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ABSÏRACT

The p o s s i b i l i t y  was in v e s t ig a te d  t h a t  phosphorç^us u p tak e  from  

ATP o r uptalce o f ATP m o lecu les  by th e  m uscle p r o te in s  o ccu rs  d u r in g  

c o n tr a c t io n  and r e l a x a t io n  of r a b b i t  n y o f i b r i l s .  I t  v;as found th a t  

th e  phosphorous c o n te n t vras th e  same in  m y o f ib r i ls  c o n tr a c te d  w ith  

ATP and th e  c o n tro l  m y o f ib r i ls  a lth o u g h  p h o sp h o ry la tio n  o f a c t i n ,  i f  

i t  o c c u rre d , may n o t have been  d e te c ta b le .

/m exam ination  by p a p e r  chrom atography o f th e  U V -absorbing 

s u b s ta n c e s  i n  washed f ro g  and r a b b i t  m y o f ib r i ls  re v e a le d  th e  p re sen ce  

o f th e  aden ine  n u c le o t id e s ,  II'IP, h y p o x an th in e , and ad e n in e . ADP 

gave th e  most in te n s e  U V -absorbing sp o t and was presum ably  d e r iv e d  

from  F - a c t in .  An o lig o  -  o r p o ly n u c le o tid e ,  p o s s ib ly  d e r iv e d  from  

RNA, and a g reen  p ig m en t, were a lso  fo u n d .

The aden ine  n u c le o t id e s  in  KC1 and HCiO^ e x t r a c t s  o f washed f ro g  

m y o f ib r i ls  were e s t im a te d . A pproxim ate ly  2 .90  ~ 3 .1 0  pm oles/gm . d ry  

w eig h t o f  aden ine  n u c le o tid e s  were p r e s e n t ,  most o f which was IDP, 

C o n s id e ra b ly  more ATP was found in  th e  HC1 e x t r a c t s  th an  was p re s e n t  

i n  th e  HC10£j_ e x t r a c t s ,  i n  which most o f th e  n u c le o tid e  was ADP. The 

c o n c e n tra t io n  of A.TP in  th e  HC1 e x t r a c t s  iras o bserved  to  a l t e r  a f t e r  

n e u t r a l i z a t io n  in  a s s o c ia t io n  w ith  a change in  th e  ADP c o n te n t .  I t  

i s  su g g ested  t h a t  a phosphokinase  i s  p r e s e n t  in  the  KC1 e x t r a c t s ,  b u t 

n o t i n  th e  HC10î  e x t r a c t s ,  w hich becomes a c t iv e  a f t e r  n e u t r a l i z a t io n  

and s y n th e s is e s  th e  ATP from  ADP and an u n id e n t i f i e d  su b stan ce  XP,
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A h ig h e r  ATP/ADP r a t i o  was found in  th e  HCl e x t r a o t  from  o o n tro l  myo

f i b r i l s  th an  in  th e  e x t r a c t  from  m y o f ib r i ls  c o n tr a c te d  w ith  ATP.

When a f ro g  m uscle homogenate was washed w ith  su c c e ss iv e  sm all 

volumes o f  w a te r ,  th e  m y o f ib r i ls  sw elled  and s t r u c t u r a l  p r o te in  p assed  

in to  s o lu t io n ,  to  a much g r e a te r  e x te n t when c o n d itio n s  fav o u red  

r e la x a t io n  th an  c o n tr a c t io n  of th e  f i b r i l s .  The e x t r a c te d  p r o te in  was 

p r e c ip i ta te d  by Mgions and c o n ta in e d  aden ine  n u c le o t id e .  I t  was con

c lu d ed  to  be a form c f actom yosin  c o n ta in in g  F -a o tin  in  a low s t a t e  o f  

p o ly m e ris a tio n .

A th e o ry  c f  c o n tr a c t io n  i s  su g g ested  which i s  c o n s is te n t  w ith  

th e se  o b s e rv a tio n s .
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of A T P-treated, m y o f ib r i l s .

c) The n u c le o tid e s  in  th e  HCl and HCIÔ  ̂ e x t r a c t s  o f u n tre a te d  y^
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iDP adenosine  d ip h o sp h a te

AJ,IP adenosine 5* phosphate

CP c r e a t in e  phosphate

GPkinase c r e a t in e  phosphokinase

G TP c y tid in e  t r ip h o s p h a te

DNP 2 i4  d in itro p h e n o l

DOC d eo x y -ch o la te

FDl̂ TB 1 f lu o ro  2 : 4  d in ib ro b en zen e

G-TP guano s in e  tr ip h o s p h a te

LriA io d o a c e tic  a c id

ILIP , in o s in ic  a c id

Pj_ in o rg a n ic  phosphate

RNA r ib o n u c le ic  a c id

TCA t r i c l i l o r a c e t i c  a c id

UTP u r id in e  t r ip h o  sp h a te
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CHAPTER I

INTRODUCTION

(a ) -Early work on th e  ch em is try  o f th e  c o n t r a c t i l e  s y s t em.

The f i r s t  in d ic a t io n  o f th e  im portance o f n u c le o tid e s  in  tiie  

p ro c e ss  o f  m uscular c o n tra c t io n  came in  1931 when Lohrnann i s o l a t e d  

iiTP from  m uscle c-nd found th a t  i t  c o n ta in e d  two e n e rg y -r ic h  phosphate  

bonds. P re v io u s ly ,  in  192?, Eggl e to n  and E g g le to n  found t h a t  CP p r e s e n t  

in  m uscle was decomposed d u rin g  a  long s e r i e s  o f c o n tr a c t io n s .  M eyerhof 

and S u ran y i i n  th e  seme y ea r  found th a t  u n ex p ec ted ly  la r g e  emounts o f 

h e a t  were re leased - d u rin g  i t s  en zy m .tic  decom position  and  i t  was 

concluded  theit th e  en erg y  o f h y d ro ly s is  o f  th e  phosphéite bond must be 

u sed  i n  some way by m uscle d u r in g  c o n tr a c t io n .  However, Lohrnann (1934) 

d isc o v e re d  th a t  CP h y d ro ly s is  in  m uscle a p p a re n tly  o n ly  o c c u rred  by 

way o f  an enzym atic r e a c t io n  in  which i t  was used  as a  so u rce  o f  Pj_ f o r  

.-iTP fo rm a tio n  from r/DP, th e  .iTP being  su b se q u e n tly  hydi-olysed. He 

th e re fo re  su g g e s te d  th a t  _-_TP and n o t CP m ight be th e  sou rce  o f energy  most 

c lo s e ly  coirriected w ith  musculoir c o n tr a c t io n ,

S n g le h a rd t and Ljubimova (1939) i d e n t i f i e d  tiie  aTPase o f m uscle 

w ith  one of th e  m ajor m uscle p r o te in s ,  "myosin" , w hich h y d ro ly sed  on ly  

th e  te rm in a l h ig h  energy  p h osphate  group o f  ATP to  g ive  .D P and P i  i n  the  

p re se n ce  o f Mg io n s . T h is  confirm ed  th e  view th a t  nTP could  be th e  p rim ary  

source  o f  energy  wliich i s  r e p le n is h e d  d u rin g  c o n tr a c t io n  a t  th e  expense 

o f CP,

The e x te n s iv e  work o f  S zent-C y6r g y i  and S trau b  (1941-42) e s ta b l is h e d  

tech n iq u es  f o r  th e  i s o l a t i o n  and c h r ra c te r is a - t io n  c f  th e  m uscle p r o te in
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"m yosin", and  i t  was found t o  be a  conpt.ex o f kvvo d i s t i n c t  p r o te in s .  

bzent-G -ybrgyi ram m ed th e  o r ig in a l  "myosin" e-ctom yosin, and i t s  two 

components were ntmed a c t in  and m yosin. I t  wais founds th a t  th re a d s  

o f actom yosin  c c n tr a c te d  in  th e  p re se n c e  of ATP, Myosin i t s e l f  was 

shown to  be n o n -c o n tre .c ti le  a lth o u g h  i t  c a ta ly s e d  th e  breakdcrwn o f  

a  TP, b u t on a d d i t io n  o f c .c tin  th e  c o n t r a c t i l e  p r o p e r t ie s  were 

r e s to r e d .  Szent-G -ybrgyi suggested. thcD th e  functioned , u n i t  o f  m uscle 

i s  th e  aTP complex o f ac tom yosin . I t  was e s tim a te d  th a t  the  a d so rp 

t io n  o f one .-TP m olecu le  to  one m olecu lu r u n i t  of myosin (100 ,000  g . )  

was p o s s ib le  from th e  c a lc u la te d  -t-.TP and m yosin c o n te n ts  o f  m uscle .

A m ajor d isc o v e ry  was th e  f in d in g  th a t  a c t i n  could  e x i s t  in  two 

form s. S tra u b  showed th a t  a c t i n  e x t r a c te d  from  an  ace to n e  powder 

of r a b b i t  m uscle a s  a  d e e r  aqueous s o lu t io n  (O -a c tin )  became h ig h ly  

v isco u s  and e v e n tu a l ly  form ed g a l  (P -c .c tin ) on th e  a d d i t io n  of Mg or 

Ca io n s . V arious p h y s ic a l  measurem ents showed t l i a t  a  p o ly m e ris a tio n  

o f a c t i n  m olecu les had tak en  p la c e ,  th e  m olecu les p o s s ib ly  being  

c o n 'a c te d  by m eta l atom b r id g e s  to  form  long rod.-lilco f ib r e s  v iiich  

would, have s u f f i c i e n t  s t r e n g th  to  do m echan ical w ork. Atra.ub th o u g h t 

t h a t  th e  e l e c t r i c  c d r g e  change d u r in  p o ly m e ris a tio n  m ight b r in g  

abou t c o n tr£ .c tio n  of a  m -iscle,

(b) The bound n u c le o tid e  o f  a c t i n .

