e  c o u n t w ere e s t im a te d  

on th e  w e ig h ed  pow der a s  d e s c r ib e d  i n  c h a p te r  4  s e r i e s  A .

R e s u l t s  (T a b le  1 7 )

When ATP i s  added  t o  t h e  s u s p e n s io n  o f  f i b r i l s  th e  w ell-lcn ow n

in c r e a s e  i n  th e  o p a c i t y  o f  th e  f i b r i l l a r  s u s p e n s io n , c o r r e sp o n d in g

t o  c o n t r a c t io n  o f  th e  f i b r i l s ,  i s  o b s e r v e d . The f i b r i l s  show a  

r e d u c t io n  i n  th e  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  i d e n t i c a l ,  

w it h in  th e  l i m i t s  o f  e x p e r im e n ta l e r r o r ,  t o  t h a t  fo u n d  when f r o g  

r e c t i  a r e  c o n t r a c t e d  w ith  KCl.

SERIES B

The e f f e c t  o f  ATP i n  th e  p r e s e n c e  o f  Ca"*"̂  on th e  s p e c i f i c  a c t i v i t y

o f  th e  bound p h o sp h a te  o f  ^ ^ - l a b e l l e d  p s o a s  m y o f ib r i l s

M ethod

The m ethod was i d e n t i c a l  t o  t h a t  u s e d  i n  s e r i e s  A a b o v e , e x c e p t  

t h e  MgClg \7as r e p la c e d  by CaCl^*
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TABLE 17

' E f fe c t  o f  ATP in  th e  presen ce  o f  on th e  s o e o i f i c  a c x iv itv  o f  the

bound P - l a b e l l e d  p h o sp h a te  o f  g ly c e r o l - e x t r a c t e d  p s o a s  f i b r i l s

E x tr a c t e d  f i b r e s  h o m ogen ised  in  0 .5  ITziOl w ash ed  
6 t im e s  w ith  same noedium and 5 t im e s  w it h  w a te r .  
S u sp e n s io n  d iv id e d  i n t o  2 p a r t s ,  t e s t s  ta k e n  t o  
10  *̂VÎ w ith  r e s p e c t  t o  and ATF i n  T r is -H C l
pH 7.0  ( 0 . 051,1) and c o n t r o l s  ta k e n  t o  10  Vi w ith  
r e s p e c t  t o  Mg**’**’ i n  T r is -H C l. S u b seq u en t  
tr e a tm e n t a s  i n  t e x t .

T o ta l  p h o sp h o ru s c o n te n t

a c e to n e  pow der R a t io  o f  s p e c i f i c  a c t i v i t i e s

C o n tr o l A T P -tre a te d

p e  P/ras jig  p/m g A T P -tre a te ^ ^ C o n tr o l

0.97 1 .0 1 0.59

1.07 1 .0 2 0 .8 1

0.94 0.98 0.52

0.89 0 .8 5 0 .6 4

0 .8 0 0.92 0.61

Mean -  S .D .

0.95  -  0.09 0 .9 6  -  0 .0 6

5 experim ents

0 .6 4  — 0 .0 9
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R e su lt s  (T a b le  1 8 )

No r e d u c t io n  in  th e  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  

w as d e t e c t e d  when th e  f i b r i l s  w ere  t r e a t e d  w ith  ATP i n  th e  p r e s e n c e

o f  Ca++

SERIES C

The e f f e c t  o f  ITP on t h e  p r e se n c e  o f  J.ig on th e  s p e c i f i c  a c t i v i t y  o f  

52
th e  bound P - l& b e lle d  m y o f ib r i l s  

M ethod

F r o g s  w ere  i n j e c t e d  w ith  a b ou t 100  jaCi '^ ^ P -o rth o p h o sp h a te .

The f r o g s  rem ain ed  a t  room tem p era tu re  o v e m ig l i t  and w ere  k i l l e d  by  

d e c a p i t a t io n  th e  f o l l o w i n g  m orn in g . The l e g  m u sc le s  w ere  e x c i s e d  and  

h o m o g en ised  i n  0 .5  M-KCl. The n y o f i b r i l s  w ere  w ashed  w ith  K Cl, 

reh o m o g en ised  and f i l t e r e d  th ro u g h  g a u ze  t o  rem ove any unhom ogenised  

m u sc le  and c o n n e c t iv e  m a t e r ia l .  S u b seq u en t tr e a tm e n t w as a s  in  s e r i e s
j

A e>:cept t h a t  ATP w as r e p la c e d  by ITP.

R e s u l t s  (T a b le  1 9 )

No change i n  th e  o p a c i t y  o f  th e  f i b r i l l a r  s u s p e n s io n  w as n o te d  

when ITP was ad d ed . T rea tm en t w ith  ITP g iv e s  a r e d u c t io n  in  s p e c i f i c  

a c t i v i t y  o f  th e  bound p h o sp lia te  s im i la r  t o  t h a t  fou n d  when p s o a s  

f i b r i l s  a re  t r e a t e d  w ith  ATP.

SERIES D

The e f f e c t  o f  ATP in  th e  p r e s e n c e  o f  on th e  s p e c i f i c  a c t i v i t y  of

t h e  bound p h o sp h a te  o f  ^ ^ - l e b e l l e d  p s o a s  n y o f i b r i l s  w h ich  have b een  

t r e a t e d  w ith  DNP

M ethod

A s u s p e n s io n  o f  m y o f ib r i l s  w as p ie  p a r e d  a s  in  s e r i e s  A end
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TABLE 18

E f f e c t  o f  ATP i n  th e  p r e s e n c e  o f  Ca on th e  s p e c i f i c  a c t i v i t y  o f  th e  

32
bound P - l a b e l l e d  p h o sp h a te  o f  g ly c e r o l - e x t r a c t e d  p so a s  f i b r i l s

E x tr a c te d  f i b r e s  t r e a t e d  a s  i n  T able' 1?  
e x c e p t  th a t  Mg’*’"* was r e p la c e d  by

T o t a l  p h osp h oru s c o n te n t  

a c e to n e  powder R a t io  o f  s p e c i f i c  a c t i v i t i e s

C o n tro l A T P -tre a te d

jig p/m g jig f /m g A T P - t r e a t e ^  C o n tr o l

0.90 0 .8 7 0 .9 6

0 .8 8 0 .8 5 1 .3 7

0 .8 5 0 .7 8 0 .9 6

0.92 0 .8 9 1 .0 3

1 .1 7 1 .0 8 0 .9 1

0 .7 2 0 .7 6 1 .1 9

0 .8 8 0 .9 4 0 .9 8

0 .8 4 0 .8 5 I J 4I

0 .9 1 . 1 .0 1 0 .8 8

0 .7 9 0 .8 8 1 .0 1

0 .9 1 1 .1 5 1 .0 9

Mean -  S .D .

0.99  -  0.11 0 .9 1  -  0 .1 2

11 experim ents

lo 0 8  -  0 .1 7
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TABLE 19

E f f e c t  o f  ITP in th e  p r e se n c e  o f  Mg** on th e  s p e c i f i c  a c t i v i t y  o f  th e

bound p h o sp h a te 32o f  m y o f ib r i l s  p rep a red  from  P - l a b e l l e d  f r o g s .

} ,(y o f ib r il5  w ashed  w ith  KCl and w a te r , t e s t  
s u s p e n s io n  t r e a t e d  w ith  ITP and Mg’*"*’(lO  M) 
i n  T r is-H C l pH 7*0  c o n t r o ls  t r e a t e d  w ith  
10  M Mg** i n  T r is -H C l. S u b seq u en t  
tr e a tm e n t a s  d e s c r ib e d  i n  t e x t .

T o ta l  p h o sp h o ru s c o n te n t

a c e to n e  pow der R a t io  o f  s p e c i f i c  a c t i v i t i e s

C o n tr o l I T P -tr e a te d

Y& p/m g ^ g  p/m g IT P-treate(% / C o n tr o l

1 .8 6 2 .0 7 0 .5 5

1 .6 4 1 .8 1 0 .3 4

1 .6 6 1 .9 2 0 .4 2

1 .7 2 1 .8 6 0 .4 5

1 .6 4 1 .7 7 0 .6 8

1 .4 4 1.52 0 .4 8

2 .0 0 2 .2 5 0 .4 2

2 .2 2 2 .1 8 0 .6 8

2 ,0 5 2 .0 2 0 .6 0

1 .9 5 1 .8 0 0 .8 4

Mean -  S .D .

1 .8 2  -  0 .2 2 1 .9 2  * 0 .2 1 0 .5 5  * 0 .1 5

10 experim ents
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**3
d i l u t e d  w ith  on e q u a l o f  T r is -H C l b u f f e r  c o n t a in in g  3 x  10  M-HgCl^

- 3
and 2 .5  ^  10  M-DKP. The f i b r i l s  w ere l e f t  t o  s ta n d  a t  room te m p er a tu r e  

f o r  30 m in . The s u s p e n s io n  o f  m y o f ib r i l s  was d iv id e d  in t o  2 p a r t s  and  

t h e  v o lu m es w ere m ea su red . The t e s t  s u s p e n s io n  was b ro u g h t t o  10  1̂,1 

w ith  r e s p e c t  t o  ATÎ  by a d d in g  0 .5  v o l .  3 x  10"^M-ATP. The f i n a l  

c o n c e n t r a t io n s  i n  t h e  t e s t  s u s p e n s io n  w ere; and ATP

and 8 X 10  S.I-DI'JP. The c o n t r o l  s u s p e n s io n  was d i l u t e d  w ith  0 .5  v o l .  

Y /ater , t h i s  gave a  f i l i a l  c o n c e n tr a t io n  t o  th e  c o n t r o l  s u s p e n s io n :

1 0  and 8 x  1 0  ^.I-DNP. A l l '  su b se q u e n t tr e a tm e n t  a s  d e s c r ib e d

i n  s e r i e s  A.

R e s u l t s  (T a b le  2 0 )

No ch an ge in  th e  o p a c i t y  o f  t h e  m y o f ib r i l  s u s p e n s io n  was d e t e c t e d  

when t h e  D N P -trea ted  m y o f ib r i l s  w ere  t r e a t e d  w ith  ATP. A f t e r  th e  

w a sh in g  p r o c e d u r e , no DNP ap p eared  t o  h ave  rem a in ed  a t t a c h e d  t o  th e  

m y o f i b r i l s .  The n y o f i b r i l s  t r e a t e d  i n  t h i s  way gave  a s im i la r  

r e d u c t io n  in  s p e c i f i c  a c t i v i t y  t o  t l ia t  siiov/n by u n tr e a t e d  n y o f i b r i l s .

Summary o f  e x p e r im e n ta l f in d in g s

1 .  1,M y o fib r ils  c o n tr a c te d  w ith  ATP i n  th e  p r e s e n c e  o f  llg  sliow

a r e d u c t io n  i n  s p e c i f i c  a c t i v i t y  o f  t h e  bound p h o sp h a te  id e n t ic a l*  

t o  t h a t  fo u n d  when f r o g  r e c t i  are  .c o n tr a c te d  w ith  KCl.

2o No r e d u c t io n  i n  th e  s p e c i f i c  a c t i v i t y  o f  t h e  bound p h o sp h a te  i s

fo u n d  when n y o f i b r i l s  a i’e t r e a t e d  w ith  ATP in  tl:e  p r e s e n c e  o f  

Ca++.
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TABLE 20

++E f f e c t  o f  ATP in  th e  p r e s e n c e  o f  Mg and DNP on t h e  s pe c i f i c  a c t i v i t y  

52o f  th e  bound P - l a b e l l e d  p h o sp h a te  o f  g l y c e r o l - e x t r a c t e d p s o a s  f i b r i l s

H om ogenised and e x t r a c t e d  f i b r e s  w ashed w ith  0 .5H  KCl 
and w a te r , th e n  t r e a t e d  w ith  0.05%  T r is -H C l b u f f e r  
pH 7 .0  c o n t a in in g  5 x  10   ̂ M MgClp and 2 .5  x  10  DNP. 
S u sp en s io n  v;as d iv id e d  i n t o  2 ? p a r t s ,  t e s t  s u s p e n s io n  
t r e a t e d  w ith  0 .5  v o l .  5 x  10 M-ATP i n  T r is -H C l and  
c o n t r o l s  w ith  0 .5  v o l .  T r is -H C l b u f f e r .  S u b seq u en t  
tr e a tm e n t a s  i n  t e x t .

T o t a l  p h osp h oru s c o n te n t  

a c e to n e  pow der R a t io  o f  s p e c i f i c  a c t i v i t i e s

C o n tro l A T P -tre a te d

yg,' P/mg jag P/mg ■ A T P - t r e a t e y  C o n tr o l

0 .6 3 0 .8 8 0 .7 7

0 .8 6 0 .8 7 0 .2 8

0 .7 2 0 .8 8 0 .4 9

0 .8 7 0 .9 5 0 .6 1

0 .9 2 0 .9 5 0 .5 6

0 .9 6 0 .9 5 1 .0 0

0 .9 3 0 .8 1 0 .6 1

0 .9 2 0 .9 5 /  0 .5 6

Mean -  S .D .

0.86  -  0.11 0 .9 0  -  0 .0 4 0 .6 1  -  0 .2 5

8 experim ents
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4 .

T reatm en t o f  n y o f i b r i l s  w ith  ITP in  th e  p r e se n c e  o f  Mg**”** 

g iv e s  th e  same r e d u c t io n  i n  s p e c i f i c  a c t i v i t y  fou n d  w ith  ATP. 

T reatm en t w ith  DÎ P d o es  n o t  p r e v e n t  th e  r e d u c t io n  i n  s p e c i f i c  

a c t i v i t y  when t h e  m y o f ib r i l s  a re  t r e a t e d  w ith  ATP.

r 'V,-i
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CHAPTER 7

The n a t u r e  o f  t h e  p h o sp h a te  bound t o  f r o g  s k e l e t a l  musol e  a f t e r  

e x h a u s t iv e  w a sh in g

Cheesm an and H i l t o n  ( 196I )  i n  t h e i r  p r e l im in a r y  e^q^erim ents  

sho7/ed t h a t  t h e  ^ ^ - l a b e l l e d  p h o sp h a te  t h a t  r e m a in e d  bound t o  t h e  

m u sc le  a f t e r  e x h a u s t iv e  w a sh in g  a t  O^C w as n o t  ex ch a n g ed  w it h  in o r g a n ic  

p h o sp h a te  i n  t h e  m edium .