F u r th e r  work on a c t i n  by S tra u b  a n d l e u e r  _.nd a ls o  by  la .k i (l950 ) 

re v e a le d  t h a t  the  p o lv m e ris a tio n  o f i s o la t e d  £ c t i n  wrus accom panied by  

cun a p p a re n tly  non-enz“miic s p l i t t i n g  of . .TP wliich was bound, to  th e  a c t i n
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m o lecu le . The f i r s t  ev id en ce  th a t  n u c le o tid e  was hound, to  m uscle 

p r o te in  s t r u c tu r e  was o b ta in e d  by B uchtbal e t  a l .  (194?) who showed th e  

p re se n c e  o f n u c le o tid e  i n  a.ctomyosin tliread s  w hich  d id  n o t appear to  be 

m ere ly  adsorbed. Two y ea rs  l a t e r ,  d r  ^ub and P e ttk o  found th a t  ATP 

and aDP in  actom yosin  were ino.cc e s s ib le  to  enzymes wliich would a t t a c k  

f r e e  ATP and ^DP. T h is work le d  to  th e  d isc o v e ry  by S trau b  and P eu er 

( 1950) t h a t  a c t i n  co n ta in s  ATP in  a  bound, form w hich d isa p p e a rs  dujring 

p o ly m e ris a tio n . P i  b e in g  r e le a se d  in  ci 1:1  r a t i o  w ith  th e  _-.TP u t i l i s e d .  

P resum ably  .D P -a c t in  v/as form ed. T h e re fo re  G—a c t i n  i s  . d P - a c t in  and 

P - a c t in  i s  x D P -a c tin , The p o s s i b i l i t y  th a t  th e  p r o te in  was d i r e c t l y  

phosphory lated . t r a n s i e n t l y  d u rin g  th e  p o ly m e ris a tio n  p ro c e ss  was 

su g g es ted . D ep o ly m erisa tio n  was o b ta in ed  b y  d ia ly s i s  of 1'- a c t i n  a g a in s t  

a  d i l u t e  ATP s o lu t io n .

The ATP c o n te n t o f th e  ace to n e  ;owder used  f o r  e x t r . .c t io n  of th e  

G ^ac tin  s o lu t io n  was e s tim a te d  to  be le s s  th a n  th e  .TTP c o n te n t of t l i a t  

s o lu t io n  and th e re fo re  xxTP must have been form ed d u ring  th e  e x t r a c t io n  

p ro c e s s .  The c o n c lu s io n  was reach ed  t l i - t  in  th.-; ere  tone povjder a c t i n  

must be p r e s e n t  in  th e  po ly m erised  form , P - .D P -a c t in ,  Aince the  

ace to n e  powder a p p a re n tly  co n tin ed  no enzyme which would c o .td y s e  a 

r e a c t io n  p ro d u c in g  s u f f i c i e n t  energy  for  th e  fom xxtion o f  AiP in  G -o .c tin ,
I

i t  was assumed th a t  idie en erg y  f o r  i t s  fo rm a tio n  was derived  from  th e  

m echanical chainges involved, i n  depolym er i s  a . t i  011»

Q u a n t i ta t iv e  m easurements by Morm'na<.erts (l9 5 2 ) e s ta b l is h e d  th a t  

one m olecu le  o f  .DP was bound to  each  m o lecu la r u n i t  of P - a c t in  halving
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a m o lecu la r w e ig h t o f 57 ,008 gm. The i n i t i a . l  h e a t o f c o n tr a c t io n  o f 

muscle had been  e s tim a te d  by H i l l  ( l949) and i t  was caT cu le ted  th a t  i f  

aTP h y d ro ly s is  does tak e  p la c e  i n  a  s in g le  tw itc h , 0 .25  -  0 ,3 0  

pM x d ip /g n /tw itch  must be b roken  down to  accoun t f o r  th e  h e a t p ro d u c tio n . 

Mommaerts c a lc u la te d  from th i s  f ig u re  thcct i f  a l l  th e  a c t i n  p re s e n t  in  

1 gm, o f  m uscle po ly m erised  once, th e  amount of ATP d ep h o sp h o ry la ted  

would be e q u iv a le n t to  th e  amount o f  d ep h o sp h o ry la tio n  in  th e  c o n tra c 

t i l e  phase o f  a s i r g l e  b - i t c h .  About 5 % 10"^ moles o f nTP would be 

broken down. Hence th e re  was ev idence th a t  a c t i n  p o ly m e ris a tio n  a s  w e ll 

£c8 m yosin aTPase w ere , on e n e rg e t ic  c o n s id e ra t io n s ,  cap ab le  o f  p ro v id in g  

th e  energy  n e c e ssa ry  fo r  m uscu lar c o n tr a c t io n .

E s tim a tio n  o f  th e  n u c le o tid e  bound i n  th e  i n t a c t  m y o f ib r i l  was 

u n d e rtsk e n  by P e rry  (1 9 5 2 ). The s p e c tra  o f TCA e x t r a c ts  o f 

e x lia u s tiv e ly  v/ashed r a b b i t  m y o f ib r i ls  in d ic a te d  th a t  o n ly  aden ine 

n u c le o tid e s  were p re s e n t  and enzymic e s tin n .tio n s  o f .JviP, xDP and r..TP 

y ie ld e d  the  fo llo w in g  r e s u l t s

aMP um oles/gm . .DP p m k es/g m . A TP pm oles/gm.

0.88 2.7  0.47

i-DP th e r e fo r e  was th e  im jo r  aden ine  n u c le o tid e  p r e s e n t .  P e r ry  su g g e s ted  

t h a t  i n  v iv o  a l l  bound, n u c le o tid e  e x i s t s  as  ^T P , 1C% o f the  t o t a l  c e l l  

aTP, s in c e  severed  p o w erfu l p h o sp h o ry la tin g  system s a re  p re s e n t  i n  an  

i n t a c t  m uscle , e .g .  CP-GPkinase and o x id a tiv e  p h o sp h o ry la tio n . True 

b in d in g  of th e  n u c le o tid e  in  th e  m y o f ib r i ls  was proved by th e  o b se rv a 

t io n  t h a t  ATP and ..DP were s ta b le  i n  a  system  c o n ta in in g  myokin^ise.
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üTPase and £idenylic deam inase, w hich would a t ta c k  f r e e  n u c le o t id e s .  Added 

ATP was n o t adsorbed  b u t b rough t ab o u t c o n tr a c t io n  o f  th e  f i b r i l s ,

( c) F o r ly  a tte m p ts  to  d e te c t  .ITP and CP bre a k davn d u rin g  a
s in g le  m uscle tw itc h

S in ce  b o th  mycsinnTPase a c t i v i t y  and a c t i n  p o ly m e ris a tio n  would b o th  

presuiiufûly le e d  to  an in c re a s e  in  -DP and Pj_ d u rin g  con trcuction , s e v e ra l  

w orkers t r i e d  to  show th a t  th i s  o-.;curred, b u t th e  ev idence o b ta in ed  v/as 

n o t c o n c lu s iv e . M unch-Petersen (1953) found t h : t  d e p h o sp h o ry la tio n  of 

_^TP to  ..DP took  p la c e  d u rin g  th e  r i s in _  phase o f  a  s in g le  tv /itc h  of 

e l e c t r i c a l l y  s tim u la te d  t o r t o i s e  m uscle. An in c re a s e  i n  iD P of 6- 7̂ 0 was 

found eD te r c o n tr a c t io n ,  w hich would be s u f f i c i e n t  to  accoun t f o r  th e  

h e a t p ro d u c tio n  i n  a  s in g le  tw itc h  i f  th i s  i s  dependent on déphosphory la

t io n  of aTP. H avever, Mommaerts (1955) co u ld  d e te c t  no such  change, nor 

any chenge in  the CP v/hich, i t  was though t, m ight re p h o sp h o ry la te  xDP to  

ATP so  quiclcly tha.t one cou ld  no t ex p ec t to  d e te c t  any change i n  t h e i r  

c o n c e n tra t io n s .  The work o f  P le c k e n s te in  e t  a l ,  ( 1954) p ro v id e d  ev idence  

f o r  the  brealcdown o f  CP a f t e r  pot^aalum  c o n tra c tu re  o f f ro g  r e c tu s  

abdom inis a t  0° and 20°, b u t th e re  v/£n no change in  th e  l e v e l  o f :..TP or 

iD P . A f te r  e l e c t r i c a l  s t im u la t io n  a t  20^ a s im i la r  r e s u l t  was o b ta in e d . 

Ho-wever, i n  b o th  experim en ts th e  amount of CP b roken  down would n o t Ix.ve 

p ro v id e d  th e  emount o f  energy  u sed  by  th e  m uscle . A f te r  e l e c t r i c a l  

s tim ulc^tion  a t  0^ th e  le v e ls  o f  aT P, ..DP and CP re im in ed  c o n s ta n t,  b u t 

an  in c re a se  i n  ?j_ was o b ta in e d  w hich wen s u f f i c i e n t  to  account f o r  th e  

work done, assum ing th a t  i t  was d e r iv e d  fro n  en e n e rg y -r ic h  phosphate
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conrpound. F ie  ex ens t e  in  concluded th i i t  th e re  i s  a  so u rce  o f phosphcite 

bond energy  in  m uscle vhich  i s  c lo s e r  to  th e  c o n tr a c t io n  p ro c e ss  th an  

e i t h e r  nTP o r  CP.

(d) The r o le  of  a c t i n  in  th e  c o n t r a c t i l e  p ro c e s s .