The e f f e c t  o f  c o n t r a c t io n  on  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  

b ou n d  p h o sp h a te  h a s  h i t h e r t o  b e e n  e x p r e s s e d  o n ly  i n  te r m s  o f  t h e  

t o t a l  bound p h o s p h a te .  E x p e r im e n ts  h a v e  b e e n  c a r r i e d  o u t  t o  e s t a b l i s h  

t h e  d i s t r i b u t i o n  o f  a c t i v i t y  among t h e  f r a c t i o n s  o f  t h e  bound p h o s p h a te .

T he y i e l d  o f  a c e t o n e  p ow d er w as e s t a b l i s h e d  ( c h a p t e r  4  s e r i e s  l l ) .  

The w e ig h t  o f  a c e t o n e  pow der r e p r e s e n t s  a b o u t  o f  th e  v /e t v /e ig ) it  

o f  t h e  m u s c le .  T h is  w a s u s e d  a s  a  b a s i s  f o r  f u r t h e r  s t u d y .
I

Cheesm an ( 1964 ) h ad  shov/n t h a t  t h e  a c e t o n e  d r y in g  o f  t h e  

e x h a u s t i v e l y  w a sh ed  musc l e - r e s i d u e  a p p r o x im a te ly  2 . 0  P/m g d ry  

p o w d er . The am ount o f  c o u n t  rem oved  b y  a c e t o n e  shovæ d a  c o n s id e r a b le  

v a r i a t i o n  b u t  w as a b o u t I/ 6  o r  4 /I O  o f  t h e  t o t a l  c o u n t .  T h e re  w as  

n o  e v id e n c e  t h a t  a  h ig h e r  p r o p o r t io n  o f  t h e  c o u n t  h a d  b e e n  rem oved  . 

fro m  e i t h e r  r e s t i n g  o r  s t im u la t e d  m u s c le s .

SERIES A

The d e g r e e  o f  l a b e l l i n g  o f  th e  l i p i d  p h o sp h o r u s  i n  f i c g  r e c t u s  

a b d o m in is

M ethod

W eigh ed  l a b e l l e d  a c e t o n e  p o w d ers w ere  r e f l u x e d  w it h  c h lo r o fo r m -
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m eth a n o l ( l  : 1 v / v )  f o r  15  m in . The s o l v e n t  w as d e c a n te d  and  th e

pow der d i* ied  i n  t h e  f l a s k .  The pow der w as rem oved  from  t h e  f l a s k ,

w h e r e a f t e r  t h e  s o l v e n t  w as r e t u r n e d  and e v a p o r a te d  t o  d i y n e s s .  '

The p h o sp h o r u s  c o n t e n t  o f  t h e  r e s id u e  w as e s t im a t e d  by t h e  m ethod

o f  A l l e n  ( 1 9 4 0 ) ,  T he s o l v e n t  v/as e v a p o r a te d  t o  d r y n e s s  and  th e

l i p i d  p h o sp h o r u s  w as d i s s o l v e d  by h e a t i n g  w i t h  HCIO, . The s o l u t i o n
4

w as t r a n s f e r r e d  q u a n t i t a t i v e l y  t o  a  K j e ld a h l  f l a s k  and t h e  d i g e s t i o n  

w ith  HCIO^ w as c o m p le te d . The l i p i d  p h o sp h o r u s  w as e s t im a t e d  b y  th e  

A l le n  m eth o d . The c o lo r m e t r ic  s o l u t i o n s  w e re  c o u n te d  f o r  r a d i o a c t i v i t y  

i n  a P an ax  l i q u i d  c o u n t in g  tu b e  and t h e  s p e c i f i c  a c t i v i t i e s  o f  th e  

e x t r a c t  and r e s id u e  w ere  e s t im a t e d .

R e s u l t s  (T a b le  2 1 )

A bout 0 .5  jug p /m g a c e t o n e  p ow der w as e x t r a c t e d  from  t h e  m u sc le  

b y  c h lo r o fo r m -m e th a n o l.  T h is  p h o sp h o r u s  w as o n ly  l i g h t l y  l a b e l l e d .

On f u r t h e r  e x t r a c t i o n  w it h  c h lo r o fo r m -m e th a n o l-H C l (6 0  : 5 0  : l )  

o n ly  a  v e i y  s m a ll  am ount o f  th e  c o u n t  w as rem oved  and v i r t u a l l y  no  

a d d i t i o n a l  p h o sp h o r u s .

SERIES B

The am ount o f  m a t e r ia l  e x t r a c t e d  w it h  TCA a s  in o r g a n ic  o h o s n h a te d

from  w ash ed  r e s i d u e s  o f  f r o g  r e c t u s  a b d o m in is

M ethod

R e c tu s  m u sc le s  w ere  e x c i s e d  and w e ig h e d , t e s t  m u s c le s  w ere  

d e p o la r i s e d  w ith  i s o t o n i c  KCl and t h e  c o n t r o l s  w ere  p la c e d  i n  R in ger*  s  

s o l u t i o n .  A f t e r  m in c in g  i n  t h e i r  r e s p e c t i v e  m e d ia , t e s t s  and c o n t r o l s  

w ere  e x h a u s t i v e l y  w a sh ed  by t h e  m ethod  d e s c r ib e d  p r e v i o u s l y  ( c h a p t e r  4



69

TABLE 21

E x t r a c t io n  o f  l i p i d  p h o sp h o r u s  from  a c e t o n e - d r ie d  r e s i d u e s  o f  w ash ed

f r o g  r e c t i

L a b e l le d  m u s c le s  w ere  m in ce d , e x t r a c t e d  and a c e t o n e -  
d r ie d  a s  d e s c r ib e d  i n  c h a p te r  4  s e r i e s  A . P ow d ers  
w ere  r e f l u x e d  f o r  15  min* w ith  CH^0H:CHG1^ ( 1 : 1  v / v )  
S u b seq u e n t t r e a tm e n t  a s  d e s c r ib e d  i n  t h e  t e x t .

R e s id u e E x t r a c t

p/m g  

a c e t o n e  pow der
c o u n t  ̂ m in  ./ja g  P Jig  P/m g  

a c e t o n e  p ow d er
c o u n t y  m ill.

1 .1 7 1 0 4 0 .4 9 9

1 .4 5 99 0 .5 0 9

1 .1 0 105 0 .5 6 13

l ' ) 7 13 0 .5 2 1

1 .4 7 1 0 0 .4 9 1

1 .7 1 6 . 0 .4 3 ^  1

1 .2 9 8 0 .5 0 1

1 .6 2 6 0 .5 3 1

1 .3 7 164 0 .5 4 14
c

Mean -  S .D . •

1 .3 9  -  0 .1 8 0 .5 1  - 0 .0 1

9 exp erim en ts
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s e r i e s  A ) .

T he m in c e s  w ere  h o m o g e n ise d  i n  4  ml 5% TCA and f i l t e r e d  

th r o u g li Vi'hatman H o . l  p a p e r .  T he r e s i d u e s  w e re  w a sh ed  t w ic e  w i t h  

0* 5  ml TCA and t h e  w a sh in g  w ere  com b in ed  w i t h  th e  e x t r a c t .

I n o r g a n ic  p h o sp h o r u s  w as e s t im a t e d  by t h e  m eth od  o f  B erenblum  

and C h ain  ( 1 9 3 8 ) .  R e s u l t s  w e ie  c a l c u l a t e d  a s  jUg P i/m g  a c e t o n e  

p o w d er , t h e  a c e t o n e  p ow d er b e in g  9^  o f  t h e  w e t w e ig h t  o f  th e  m u sc le»  

R e s u l t s  ( T a b le  2 2 )

H o m o g e n isa t io n  o f  t h e  m u sc le  r e s i d u e s  i n  TCA rem o v es  abou t  

13/0 o f  t h e  p h o s p h o r : s  i n  t h e  fo rm  o f  in o r g a n i c  p h o s p h a te .  T h ere  i s  

no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  am ount o f  p h o sp h o r u s  e x t r a c t e d  from  

c o n t r a c t e d  o r  r e la x e d  m u s c le .

SERIES C

The am ount o f  r a d i o a c t i v i t y  e x t r a c t e d  w it h  TCA from  t h e  w ash ed

r e s i d u e s  o f  f r o g  r e c t u s  a b d o m in is

M ethod

R e c tu s  m u s c le s  w ere  l a b e l l e d  w it h  ^ ^ - o r t h o p h o s p h a t e ;  t e s t  

m u s c le s  w ere  d e p o la r i s e d  w ith  i s o t o n i c  K C l. A f t e r  m in c in g  and  w a sh in g  

e x h a u s t i v e l y  t h e  r e s i d u e s  w ere  h o m o g e n ise d  i n  5 m l TCA.

T he h o m o g en a te s  w ere  f i l t e r e d  and t h e  r e s i d u e s  w a sh ed  w it h  2 x  2 n l  

TCA; t h e  w a s liin g s  w ere  com b in ed  w it h  th e  f i l t r a t e .  T he r e s i d u e s  

w ere  d i g e s t e d  i n  IÎCIO4  and w ere th e n  d i l u t e d  t o  1 2 .5  m l. The f i l t r a t e  

w as d i l u t e d  t o  t h e  same vo lu m e an d  t h e  s o lü b io n s  w ere  c o u n te d  i n  a  

P an ax  l i q u i d  c o u n t e r  o f  1 2 .5  m l c a p a c i t y .  The p r o p o r t io n  o f  co u n t  

i n  th e  e x t r a c t  and  t h e  r e s id u e  w as e s t im a t e d .
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TABLE 22

I n o r r a n ic  p h o sp h a te  e x t r a c t e d  by TCA from  w ashed  r e s id u e s  i n  f r o g  r e c t i

T e s t  m u sc le s  w ere d e p o la r i s e d  w ith  i s o t o n i c  KCl# 
S u b seq u en t tr e a tm e n t  a s  d e s c r ib e d  i n  th e  t e x t .  
R e s u l t s  w ore c a l c u la t e d  on th e  b a s i s  t h a t  I g  
m u sc le  y i e l d s  90  ing a c e to n e  p ow d er.

R e la x e d  m u scle  

yë p/m g a c e to n e  pow der  

0 .2 3  

0 .2 2  

0 .2 5  

0.30  

0 .2 5  

0 .2 2

0 .2 7

0.32

0.26

0.36

0 .1 2

0.16  

0.11

0 .1 9  

0 .2 5  

0 .1 7

0 .3 5

D e p o la r is e d  m u sc le  

p/m g a c e to n e  pov/der 

0.21 

0 .5 7  

( 0 .7 9 )

0 .2 3  

0 .2 5

( 0 . 6 7 )

0 .2 7  

0 .3 7

0 .3 9

0 .4 1

0 .1 2

0.10
0 .2 3

0 .1 7

0 .2 2

0 .1 9  

0 .2 7

C o n t ./  o v e r
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Mean -  S .D .

Ü.54

0 .1 1

0.18

0 .2 2

0.23  -  0.07

r.;/

R e la x ed  21 e x p e r im e n ts

0.26  

0 .1 3

0 .4 3  

0 .2 9

0 .2 6  -  0 .0 9  

D e p o la r is e d  19 e x p e r im e n ts
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R e s u lt s  (T a b le  2 5 )

A b ou t 8 0 /  o f  th e  c o u n t i s  rem oved  fro m  t h e  m u sc le  r e s id u e  o f  a  

r e la x e d  m u sc le  and a b o u t 72^/ from  th e  c o n t r a c t e d  m u s c le .  C o n tr a c t io n  

a p p e a r s  t o  r e d u c e  th e  q u a n t it y  o f  m a t e r ia l  y i e l d i n g  ‘̂ ^ - o r t h o p h o s p h a t e  

on e x t r a c t i o n  w ith  TCA.

SERIES D

The r e l a t i o n  b e tw e e n  t h e  e x t r a c t i o n  o f  ATPase a c t i v i t y  and t h e  

r a d i o a c t i v i t y  from  w a sh ed  r e s i d u e s  o f  P - l a b e l l e d  fro;^ r e c t i  

M ethod

T he w ash ed  l a b e l l e d  m u sc le  r e s i d u e s  w ere  e x t r a c t e d  w ith

0 . 5  ml KaCl a t  O^C. A l i q u o t s  w ere  rem oved  a t  1 0  m in . i n t e r v a l s  and

• - 5  - 3in c u b a te d  w it h  a  s o l u t i o n  w h ich  c o n t a in e d  1 0  H-ATP, 1 0  M-CaCl^ and

0 .0 5 M -g ly c in e -N a 0 H  pH g .O  f o r  15 m in . a t  2 5 ^ 0 . T he in c u b a t io n  w as  

s to p p e d  b y  th e  a d d i t io n  o f  5 /  TCA. T he in o r g a n ic  p h o sp h a te  i n  th e  

s u p e r n a ta n t  v/as e s t im a t e d  by t h e  m eth od  o f  A l l e n  ( I 94O ). R a d i o a c t i v i t y  

w as c o u n te d  on  t h e  c o l o r i m e t r i c  s o l u t i o n s  i n  a  P an ax  l i q u i d  c o u n t e r .  

R e s u l t s  (F ig u r e  l )

I n o r g a n ic  p h o sp h a te  and  m y o s in  ATPase w ere  e x t r a c t e d  from  

m u sc le  r e s i d u e s  i n  a p p r o x im a te ly  p r o p o r t io n a l  a m o u n ts .

SERIES E .