No f u r th e r  p ro g re ss  was made in  th e  e lu c id a t io n  o f th e  manner in  

v iiich  th e  ad en in e  n u c le o tid e s  m ight be u sed  f o r  energy  d u rin g  co n trac 

t io n  u n t i l  1 9 5 7 .  A tte n t io n  w l is  th en  c ^ g u i n  d i r e c te d  to  th e  p r o p e r t ie s  

o f  th e  i s o l a t e d  p r o te in s ,  p e r t i c u l i r l y  a c t i n .  U lb rech t and U lb rech t 

( 1957) d isc o v e re d  th a t  a  t r a n s i  e r  o f p h o sp h ite  took  p la c e  betv/een AD^^P 

and aTP i n  i s o l a t e d  m y o f ib r i ls  end ac tom yosin . The r a t e  o f AD32p 

t r a n s i  e r  was te n  to  tw enty  tim es the  r a t e  o f xxTP s p l i t t i n g  and magnesium 

io n s  were r e q u ire d , Ca io n s  b e in g  in h ib i to r y .  The r e a c t io n  co u ld  be 

e x p la in e d  to  r e s u l t  from  th e  p h o sp h o ry la tio n  o f th e  c o n t r a c t i l e  p ro te in s  

by ATP in  th e  fo llo w in g  m an n e r:-

ATP -f p r o te in   ̂ ADP ^  p r o te in  -  P ,

The f in d in g  t h a t ,  in  f i b r i l s  from  which most o f  th e  myosin had been 

e x t r a c te d ,  th e  exchange r e a c t io n  s t i l l  took p la c e  le d  to  th e  su g g e s tio n  

th s .t  a c t i i .  was p h o sp h o ry la ted  by tlie ATP, U lb rech t and U lb rec h t th o u g h t 

t h a t  i n  m uscle , th e  energy  from aTP m ight be t r a n s f e r r e d  to  th e  c o n t r a c t i l e  

mechanism in  t h i s  wa.y; a f t e r  th e  r e le a s e  o f Pp c o n tr a c t io n  would r e s u l t  

from  in t e r a c t io n  betw een myosin and a c t in .  The exchange r e a c t io n  d id  n o t 

ta k e  p la c e  i n  a c t i n  from  acetone pow ders, n o r in  r e c o n s t i tu te d  actom yosin , 

which in d ic a te d  th a t  s iz 'u c tu ra l  o rg a n is a t io n  o f  th e  m uscle p r o te in s  was 

e s s e n t i a l  f o r  th e  t r a n s f e r .
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Chc:.nges i n  th e  s tr i^ ^ te d  s t r u c tu r e  of m y o fib r ils  a f t e r  c o n tra c t io n  

induced  by  n'TP, observed  by Hanson and Hujrley (1954)  ̂ ap po jren tly  occur 

as a r e s u l t  o f  chemges in  th e  r e l a t i v e  p o s i t io n s  o f th e  a c t i n  and m yosin 

f i la m e n ts .  Myosin and a c t i n  ap p ear to  be p re s e n t  an s e p a ra te  o v e rlap p in g  

f i l a iæ n t s  i n  th e  m y o f ib r i ls  and c o n tra c t io n  occurs by th e  s l id in g  o f  the  

a c t i n  filc^m ents a c ro ss  th e  myosin f ila m e n ts  so th a t  s h o r te n in g  of th e  

in d iv id u a l  f ila m e n ts  does no t take  p la c e .  Hanson and H, S . H uxley (l9 5 5 ) 

su g g es ted  thc.bc c y c l ic a l  changes in  th e  a c t i n  f i la m e n ts , perhaps o c c u rrin g  

by  su c c e s s iv e  d ep o ly m e risa tio n  and re p o ly m e ris a tio n  o f a c t i n  m o lecu les , 

cou ld  le a d  to  sm all changes i n  t h e i r  le n g th  and t h e i r  su c ce ss iv e  a ttach m en t 

and detaciim ent to  tn e  m yosin f i la m e n ts .  T his p ro c e ss  would r e s u l t  i n  th e  

movement o f th e  a c t i n  f ila m e n ts  r e l a t i v e  to  th e  myosin f i la m e n ts ,  bu t 

n e i t l ie r  f ila m e n t would be E .ppreciably  sh o rte n e d .

A, p . H uxley and i.ie d e rg e rk e  (l9 5 4 ) observed changes i n  th e  banded 

s t r u c tu r e  o f  a  l iv in g  f ib r e  which could  a ls o  be interpre'feerted in  th i s  

way. However, A .  P . Hucli-y has su g g es ted  a  mecheaiism to  e x p la in  th e  

s l i d in g  m otion o f th e  f i la m e n ts  v.hich does n o t in v o lv e  th e  p o ly m e ris a tio n  

of a c t i n .  The e x is te n c e  o f  s id e  p ie c e s  on th e  myosin f ilc m e n ts  i s  p o s tu 

la t e d  and betw een two su ch  p ro je c t io n s  a  group Cc.pable o f  combining v /ith  

a  group on th e  a c t i n  f ilc m e n ts  o s c i l l a t e s  back :uid f o r th  betw een i t s  

e q u il ib r iu m  p o s i t io n  as  a  r e s u l t  o f  thenm il o.git:. t io n .  I t  i s  su g g ested  

th a t  combinait io n  betwcon th e  groups on a c t in  End myosin i'aJces p la c e  

sp o n tan e o u sly  when th e  o s c i l l a t i n g  groups on th e  myosin f i la m e n ts  a re  in  a  

p o s i t io n  w lorc com bination  w i l l  r e s u l t  in  a  te n s io n  b e in g  e x e r te d  on th e
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a c t i n  f i l a m e n ts .  The s e p a r a t io n  o f  th e  f i la m e n ts  i s  b ro u g h t ab o u t when a 

h ig h  e n e rg y  p h o sp h a te  compound com bines w ith  s i t e s  on th e  a c t i n  f i le m e n t  

c lo s e  t o  th e  b in d in g  s i t e  v / i th  m yosin . The compound i s  th e n  d ep h o sp h o ry - 

l a t e d  end i t s  frag m en ts  d e ta c h e d  from  th e  f i l a m e n t ,  so  t h a t  th e  i n i t i a l  

c o n d i t io n s  a re  r e s to r e d  and  'die com b in atio n  o f a c t i n  to  p o in t s  f u r th e r  

adong th e  m yosin  f ila m e n t can be made.

The o b je c t io n  to  th e  p a r t i c i p a t i o n  o f  a c t i n  p o ly m e r is a t io n  and 

d e p o ly m e r is a t io n  i n  con r a c t i o n  and r e l a x a t io n  r e s p e c t iv e ly  u n t i l  1939 

was t h a t  th e r e  v/cis no e v id en ce  as  to  how a  p h y s io lo g ic a l  d e p o ly m e risa 

t i o n  co u ld  ta k e  p r a c e .  S tra u b  ( l9 5 0 )  th o u g h t t h a t  i t  sh o u ld  o ccu r by th e  

p h o s p h o ry la t io n  o f  bound jD P b u t  co u ld  f in d  no ev id en ce  th a t  xDP i n  a e t i n  

was a c c e s s ib le  to  p h o s p h o ry la tin g  enzym es. I n  th e  d e p o ly m e r is a tio n  o f 

P - a c t in ,  w hich  he o b ta in e d  by  d i a ly s i s  a g a in s t  d i l u t e  aT P , .D P  m o lecu les  

r e p la c e d  th e  D P  m o lecu le s  o f  th e  P -c .c t in .  He th o u g h t t h a t  a c t i n  aTP 

m igh t be r e s y n th e s i s e d  by m ech an ica l f o rc e s  in v o lv e d  in  d e p o ly m e r is a t io n . 

T h is  d id  n o t seem u n l ik e ly  as a c t i n  p o ly m e r is a t io n  a p p ea re d  to  be a  n o n -  

enzyraic p ro c e s s  a l s o .

H owever, S trohm an (l9 3 9 ) fo u n d  t h a t  r e v e r s i b l e  d e p o ly m e r is a t io n  c o u ld  

ta k e  p la c e  e n z y m ic a lly . th e n  P - a c t i n  was d ia ly s e d  a g a in s t  GP i n  th e  

p re se n c e  o f  G P kinase, th e  bound xDP was r e p h o s p h o ry la te d  a t  th e  e:qpense 

o f th e  GP cind G- a c t i n  was th u s  fo rm ed , a t  no p o in t  was n u c le o t id e  r e l e a s e d  

i n t o  th e  d i a l y s i s  medium. The la y e r in g  o f  th e  io n ic  s t r e n g th  was n e c e s s a ry  

t o  o b ta in  d e p o l^ m e r is a tio n  and  in  0 ,1  M KCl, i n  w hich  a c t i n  i s  m a in ta in e d  

in  the p o ly m e rise d  s t a t e ,  th e  D P  o f  P - a c t i n  was n o t p h o s p h o ry la te d  by  th e  

GP-GPkinase sy stem . I n  1954, P e r ry  had  shown th e .t i n  an i n t a c t  f i b r i l  th e
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bound D P  was a l s o  u n r e a c t iv e  i n  th e  p re se n c e  o f  t l i i s  sy s te m . H ow ever, 

he fo u n d  t h a t  v e ry  la / ;  c o n c e n t r a t io n s  o f  ad d ed  xDP b ro u g h t  a b o u t r a p id  

c o n t r a c t io n  o f  th e  f i b r i l s , p re su m a b ly  b y  means o f  th e  ATP s y n th e s i s e d  i n  

th e  p r e s e n c e  o f  th e  G P k in ase . I t  wa.s re m a rk a b le  ü i e r e f o r e  t h a t  a  s i m i l a r  

c o n c e n t r a t io n  o f  1.TP ad ded  i n  th e  a b se n c e  o f  th e  CP-G Pkinase sy s tem  d id  

n o t in d u c e  c o n t r a c t io n .  P e r ry  ( l9 5 3 )  c c n d u d e d  t h a t  c o n t r a c t io n  depends 

on p h o sp h a te  tu rn o v e r  r a t h e r  th o n  on th e  p r e s e n c e  o f  a  g iv e n  c o n c e n tr a 

t i o n  of ATP; tu rn o v e r  co u ld  be m a in tin e d  by  th e  m y o f i b r i l l a r  xiTPase 

a c t in g  on c a t a l y t i c  am ounts o f  ATP r e p le n i s h e d  from  D P  b y  th e  G P kinase 

sy s tem .