A tte m p te d  ex ch a n g e  o f  l a b e l l i n g ,  b e tw e e n  b ou nd  to  v /a sh ed  f r og

r e c t i  and p o s s i b l e  p h o sp h a te  a c c e p t o r s

M ethod

L a b e l le d  m u s c le s  w ere  w a sh ed . Some p r e p a r a t io n s  w ere  d r ie d
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TABI3 23

■

' The amount o f  r a d io a c t i v i t y  e x t r a c t e d  w ith  TCA from w ashed r e s id u e s  o f

f r o g  r e c t i

R ectus m uscles were la b e lle d  w ith  ^V -orthophosphate; I 
t e s t s  were d ep o lar ised  w ith  KCl. A fter  washing 1
r e s id u e s  were homogenised in  TCA. Subsequent treatm ent 
as d escrib ed  in  t e x t .

c o u n ts  
p e r  min

R e la x e d  m u scle

c o u n ts  co u n t  
. p e r  m in . e x t r a c t e d  '

C o n tra c ted  ;

c o u n ts  c o u n ts  
p e r  m in . p e r  n in

E x t r a c t R e sid u e E x tr a c t R esid u e

2679 860 7 5 .7 1855 605

2856 8 09 7 8 .0 2004 700

2025 500 8 0 .2 1888 497

8 0 0 121 8 6 .9 564 248

109 4 141 8 8 .5 750 98

788 518 7 1 .2 511 545

86 2 206 8 0 .7 1064 400

1 0 9 4 258 8 1 .0 - 1581 643

■ 1086 330 7 4 .0 1205 345

Kean *  S . d ; ' -

7 9 .5  ^ 5 .2

9 experim ents
%

count
e x tr a c te d

ï  > -Oiïr

7 5 .4

7 4 .1

7 9 .1

6 9 .4

88.5

5 9 .6

7 2 .7  

>68.0

7 7 .5

7 2 .5  -  7 .6



F ig u r e  1 (

The re la tio n sh ip  b etw een  th s  e x t r a c t io n  o f  .\TPasa a c t i v i t y  and 

r a d i o a c t i v i t y  fro w  w ashed r e s i d u es  o f   ̂ P - ig b e l l e d  r e c t i

15 SCO ##

^  * ♦  :  —t - r  %,-#

tf.'f

m m .Time
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w ith  a c e t o n e ;  o t h e r s  w ere  u s e d  w e t .  The p r e p a r a t io n s  (a p p r o x im a te ly  

5 0 -1 0 0  rag d r y  w e ig h t )  w ere  in c u b a t e d  w ith  2CÜ jug p h o sp h a te  a c c e p t o r  

in  a  t o t a l  in c u b a t io n  vo lu m e o f  2 m l. The pH w as a d j u s t e d  t o  * 

n e u t r a l  and  Mg** w as ad d ed  i n  some e x p e r im e n ts  t o  g i v e  a  f i n a l  

c o n c e n t r a t io n  o f  1 0  H. No b u f f e r s  w ere  ad d ed ; t h i s  k e p t  t h e  s a l t  

c o n c e n t r a t io n  a s  lo w  a s  p o s s i b l e .  The p o t e n t i a l  p h o sp h a te  a c c e p t o r s  

u s e d  w ere  ADP and c r e a t i n e .  ATP and PC w ere  a l s o  u s e d  s i n c e  a  

p h o sp h a te  e x ch a n g e  m ig h t o c c u r .  The s y s te m  w as d e n a tu r e d  a f t e r  

30  rain , b y  a d d i t io n  o f  1 ml 5>c TCA. The p r e c i p i t a t e  w as w ash ed  

w ith  1 ml o f  TCA and t h e  w a sh in g s  com b in ed  w i t h  t h e  s u p e m a t e n t .

TCA w as rem oved  b y  e t h e r  e x t r a c t i o n  and t h e  s o l u t i o n  f r e e z e - d r i e d  

i n  s i l i c o n e - l i n e d  t u b e s  o v e r  The f r e e z e - d r i e d  m a t e r ia l  w as

d i s s o l v e d  i n  0 . 2  ml w a te r  and w as ch ro m a to g ra p h ed  e i t h e r  b y  t h e  

m ethod o f  K rebs and Hems ( 1 9 5 3 )  t o  s e p a r a t e  ADP, ATP and P i  o r  b y  

t h e  m eth od  o f  P l e c k e n s t e i n  e t  a l .  ( 196O) t o  s e p a r a t e  PC fro m  t h e  

a d e n in e  n u c l e o t i d e s .

S in c e  t h e  am ount o f  m a t e r ia l  w as s m a l l ,  n o n - r a d io a c t iv e  

m ark ers o f  t h e  com pounds t o  b e  d e t e c t e d  w ere  ad d ed  t o  t h e  f r e e z e -  

d r ie d  m a t e r i a l .  A f t e r  l o c a t i o n  o f  th e  p h o s p h o r u s - c o n t a in in g  

com pounds w ith  p h o sp h a te  r e a g e n t s ,  th e . ch rom atogram s w ere  s c r e e n e d  

f o r  r a d i o a c t i v i t y  u s in g  a  P an ax  a u to m a tic  chrom atogram  sc a n n e r  

w it h  a  p h o t o m u l t ip l i e r  t u b e .

R e s u l t s

No t r a n s f e r  o f  p h o sp h a te  w as d e t e c t e d  i n  any e x p e r im e n ts .

The o n ly  r a d i o a c t i v e  m a t e r ia l  l o c a t e d  on chrom atogram s w as in o r g a n ic
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p h o s p h a te  I n  some o f  t h e  e a r l y  e x p e r im e n ts  i t  w as

th o u g h t  t h a t  some l a b e l l i n g  o f  ATP h ad  o c c u r r e d  b u t  s in c e  l a t e r  

e x p e r im e n ts  f a i l e d  t o  c o n f ir m  t h i s  i t  seem s p r o b a b le  t h a t  t r a i l i n g  ' 

o f  th e  in o r g a n ic  p h o sp h a te  had  c o n ta m in a te d  t h e  ATP.

Summary o f  e x p e r im e n ta l  f i n d i n g s

1 .  No s i g n i f i c a n t  p a r t  o f  t h e  c o u n t i s  rem oved  from  t h e  m u sc le

• r e s i d u e s  by l i p i d  s o l v e n t s  a lth o u g h  some 3QS o f  t h e  t o t a l  p h o sp h o ru s

i s  e x t r a c t e d  w it h  c h lo r o fo r m -m e th a n o l .

2o The m a t e r ia l  w h ic h  i s  e x t r a c t e d  b y  TCA a s  in o r g a n ic  p h o sp h a te

r e p r e s e n t s  a b o u t o f  th e  t o t a l  bound p h o s p h a te .  Ir '

3* A b ou t 80/0 o f  t h e  c o u n t  i s  rem oved  fro m  th e  w ash ed  r e s i d u e s  o f

r e la x e d  m u sc le  and a b o u t 72^  from  c o n t r a c t e d  m u s c le .

H ence i t  a p p e a r s  t h a t  c o n t r a c t i o n  may r e d u c e  t h e  q u a n t i t y  o f

32
m a t e r ia l  y i e l d i n g  P -o r th o p h o s p h a te  on e x t r a c t i o n  w it h  TCA.

t h e  v a r i a b l e  p h o sp h a te
4* T h e re  w as c o m p le te  f a i l u r e  t o  e x t r a c t  i n  a  form  o t h e r

th a n  in o r g a n ic  p h o s p h a te .

5 .  U nder th e  c o n d i t i o n s  em p lo y ed  i n  t h e s e  e x p e r im e n t s ,  no t r a n s f e r  o f  

l a b e l l e d  p h o sp h a te  t o  a number o f  p o s s i b l e  a c c e p t o r s  w as a c h ie v e d .
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CiIAI-Ti-.R 8

Tho i d e n t i t y  and s p e c i f i c a c t i v i t i e s  o f  ph o so h o ru s -  c o n t  a in  in g  c omj) ounds

i s o l a t e d  from  ^ ^ - l a b e l l e d  f r og r e c t i

P h o sp h o r u s -c o n ta in in g  compounds w ere i s o l a t e d  from  b o th  e x t r a c t s  

o f  w h o le  m u sc le s  and from  t h e  a c e t o n e - d r ie d  r e s id u e s  o f  e x h a u s t iv e ly  

w ashed  f r o g  r e c t i .  D e g re es  o f  l a b e l l i n g  w it h  ^ ^ -o r th o p h o s p h a te  w ere  

com pared in  th e  d i f f e r e n t  compounds a s s o c ia t e d 'w i t h  t h e  m y o f ib r i l s .

SKRIhS A

C om parison o f  th e  s p e c i f i c  a c t i v i t i e s  o f  p h o sp h a te  compounds i s o l a t e d  from  

TCA e x t r a c t s  o f  w h o le  r e c t i  w ith  t h a t  o f  in o r g a n ic  p h o sp h a te  e x t r a c t e d  

from  a c e to n e  pow ders  

Method

F rog  r e c t i  w ere l a b e l l e d  w ith  ^ ^ -o r th o p h o s p h a te  a s  d e s c r ib e d  

p r e v io u s ly .  One m u sc le  from  e a ch  p a ir  was w ash ed  e x h a u s t iv e ly  and  

a c e to n e  d r ie d  ( c h a p te r  4 ,  s e r i e s  A ) .  The y i e l d  o f  a c e to n e  pow der v a r ie d  

b etw een  10  and 30  mg p e r  r e c t u s .  Pow ders w ere e x t r a c t e d  w ith  2 .0  ml c o ld  

5/0 TCA f o r  30 min; th e  e x t r a c t  v/as d e c a n te d  and th e  r e s id u e  w ash ed  t w ic e  

w ith  0 .5  ml TCA; th e  w a sh in g s  w ere com bined w ith  th e  e x t r a c t .  TCA was 

rem oved from  th e  e x t r a c t  by w a sh in g  t e n  t im e s  w ith  e t h e r .  The s o l u t i o n  

was f r e e z e - d r i e d  o v e r  P^O^. The o t h e r ,  i n t a c t  m u sc le  w as r in s e d  w ith  

R in g e r * s  s o l u t i o n  t o  rem ove e x c e s s  r a d i o a c t i v i t y ,  m inced  v tith  f i n e  s c i s s o r s  

and e x t r a c t e d  by h o m o g e n isa t io n  i n  5 c l  TCA w ith  an M .S .D . h o m o g e n issr .  

The hom ogenate was c e n t r i f u g e d  and th e  p r e c i p i t a t e  w ashed w ith  TCA; th e  

w a sh in g s  w ere ccm bined  w ith  th e  e x t r a c t .  The o t h e r - e x t r a c t e d  s o lu t io n  

w as f r e e z e - d r i e d .
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The p h o sp h a te  compounds w ere s e p a r a te d  on Whatman K o .l  p a p er  u s in g  

th e  m ethod o f  P le c k e n s t e in  e t  a l .  ( i 9 6 0 )  f o r  PC, ADP and ATP and th e  

m ethod o f  Ki*ebs and Hems (1 9 5 5 )  t o  i s o l a t e  th e  in o r g a n ic  p h o sp h a te .

A f t e r  d e t e c t io n  o f  th e  compounds (c h a p te r  3 )  th e  s p o t s  w ere c u t  

from  th e  chrom atogram s a s  s ta n d a rd  s i z e  d i s c s  t o  f i t  17 mm p l a n c h e t t e s .

The r a d i o a c t i v i t y  was c o u n ted  i n  a Panax c a s t l e  w ith  an end window tu b e .  

A fte r  c o u n t in g  th e  sa m p les  w ere d ig e s t e d  w ith  H^SO^ and th e  p h osp h oru s  

c o n te n t  e s t im a te d  by th e  m ethod o f  Berenblum  and C hain ( 1 9 3 8 ) .  P h osp h oru s  

c o n te n t  was c o n v e r te d  t o  fig ATP o r  PC and th e  s p e c i f i c  a c t i v i t y  o f  th e  

t o t a l  in o r g a n ic  p h o sp h a te , PC and ATP-rp and o f  th e  bound in o r g a n ic  

p h o sp h a te  w ere c a l c u l a t e d .

R e s u l t s  (T a b le  2 4 )

Some l a b e l l e d  m a te r ia l  from  th e  w h o le  m u scle  e x t r a c t  rem ain ed  a t  

th e  o r i g i n ,  m ig r a t in g  i n  n e i t h e r  s o lv e n t  s y s te m . No a ttem p t was made 

t o  i d e n t i f y  t h i s  m a t e r ia l  s in c e  i t  r e p r e s e n te d  o n ly  a sm a ll f r a c t i o n  

o f  t h e  c o u n t . No co u n t was e x t r a c t e d  by th e  e t h e r .

The e s t im a t io n s  o f  s p e c i f i c  a c t i v i t y  show a  v e r y  c o n s id e r a b le  

v a r i a t i o n .  The r e s u l t s  a r e  e x p r e s s e d  i n  term s o f  th e  r a t i o s  o f  s p e c i f i c  

a c t v i i t i e s  b etw een  ATP-)"? (1 0 0 )  and th é  o th e r  p h o sp h a te  com pounds.

•The r e s u l t s  c a l c u la t e d  on t h e  a ssu m p tio n  t h a t  85;'v co u n t i n  ATP i s  

a s s o c i a t e d  w ith  th eifp  ( c f  P l e c k e n s t e in  and Janke 1 9 5 7 )*  In  a l l  c a s e s  

t h e  l a b e l l i n g  o f  th e  PC i s  lo w e r  th a n  t h a t  o f  th e  A T P-/p (mean v a lu e  

6 2 .5  ± 0 .1 6  f o r  ATP^JI^ = 1 0 0 ) .  T h is  a g r e e s  w ith  th e  f in d in g s  o f  

P le c k e n s t e in  and Janke ( 1 9 5 7 ) ,  who w ith  a much la r g e r  group o f  e x p e r im e n ts
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TABLE 24a

The r e l a t i v e  s p e c i f i c  a c t i v i t i e s  o f  PC, ATP-^P and I nor g a n ic  ph o sp h a te

32i s o l a t e d  from  TCA e x t r a c t s  o f  w h ole  P - I &b e l l e d  f r o g  r e c t i

M u scle s  w ere l a b e l l e d  w ith  o r th o p h o sp h a te  
f o r  60  m in . M u sc les  w ere h om ogen ised  im m e d ia te ly  
in  TCA. The su b seq u en t tr e a tm e n t  a s  d e s c r ib e d  
in  th e  t e ) : t .

W hole m u sc le s

. ATP-lfp PC I n o r g a n ic  p h os

c o u n t y  m in ./  jig  P c o u n t i /m in . /  jug P c o u n t y  m in ./  yu,

100 . 8 6 .4 140

100 6 1 .8 4 0

100 4 9 .4 85

10 0 5 4 .8 1 0 0 0

100 5 1 .0 1100

100 7 5 .5 4 6 0 0

100 5 4 .4 5145

100 8 8 .5 59000

ICO 9 4 .0 7 6 0

100 6 7 .4 1910

Mean & S .D . f o r  PC 0 .6 5  “ 0 . l 6
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TABUJ 24b

Tho r e l a t i v e  s p e c i f i c  a c t i v i t i e s  o f  A T P^ i s o l a t e d from  v:ho3e TCA

32e x t r a c t s  o f  T - l a b e l l ed f r o g  r e c t i  and in o r g a n i  c ^ h  0 so h a te  from

52a c e to n e  pow ders o f  w ashed r e s id u e s  o f  P - 1 abel i e d  r e c t i

32
M u scle s  w ere l a b e l l e d  w ith  p -o r th o p h o sp h a te  
f o r  bO m in . One m u scle  was h o m o g en ised  iino.ed iatel^ '’ 
i i :  TCA; th e  o th e r  was w ashed a s  d e s c r ib e d  
p r e v io u s ly ,  c o n v e r te d  t o  an a c e to n e  pow der and 
e x t r a c t e d  w ith  TCA. S u b seq u en t tr e a tm e n t  a s  
d e s c r ib e d  i n  th e  t e x t .