I f  th e  r e v e r s i b l e  d e p o ly m e r is a t io n  o f a c t i n  d e m o n s tra te d  b y  S trohm an 

( 1959) to o k  p l a c e  i n  v iv o , h e  s u g g e s te d  t h a t  i t  c o u ld  e x p la in  why a t te m p ts  

to  d e t e c t  ATP brealcdown i n  a  s in g l e  m uscle  'tw itc h  h ad  b een  u n s u c c e s s fu l  

o r  had  d e te c te d  a  s m a l le r  change i n  aTP and iD P  c o n c e n t r a t io n s  th a n  wais 

e x p -o te d .  I f  i n  f a c t ,  ATP i s  s p l i t  d u r in g  c o n t r a c t io n ,  i t  co u ld  ta k e  

p la c e  -through a  d e p h o s p h o ry la t io n  and  r e p h o s p h o r y la t io n  o f  o n ly  th e  

a d e n in e  n u c le o t id e  bcund  i n  t h e  m y o f ib r i l  to  a .c t in  and  no im m ediate 

ch&nge i n  s a rc o p la s m ic  .D P  w ould be e v id e n t .

( e ) ^ h e n a tu r e  o f  th e  nu c l e o t i d e - a c t i n  b o n d .

The r e s u l t s  o f  M rr to n o s i  e t  a l .  ( 1960) have shown thmit when G-a  c t i n  

i s  in c u b a te d  v d th  ATP ( l4 c )^  c a n p le te  e q u i l i b r a t i o n  betv /een  l-ound an d  

f r e e  n u c le o t id e  ta k e s  p la c e  i n  a  v e ry  s h o r t  t im e .  T h e re fo re  th e  ATP 

o f G-a  c t i n  i s  n o t  a s  t i g h t l y  bound a s  S trohm an o r i g i n a l l y  -though t. H is  

c o n c lu s io n  was b a se d  on th e  f in d in g  t h a t  ATP i n  G - a c t in  was n o n - d ia ly s a b le .
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b u t  îv ïartonosi e t  a l ,  fo u n d  ev id en ce  t h a t  t h i s  co u ld  be due to  c h a rg e  

e f f e c t s  a t  th e  c e l l u lo s e  membraj^no, s in c e  xDP in  G - a c t in  i s  d ia ly s a b le  

i n  th e  ab sen ce  o f s a l t s  tliro u g h  a  c o l lo d io n  membrajfne, However, th e y  

a g re e d  t h a t  D P  i n  P - a c t in  i s  co n n ec ted  in  a  v e ry  s tro n g  bend w ith  th e  

p r o t e in ,  s in c e  no s i g n i f i c a n t  e q u f . l ib r a t io n  to o k  p la c e  betw een  ADP(^^C) 

and th e  D P  o f P - a c t i n .  No ev id en ce  c o u ld  be found  t h a t  D P  i s  r e p h o s -  

p h o ry la te d  from  P i  d u r in g  d e p o ly m s r is a t io n  o f a c t i n  o r  th a .t t r a n s p h o s 

p h o r y la t io n  from  added ATP to  bound D P  took  p la c e ,

M arto n o si e t  a l .  su g g e s te d  th e  fo llo w in g  scheme t o  e x p la in  t h e i r  

r e s u l t s

G + A ÏP  -    4 G -  ATP ( l )

G -  ATP s a lf t  F -  ..iDP + P^ ( 2)

P -  ADP s a l t  G -  ;j)P  ( 5)

G -  .iDP + A T P (^ b )  __________ ^ G -  A T P (lk :)  + .ADP ( 4)

The p h o s p h o ry la t io n  o f  D P - a c t i n  d u rin g  i t s  d i a l y s i s  a g a in s t  CP i n  th e  

p re se n c e  o f G Pkinase can be e x p la in e d  w ith o u t p o s tu l a t i n g  d i r e c t  

p h o s p h o ry la t io n  o f  th e  bound D P .  I n s te a d ,  th e  CP-G Pkinase sy stem  

c o u ld  p h o s p h o ry la te  th e  D P  form ed i n  r e a c t io n  (4 ) and th e  r e s u l t i n g  

ATP co u ld  co n b in e  w ith  G - a c t in  a c c o rd in g  to  r e a c t io n  ( l )  .

However, ex p e rim e n ts  i n  v iv o  by  th e  same w o rk ers  ( I 960) f a i l e d  to  

g iv e  su p p o r t  f o r  th e  o c c u rre n c e  o f  th e  s e r i e s  o f  r e a c t io n s  g iv e n  above 

o r f o r  th e  p a r t i c i p a t i o n  o f  p o l^ m aerisa tio n  and d e p o ly m e r is a tio n  o f  a c t i n  

d u r in g  c o n t r a c t io n  and re lE ix a tio n  r e s p e c t iv e ly  i n  th e  i n t a c t  a n im a l.
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I n je c t io n s  o f  -o r th o p h o sp h a te  w ere g iv e n  t o  r a h b i t s ,  r a t s  o r  p ig eo n s

and th e  tim e c o u rse  o f  r a d io a c t iv e  in c o r p o ra t io n  i n t o  D P  bound t o

c.ctom yosin was m easured  i n  p e r io d s  ra n g in g  from  one houi- t o  2+B h o rjrs .

A cco rd in g  to  th e  th e o ry  o f  S tra u b  and  F eu e r ( l9 5 0 ) r e la x e d  m uscle 
a

c o n t in s  G -A lP -a c tin , and th e  i n  v i t r o r e s u l t s  o f M a rto n o s i e t  a l .  

i n d ic a te  t h a t  i t s  bound n u c le o t id e  sh o u ld  e q u i l i b r a t e  w i th  th e  

n u c le o t id e  p o o l^  H owever, 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  

an d  ^  p h o sp h a te s  o f  th e  D P  i s  ole. t e d  from  ac to m y o sin  w ere compEûred 

w ith  th e  s p e c i f i c  a c t i v i t i e s  o f th e  and  jS p h o sp a te s  o f  D P  from  TCa 

e x t r a c t s  o f  th e  w hole m u sc le , i t  was obvious t h a t  e q u i l i b r a t i o n  h ad  n o t 

o c c u r re d . Ivaartonosi e t  a d . th e r e f o r e  co ncluded  t h a t  th e  p re s e n c e  o f  

G -a c t in  i n  r e la x e d  m uscle was u n l ik e ly .

However, e x p e rim en ts  u s in g  “n j e c t e d  r a d io a c t iv e  i s o to p e s  may be 

c r i t i c i s e d  on th e  g rounds o f  p o s s ib l e  p e rm e s -b ility  b a r r i e r s  w hicli 

co u ld  b r in g  ab o u t a  p r é f é r a n t  a l  u se  o f  tlie  i n j e c t e d  m a te r ia l  by  enz^mie 

sy s  toms o th e r  thz.n th c .t under i n v e s t i g a t i o n .

Strohm an ( I 962) u sed  th e  exchange r e a c t i o n  o f Iv k rto n o s i e t  a l .  t o  

i n v e s t i g a t e  th e  m anner i n  v/hich D P  i s  bound by G - a c t ln ,  A s tu d y  o f  th e  

r e a c t i o n ; -

G -  _ . T P ( ^ )  + XTP ^----------^ G -  XTP + aTP(14g) ,

w here D P  r e p r e s e n t s  xiTP, G IP, OTP, UTP or IT P , h as shown t h a t  b in d in g  

o f xiTP m ust o ccu r th ro u g h  a t  l e a s t  one p o in t  on  th e  ad en in e  r in g  s in c e  

o n ly  aTP d i s p la c e s  e . l l  th e  bound D P ( ^ C ) .  V ery s l i g h t  d isp la c e m e n t 

o c c u rre d  w ith  th e  o th e r  n u c le o t id e s .  Ji -perim ents w i th  FDTA and
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N -o-thyl ma] e im id e  e s t a b l i s h e d  a  re q u ire m e n t f o r  -SH g ro u p s  an d  Ivig o r  

Ca io n s  in  th e  b in d in g  o f  ATP to  th e  p r o t e in .  The r a t e  o f  exchange 

o f  ATP was d e c re a s e d  b y  th e  p re s e n c e  o f  Ca io n s  b u t  vas o n ly  s l i g h t l y  

a f .:.a c te d  by Ivig i o n s ,  i n d i c a t i n g  t h a t  t l ie  C a - i.T P -a c tin  com plex was 

more s t a b l e  th a n  th e  % -f iT P -a c b in  c o n p le x . I n  1959 , W illia m s , from  

s tu d y  o f  th e  e n tro p y  o f  h y d r a t io n  c f  Ca and Mg com plexes o f ATP, 

fo u n d  t h a t  th e  Ca~ATP com plex was more s t a b l e  th a n  th e  Mg-A’ P com plex, 

p ro b tib ly  b e c a u se  th e  Ca io n  was c o - o rd in a te d  w i th  more p h o s p h o ric  

8.c id  g ro u p s  th an  th e  ¥ig io n ,  T liis  r e s u l t  t h e r e f o r e  c o rre sp o n d e d  t o  

S tro h m n n 's  o b s e rv a t io n s  on th e  s t a b i l i t y  o f  th e  io n - iD P - a c t in  

co m p lex es .

S trohm an s u g g e s te d  th e  f o i l  awing schem es f o r  th e  b in d in g  o f 

th e  a T P -io n  com plexes t o  C - a c t i n  u s in g  th e  in fo rm a tio n  g iv e n  bjr 

W illia m s  f o r  th e  c o - o r d in a t io n  o f  Ca o r 1% to  ATP a lo n e .
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( f )  G-F a c t i n  e q u i l ib r iu m

The ex p erim en ts  A sakura  and Oosawa i n  I 96O he.ve added  a  f u r t h e r  

c o m p lic a tio n  t o  th e  i n t e r p r e t a t i o n  o f  th e  m anner i n  v h ic h  a c t i n  p o ly m e r is e s .  

They found  t h a t  a t  a  v e ry  low Mg io n  c o n c e n tr a t io n s  e q u i l ib r iu m  s t a t e s  

c o u ld  e x i s t  betw een  G and  F - a c t i n  w hich w ould in v o lv e  a  c o n tin u o u s  

breakdow n o f  th e  bound ATP i n  G - a c t in  and co m b in a tio n  w i th  a  new 

m olecu le  i n  each  p o ly m e r is a t io n .  D uring  th e  p r o c e s s , P i  v/as s lo w ly  

r e le a s e d  and no enzym ic im p u r i ty  c o u ld  b e  lo u n d  i n  th e  a c t i n  w hich c o u ld  

be th e  cau se  o f  t h i s  r e l e a s e .  Mar to n  os i  e t  a l .  i n  I 96O in v e s t i g a t e d  th e  

p o s s i b i l i t y  o f  th e  r e a c t io n  m echanism  usi]%  a T P ( ^ ^ )  and found  t h a t ,

0.1 though  P i  was l i b e r a t e d  a s  e x p e c te d , r a d i o - a c t i v e  in c o r p o r a t io n  vras 

o n ly  10-2C^ of th e  e x p e c te d  v a lu e ,  assum ing A s a k u ra 's  th e o ry  was 

c o r r e c t .  I t  i s  u n c e r ta in  w hat th e  s ig n i f i c a n c e  o f  t h i s  e q u i l ib r iu m  

co u ld  be in  v iv o  b u t  i t  does in d i c a t e  t h a t  under c e r t a i n  c o n d it io n s  a c t i n  

a p p e a rs  t o  a c t  e n z y m ic a lly .

(g ) Or .ja t i n  e -p h o sp h a te  a s  a  s cur ce  o f  en e rg y  f o r  eon t r a c t i o n .

The w ork o f  C a r ls  cn and S ig e r  ( I 960) ha.s g iv e n  more c i r c u m s ta n t i a l  

e v id en ce  t l rn t  th e  change in  th e  bound n u c le o t id e  d u r in g  p o ly m e r is a t io n  o f  

a c t i n  may be p h y s io lo g ic a l ly  s i g n i f i c a n t .  T h e ir  e x p e r im e n ts  w ere c a r r i e d  

o u t on th e  i s o l a t e d  f ro g  s a r t o r i u s  m uscle  in  th e  p re s e n c e  o f n i t r o g e n  

and 0 ,5  mîÆ lAA so  t h a t  b o th  g l y c o l y t i c  an d  o x id a t iv e  system s w ere i n h i b i t e d ,  

b u t  th e  CP-GPkinase sy stem  v/as s t i l l  f u n c t io n a l .  The m ajo r r e s u l t  o f  

t h e i r  woiic was t o  show t h a t  th e r e  i s  a  l i n e a r  r e l a t i o n s h i p  betv /een  th e
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s p l i t t i n g  o f  CP and th e  nunfcer o f  i s o m e tr ic  tv / i tc h e s  p erfo rm ed  b y  a  

m u sc le . No n ^ t breakdow n o f  ATP was found  and i t  was co n cluded  t h a t  

CP h y d ro ly s is  i s  th e  n e t  e n e rg y -y ie ld in g  r e a c t io n  d u r in g  th e  p e rfo rm an ce  

o f a  s e r i e s  o f  m uscle t i /v itc h e s , The l i n k  w ith  a c t i n  p o ly m e r is a t io n  was 

su g g e s te d  b y  th e  c a l c u l a t i o n  t h a t  i n  one is o m e tr ic  tw i tc h  one CP 

m olecu le  was d e p h o sp h o ry la te d  p e r  a c t i n  m o lecu le  p r e s e n t  i n  th e  m u sc le , 

n  scheme was su g g e s te d  in  which m uscle  iiTP an d  ADP wore lo c a te d  

i n  s e p a r a te  c o n p a r tm e n ts , an  a c t i n  co n p a rtm e n t, a  s a rc o p la s m ic  c o rrp a r t-  

mont and  a  m ito c h o n d r ia l  ccm partm ent. The a c t i n  compextment c o n ta in e d  

o n ly  bound n u c le o t id e  and  th e  enzyne system  CP-CPkinase w hich w ould d e p o ly 

mer i s  e F - a c t i n  by  re p h o s p h o ry la t io n  o f  i t s  bound ADP, P ie  CP and Pj^ i n  th e  

a c t i n  co ripartm ent were v i s u a l i s e d  a s  b e in g  r e a d i l y  ex ch an g eab le  w ith  

th e s e  s u b s ta n c e s  i n  th e  sox coplasm  b u t ATP and ADP w ere no t d i f f u s i b l e .

T h is  id e a  f in d s  su p p o rt i n  th e  d is c o v e ry  by  S trohm an (1939) t h a t  

P - a c t i n  can be d ep o ly m o rised  b y  d i a l y s i s  a g a in s t  CP i n  th e  p re se n c e  o f  

CPkinouse, S u p p o rt f o r  th e  l o c a t io n  o f  th e  a c t io n  o f  th e  C Pkinase 

w i th in  an a c t i n  co n p artm en t i s  found i n  th e  work o f  Y agi and Noda ( 196O) 

They showed, t h a t  i n  D O C -trea ted  m y o f ib r i l s  o r  g ly c e r in a te d  m y o f ib r i l s  

ADP was re p iio s p h o ry la te d  a t  th e  expe^e o f CP w ith  th e  l i b e r a t i o n  of C, 

in  th e  p re se n c e  o f C P k in ase . P e r r y ,  a s  a lread .y  m e n tio re d  ( s e c t io n  d) , was 

u n ab le  to  show t h i s  i n  h i s  ex p o riem en ts  on u n t r e a te d  m y o f i b r i l s .

Y agi and Noda a t t r i b u t e  h is  r e s u l t  t o  f a i l u r e  o f  th e  enzyme to
•Vo

p e n e tr a te j( th e  s i t e s  o f bound ID P. In  t h e i r  e x p e r im e n ts , th e  f i b r i l s  

w ere p r  :sum ably made more p erm eab le  b y  th e  DOC o r g ly c e r o l  t r e a tm e n t
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b u t t h e i r  s t r u c t u r e  was n o t d r a s  t i c a l l y  a l t e r e d .  G ly c e r in a te d  f i b r i l s  

r e t a i n  th e  e h i l i t y  t o  c o n t r a c t  and  i n  th e s e  ex p e rim en ts  w ere s e e n  to  

s h o i te n  d u rin g  th e  l i b e r a t i o n  o f  c r e a t i n e ,

Eov/ever, th e  r e s u l t s  o f Yagi and Noda have r e c e n t l y  b een  

p la c e d  in  dou b t b}' D rabikcrw ski and G e rg e ly  ( 1962) who th in lc i t  i s  

p o s s ib le  t h a t  iiDP wais r e l e a s e d  by  th e  DOC tr e a tm e n t  end hence made 

a v a i l a b le  to  th e  CPkinase sy s te m . A n o th e r c r i t i c i s m  was made by  Moos 

a t  th e  M eeting o f th e  ia n e r ic a n  S o c ie ty  o f  BiocheimLsts i n  1962, He s a id  

t h a t  th e  p h o s p h o ry la tio n  o f  'die bo'ind ADP co u ld  be an  a r t i f a c t  due to  

some k in a s e  a c t i v i t y  w hich  p e r s i s t e d  even  softer th e  a d d i t io n  o f  HCIO^  ̂

to  s top  th e  r e a c t i o n .

I n  1962 , Mommaerts a ls o  d .e to c ted  CP breakdow n in to  s t o i  chime t r i e  

amounts o f  P% and C o c c u r in g  v /i th  no change i n  AD? o r aTP c o n c e n t r a t io n s , 

d u r in g  a  s i r g l e  m uscle tw i tc h  o f  f ro g  s a r t o r i u s ,  i n  c o n t r a s t  to  th e  

ex p e rim en ts  o f Can Is  on end S ig e r  ( 196O) w here th e s e  s u b s ta n c e s  v/ere 

e s tim a te d  a f t e r  a  s e r i e s  o f tw i tc h e s .  Howevo-r, t h i s  r e s u l t  was on ly  

o b ta in e d  i n  a  s e r i e s  o f  ex p e rim en ts  on w in te r  f r o g s .  In  summer f r c g s ,  o n ly  

l i b e r a t i o n  o f P i  was d e te c te d .  In  s im i l a r  ex p erim en ts  w ith  t u r t l e  

s a r t o r i u s  m u sc le , Mommaerts o b ta in e d  c o n t r a c t i l e  a c t i v i t y  w ith o u t f in d in g  

any  change i n  ATP o r CP f o l l a ' / i n g  a  s in g le  "tw itch . A f te r  a  seco n d  p e r io d  

o f c o n t r a c t io n ,  on in c r e a s e  in  c r e a t in e  b u t n o t  i n  P i  was d e te c te d .  The 

r e c tu s  fe m o ris  m uscle of t l ie  t u r t l e  gave s im ils x  r e s u l t s  to  th e  v /in te r  

f ro g  s a r t o r i u s  m u sc le . I t  i s  v ^ ry  d i f f i c u l t  t o  i n t e r p r e t  a l l  th e se  

f in d in g s  b u t th e y  s u g g e s t  th t i t  d u r in g  th e  i n i t i a l  s ta g e s  o f c o n t r a c t io n
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th e  r o le  o f CP ms.y be p re c e d e d  b y  th e  a c t i v i t y  o f  a n o th e r  f a c t o r ,  a lth o u g h  

a f t e r  more p ro lo n g e d  a c t i v i t y  t h i s  i s  r e f l e c t e d  i n  a  f a l l  i n  th e  CP 

c o n te n t  o f  th e  m u sc le , a s  shown by C a r lso n  and S ig e r  ( 196O).

The l i b e r a t i o n  o f P i  i n  th e  aubsenoe o f C l i b e r a t i o n  i n  san e  

of Mommaerts e x p e r im e n ts , and  a l s o  o b se rv e d  b y  P le c k e n s te in  (195A) , 

m y  e v e n tu a l ly  p rove to  be co n n ec ted  w ith  th e  s t r u c t u r a l l y  bound p h o s

p h a te  found  i n  f ro g  s k e l e t a l  m uscle by  Cheesman and H il to n  ( 196O) .