W hole m u scle A c eto n e  pow der

a t p -Yp P i

u n t ^ m in . /  j ig  P c o u n t s /r a in ./  jig  P

100 135

100 401

100 452

100 154

100 ■ 153

R a t io  o f  s p e c i f i c  a c t i v i t i e s  o f  A T P-/p and P i  -  S .D . 2 . 5 -  1 * 4
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fo u n d  a r a t i o  o f  60 : 1 0 0 .

The l a b e l l i n g  o f  in o r g a n ic  p h o sp h a te  from  w h o le  m u sc le s  shov.' 

w id e  d i s c r e p a n c i e s ,  p r o b a b ly  ca u sed  by v a r i a t i o n s  i n  w a sh in g  w ith  

R in g e r * s  s o l u t i o n  b e fo r e  h o m o g en is in g  th e  m u sc le .

Only a few  v a lu e s  w ere o b ta in e d  f o r  th e  l a b e l l i n g  o f  p r e l e a : 

a s  in o r g a n ic  p h o sp h a te  from  th e  w ash ed  m u scle  r e s id u e  and a g a in  th e  

v a iy  w id e ly .  The d e g r ee  o f  l a b e l l i n g  i n  t h i s  f r a c t i o n  i s  i n  gen ezv ' 

h ig h e r ,  b u t o f  th e  same o r d e r  a s  t h a t  fo u n d  i n  ATP-^P.

SKRTES B

I s o l a t i o n  and i d e n t i f i c a t i o n  o f  p h o sp h a te  compounds e x t r a c t e d  by

aq u eou s s o l u t i o n s  from  a c e to n e  pow ders

M ethod

A c eto n e  pow ders o f  c o n tr a c te d  and r e la x e d  l a b e l l e d  f r o g  r e c t i  

p r e p a r ed  a s  d e s c r ib e d  p r e v io u s ly .  The pow ders (I O -5O mg) w ere e x t r  

w ith  2 .0  ml i c e - c o l d  s o l u t i o n s  f o r  50 m in s . The s o l u t i o n s  u sed  wer

1 .  TCA

2 .  6;; HCIO^

5 . d e io n i s e d  w a te r  

• 4 . 0 . 2  ÎÎ-H01

The e x t r a c t s  w ere  d e c a n te d  and th e  r e s id u e s  w ere w ashed  tw ic  

a f u r t h e r  0 .5  ml s o l u t i o n .  The w a sh in g s  w ere  com bined w ith  tJie e>

S o lu t io n s  c o n ta in in g  HCIO^ w ere n e u t r a l i s e d  w ith  i c e - c o l d  i:C 

c a r e  was ta k e n  t o  p r e v e n t  h e a t in g .  The n e u t r a l i s e d  s o l u t i o n  was 1 

a t  0^0 f o r  50 m in . t o  g iv e  maximum p r e c i p i t a t i o n . o f  KCIO^. The so: 

w as c e n t r i f u g e d  and th e  su p e r n a ta n t d e c a n te d . The p r e c i p i t a t e  was 

w ith  1 r l  w a te r  and th e  w a sh in g s  w ere com bined w ith  t h e  e x t r a c t .
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The w a te r  e x t r a c t s  w ere t r e a t e d  i n  th i'ee  w a y s. Group 1 was f r e e z e -  

d r ie d  w ith o u t  f u r t h e r  tr e a tm e n t .  Group 2 was t r e a t e d  w ith  TCA t o  

rem ove th e  p r o t e in  and Group 5 was ta k en  t o  w ith  r e s p e c t  t o  U gC l,,.

The i.Ig** t r e a t e d  s o lu t io n  was a llo w e d  t o  s ta n d  a t  room tem p era tu re  (2 2 ^ c ) .  

f o r  15 m in . t o  p o ly m e r is e  G -a c t in  in  s o l u t i o n .  The e x t r a c t  was th e n  

d e p r o t e in i s e d  v ;ith  TCA w hich  a l s o  e x t r a c t s  th e  bound n u c le o t i d e .

TCA v/as rem oved from  a l l  s o lu t io n s  by e t h e r  e x t r a c t i o n .

HCl e x t r a c t s  w ere n e u t r a l i s e d  w ith  i c e - c o l d  LiCH and th e  L iC l 

rem oved by e t h e r  e x t r a c t i o n  r e p e a te d  15 t ir o e s . The e x t r a c t e d  p a sse d  

th ro u g h  a s h o r t  colum n c o n ta in in g  Z eo ca rb .

A l l  s o lu t io n s  w ere f r e e z e - d r i e d  i n  s i l i c o n e - t r e a t e d  tu b e s  o v e r  

. The f r e e z e - d r i e d  m a t e r ia l  was d i s s o lv e d  in  t h e  minimum volum e 

o f  w a te r  ( 0 . 2  m l) and chrom atographed  on V/hatraan N o . l  p a p er  u s in g  th e  

t w o - s t a g e  s e p a r a t io n  o f  in o r g a n ic  p h o sp h a te  eind a d en in e  n u c le o t i d e s  o f  

E g g le s t o n  and Hems ( 1 9 5 2 ) .  The chrom atogram s w ere s c r e e n e d  f o r  r a d io 

a c t i v i t y  u s in g  a Panax a u to m a tic  chrom atogram  s c a n n e r .

P h o sp h o r u s -c o n ta in in g  compounds w ere lo c a t e d  by means o f  a Panax  

a u to m a tic  s c a n n e r , c o n v e r s io n  t o  molybdenum b lu e  or  i n  th e  c a s e  o f  

n u c l e o t i d e s ,  b y  means o f  a UV lamp w ith  e m is s io n  a t  247 mu.

R e s u l t s

In  a l l  e x p e r im e n ts , e x c e p t  some w here liC l w as u s e d , o n ly  two  

p h o sp h o r u s -c o n ta in in g  compounds were d e t e c t e d ,  in o r g a n ic  p h o sp h a te  and - 

ADP. O nly in o r g a n ic  p h o sp h a te  was s i g n i f i c a n t l y  l a b e l l e d .

When a c e to n e  pow ders w ere e x t r a c t e d  w ith  HCl a s m a ll amount o f  

a c id - s o lu b le  p r o t e in  was e x t r a c t e d ,  t h i s  was su b s e q u e n t ly  p r e c i p i t a t e d
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by n e u t r a l i s a t i o n  and e th e r  e x t r a c t i o n .  No c o u n t v/as r e t a in e d  by th e  

Z eo c a r b .

The chrom atogram s o f  H C l-e x tr a c t s  showed a s i n g l e  u n la b e l le d  

n u c le o t i d e  sp o t  i n d e n t i f i è d  a s  ADP. In  a d d i t io n  i n  some e x p e r im e n ts  

w h ere c o n t r o l  and c o n t r a c t e d  m u sc le s  w ere com pared, a  seco n d  r a d io a c t iv e  

s p o t  w as d e t e c t e d  w h ich  was n o t  v i s i b l e  i n  UV l i g h t .  T h is  s p o t  was 

s e p a r a te d  from  in o r g a n ic  p h o sp h a te  in  th e  e t h e r - f o r m ic  a c id  sy ste m  

( f i g u r e  2 on page 78) . In  t h i s  sy stem  th e  in o r g a n ic  p h o sp h a te  t r a v e l s  

c l o s e  t o  th e  s o lv e n t  f r o n t .  The seco n d  compound, w h ich  v/as r a r e ly  o b se r v e d  

w ith  th e  c o n tr a c te d  m u s c le s ,  had an v a lu e  a p p r o x im a te ly  t w o - t h ir d s  

t h a t  o f  in o r g a n ic  p h o sp h a te .

The Bnonrntwam co u n t i n  th e  sec o n d  p eak  i n  t h e s e  e x p e r im e n ts  i s  

s u f f i c i e n t  t o  a c c o u n t f o r  th e  d i f f e r e n c e  i n  co u n t b e tw e en  a c e t o n e . pow ders  

o f  r e la x e d  and c o n tr a c te d  m u s c le s .

T h is  u n i d e n t i f i e d  compound c o u ld  n o t  be d i s t in g u is h e d  a s  a s e p a r a te  

s p o t  by s t a in in g  w ith  p h o sp h a te  r e a g e n t s  b u t v/as d e t e c t e d  by sca n râ n g  

th e  ch ro m a to g ra m .fo r  r a d i o a c t i v i t y .

Surmnary o f  E x p e r im e n ta l F in d in g s  

■ 1 .  C om parison o f  th e  s p e c i f i c  a c t i v i t i e s  o f  P i n  PC and ATP-^P i s o l a t e d

from  .TCA e x t r a c t s  o f  ^ ^ P - la b e l le d  w h o le  m u sc le s  show a r a t i o  o f

0 .6 5  -  0 . 16 .

2 .  The s p e c i f i c  a c t i v i t y  o f  t h e  P i s o l a t e d  from  a c i d  e x t r a c t s  o f

a c e to n e  pow d ers o f  w ash ed  m u sc le  r e s id u e s  v/as o f  th e  same o rd er  

a s  t h a t  fou n d  i n  ATP-î(p.
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5 .  In' a l l  e x p e r im e n ts , e x c e p t  some w here HCl v/as u s e d , o n ly  two

p h o s p h o r u s -c o n ta in in g  compounds w ere  i s o l a t e d  from  a c e to n e  pow ders  

o f  w ash ed  m u sc le  r e s i d u e s ,  in o r g a n ic  p h o sp h a te  and ADP*

U* The ADP w as n o t  l a b e l l e d  w ith

■ v ^ v î  =v:, A  V.,

3%:

*  : : - i  ^

* . , . . . . ,  '
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ClUŒ^m 9 

D is c u s s io n  o f  R e s u l t s

A t an e a r ly  s t a g e  i n  t h e i r  i n v e s t i g a t i o n s  Cheesraan and H i l t o n  

( 1961 ) show ed t h a t  th e  bound ^ ^ - l a b e l l e d  p h o sp h a te  o f  th e  w ash ed

m u sc le  r e s id u e  was n o t  e x c h a n g e a b le  w ith  in o r g a n ic  p h o sp h a te .

32
T h is  s u g g e s t s  t h a t  th e  b in d in g  o f  th e  P -o r th o p h o sp h a te  i s  i n  th e  

form  o f  a s t a b l e  (th o u g h  n o t  n e c e s s a r i l y  c o v a le n t )  l in k a g e  and n o t  

m e r e ly  a b so rb ed  by th e  m y o f i b r i l s .  The f a i l u r e  t o  rem ove ^ ^ - l a b e l l e d  

p h o sp h a te  q u a n t i t a t i v e l y  w ith  EGTA te n d s  t o  su p p o r t  t h i s  v ie w ,  

p a r t i c u l a r l y  s in c e  w a sh in g  w ith  EGÏA s l i g l i t l y  en h a n ces  th e  KCl e f f e c t  

(T a b le  1 2 ) .  T h is  en lia n c in g  o f  th e  e f f e c t  c o u ld  b e  b ro u g h t a b o u t by  

th e  rem o v a l o f  a s m a ll amount o f  a c c lu d e d  Ca^(P0^)2  w h ich  r a i s e d  

t h e  s p e c i f i c  a c t i v i t y  o f  t h e  t o t a l  bound p h o sp h a te  i n  b o th  t e s t s  and
I

c o n t r o l s .  The amount o f  m a t e r ia l  in v o lv e d  m ust b e  sm a ll s in c e  th e  

EGTA-wash d o es  n o t  a p p r e c ia b ly  a l t e r  th e  t o t a l  bound p h o sp h a te  

c o n te n t  o f  t h e  a c e to n e  pow der (T a b le  1 2 :  1 .7 9  -  0 .2 7  ug P/rag a s

com pared w ith  I .8 4  * 0 .3 2  ug P/m g a c e to n e  p o w d e r ) . I f  th e  c a lc iu m  

p h o sp h a te  w ere  h ig l i ly  l a b e l l e d ,  i t s  rem o v a l w ou ld  en lian ce  th e  KCl 

e f f e c t .

D r . R .E .D a v ie s  s u g g e s te d  (1 9 6 7 )  t h a t  th e  KCl e f f e c t  w as c a u se d  

by th e  a d s o r p t io n  o f  c a lc iu m  p h o sp h a te . He p o in t e d  o u t  t h a t  no 

Ca** w as in c lu d e d  i n  th e  i s o t o n i c  KCl and t h a t  h e  w as a b le  t o  b r in g  

a b o u t a  r e v e r s a l  o f  th e  KCl e f f e c t  by a d d in g  Ca** t o  th e  d e p o la r is e d  

m edium . I t  i s  c l e a r  from  th o s e  e x p e r im e n ts  i n  w h ich  D r. D a v ies*
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m ethod v/as h e ld  t h a t  a c o n c e n t r a t io n  o f  Ca** much g r e a t e r  th a n  

t h a t  fo u n d  in  R in g e r 's  s o l u t i o n  w i l l  in c r e a s e  th e  s p e c i f i c  a c t i v i t y  

o f  th e  bound p h o sp h a te  (T a b le  9 )»  H ow ever, t h i s  tr e a tm e n t a l s o '  

c a u s e s  t h e  p r e c i p i t a t e  o f  c a lc iu m  p h o sp h a te  in  th e  m u sc le  r e s id u e  

£md t h e  p h o sp h o iu s  c o n t e n t s  o f  m u sc le  pow d ers t r e a t e d  i n  t h i s  way 

a r e  g r e a t l y  in c r e a s e d  ( 3 .2 3  -  0 .7 2  y g  p /m g a s  a g a in s t  1 .9 7  * 0 .1 5  

j ig  P/mg f o r  norm al c o n t r o l s ) .  When th e  KCl c o n ta in e d  th e  amount 

o f  Ca** t h a t  i s  fo u n d  i n  R in g e r 's  s o l u t i o n ,  no p h o sp h a te  b in d in g  

o c c u r r e d  b u t t h e  KCl e f f e c t  i n  a  s h o r t  s e r i e s  o f  e x p e r im e n ts  ap p eared  

t o  be en lian ced  (T a b le  1 0 ) .  The r a t i o  o f  t h e  s p e c i f i c  a c t i v i t i e s  

o f  c o n t r a c t e d  and c o n t r o l  m u sc le  v/as d e c r e a s e d  t o  O.48  -  0 .1 9  a s  

a g a in s t  O.6 4  * 0 .1 4 *  The phoa> h o r u s  c o n t e n t s  o f  th e  a c e to n e  pow ders  

w ere n orm al ( 1 .7 5  -  0 .2 3  and 1 .7 9  “ 0 .2 7  jig  p/m g r e s p e c t i v e l y ) .