A f te r  in c u b a t io n  o f th e  f r o g  r e c tu s  abdom in is w ith  ^^P -  R in g e r  

s o lu t i o n ,  t h i s  p h o sp h a te , w hich  was e x t r a c te d  from  th e  a c e to n e  powder 

o f  th e  m uscle by  TCA, c o n ta in e d  a l l  th e  a c t i v i t y ,  and i f  c o n t r a c tu r e

w ere in d u ced  i n  th e  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  o b ta in e d

from  a c e to n e  powder was 3 ^  l a v e r  th a 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  o f th e  u n s tim u la te d  c o n t r o l ,  Ctiromatograms showed 

t h a t  th e  o n ly  o th e r  su b s ta n c e  d e te c ta b le  i n  th e  TCi e x t r a c t  o f  th e  

a c e to n e  powders was a  t r a c e  o f i-JDP w hich wsis n o t l a b e l l e d .  The 

c o n c lu s io n  re a c h e d  was t h a t  th e  bound p h o sp h a te  w hich was o r i g i n a l l y  

l a b e l l e d  had exchanged d u rin g  c o n t r a c tu re  v /ith  u n la b e l le d  jphosphiite.

I t  was su g g e s te d  t h a t  th e  so u rc e  o f t h i s  p h o sp h a te  m£\y be CP s in c e ,  

i n  1953 and  1937, P le c k e n s te in  and Jan k e  shov/ed t h a t  i n  th e  r e c tu s  

cbdom in is in c u b a te d  w ith  32p CP h&d. o. l a v e r  d e g re e  o f  l a b e l l i n g  

th a n  th e  aTP, # i i l e  th e  CP and n o t th e  ^TP was b ro k en  down d u r in g  

c o n t r a c tu r e .  In  c o n t r a s t  t o  th e  c la s s ic a A  id e a  t h a t  CP p e x t i c ip a to s  

i n  c o n t r a c t io n  o n ly  v ia  th e  CP-CPkinL.se r e a c t i o n  f o r  ilTP r e s y n t h e s i s ,

CP would be a c t in g  d i r e c t l y  as a  so u rc e  o f  p h o sp h a te  f o r  th e  p h o sp h o ry la 

t i o n  o f th e  c o n t r a c t i l e  p r o t e in s .
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p r o te in s  d u r in g  
c o n t r a c t io n  or r e l a x a t i o n

So f a r ,  no work h as  been  done t o  i n v e s t i g a t e  any  p o s s ib le  

r e l a t i o n s h i p  beirw^en th e  bound n u c le o t id e  o f a c t i n  and th e  a c t i o n  

o f  th e  reh 'o c in g  fc ic to r  shown t o  be p r e s e n t  i n  m uscle  by îvîarsh (1 9 3 2 ).

The work o f  Weber ( l9 3  2) on th e  g lyco rina-.ted  f i b r e s  o f  the  r a b b i t  

pso tis  m uscle  showed t h a t  aTP and kg io n s  co u ld  b r in g  ab o u t r e l a x a 

t i o n  a s  w e ll  as c o n t r a c t io n ,  i f  th e  ATPase a c t i v i t y  o f  th e  I 'ib r e  were 

i n h i b i t e d  b y  an -SH r e a g e n t .  He s u g g e s te d  t h a t  th e  c o n t r a c t i l e  e lem en t 

m ust be p h o s p h o ry la te d  b y  ATP b e fo re  i t  can s h o r te n .  The p h o sp h o ry la 

t i o n  i s  r e v e r s i b l e  and  i s  fo llo w e d  b y  l i b e r a t i o n  o f  Pj_ from  th e  p r o t e in  

w ith  th e  s im u lta n e o u s  r e l e a s e  o f f r e e  en e rg y  f o r  c o n t r a c t io n .  E nergy  

from  th e  d e p h o s p h o ry la tio n  o f  aTP i s  n o t  r e q u i r e d  i n  r e l a x a t i o n .  T h is  

th e o ry  i s  co m p a tib le  w ith  th e  h e a t  d a ta  o f  K i l l  (1949) w hich  show thait 

e n e rg y  i s  r e q u i r e d  f o r  th e  c o n tra .c t io n  o f  m uscle  o n ly .

However, a c c o rd in g  t o  th e  th e o ry  o f  R is e m n  an d  Kirkwood (1948) 

th e  en e rg y  o f  h y d r o ly s is  o f  ATP i s  u se d  t o  p h o s p h c ry la te  -OH g ro u p s on th e  

m y o f ib r i l l a r  p r o t e in  d u rin g  r e l a x a t i o n .  The r e p u ls io n  betw een th e  

n e g a t iv e ly  ch a rg ed  phosph&ite g roups would th e n  m a in ta in  th e  f i b r i l s  i n  

a  r e la x e d  s t a t e .  The l i b e r a t i o n  o f  p h o sp h a te  on s t im u la t io n  of th e  

m uscle w ould r e s u l t  i n  an  a l t e r a t i o n  in  ch arg e  d i s t r i b u t i o n  le a d in g  to  

c o n t r a c t io n .

The th e o ry  o f  M orales (1933) p o s tu la te d  t h a t  c o n t r a c t io n  ta k e s  

p la c e  when ATP i s  bound to  th e  c o n t r a c t i l e  p r o te in s  and o ccu rs  a s  a  

r e s u l t  o f th e  n e u t r a l i s a t i o n  of th e  p o s i t i v e  ch a rg e s  w hich  h o ld  th e
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c o n t r a c t i l e  e lem en t i n  an ex ten d ed  s t a t e ,  E nergy  f o r  c o n t r a c t io n  i s  

d e r iv e d  from  th e  f o r c e s  o f  th e rm a l a g i t a t i o n  when th e  ch arg es  a re  

n e u t r a l i s e d  and n o t from  th e  h y d r o ly s is  o f  ATP. th e n  th e  ATP i s  

d e p h o s p h o ry la te d , th e  iD P i s  r e l e a s e d  and  th e  c o n t r a c t i l e  e lem en ts  

a re  f r e e  to  e x te n d .

However, th e  d is c o v e ry  o f  a  p h y s io lo g ic a l  ATPase i n h i b i t o r  i n  

m uscle b y  IÆ îrsh (l93l )  j th e  relcocaH^üm f a c t o r ,  le n d s  su p p o rt to  

Weber * s  th e o ry  th a t  r e l a x a t io n  o c c u rs  when th e  h y d r o ly s is  o f  ATP 

i s  i n h i b i t e d .  Bend a l l  (1933) showed t h a t  th e  r e l a x in g  f a c t o r ,  l i k e  

th e  -SH r e a g e n ts  u sed  b y  W eber, p re v e n ts  th e  h y d r o ly s is  o f  aTP b y  a. 

c o n tr a c te d  g ly c e r in a te d  f i b r e  b u n d le  and a l l a / / s  th e  ATP t o  e x e r t  a  

p l a s t i c i s i n g  e f f e c t  on th e  f i b r e  w hich th e r e f o r e  r e l a x e s .

R e la x in g  f a c to r  a c t i v i t y  hnis b een  o b ta in e d  i n  a  numloer o f 

p r o t e in  f r a c t i o n s  i s o l a t e d  f r a n  m uscle  b u t  i t s  e x a c t  n a tu r e  i s  

s t i l l  unknown. S e v e r a l  s u g g e s tio n s  have b een  imide to  a c c o u n t f o r  i t s  

a b i l i t y  to  i n h i b i t  th e  ATPase a c t i v i t y  o f  m uscle , B e n d a ll ( l9 3 3 )  

th o u g h t t h a t  i t  c o i ld  a c t  by  rem oving th e  kig io n s  n e c e s s a ry  f o r  

th e  ^.TPase a c t i v i t y  o f ac to m y o sin . H a sse lb ach  ( 196O) o b ta in e d  

i n d i r e c t  ev id e n c e  t h a t  th e  r e la x in g  f a c to r y  accu m u la te s  Ca io n s .

V ery  sm a ll c o n c e n tr a t io n s  o f  Ca io n s  overcone th e  e f f e c t  o f  th e  

r e la x in g  fse c to r  on an  i s o l a t e d  f i b r e  and i t  r e c o n t r a c t s ,

( i )  D eam ination  i n  m u sc le .

S e v e ra l  o b s e rv a t io n  have b een  made w hich  s p g g e s t  th e it deom ino.tion 

o f n u c le o t id e  o ccu rs  d u rin g  m uscu lar c o n t r a c t io n .  The d e a m in a tio n  o f 

A1VÎP to  IkIP in  m uscle  by a d e n y lic  deam inase i s  w e l l  e s t a b l i s h e d ,  AMP
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fo rm a tio n  b e in g  p o s s ib le  th ro u g h  th e  a c t i v i t y  o f ra y o k in a se :-

2 i-JDP — fi i-J'ÆP + :lTP

Iviyokinase a c t i v i t y  can be removed from  ac to m y o sin  p r e p a r a t io n s  b y  

e x te n s iv e  w asln n g , b u t  a d e n y l ic  deamin^ise a c t i v i t y  i s  e x tre m e ly  

d i f f i c u l t  to  remove and  may th e r e f o r e  be e s s e n t i a l  i n  m u scu la r  

c o n t r a c t io n .  However, t h e r e  i s  no r e a l  ev id e n c e  f o r  i t s  p a r t i c i 

p a t io n .  On th e  o th e r  h an d , d i r e c t  ADP d ea jn in a tio n  w ith o u t th e  

p r e l im in a r y  p a r t i c i p a t i o n  o f n y o k in ase  t o  form  idvIP lias b een  

o b se rv ed  by W ebster (1 9 3 3 ). C hrom atog raph ic  a n a ly s is  and  io n o p h o ro ses  

o f  e x t r a c t s  of w e ll  w ashed r a b b i t  m y o f ib r i l s  a f t e r  a d d i t io n  o f  ATP 

in d ic a te d  t h a t  d i r e c t  d e a m in a tio n  o f  ADP had tak en  p l a c e . I n  1954, 

D eu tsch  and  N ils s o n  a l s o  found  e v id en ce  f o r  ADP d eam in a tio n  i n  

ac to m y o sin ; th e  deam inase i t s e l f  c o n t in e d  a  n u c le o u id e , U.V, l i g h t  

t r a n s m it ta n c e  cheaiges o b se rv ed  b y  'T a jze r  and  Weber (195^) d u r in g  th e  

p e rfo rm an ce  o f  m ech an ica l v/ork by  th e  f ro g  sem i- te n d in o su s  m uscle 

were i n t e r p r e t a t e d  t o  r e s u l t  from  a  d e a m in a tio n  of ATP to  IMP. 