E x p e r im e n ts  w e r e , i n  f a c t ,  c a r r ie d  o u t on f r o g  s a r t o r iu s
!

i n  w h ic h  t e s t  and c o n t r o l  m u sc le s  rem ain ed  i n  i d e n t i c a l  m edia  

th r o u g h o u t t h e  e x p e r im e n ta l p r o c e d u r e . T h ese  e x p e r im e n ts  show ed t h e  

in c r e a s e  i n  s p e c i f i c  a c t i v i t y  a f t e r  r e l a x a t i o n  a s  w as fou n d  when 

f r o g  r e c t i  w ere  d e p o la r is e d  i n  KCl and r e la x e d  i n  R in g e r 's  s o l u t i o n .  

The r a t i o s  o f  th e  s p e c i f i c  a c t i v i t i e s  o f  c o n t r a c t e d  and r e la x e d  

m u s c le s  w ere (O .6O * 0 .2 2  f o r  r e c t u s  a b d o m in is  and 0 .5 9  -  0 .1 4  f o r  

s a r t o r i u s  T a b le  1 and T a b le  1 4 ) .

The r e d u c t io n  i i :  s p e c i f i c  a c t i v i t y  o f  t h e  bound p h o sp h a te  i s -  

fo u n d  i n  b o th  lo a d e d  and u n lo a d e d  c o n t r a c t u r e s  (T a b le  l ) .  The change  

i n  s p e c i f i c  a c t i v i t y  o c c u r s  ev en  i n  'the a b s e n c e  o f  Ca** w here
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d e p o la r i s a t io n  o f  th e  membranes ta lces  p la c e  b u t  i s  n o t  f o l lo w e d  

by c o n t r a c t io n  (K ie d e r g e r k e  1 9 5 6 ) .  The e x p e r im e n ts  cn  K C l-in d u o ed  

i s o m e t r ic  c o n t r a c t u r e s  g a v e  s im i la r  r e s u l t s  t o  th e  i s o t o n i c  

e x p e r im e n ts  (T a b le  3 ) .  T h ese  f i n d i n g s  ta lie n  i n  c o n j u n c t io n ,  le n d  

su p p o r t t o  th e  v ie w  th a t  th e  change i n  s p e c i f i c  a c t i v i t y  i s  n o t  

r e l a t e d  t o  th e  s h o r te n in g  o f ,  o r  t o  d ev e lo p m en t o f  t e n s io n  i n ,  

th e  m u sc le .

Very b r i e f  (5 0  s e c . )  l a b e l l i n g  o f  t h e  m u sc le  b e f o r e  c o n t r a c t io n  

g a v e  a s im i la r  ch an ge i n  th e  r a t i o  o f  s p e c i f i c  a c t i v i t i e s  i n  

c o n t r a c t e d  and c o n t r o l  m u s c le s ,  a lth o u g h  th e  a b s o lu t e  a c t i v i t i e s  

w ere  lo iv e r  th a n  i n  e x p e r im e n ts  w ith  lo n g e r  l a b e l l i n g  t im e s  (T a b le  6 ) .  

T h is  s u g g e s t s  t h a t  th e  c o n tr a c tu r e  e f f e c t  i s  n o t  due t o  ch a n g es  i n  

a p h o sp h a te  f r a c t i o n  r e a d i l y  a c c e s s i b l e  t o  th e  medium.

A t a l l  t im e s  th e  m u sc le s  w ere l a b e l l e d  when l i g h t l y  lo a d e d ,
I

e x c e p t  in  some e x p e r im e n ts  w ith  m y o f ib r i l s  from  f r o g  m u sc le  w h ich  

w as l a b e l l e d  when u n lo a d e d . T h ese  e x p e r im e n ts  d id  n o t  g iv e  anom alous  

r e s u l t s .

P l e c k e n s t e in  e t  a l .  (1 9 5 4 )  h a v e  shown t h a t  PC breakdow n in  

f r o g  m u sc le s  i s  much r ed u c ed  a t  0 ^ 0 . In  o u r  e x p e r im e n ts , c o n t r a c t io n  

o f  f r o g  r e c t i  a t  Ô G g a v e  a  s i m i l a r  d e c r e a s e  i n  s p e c i f i c  a c t i v i t y  

t o  t h a t  fo u n d  a t  20°C . A t an e a r ly  s ta g e  i n  th e  p r e s e n t  i n v e s t i g a t i o n j  

i t  w as th o u g h t p o s s i b l e  t h a t  th e  r e d u c t io n  on s p e c i f i c  a c t i v i t y  w as

c a u se d  by  an exch an ge o f  bound p h o sp h a te  w ith  a p o o l  o f  low  s p e c i f i c  

a c t i v i t y  d u r in g  c o n t r a c t io n ,  P l e c k e n s t e in  and h i s  co w o rk ers  (1 9 5 7 )
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h ave  shovm t h a t  A T P-/p and th e  P o f  PC a r e  n o t e q u a l ly  l a b e l l e d  

i n  w h o le  m u sc le  e x t r a c t s  b u t th e  f a i l u r e  t o  d e t e c t  PC breakdov/n  

a t  low  te m p e r a tu r e s  d o es  te n d  t o  d is c o u n t  a th e o r y  o f  r en ew a l 

o f  t h e  bound p h o sp h a te  f r a c t i o n  from  PC d u r in g  c o n t r a c t io n .

C o n tr a c t io n  f o l lo w e d  by r e p o l a r i s a t i o n ,  r e la x a t io n  and a seco n d  

c o n t r a c t io n  g i v e s  th e  same change i n  th e  s p e c i f i c  a c t i v i t y  o f  th e  

^ ^ - l a b e l l e d  bound p h o sp h a te  t h a t  i s  fo u n d  w ith  a s i n g l e  c o n t r a c t io n .  

R e la x a t io n  may h en ce  c a u se  a  r e p h o s p h o r y la t io n  o f  some compound 

from  t h e  same h ig h ly  l a b e l l e d  p o o l  from  w h ich  th e  i n i t i a l  l a b e l l i n g  

o c c u r r e d . I f  r e p h o s p h o r y la t io n  to o k  p la c e  from  a l e s s  h ig h ly  

l a b e l l e d  p o o l ,  th e  KCl e f f e c t  w ou ld  b e  en h an ced  by a  sec o n d  c o n tr a c tu r e

The r e l a x a t i o n  e f f e c t  was e s t a b l i s h e d  b y  Cheesman and H i l t o n  

( 1966 ) .  A lth o u g h  no e x p e r im e n ts  have b e e n  c a r r ie d  o u t t o  com pare 

a c o n t r o l  m u sc le  w ith  a c o n t r a c t e d  and r e la x e d  m u sc le , i t  i s  c l e a r  

t h a t  r e l a x a t i o n  o f  a  r e p o la r i s e d  m u scle  r e s t o r e s  th e  ^ e c i f i c  

a c t i v i t y  o f  t h e  bound p h o sp h a te  t o  i t s  r e s t i n g  l e v e l .  F u r th e r  

e x p e r im e n ts  h ave e s t a b l i s h e d  t h a t  r e p o l a r i s a t i o n  w ith o u t  r e l a x a t i o n  

d o e s  n o t  r e s t o r e  th e  . s p e c i f i c  a c t i v i t y  t o  i t s  o r i g i n a l  l e v e l  b u t  

r e l a x a t i o n  w ith o u t  r e p o l a r i s a t i o n  (e x p e r im e n ts  on f r o g  s a r t o r iu s  , 

r e la x e d  u n der lo a d ,  T a b le  1 4 )  d o e s  b r in g  a b o u t an in c r e a s e  i n  

s p e c i f i c  a c t i v i t y .  T h ese  r e s u l t s  s u g g e s t  t h a t  d e p o la r i s a t io n  

i n i t i a t e s  c o n t r a c t io n  and th e  d e c r e a s e  i n  th e  s p e c i f i c  a c t i v i t y  

b u t t h a t  r e p o l a r i s a t i o n  i n  i t s e l f  d o es  n o t  c a u se  th e  r e s t o r a t i o n  

i n  c o u n t .  The c o n t r a c t io n  e f f e c t  i s  n o t  r e l a t e d  t o  th e  m u sc le
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s h o r te n in g  (e x p e r im e n ts  w ith  Ca** f r e e  m ed ia . T a b le  4 ) b u t th e

in c r e a s e  i n  s p e c i f i c  a c t i v i t y  i s  c l e a r l y  co n cc ird ta n t w ith  th e

le n g t h e n in g ,  i . e .  r e l a t e d  t o  th e  m e c h a n ic a l e x t e n s io n  o f  th e  m u sc le ,

so  t h a t  i t  i s  o n ly  when th e  m u sc le  r e la x e s  t h a t  a  " rep h o sp h o r y la ticr f*

o c c u r s .  I t  i s  s i g n i f i c a n t  t h a t  s e v e r e  m e c h a n ic a l e x t e n s io n  o f  r e s t i n g

m u sc le  d o e s  n o t  b r in g  a b o u t an in c r e a s e d  b in d in g  o f  (T a b le  I 6 )

w h ich  s u g g e s t s  t h a t  such  u p ta k e  o n ly  o c c u r s  d u r in g  r e la x a t io n  o f

c o n t r a c t e d  m u s c le s .

The c o n t r a c t io n  o f  r a b b i t  p s o a s  f i b r i l s  w ith  ATP i n  th e

p r e s e n c e  o f  Mg** r e d u c e s  th e  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te

by an amount w h ich  i s  v e r y  s im i la r  t o  t h a t  fo u n d  a f t e r  p o ta ss iu m

c o n tr a c tu r e  o f  f r o g  r e c t i  (T a b le  1 7 ) .  b h en  Mg** i s  r e p la c e d  by

Ca** i n  s im i la r  e x p e r im e n ts , no r e d u c t io n  i n  c o u n t o c c u r s .( T a b le  1 6 ) .

Mg** i s  r e q u ir e d  f o r  th e  p erfo rm a n ce  o f  work by  th e  m y o f ib r i l s  i n

th e  p r e s e n c e  o f  ATP (W eber and P o r t z e h l  1 9 5 2 ) ,  ev en  th o u g h  Ca**

a c t i v a t e s  th e  a cto m yosin -A T P ase

The d i f f e r e n c e  i n  th e  e f f e c t  o f  ATP i n  th e  p r e s e n c e  o f  Mg**

and Ca** t e n d s  t o  d is c o u n t  th e  p o s s i b i l i t y  t h a t  th e  d e c r e a s e  i n

s p e c i f i c  a c t i v i t y  i s  c a u se d  by a m ass e f f e c t  in d ep en d e n t o f  th e

c a t io n s  p r e s e n t s .

E x p er im en ts  w ith  D N P -trea ted  m y o f ib r i l s  (T a b le  2 0 ) g iv e

d i f f e r e n t  r e s u l t s  from  t h o s e  o b ta in e d  by Cheesman and H i l t o n  ( I 966 )

***4«f o r  f r o g  r e c t i .  T h ese  m u s c le s ,  when t r e a t e d  w ith  5 x  10 M-DÎCP 

and s u b s e q u e n t ly  c o n tr a c te d  w ith  K Cl, sliowed an in c r e a s e  i n  th e
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s p e c i f i c  a c t i v i t y  o f  th e  bound p h o s p h a te . D N P -tre a te d  m y o f ib r i l s  

c o n t r a c t e d  w ith  ATP and Mg show t h e  same d e c r e a s e  in  s p e c i f i c  

a c t i v i t y  a s  th e  u n tr e a t e d  f i b r i l s .  The two e x p e r im e n ts  a r e  o f  

q u i t e  d i f f e r e n t  t y p e s .  The tr e a tm e n t  o f  th e  i n t a c t  m u sc le  w ith  

DirP w i l l  r e s u l t  i n  th e  u n c o u p lin g  o f  o x id a t in g  p h o s p h o r y la t io n ,

( c f  Lard}'  ̂ and E lv eh jem  1 9 5 5 ) ,  t h i s  may w e l l  c a u se  a  change i n  th e  

r e l a t i v e  l a b e l l i n g  o f  th e  v a r io u s  p h o sp h a te  p o o l s  i n  th e  m u sc le .  

P l e c k e n s t e in  and Janine (1 9 5 7 )  h ave  shown t h a t  t h e s e  p o o l s  a re  n o t  

i n  e q u i l ib r iu m . The in c r e a s e d  l a b e l l i n g  o f  th e  p o o l  w ith  w h ich  

t h e  bound p h o sp h a te  e x ch a n g e s  d u r in g  c o n t r a c t io n  w ould  r e s u l t  i n  a  

r a i s e d  s p e c i f i c  a c t i v i t y  o f  t h e  t o t a l  bound p h o s p h a te . S in c e  DNP 

p resu m a b ly  in c r e a s e s  th e  r a t e  o f  tu r n o v e r  o f  a r e d u c e d  h ig h -e n e r g y  

p h o sp h a te  p o o l ,  i t  i s  u n d e r s ta n d a b le  t h a t  anom alous r e s u l t s  w ere  

o b t a in e d  by th e  e x p e r im e n ts  o f  Cheesman and H i l t o n ,  s in c e  th e  

r e p r o d u c i b i l i t y  o f  th e  c o n tr a c tu r e  e f f e c t  i n  th e  e x p e r im e n ts  w it h  

u n p o iso n e d  m u sc le s  may w e l l  b e  due t o  t h e  r e l a t i v e  c o n s ta n c y  in  

t h e  l a b e l l i n g  o f  th e  h ig h -e n e r g y  p h o sp h a te  p o o l  d u r in g  c o n t r a c t u r e .

The m y o f ib r i l l a r  p r e p a r a t io n  c o n t r a c t e d  w ith  ATP i s  n o t  

s t r i c t l y  a n a lo g o u s  t o  a  r e la x e d  m u sc le  c o n t r a c t e d  w ith  KCl s in c e  

i n  th e  a b se n c e  o f  ATP th e  f i b r i l s  w i l l  be r i g o r .  H ow ever, th e  

in t r o d u c t io n  o f  ATP t o  th e  sy stem  may r e s u l t  i n  a s t a t e  o f  th e  

f i b r i l s  c o n e  sp e n d in g  t o  t h a t  in  r e la x e d  m u sc le . The su b se q u e n t  

c o n t r a c t io n  c o u ld ,  un der t h e s e  c ir c u m s t a n c e s ,  h ave an e f f e c t  on 

th e  bound p h o sp h a te  q u it e  a n a lo g o u s  t o  t h a t  fo u n d  i n  th e  i n t a c t  

t i s s u e .
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The n ’P u sed  f o r  t h e s e  e x p e r im e n ts  was p r e p a r e d  by M r s .A .P r is to n  

b y th e  m ethod o f  K aplan  ( 1 9 5 3 ) •  V/hen e x p e r im e n ts  w ere  c a r r ie d  o u t  

on lo a d e d  g ly c e r a t e d  p s o a s  f i b r e  b u n d le s  by  Ihrs. P r i s t o n  no  

c o n t r a c t io n  o f  th e  f i b r e s  was b ro u g lit a b ou t by t h i s  p r e p a r a t io n ,  

o r  by a  com m ercia l p r e p a r a t io n  by S igm a, i n  th e  p r e s e n c e  o f  Mg**.

The r e p e a t e d  f a i l u r e  i n  t i i i s  la b o r a t o r y  t o  rep ro d u ce  th e  

c o n t r a c t io n  o f  g l y c e r a t e d - f i b r e  b u n d le s  and m y o f ib r i l s  w ith  ITP 

and Mg** a s  o b se r v e d  by o th e r  w o rk ers  (H a s s e lb a c h  1 9 5 6 ) i s  d i f f i c u l t  

t o  e x p la in .

A n u c le o t i d e  d ip h o sp h o k in a se  c a t a l y s e s  th e  c o n v e r s io n  o f  ADP 

t o  ATP:

ADP + ITP - j  AT? + IDP

The s y n t h e s i s  o f  ATP may b e  r e s p o n s ib le  f o r  th e  c o n t r a c t io n  fo u n d  

by o t h e r  w o r k e r s . I t  i s  p o s s i b l e  t h a t  some s y n t h e s i s  o f  ATP may 

o c c u r  b y  th e  r e a c t io n  b e tw een  th e  bound n u c le o t i d e  o f  th e  g ly c e r a t e d -
I

m y o f ib r i l s  and IT P , c a t a ly s e d  by an enzyme n o t i n a c t i v a t e d  b y  p ro lo n g ed !  

tr e a tm e n t  w ith  g l y c e r o l .

I t  seem s r e a s o n a b le  i n  g e n e r a l  t o  r e l a t e  th e  d e c r e a s e  i n  

s p e c i f i c  a c t i v i t y  o f  m y o f ib r i l s  t r e a t e d  w it h  ATP t o  t iie  KCl e f f e c t  

i n  f r o g  r e c t i ,  and b o th  phenom ena t o  p o s s i b l e  e v e n ts  i n  l i v i n g  m u sc le .

T h ere  h a s  b een  f a i l u r e  to  i s o l a t e  a s i g n i f i c a n t  p a i’t  o f  th e  

^ ^ - l a b e l l e d  p h o sp h a te  from  m u sc le  r e s id u e s  i n  a form  o th e r  th a n  . 

in o r g a n ic  p h o sp h a te . The o n ly  e x c e p t io n  t o  t h i s  w as th e  e r r a t i c  

app ea i'ance  o f  an u n i d e n t i f i e d  p h o s p h o r u s -c o n ta in in g  m a t e r ia l  on
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chrom atogram s o f  n e u t r a l i s e d  I lC l - e x t r a c t s  o f  a c e to n e  pow d ers

( c h a p te r  8 ,  s e r i e s  B ) .  T h is  su b s ta n c e  v/as p r o b a b ly  an a r t e f a c t

b u t s in c e  i t  ap p ea red  p r i n c i p a l l y  on chrom atogram s o f  r e la x e d

m u sc le  and o n ly  i n  r ed u c ed  am ounts on  th o s e  o f  c o n tr a c te d  m u sc le ,

i t  may i n d i c a t e  a p o t e n t i a l  f o r  p h o sp h a te  t r a n s f e r  on th e  p a r t

o f  some f r a c t i o n  o f  t h e  bound p h o s p h a te . R o d n ig h t ( I 966 ) fo u n d

t h a t  un d er c e r t a i n  c o n d i t io n s  a  s im ila i '  compound p r e s e n t  in  b r a in

t i s s u e  i t s  p h o sp h a te  group t o  m e th a n o l. I t  i s  p o s s i b l e  t l i a t  some

im p u r ity  p r e s e n t  i n  th e  a c e to n e  u se d  t o  p r e p a r e  th e  m u sc le  pow d ers

m ight b e  c a p a b le  o f  p h o sp h a te  a c c e p t a n c e .  The o r th o p h o sp h a te

u sed  i n  t h e s e  e x p e r im e n ts  w as h y d r o ly s e d  b e f o r e  u s e ,  t h i s  rem oved

any o f  t h e  p o ly p h o s p h a te  compounds w h ich  C ausey and H a r r is  ( 1951 )

52h a v e  r e p o r t e d  a s  b e in g  p r e s e n t  i n  p r e p a r a t io n s  o f  P and w h ich

m igh t a p p ea r  on ch rom atogram s. , i
!

A tte m p ts  w ere  made t o  i s o l a t e  and i d e n t i f y  th e  seco n d  p h o sp h a te  

f r a c t i o n  fo u n d  i n  th e  I lC l - e x t r a c t s  o f  a c e to n e  p o w d ers. A lth o u g h  

much t im e  w as d e v o te d  t o  t h i s ,  th e  compound e lu d e d  i s o l a t i o n .

Column chrom atograph y o f  th e  e x t r a c t  on D ow ex-1 c h lo r id e  f o l l o w i n g  

th e  m ethod o f  Cohn and C a r ter  ( l 9 5 l )  and on N o r ite -K  c h a r c o i l  was 

c a r r ie d  o u t b u t  no l a b e l l e d  p h o sp h a te  f r a c t i o n  o th e r  th a n  in o r g a n ic  

p h o sp h a te  w as o b t a in e d .  A v e r y  s m a ll amount o f  l a b e l l e d  m a t e r ia l  

(a b o u t  1% o f  th e  t o t a l  l a b e l l i n g )  w as a d so r b e d  by c h a r c o a l ,
*11

su b se q u e n t e x p e r im e n ts  u s in g  C-ADP s u g g e s te d  t h a t  h i s  m igh t have  

b e e n  bound l a b e l l e d  ADP. A lth o u g li th e  unknown compound w as n o t  

i d e n t i f i e d  i t  v;as p o s s i b l e  t o  e x c lu d e  i t s  b e in g  PC, p h o s p h o a r g in in e ,
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in o r g a n ic  p y ro p h o sp h a te  o r  m etap h osp h ate  by i t s  ch ro m a to g ra p h ic  

b e h a v io u r .

The compound c o u ld  be a n a lo g o u s  t o  th e  one r e p o r te d  by  

E o d n ig h t (1 9 6 6 )  in  b r a in  t i s s u e s .  S in c e  th e  compound v/as r a r e ly  

fo u n d  i n  c o n tr a c te d  m u sc le , and th e n  a lw a y s  i n  a much red u ced  

am ount, i t  w ou ld  b e  te m p tin g  t o  su p p o se  t h a t  i t ,  o r  i t s  p r e c u r s o r ,  

w as r e l a t e d  t o  th e  p r o c e s s  o f  c o n t r a c t u r e .

E x t r a c t io n  o f  m u sc le  pow d ers w ith  b o i l i n g  c h lo r o fo r m -m e th a n o l  

( l  : 1 v / v )  rem oves ab ou t o f  th e  bound p h o sp h a te  w h ich  i s  o n ly  

s l i g h t l y  l a b e l l e d  (T a b le  2 1 ) .  F u r th e r  e x t r a c t i o n  w ith  c h lo r o fo r m -  

m eth an ol-H C l (6 6  : 33 : 1 v / v )  f a i l e d  t o  rem ove a s u b s t a n t i a l  p a r t  

o f  th e  cou n t*

T here i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw een  th e  t o t a l  p h o sp h o ru s

c o n t e n t s  o f  t h e  w ashed r e s id u e s  o f  r e s t i n g  and c o n t r a c t e d  m u sc le s

(T a b le  1: 1 .9 4  -  0 .3 2  and 1 .8 4  -  0 .3 7  P/mg a c e to n e  p o w d tr ) .

The dry w e ig h t s  o f  th e  a c e t o n e - d r ie d  r e s id u e s  o f  e x i ia u s t iv e ly

w ashed  r e s t i n g  and c o n t r a c t e d  m u sc le s  a r e  s im i la r  (T a b le  Ip :

8 .9  -  1 .9  and 9*0 -  l.% v o f  th e  w et w e ig h t s  r e s p e c t i v e l y ) .

When th e  w ash ed  r e s id u e s  w ere e x t r a c t e d  w ith  TCA, ab ou t I ) , ,  o f

th e  p h o sp h o ru s was e x t r a c t e d  as  in o r g a n ic  p h o sp h a te  (T a b le  22;

0 .2 4  -  0 .0 8  and 0 .2 4  -  0 .0 9  jxg P/rag a c e to n e  pow der f o r  r e s t i n g  and

c o n t r a c t e d  m u s c le s ) .  Some 8Q l o f  th e  i s  rem oved by t h i s  tr e a tm e n t

from  r e s t i n g  m u sc le s  and ab ou t 7^2 from  c o n t r a c t e d  m u sc le s  (T a b le  2 3 ) .

C o n tr a c t io n  h en ce  a p p ea rs  t o  red u c e  th e  q u a n t i t y  o f  m a t e r ia l  

52y i e l d i n g  P -o r th o p h o sp h a te  on e x t r a c t i o n  w ith  TCA.
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From e x p e r im e n ta l f in d in g s  i t  i s  n o t  im m ed ia te ly  e v id e n t  

w h eth er  th e  c o n t r a c t io n  o f  th e  m u sc le  b r in g s  a b o u t an exch a n g e  c f  

p h o sp h a te  w ith  a  p o o l  o f  low  s p e c i f i c  a c t i v i t y  o r  th e  breakdow n  

and e l im in a t io n  o f  a p h o s p h o r u s -c o n ta in in g  s u b s ta n c e .  However th e  

e v id e n c e  te n d s  t o  su p p o rt th e  l a t t e r  a l t e r n a t i v e  s in c e :

1 .  The e f f e c t  i s  r e p r o d u c ib le .  I t  c o n t r a c t io n  in v o lv e d  an 

ex ch an ge  w ith  a lo w ly  l a b e l l e d  p o o l ,  th e  r h t i o  o f  t h e  l a b e l l i n g  

o f  th e  d i f f e r e n t  p o o ls  m ust be c o n s ta n t  i n  d i f f é r e r t  e x p e r im e n ts .  

T h is  seem s u n l i k e l y  s in c e  th e  a n im a ls  u se d  w ere h ig h ly  d i f f e r i n g  

m e ta b o lic  s t a t e s ;  some w ere f r e s h l y  c a u g h t , w h i le  o t h e r s  had  b een  

s t o r e d  a t  4^C f o r  s e v e r a l  w e e k s .

2 .  The r a t i o  o f  l a b e l l i n g  f o r  u n tr e a te d  r a b b it  p s o a s  m y o f ib r i l s  

and t h o s e  c o n tr a c te d  w ith  ATP was s im i la r  t o  t h a t  f o r  f r o g  m u sc le s  

in  c o n tr a c tu r e  e x p e r im e n ts . T h is  a l s o ,  s u g g e s t s ,  i n  v iew  o f  th e  

a b se n c e  o f  l a b e l l e d  p o o ls  f o r  exch ange i n  t h e  fo rm er  c a s e ,  t h a t  th e  

ch an ge i s  c a u sed  by breakdow n r a t h e r  th a n  e x c h a n g e .

3 .  In  e x p e r im e n ts  w here a r e s t i n g  m u sc le  v/as com pared w ith  a 

m u sc le  t h a t  had  b een  c o n t r a c t e d ,  r e la x e d  and r e c o n t r a c t e d ,  th e  r a t i o  

rem ain ed  c o n s ta n t  a f t e r  a s e c o n d  c o n t r a c t io n  (T a b le  7 ) ,  a f in d in g  

d i f f i c u l t  t o  r e c o n c i l e  w ith  exch an ge  u n le s s  th e  p o o ls  a r e  l a r g e .

The bound p h o sp h a te  d o es  n o t  t r a n s f e r  gro u p s t o  a number c f  

p o s s i b l e  p h o sp h a te  a c c e p t o r s  un der th e  e x p e r im e n ta l c o n d i t io n s  

em p loyed  ( c i ia p te r  8 ) .  The o n ly  e x c e p t io n  t o  t h i s  w as tn e  ap p earan ce  

o f  a l a b e l l e d  p h o s p h a te -c o n ta in in g  s u b s ta n c e  on chrom atogram s o f
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n e u t r a l i s e d  l lC l - e x t r a c t s  o f  a c e to n e  pow d ers from  r e s t i n g  m u s c le s ,  

w h ich  h a s  b een  d i s c u s s e d  p r e v io u s ly *

When th e  s p e c i f i c  a c t i v i t i e s  o f  th e  m a t e r ia l  e x t r a c t e d  a s  

in o r g a n ic  p h o sp h a te  by th e  m ethod o f  P l e c k e n s t e in  e t  a l .  ( I 96O) 

v/as c o n p tr e d  w ith  th e  ATP-!(p in  v /hole m u sc le , th e  s p e c i f i c  a c t i v i t y  

o f  th e  P i  was g r e a t e r  by a f a c t o r  o f  2 .5  -  1 .4  (T a b le  2 4 ) in  

5 e x p e r im e n ts . T ii is  was c a l c u l a t e d  on th e  a ssu m p tio n  t h a t  85)0 

o f  th e  l a b e l l i n g  o f  th e  ATP v/as i n  th e  ATP-Jp ( P le c k e n s t e in  e t  a l .  

1957 ) '  I f  c o n t r a c t io n  in v o l v e s  a  d e c r e a s e  i n  bound p h o sp h a te ,  

s m a lle r  th a n  t h e  s ta n d a r d  e r r o r  o f  th e  p h o sp h a te  d e te r m in a t io n s ,

i . e .  a  d e c r e a s e  o f  l e s s  th a n  0 .2  ug P w ith  r e s p e c t  t o  th e  t o t a l  

p h o sp h o r u s , t h e  d e c r e a s e  o f  40>̂  i n  th e  s p e c i f i c  a c t i v i t y  m ust 

r e p r e s e n t  th e  breakdow n o f  a  p h o sp h a te  f r a c t i o n  w ith  a s p e c i f i c  

a c t i v i t y  a t  l e a s t  5 t im e s  g r e a t e r  th a n  t h a t  o f  t lie  t o t a l  A TP-jp  

(Cheesm an e t  a l .  I 969 ) .  ■

E x t r a c t io n  o f  w et m u sc le  r e s id u e  w ith  0 .5  M-NaCl r e l e a s e s

52P ( a s  o r th o p h o sp h a te )  and acto m y o sin -A T P a se  i n  a p p r o x im a te ly

p r o p o r t io n a l  am ounts ( c h a p t e r  7 ,  s e r i e s  D, f i g u r e  l ) .  T rea tm en t

w it h  NaCl t o  e x t r a c t  th e  a c to m y o s in  may s im p ly  r e l e a s e  o c c lu d e d

in o r g a n ic  p h o sp h a te  w h ich  h a s  becom e more a c c e s s i b l e  a f t e r

e x t r a c t i o n  o f  th e  p r o t e i n .  A l t e r n a t i v e l y  t h e  a c t i v e  p h o sp h a te  may

b e  a s s o c i a t e d  w ith  one o f  th e  s t r u c t u r a l  p r o t e i n s ,  i n  su ch  a way .