D eam in atio n  o f Bound n u c le o t id e  h - s  so  f a r  n o t b een  d e m o n s tra te d .

( j )  C o n c lu s io n

D eam iination may e v e n tu a l ly  f in d  a  p la c e  in  th e  e x p la n a tio n  o f  th e  

p ro c e s s  o f  m u scu la r  c o n t r a c t io n  b u t ,  a t  th e  p r e s e n t  t im e , th e  m a jo r i ty  

o f e x p e r im e n ta l r e s u l t s  s u g g e s t  t h a t  th e  m a jo r  p r o c e s s e s ,  a t  l e a s t ,  

a r e  a s s o c ia te d  w i th  changes i n  th e  CP and bound n u c le o t id e  o f m u sc le , 

n o t in v o lv in g  d e am in a tio n . The breakdow n o f  CP a f t e r  p ro lo n g e d  a c t i v i t y  

seems to  b e  e s ta b l i s h e d  and a l s o  i t s  a b i l i t y  to  re p h o sp h o ry la te  th e
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■bound nu clem t i d e  o f  a c t i n .  Hov;ever, th e  p r im a ry  ch em ica l e v e n ts  i n  

c o n t r a c t io n  a re  n o t c l e a r ,  n o r i s  th e  manner i n  which such  ch em ical 

e v e n ts  le a d  to  th e  m ech an ica l pnenomenon o f c o n t r a c t io n .  I t  seem s 

l i lc e ly  th c .t sons e s s e n t i a l  f a c t o r  h as  so  f a r  rem ain ed  u n d e te c te d  and 

t h a t  th e  d is c o v e ry  o f  i t s  r o l e  m .y  h e lp  to  r e c o n c i le  many o f  th e  

c o n f l i c t i n g  r e s u l t s  v /hich  a t  th e  p r e s e n t  tim e can n o t a l l  be i n c o r 

p o ra te d  i n t o  a  s in g le  s a t i s f a c t o r y  th e o ry .
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CHAPTER I I  

OBJECTS OF THE I NVESTIGATION 

The t e n t a t i v e  h y p o th e s is  ^ h io h  form ed th e  b a s is  f o r  th e  e x p e r im e n ta l 

w ork d e s c r ib e d  i n  t h i s  t h e s i s  was t h a t  th e  bound ad en in e  n u c le o t id e s  

o f  a c t i n  a r e  a c t i v e l y  in v o lv e d  in  p ro c e sse s  o c c u r r in g  d u r in g  c o n t r a c t io n  

and r e l a x a t io n  o f  m u sc le>

The in v e s t i g a t i o n  o f  th e  ch em ica l changes r e s u l t i n g  from  

c o n t r a c t io n  o r  r e l a x a t i o n  o f  w hole m uscle  i s  c o m p lic a te d  by th e  

d i f f i c u l t i e s  e n c o u n te re d  in  i s o l a t i n g  th e  m uscle i n  a  d e f i n i t e  p h y s io 

l o g i c a l  s t a t e .  The in f lu e n c e  o f  o x id a t iv e  p h o s p h o ry la t io n  and g ly c o ly s i s  

on th e  su b s ta n c e s  in v o lv e d  i n  th e  c o n t r a c t i l e  p ro c e ss  m ust be ta k e n  in to  

a c c o u n t. To overcom e th e s e  p ro b le m s, o u r ex p erim en ts  w ere c a r r i e d  o u t 

on m y o f ib r i l s  o r ,  i n  some c a s e s ,  on actom yosin  g e ls  w hich can be con

v e n ie n t ly  exam ined i n  s t a t e s  o f c o n t r a c t io n  o r  r e l a x a t io n  in d u ced  by 

ATP,

The changes i n  th e  banded s t r u c tu r e  o f  l i v in g  m uscle f i b r e s  

d u r in g  c o n t r a c t io n  o b serv ed  by  A ,F .H uxley and N ie d e rg e rk e  (i 954) by 

in t e r f e r e n c e  m icro sco p y  c o rre sp o n d  c lo s e ly  to  th e  changes o b se rv e d  by 

Hanson and H .E ,H uxley  (-1954) in  phase  c o n t r a s t  m icroscope s tu d ie s  o f  

g ly c e r o l - e x t r a c te d  f i b r i l s  c o n tr a c te d  w ith  ATP, T h e re fo re , s in c e  th e  

m ech an ica l changes in v o lv e d  i n  th e  i n t e r a c t i o n  o f m yosin and a c t in  

f i la m e n ts  a re  a p p a re n tly  th e  same i n  b o th  th e  l i v in g  f i b r e s  and th e  

g ly c e r o l - e x t r a c te d  f i b r i l ,  i t  seems re a s o n a b le  to  suppose t h a t  any 

chem ical changes o c c u r r in g  w i l l  a lso  be i d e n t i c a l .
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The ex p e rim en ts  f e l l  in to  th r e e  groups : -

(1 ) S in ce  th e  p a r t i c i p a t i o n  o f  bound n u c le o t id e s  i n  c o n t r a c t io n  

and r e l a x a t i o n  would m ost p ro b a b ly  in v o lv e  t h e i r  p h o sp h o iy - 

l a t i o n  and d e p h o s p h o ry la tio n , ex p erim en ts  w ere d es ig n ed  to  

d e te c t  changes in  th e  o v e r a l l  phosphorus c o n te n t  o f  m y o f ib r i l s  

o r  ac tom yosin  g e ls  d u r in g  c o n t r a c t io n  o r  r e l a x a t io n  in d u ce d  

by ATP,

( 2 ) O c c a s io n a l r e p o r t s  t h a t  n u c le o t id e s  o th e r  th a n  ATP and ADP 

a re  bound to  th e  n y o f i b r i l l a r  p r o te in s  and a re  in v o lv e d  in  

c o n t r a c t io n  and r e l a x a t i o n  have been  made ( s e e  C h ap te r TV, 

S e c tio n  5 ) ,  However^ o n ly  th e  o c c u rre n c e  o f  th e  bound ad en in e  

n u c le o t id e s  i s  w e ll  e s t a b l i s h e d .  I t  v/as d e c id e d  to  make a 

q u a l i t a t i v e  s tu d y  o f th e  n u c le o t id e s  a s s o c ia te d  w ith  o u r  

p r e p a ra t io n s  o f  m y o f ib r i ls  i n  view  o f  th e s e  o b s e r v a t io n s ,

(3 ) An a tte m p t was f i n a l l y  made to  s tu d y  p o s s ib le  q u a n t i t a t i v e  

changes i n  th e  bound a d e n in e  n u c le o t id e s  o f  f r o g  m y o f ib r i l s  

d u r in g  A TP-induced c o n t r a c t io n  and r e l a x a t i o n .
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CHAPTER i n

EXFËRIMEI ÎTS TO DETECT CHAMIES IN  PHOSPHORUS 
COITTENP AFTER CONTRACTION AND REToAXATION OF 
RABBIT IvIYOFiBRn.S, MYOFIBRILS DEPLETED OP 

üIYOSIH AID ACT0IÆY08IN

1 , P r e p a r a t io n  o f  m a te r ia l s  and  m ethods u sed

(a )  R a b b it m y o f ib r i l s

R a b b it  m y o f ib r i l s  were p re p a re d  by  th e  m ethod o f  U lb re c h t an d  

U lb re c h t  (19 5 7 ). The p r e p a r a t io n  in v o lv e s  h o m o g en isa tio n  o f s k e l e t a l  

m uscle  and su b se q u en t e x te n s iv e  w ash in g  c f th e  m y o f i b r i l l a r  p o r t i o n  o f  

th e  hom ogenate w ith  0.1 M-RC1 a t  0° C, S a rco p la sm ic  enzymes a r e  

rem oved from  th e  m y o f ib r i l s ,  y e t  th e  p r o te in s  a c t i n  an d  m yosin a re  

r e t a i n e d  as  i n  an i n t a c t  m uscle f i b r e .  The m y o f ib r i l s  can  be s to r e d  

a t  -1 5 ^  i n  a  5C^ g] y c e r o l /w a te r  m ix tu re  f o r  s e v e re  1 m onths and s t i l l  

r e t a i n  th e  a b i l i t y  to  c o n t r a c t  when washed f r e e  o f  g ly c e r o l .

The p h o sp h o ru s  c o n te n t  o f  th e  m y o f ib r i l s ,  e s t im a te d  on an  

a c e to n e  pow ier p re p a re d  by  e x t r a c t in g  th e  f i b r i l s  t h r e e  tim es  w ith  

th r e e  volum s o f c o ld  a c e to n e , v a r i e s  b e tw een  2 .0  pg/m g and 1 ,4  

The h i ^ e r  v a lu e s  a r e  o b ta in e d  on a c e to n e  pow ders c f  f r e s h l y  p re p a re d  

m y o f ib r i l s ;  th e  low er v a lu e s  a r e  fo u n d  a f t e r  th e  m y o f ib r i l s  have b e e n  

k e p t  f o r  a  lo n g  p e r io d  i n  5C^ g ly c e r o l ,  A la r g e  p r o p o r t io n  o f  th e  

p h o sp h o ru s  i s  a s s o c ia te d  w ith  n u c le o t id e  (se e  C h ap te r IV ).