52
t h a t  tr e a tm e n t  w ith  TCA b r in g s  a b o u t l i b e r a t i o n  o f  P a s  in o r g a n ic '  

p h o sp h a te .
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The m a t e r ia l  e x t r a c t e d  a s  in o r g a n ic  p h o sp h a te , d e te r m in e d  

by t h e  m ethod o f  B erenblum  and C hain (1 9 3 8 )  showed c o n s id e r a b le  

v a r i a t i o n  (T a b le  2 2 ) ,  The v a l u e s ,  e x p r e s s e d  i n  term s o f  dry  w e ig h t  

o f  m u sc le  ( i g  m u sc le  g iv e s  90  -  15 mg a c e to n e  pow der: T a b le  1 3 )  

w ere 0 .2 4  ^ 0*08  and 0 * 2 4  ±  0 .0 9  p g  P p e r  mg f o r  r e s t i n g  and  

c o n t r a c t e d  m u sc le . The v a r i a t i o n  i n  t h e s e  f i g u r e s  i s  s t i l l  

s u f f i c i e n t l y  h ig h  t o  h id e  a breakdow n o f  some p h o sp h a te  compound.

I n v e s t i g a t i o n  by Tonorcura and h i s  c o l l e a g u e s  ( 1965 ) o f  a  

p h o sp h o r y la te d  m yosin  a s  an in t e r m e d ia t e  t o  m yosin-A T P ase a c t i v i t y  

and th e  e a r l i e r  work o f  L evy and K osh lan d  (1 9 5 8 )  and L ev y , Ey^an, 

S p r in g h o m  and K osh lan d  (1 9 6 3 )  makes i t  te m p tin g  t o  i d e n t i f y  a  

p h o s p h o r y la te d  m y o sin  w ith  t h a t  m a t e r ia l  w h ich  b r e a lis  down t o  foivn  

in o r g a n ic  p h o sp h a te  i n  aq u eou s m ed ia .

The a t te m p ts  t o  i s o l a t e  a p h o s p h o r y la te d  m y osin  h ave  n o t  

b e e n  c o m p le te ly  s u c c e s s f u l ,  a lth o u g li  B u rto n  and L o w en ste in  ( 1964 ) 

c la im  t o  h ave  i s o l a t e d  ATP-HII.i on B ep hadex . T h ese  w o rk ers  w ere  

a b le  t o  show t h a t  t l i i s  com p lex  w as l a b i l e  in  v i t r o . Such a  

sompound m igh t b e  s t a b i l i z e d  i n  v iv o  and b e norm al in t e r m e d ia t e  

i n  th e  c o n t r a c t io n  p r o c e s s .  ,

I f  a p h o s p h o r y la te d  m yosin  e x i s t e d  a s  th e  norm al in t e r m e d ia t e  

i n  c o n t r a c t io n ,  i t  seem s p o s s i b l e  t h a t ,  i n  th e  r e la x e d  s t a t e ,  

p h o s p h o r y la t io n  o f  th e  a c t in - b in d in g  s i t e s  c o u ld  p r e v e n t  a c t i n -  • 

m yosin  i n t e r a c t i o n s .  B a i l e y  and P e r r y  (1 9 4 7 )  and P o g la z o v , B i l u s n i  

and B aev (1 9 5 8 )  p ro d u ced  e v id e n c e  t h a t  t h e  same -SH g ro u p s  o f  n y c s in
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p a r t i c i p a t e  i n  th e  ATPase a c t i v i t y  and in  th e  r e a c t io n  o f  m y osin  w ith  

a c t i n .  L evy and Ryan (1 9 6 6 )  h av e  shown t h a t  th e  A T P -b in d in g  s i t e s  on 

m y osin  a r e  d i s t i n c t  from  h y d r o ly t i c  and a c t in - b in d in g  s i t e s .  P e r ry  

and C o t t e r i l l  ( 1964 ) u s in g  p h e n y l — I m e r cu r ic  a c e t a t e  h ave  s e l e c t i v e l y  

i n h i b i t e d  th e  ATP a s  e a c t i v i t y  o f  HID.Î; th e  a c t in - b in d in g  s i t e s  rem ain  

a c t i v e .  S im i la r  f in d in g s  by B arany and B arany ( 1 9 5 9 ) ,  B arany e t  a l .  

( 1965 ) and K a ld o r  e t  a l .  ( 1964 ) te n d  to  c o n firm  t h a t  t h e  ATPase and 

a c t in - b in d in g  s i t e s  a r e  d i s t i n c t  i n  m y o sin . H ow ever, i t  seem s p r o b a b le  

t h a t  t h e  s t e r i c  e f f e c t s  o f  A lP -b in d in g  o r  p h o s p h o r y la t io n  c o u ld  p r e v e n t  

i n t e r a c t i o n s  b e tw een  th e  tw o p r o t e i n s .

E x c i t a t io n  o f  th e  m u sc le  and a s s o c i a t e d  ch a n g e s  in  i o n i c  

c o n d i t io n s  c o u ld  b r in g  a b ou t d é p h o sp h o r y la t io n  o f  t h e  m y o s in , so  

i n i t i a t i n g  th e  fo r m a tio n  o f  c r o s s  l in k a g e s  b etw een  t h i n  and t h ic k  

f i l a m e n t s  w liich  i s  th o u g h t t o  c o n s t i t u t e  th e  a c t u a l  c o n t r a c t io n  p r o c e s s  

(H u x ley  i 960 ) .  T h is  m igh t o c c u r  w ith o u t  a p p a re n t breakdow n o f  ATP, 

w h ich  d o e s  n o t  seem t o  h a v e  b een  d e t e c t e d  in  a s i n g l e  t w i t c h .  I n f a n t e  

and D a v ie s  (1 9 6 2 )  h a v e  shown ATP breakdow n i n  a " s in g le  c o n tr a c t io n "  

o f  f r o g  s a r t o r i u s ,  w h ich  w a s , i n  f a c t ,  a s h o r t  t e t a n u s .

The d e c r e a s e  i n  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  on  

c o n t r a c t io n  i s  ab ou t w ith  r e s p e c t  t o  t l ie  r e s t i n g  c o n t r o l .  I f ,

h o w ev er , th e  d e c r e a s e  i s  r e l a t e d  t o  th e  r e a d i l y  e x t r a c t e d  a c t i v i t y ,

i . e .  t h a t  a c t i v i t y  w h ich  i s  e x t r a c t e d  w ith  TCA (T a b le  2 3 ) ,  th e  d e c r e a s e  

w ou ld  r e p r e s e n t  a ch a n g e . T h is  c o u ld  mean t h a t  m u sc le s  c o n tr a c te d

h av e  a b ou t o f  t h e i r  a c t i v e  s i t e s  on th e  m y osin  b r id g e s  en gaged  i n
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l in k a g e s  w ith  a c t i n .

The b rea k a g e  o f  th e  c r o s s  l in k a g e s  form ed  on c o n t r a c t io n  i s  n o t  

c a u se d  by r e p o l a r i s a t i o n  b u t by th e  e x t e n s io n  o f  th e  m u sc le . B u c h th a l  

and K a is e r  (1 9 5 1 )  h a v e  shov/n t h a t  i n  f r o g  s e m ite n d in o su s  m u sc le , rem o v a l 

o f  e x c i t a t i o n  d o e s  n o t  i n i t i a t e  th e  b r e a k in g  o f  c r o s s l in k a g e s .  F a i lu r e  

t o  in c r e a s e  th e  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  by s e v e r e  

m e c h a n ic a l e x t e n s io n  o f  r e s t i n g  m u sc le s  s u p p o r ts  th e  v ie w  t h a t  no 

a c t i n - n y o s i n  i n t e r a c t i o n s  o c cu r  i n  th e  r e s t i n g  s t a t e .  In  e x p e r im e n ts  

on f r o g  s a r t o r iu s  (T a b le  1 4 )  no r e p o l a r i s a t i o n  o c c u r s ,  b u t th e  s p e c i f i c  

a c t i v i t y  r e t u r n s  t o  i t s  r e s t i n g  l e v e l .  In  th o s e  e x p e r im e n ts  w here  

r e p o l a r i s a t i o n  was n o t  accom pan ied  b y  m e c h a n ic a l e x t e n s io n  o f  th e  

m u sc le  (T a b le  1 5 )  no r e s t o r a t i o n  o f  th e  co u n t was o b s e r v e d . T h ese  ttvc 

s e r i e s  o f  e x p e r im e n ts  te n d  t o  s tr e n g th e n  th e  v iew  t h a t  r e p h o s p h o iy la t io n  

o n ly  o c c u r s  d u r in g  th e  r e la x a t io n  p r o c e s s .

I t  h a s  b e e n  shown by A . V . l i i l l  (1 9 5 8 )  t h a t  th e  a c t i v a t i o n  h e a t  

f o r  s i n g l e  t w i t c h e s  o f  f r o g  s k e l e t a l  m u sc le  i s  a b o u t 1 m eal p e r  gram 

o f  m u sc le , H .E .D a v ie s  ( 1967 ) a lth o u g h  d e m o n str a tin g  ATP breakdow n  

i n  a s h o r t  t e t a n u s ,  h a s  n o t  b e e n  a b le  t o  shovf a ry  c h e m ic a l change  

c o in c id e n t  w ith  th e  a c t i v a t i o n  h e a t .  ' ^

The t u r n o v e r .o f  bound p h o sp h a te  h a s  n o t  b e e n  s t u d ie d  d u r in g  a  

s i n g l e  t w i t c h ,  b u t o n ly  a f t e r  K C lrin d u ced  c o n tr a c tu r e  w h ich  seem s t o  

b e a n a lo g o u s  t o  a t e t a n u s .  E x p e r im en ts  w here c o n t r a c t u r e ,  b u t n o t  

d e p o l a r i s a t i o n ,  was i n h i b i t e d  by th e  u se  o f  C a ^ ^ -free  R inger* s  

s o l u t i o n  h ave shown t h a t  t h e  d e c r e a s e  i n  th e  s p e c i f i c  a c t i v i t y  o f  t h e  

bound p h o sp h a te  i s  a s s o c ia t e d  w ith  t h e  a c t i v a t i o n  p r o c e s s  r a t h e r  th a n  

t h e  s h o r t e n in g .
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I t  h a s  b e e n  c a l c u l a t e d  by Checsmon e t  a l ,  ( 1969 ) t h a t ,  i f  th e  

ch an ge  i n  e n th a lp y  accom panyin g th e  h y d r o ly s i s  o f  a  p h o s p h o r y la te d  m yosin  

i s  s i m i l a r  t o  t h a t  f o r  ATP ( s a y  10 G a l . /m o le )  th e  d e p h o s p h o iy la t io n  o f  < 

one s i t e  f o r  ea ch  m yosin  m o le c u le  w ou ld  g iv e  a h e a t  o u tp u t o f  1 m c a 3 /g , 

c o r r e sp o n d in g  t o  A .V . I l i l l * s  (1 9 5 8 )  a c t i v a t i o n  h e a t  f o r  s i n g l e  t w i t c h e s  

o f  f r o g  s k e l e t a l  m u sc le*  (M u sc le  i s  h e r e  assum ed t o  c o n t a in  5% m yosin  

o f  m o l .w t , 500 , 000 ) .

The r e q u ir e m e n ts  w h ich  m ust b e  s a t i s f i e d  by  a  v i a b l e  th e o r y  o f  

m u scu la r  c o n t r a c t io n  w ere  fo r m u la te d  by A .V .H i l l  i n  1 9 5 0 . T h e se  w ere  

b a se d  on t h e  o b se i’v a t io n s  o f  H i l l  on th e  l i b e r a t i o n  o f  h e a t  from  m u sc le  

d u r in g  th e  v a r io u s  p h a se s  o f  th e  c o n t r a c t io n  and r e l a x a t i o n  c y c l e .

H eat p r o d u c t io n  d u r in g  c o n t r a c t io n  may be d iv id e d  i n t o  3 d i s t i n c t  

p a r t s :  a c t i v a t i o n  h e a t ,  w h ich  b e g in s  b e f o r e  th e  o n s e t  o f  t h e  t e n s io n

i n  t h e  m u s c le ,  s h o r te n in g  h e a t ,  w h ich  i s  p r o p o r t io n a l  t o  th e  amount
I

o f  s h o r t e n in g ,  and t h e  w'ork h e a t ,  w h ich  o n ly  a p p ea r s  i f  w ork i s  done  

b y  th e  m u s c le . Ko h e a t  i s  l i b e r a t e d  d u r in g  r e l a x a t i o n ,  e x c e p t  t h a t  

e q u iv a le n t  t o  w ork done on th e  m u sc le  d u r in g  t h i s  p r o c e s s .

I f  a p h o s p h o r y la te d  n y o s in  i s  a norm al " h ig li energy** in t e r m e d ia t e  

i n  m u scu la r  c o n t r a c t io n  i t  c o u ld  s a t i s f y  a l l  th e  r e q u ir e m e n ts  a s  an 

im m ed ia te  e n e rg y  so u r c e  and f u l f i l l  th e  c o n d i t io n s  l a i d  down by K i l l

f o r  su ch  a compound ( 1 9 5 0 ) .

N ie d e r g e r k e  (1 9 5 8 )  d em o n str a te d  t h a t ,  i n  t h e  a b se n c e  o f  

d e p o la r i s a t io n  o f  th e  membranes o c c u r s  b u t i s  n o t  accom p an ied  b y  

c o n t r a c t io n .  From th e  p r e s e n t  i n v e s t i g a t i o n  i t  h a s  b e e n  i n d ic a t e d  

t h a t  some p h o sp h a te  compound i s  b rok en  down w ith o u t  a c t u a l  c o n t r a c t io n  

o f  th e  m u scle  (T a b le  4 ) .  The e x p e r im e n ts  on f r o g  m u sc le  i n  C a ^ ^ -free
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R in g e r 's  s o l u t i o n  show th e  same d e c r e a s e  in  s p e c i f i c  a c t i v i t y  o f  tiie  

bound p h o sp h a te  on d e p o la r i s a t io n  t h a t  o c c u r s  when th e  m u sc le s  c o n t r a c t  

( o f  T a b le  1 and T a b le  4 )*  T h ese  r e s u l t s  te n d  t o  i n d ic a t e  t h a t  th e  

ch a n g es  i n  s p e c i f i c  a c t i v i t y  a r e  a s s o c ia t e d  w ith  th e  a c t i v a t i o n  p r o c e s s  

r a th e r  th a n  w ith  t h e  s h o r t e n in g .  The breakdow n o f  some p h o s p h a te -  

c o n t a in in g  compound d u rin g  th e  a c t i v a t i o n  o f  th e  m u sc le  c o u ld  c o n t r ib u t e  

t o  th e  a c t i v a t i o n  h e a t  r e c o r d e d  by A .V .H i l l  ( 1 9 5 8 ) .

Fenn (1 9 2 4 )  was th e  f i r s t  to  show t h a t  t h e r e  was no h e a t  

p r o d u c t io n  d u r in g  t h e  r e l a x a t i o n  o f  an u n lo a d ed  m u s c le .  Under c o n d i t io n s  

o f  c o n s ta n t  e n tr o p y , th e  r e p h o s p h o r y la t io n  o f  th e  p r o t e in  d u r in g  r e la x a t io n  

w ou ld  o n ly  b r in g  a b ou t l i b e r a t i o n  o f  h e a t  i f  th e  e n th a lp y  ch an g es a s s o c ia t e :  

w ith  h y d r o ly s i s  o f  a p h o s p h o r y la te d  p r o t e in  v/as lo w e r  th an  t h a t  o f  ATP.

The f i n a l  r e q u ir e m e n ts  f o r  any th e o r y  o f  m u scu la r  c o n t r a c t io n  i s  

t h a t  t h e r e  can  b e  no en d o th erm ie  p r o c e s s e s ,  u n le s s  th e y  a re  b a la n c e d  

o r  o v e r b a la n c e d  b y  e x o th e r m ic  r e a c t i o n s . ' The fo r m a tio n  o f  a  

p h o sp h o r y la te d  n y o s in  a s  a norm al in t e r m e d ia t e  i n  c o n t r a c t io n  n e e d  n o t  

in v o lv e  any en d o th erm ie  r e a c t io n s *

I f  a p h o sp h o r y la te d  m yosin  e x i s t s  i n  r e s t i n g  m u sc le  an an  e n e r g y  

so u r c e  f o r  a l i m i t e d  amount o f  c o n t r a c t i l e ’ a c t i v i t y ,  i t  i s  p o s s i b l e  t o  ' 

e x p la in  th e  f a i l u r e  o f  many w ork ers t o  d e t e c t  th e  breakdow n o f  ATP d u r in g  

a s i n g l e  t w i t c h .

H y d r o ly s is  o f  a p h o sp h o r y la te d  p r o t e in  a s  th e  p r im a iy  e v e n t  i n  

c o n t r a c t io n  c o u ld  r e c o n c i l e  some o f  th e  a p p a ren t d i s c r e p a i .c i e s  and 

c o n f l i c t i n g  r e s u l t s  h i t h e r t o  p u b l i s h e d .  F l e c k e n s t e in  and h i s  co w ork ers
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(1 9 5 4 )  w ere a b le  t o  show an in c r e a s e  in  P i  in  s t im u la te d  m u sc le s  but

no c o r r e sp o n d in g  d e c r e a s e  i n  ATP o r  PC. Moramaerts (1 9 5 5 )  h a s  shown

in c r e a s e s  in  P i  in  l e g  m u sc le s  o f  t o r t o i s e  w ith o u t  d e c r e a s e  i n  ATP '

o r  PC. L a te r  expex’im e n ts  by Mommaerts show ed i n  a s h o r t  t e ta n u s

PC breakdow n i n  f r o g  s a r t o r iu s  ( l9 o 2 a )  and in  t u r t l e  r e c t u s  fe m o r is

b u t n o t  i n  t u r t l e  s a r t o r iu s  ( l 9 o 2 b ) .

F a i lu r e  t o  i s o l a t e  bound ' 'P - la b e l l e d  n u c le o t i d e s  i n d ic a t e  th e

32p e r m e a b i l i t y  b a r r ie r  t h a t  e x i s t s  f o r  P -o r th o p h o sp h a te  i n  m u sc le .

L a te r  e x p e r im e n ts  by Cheesman and W h iteh ead  ( 1968 ) and Chessm an,

P r i s t o n  and W h iteh ead  (l9 & 9 a ) u s in g  f r o g s  i n j e c t e d  w ith  ^ C - g lu c o s e

h ave  shovTn t h a t  th e  a c t in -b o u n d  ADP r a p id ly  becom es l a b e l l e d  and t h a t

i n  f a c t  m u sc le  ( s a r t o r i u s  and g a s tr o c n e m iu s )  th e  ADP soon  h a s  a s p e c i f i c

a c t i v i t y  h ig h e r  th a n  th a t  o f  the t o t a l  ATP p o o l .  I n  th e  r e c t u s  a b d o m in is ,

l a b e l l i n g  o f  th e  bound n u c le o t id e  o c c u r s  l e s s  r a p id ly  th a n  i n  f a s t

m u s c le s . When th e  m u sc le s  a re  b ro u g h t i n t o  i s o t o n i c  c o n tr a c tu r e

w ith  KCl th e  in c r e a s e d  a c t i v i t y  in d u ced  by c o n t r a c t io n  g iv e s  an

in c r e a s e d  l a b e l l i n g  o f  th e  ATP. The s p e c i f i c  a c t i v i t y  o f  t h e  bound

n u c le o t i d e  i s  a l t e r e d  on c o n t r a c t io n .  W ith  t h e  s a r t o r iu s  th e  change

te n d s  t o  b e .a  d e c r e a s e  b u t w ith  r e c t u s  ab d o m in is  an i n c r e a s e .

■ I t  h a s  b een  sho-wn by M a rto n o si e t  a l .  ( 196O) th a t  when l a b e l l e d

ATP i s  added t o  a s o lu t io n  o f  G -a c t in  ex ch an ge  o c c u r s  b e tw een  th e

^^C-ATP and th e  bound n u c le o t i d e .  However t h e  bound AD? o f  F - a c t i n  ,

i s  in e x c h a n g e a b le .

S z e n t-G y d r g y i and P r io r  (1 9 6 6 )  showed t h a t  bound AD? o f  m y o f ib r i l s

and a c to m y o s in  becom e e x ch a n g e a b le  d u r in g  c o n t r a c t io n  and su p er

p r e c i p i t a t i o n  r e s p e c t i v e l y  in  p r e s e n c e  o f  ATP and
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From th e  work o f  S tra u b  and F eu er  (1 9 5 0 )  i t  i s  known t h a t  

G - a c t in  h a s  ATP a s  a p r o s t h e t i c  group and t h a t  F - a c t i n  h a s  ADP*

I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  c o n t r a c t io n  i n v o l v e s  r e p e t i t i v e  

change i n  th e  p h y s i c a l  s t a t e  o f  a c t i n ,  i n v o l v in g  p h o s p h o r y la t io n  

and d e p h o s p h o r y la t io n  o f  th e  a c t in -b o u n d  n u c l e o t i d e .  P h o s p h o r y la t io n  

m igh t o c c u r  by t r a n s f e r  from  a  h ig h -e n e r g y  in t e r m e d ia t e  i n  th e  

breakdov/n o f  ATP by m y o s in .
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SULIIARY

C h ap ter 1

A r e v ie w  i s  made o f  th e  l i t e r a t u r e  c o n c e r n in g  th e  im m ed ia te  so u r c e  

o f  c h e m ic a l en erg y  f o r  m u scu la r  c o n t r a c t io n .

C h ap ter  2

The o b j e c t i v e s  o f  th e  i n v e s t i g a t i o n  a re  d e s c r ib e d .

C h ap ter  3
\

The m ethods and m a t e r ia ls  u sed  i n  th e  e x p e r im e n ts  a r e  d e s c r ib e d .  

C h ap ter  4

\Yhen th e  r e c t u s  a b d o m in is  o f  th e  f r o g ,  b r i e f l y  l a b e l l e d  (up t o  

1 h o u r) w ith  ^ ^ P -o r th o p h o sp h a te , i s  s u b j e c t e d  t o  lo a d e d  o r  u n lo a d ed  

c o n tr a c tu r e  w ith  i s o t o n i c  K Cl, th e  r a d io a c t iv e  co u n t o f  th e  w a t e r - in s o lu b le  

m u sc le  r e s id u e  i s  r ed u ced  by some 4QS.

F i x a t io n  and e x t r a c t i o n  w ith  a lc o h o l  d oes n o t  a f f e c t  th e  r a t i o  o f  

th e  s p e c i f i c  a c t i v i t i e s  o f  c o n t r o l  and c o n tr a c te d  m u s c le s .

I s o m e t r ic  c o n t r a c t io n  and d e p o la r i s a t io n  w ith o u t  c o n t r a c t io n  

(C a ^ ^ -fr e e  m ed ia ) r e s u l t s  i n  a s im i la r  d e c r e a s e  i n  s p e c i f i c  a c t i v i t y .

The r e d u c t io n  i n  s p e c i f i c  a c t i v i t y  on c o n t r a c t io n  i s  n o t  r e l a t e d  

t o  th e  te m p e r a tu r e .

O c c lu s io n  o f  Ca^PO^ in  th e  c o n t r o l  m u sc le s  i s  n o t  r e s p o n s ib le  f o r  

t h e  e f f e c t .

T h ere  i s  no s i g n i f i c a n t  d i f f e r e n c e  in  th e  c r y  w e ig h t s  o f  a c e to n e  

pow d ers o b ta in e d  from  c o n t r a c t e d  and r e la x e d  m u s c le s .
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C h ap ter  5

R e p o la r i s a t io n  o f  th e  m u sc le  w ith o u t  r e l a x a t i o n  d o es  n o t  r e s t o r e  

th e  s p e c i f i c  a c t i v i t y  t o  i t s  r e s t i n g  l e v e l .

R e la x a t io n  o f  f a s t  m u sc le  ( s a r t o r i u s )  w ith o u t  r e p o l a r i s a t i o n

r e s t o r e s  th e  s p e c i f i c  a c t i v i t y  t o  i t s  r e s t i n g  l e v e l .

S e v e r e  m e c h a n ic a l e x t e n s io n  in  i t s e l f  h a s  no a f f e c t  on th e  s p e c i f i c  

a c t i v i t y  o f  t h e  bound p h o sp h a te .

C hapter 6

h j y o f ib r i l s  c o n tr a c te d  w ith  ATP i n  th e  p r e s e n c e  o f  show a

r e d u c t io n  i n  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  s im ila i '  t o  t h a t  

fou n d  when f r o g  r e c t i  a re  c o n tr a c te d  w ith  KCl.

Ko r e d u c t io n  i n  s p e c i f i c  a c t i v i t y  o f  th e  bound p h o sp h a te  i s  fou n d  

when m y o f ib r i l s  are  t r e a t e d  w ith  aTP in  th e  p r e s e n c e  o f  Ca^^.

T reatm en t o f  m y o f ib r i l s  w ith  ITP in  th e  p r e s e n c e  o f  Mg^^ g iv e s  th e  

same r e d u c t io n  i n  s p e c i f i c  a c t i v i t y  a s  t h a t  fo u n d  w ith  ATP.

T reatm en t w ith  DKP d o es  n o t  p r e v e n t  t i ie  r e d u c t io n  i n  s p e c i f i c

a c t i v i t y  when m y o f ib r i l s  a re  t r e a t e d  w ith  ATP and %g^^.

C h ap ter  7

No s i g n i f i c a n t  p a r t  o f  th e  co u n t i s  rem oved from  th e  m u sc le  r e s id u e s  

by l i p i d  s o l v e n t s ,  a lth o u g h  some JCfo o f  th e  t o t a l  p h o sp h o ru s i s  e x t r a c t e d  

w ith  c h lo r o fo r m -m e th a n o l.

The m a t e r ia l  w h ich  i s  e x t r a c t e d  a s  in o r g a n ic  p h o sp h a te  by tr e a tm e n t  

w ith  TCA r e p r e s e n t s  a b o u t IJr/o o f  th e  t o t a l  bound p h o sp h a te .

A bout 8 0 /  o f  th e  co u n t i s  rem oved by TCA from  t h e  w ashed  r e s id u e s  

o f  r e la x e d  m u sc le  and a b o u t 7 2 /  from  t h o s e  o f  c o n tr a c te d  m u s c le .
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C h ap ter  8

C om parison c f  t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e  P i n  PC and ATP-&P 

i s o l a t e d  from  TCA e x t r a c t s  o f  ^ ^ - l a b e l l e d  w h o le  m u sc le s  shov.* a r a t i o  

o f  0 .6 5  -  0 .1 6 .

The s p e c i f i c  a c t i v i t y  o f  P i s o l a t e d  a s  in o r g a n ic  p h o sp h a te  from  a c id

e x t r a c t s  o f  a c e to n e  pow d ers o f  w ashed m u sc le  r e s id u e s  w as o f  th e  same

o r d e r  a s  t h a t  fo u n d  i n  th e  ATP-^!?.

I n  a l l  e x p e r im e n ts , e x c e p t  some w here H C l w as u s e d , o n l y  tw o

p h o s p h o r u s -c o n ta in in g  com pounds, in o r g a n ic  p h o sp h a te  and ADP)were fo u n d

i n  a c id  e x t r a c t s  o f  th e  a c e to n e  pow d ers from  w ashed  m u sc le  r e s i d u e s .

32
The ADP was n o t  l a b e l l e d  w ith  P .

Chanter 9 !
" i

The s i g n i f i c a n c e  o f  th e  tu r n o v e r  o f  bound p h o sp h a te  d u r ijig  c o n t r a c t io n  

and r e l a x a t i o n  i s  c o n s id e r e d .

The p o s s i b l e  e x i s t e n c e  o f  a p h o s p h o r y la te d  m yosin  a s  an in t e r m e d ia t e  

i n  th e  c o n t r a c t io n  p r o c e s s  and a s  a p r im a ry  so u r c e  f o r  m u scu la r  a c t i v i t y  

i s  d i s c u s s e d .

I n  c o n c lu s io n  i t  i s  s u g g e s te d  t h a t  th e  l a b e l l e d  p h o sp h a te  f r a c t i o n  

may d e r iv e  from  a p h o sp h o iy la t .îsd . m y o s in , form ed  a s  an in t e r m e d ia t e  i n  

th e  c y c l e  o f  c h e m ic a l  e v e n t s  a s s o c i a t e d  w ith  m u scu la r  a c t i v i t y .
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