(b ) R a b b it m y o f ib r i l s  d e p le te d  o f  m yosin

M y o f ib r i ls  w ere p re p a re d  a s  d e s c r ib e d  ab o v e . They w ere in c u b a te d  

w i th  a  s o lu t io n  c o n ta in in g  0*4 M-KC1, 0*1 M -p y ro p h o sp h a te , 0*001 M-MgCI^, 

pH 6*5 a t  0° C . , a c c o rd in g  to  t h e  m ethod o f  U lb re c h t and  U lb re c h t ( l  9 5 7 ) .
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The t r e a tm e n t  rem oves 5C^ o f th e  m yosin  i n  th e  f i b r i l s ;  th e  e x t r a c te d  

f i b r i l  h a s  th e r e f o r e  a much h ig h e r  p r o p o r t io n  o f a c t i n .  I t  was th o u g h t

t h a t  i f  a c t i n  o n ly  v/ere p h o s p h o ry la te d , i t  vouM  be more e a s i l y  d e te c te d  

u n d e r  th e s e  c o n d i t io n s .  The e x t r a c te d  f i b r i l  h a s  o n ly  IC^o o f tlie  

ATPase a c t i v i t y  o f  th e  o r i g i n a l  f i b r i l  so t h a t  more ATP v/ould b e  

a v a i l a b le  f o r  p h o s p h o ry la t io n  i f  t h i s  p ro c e s s  com peted w ith  th e  ATPase 

a c t i v i t y .

(c )  A ctom yosin

A ctom yosin  was p re p a re d  from  r a b b i t  m uscle  b y  th e  m ethod o f 

S z en t-G y b rg y i (1942) i n  w hich  th e  p r o t e i n  i s  e x t r a c te d  b y  a  s o lu t i o n  

c o n ta in in g  0*6 M-KC1, 0*01 M-Na^CO^ and 0 .0 4  M-NaHCO^. I t  was 

d i s s o lv e d  and r e p r e c i p i t a t e d  s i x  tim e s  to  o b ta in  a p u re  p r e p a r a t io n .

(d ) R e la x in g  f a c t o r

R e la x in g  f a c t o r  was p re p a re d  from  r a b b i t  m uscle by  th e  method c f  

M u e lle r  ( l9 ^ 0 ) .  I t  was ex 'k rac ted  i n  a  s o lu t io n  c o n ta in in g  0*05 M-2D1,

0 .0 2  M -im idazo le  b u f f e r  and  0*005-M K -o x a la te  pH 7*2.

The p r e p a r a t io n  was shown to  b r in g  a b o u t th e  r e l a x a t i o n  o f  a n

i s o l a t e d  g ly c e r o l - e x t r a c t e d  f i b r e  b u n d le  u n d er Hie c o n d i t io n s  u sed  b y

B e n d a ll  ( l9 5 3 ) ,  i . e .  6 mM-ATP, 4  mM-MgCI^, l 60 mM-E01 pH 6*9. 

R e o o n tra o tio n  was o b ta in e d  on th e  a d d i t i o n  o f 0*2 mM-CaCl^o

(e )  C re a t in e  p h o sp h o k in ase

The m ethod o f S tep h en , Noda and Lardy (1954) was u sed  f o r  th e  

p r e p a r a t io n  o f  c r e a t in e  p h o sp h o k in ase  from  r a b b i t  m u sc le . The enzyme 

was e x t r a c te d  w i th  0*01 M-KC1 and  p u r i f i e d  b y  ammonium s u lp h a te  and 

e th a n o l  f r a c t i o n a t i o n .
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( f  ) P h o sp h o ru s  e s t im a t io n s

T o ta l  ph o sp h o ru s was e s t im a te d  h y  th e  m ethod o f  A lle n  (1 9 4 0 ).

2 . D ata  r e le v a n t  t o  ex p e rim en ts  on phosphorus u p ta k e  h y  m u sc le .

I t  was c a l c u l a t e d  t h a t  i f  ATP i s  bound b y ,  o r  p h o s p h o ry la te s  th e  

m y o f ib r i l l a r  p r o t e i n s ,  th e  p h o sp h o ru s  u p tak e  w ould  amount t o  th e  

fo llo w in g

(a )  0*1 pg/m g  d ry  w e ig h t of p r o t e in  i f  each a c t i n  m o lecu le  i s  

p h o s p h y o ry la te d  by th e  te r m in a l  p h o sp h a te  g ro tp  o f  one ATP m o le c u le .

(b ) 0*8 |ig /m g d ry  w e ig h t o f p r o te in  i f  one ATP m o lecu le  i s  a ls o  ta k e n

up b y  100 ,000  g o f  m yosin .

(o ) 0 .3  ^g/m g d ry  w e ig h t o f p r o te in  i f  m yosin-bound ADP i s  d is p la c e d

b y  ATP.

The c a l c u l a t i o n s  were b a s e d  on th e  fo llo w in g  d a t a : -

i )  M o lec u la r w e ig h t o f G -a c t in  70 ,000  g . (T sao , 1953)# 

i i )  M o lec u la r  w e ig h t o f  n y o s in  100 ,000  g , (S zen t-G y firg y i, 1947) 

i i i )  A c tin  i s  2C^ o f  th e  m y o f ib r i l l a r  p r o te in .  (P e r ry ,  1 9 5 2 ).

i v )  A ctom yosin p re p a re d  by e x t r a c t in g  m uscle  w ith  a l k a l i n e  KOI 

s o lu t i o n  c o n ta in s  a b o u t 20^ a c t i n .  (S z e n t-G y o rg y i, 1 9 4 7 )«

W e i ^ t s  o f  m y o f ib r i l s  or actom yosin  g e l  w ere used  i n  ex p erim en ts  

d e s ig n e d  so t h a t  changes r e s u l t i n g  from  (b )  and  (c )  sh o u ld  c e r t a i n l y  b e  

d e t e c t a b l e .  Changes cau sed  by  (a )  a lo n e  w ould r e s u l t  i n  a  change i n  

th e  o p t i c a l  d e n s i ty  o f  th e  p h o sp h a te  s o lu t io n s  i n  th e  t h i r d  f ig u r e  o n ly  

and  t h e r e f o r e  would p ro b a b ly  n o t  be  d e te c te d .
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(a )  P hosphorus e s t im a t io n s  on a c e to n e  pow ders o f  ATP- t r e a t e d  m y o f ib r i l s  

]^.fethod. Sam ples o f  m y o f ib r i l s  w ith  d ry  w e ig h ts  o f  20-25 mg w ere

in c u b a te d  v /ith  0*2 mîÆ-ATP and 4  io n s  a t  pH 7*2 i n  a  volume o f  5 m l

f o r  10 m in u te s  a t  37°* C o n tra c t io n  o f th e  m y o f ib r i l s  o c c u rre d  u n d er 

th e s e  c o n d i t io n s .  Sam ples were in c u b a te d  i n  th e  ab sen ce  o f ATP to  a c t

as c o n t r o l s .  The c o n tr a c te d  f i b r i l s  w ere w ashed s ix  tim e s  w i th  0*1 M-KC1

to  rem ove added  ATP* The c o n t r o l  f i b r e s  w ere s im i la r ly  w ashed. T o ta l  

p h o sp h o ru s  was th e n  e s tim a te d  on th e  a c e to n e  pow ders o f th e  f i b r i l s .  

R e s u l t  o f  s i x  e x p e r im e n ts .

Mean P c o n te n t o f  A T P -tre a te d  f i b r i l s  1*99 ^  0*9^ug/m g.

Mean P  c o n te n t  o f  c o n t r o l  f i b r i l s  1 * 96 -  0 .1 5  ^ig/mg*

C o n c lu s io n . The d i f f e r e n c e s  i n  ph o sp h o ru s c o n te n t  b e tw een  

c o n tr a c te d  and u n c o n tra c te d  f i b r i l s  w ere n o t  s i g n i f i c a n t ,

(b ) P hosphorus e s t im a t io n s  on a c e to n e  pow ders o f  A T P -tre a te d  m yosin - 
d e p le te d  m y o f ib r i l s

M ethod* P hosphorus e s t im a t io n s  on  th e  ac e to n e  pow ders o f 

m y o s in -d e p le te d  m y o f ib r i l s  w ere made fo llo w in g  th e  tre a tm e n t o f  th e  

f i b r i l s  d e s c r ib e d  i n  ( a ) .

R e s u l t  of t l i r e e  e x p e r im e n ts .

Mean P c o n te n t  o f  A T P -tre a te d  f i b r i l s  1 *64 -  0 -2 4  >ig/mg 

Mean P c o n te n t  o f  c o n t r o l  f i b r i l s  1 *52 -  0*33 ^g/m g 

C o n c lu s io n . The d i f f e r e n c e s  b e tw een  ih e  phosphorus c o n te n t  o f 

th e  a c e to n e  pcw der o f  u n c o n tra c te d  an d  c o n t r a c te d  m y o s in -d e p le te d  

m y o f ib r i l s  w ere n o t s ig n i f i c a n t*
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(o ) E s t im a t io n  o f t he p h o sp h o ru s  c o n te nt  o f  w et m y o s in -d e p le te d  
m y o f ib r i l s  t r e a t e d  w ith  ATP.

M ethod. I f  m y o f i b r i l l a r  p r o t e i n  w ere  p h o s p h o ry la te d  b y  ATP, i t  

seem ed l i k e l y  t h a t  a  v e ry  l a b i l e  compound w ould be fo rm ed  w hich  m ig h t 

be  b ro k e n  down i n  th e  su b seq u e n t w ash in g  and a c e to n e -d ry in g  o f  th e  

m y o f ib r i l s  ( l a t e r  e x p e r im e n ts , d e s c r ib e d  i n  C liap te r  IV , showed t h a t  

a c e to n e  does rem ove m a te r ia l  w h ich  c o n ta in s  a  p o ly n u c le o t id e  and a d e n in e ) .

To make allowcinoe f o r  t h i s  p o s s i b i l i t y ,  a  s e r i e s  o f  e x p e r im e n ts  

was c a r r i e d  o u t i n  vdiich th e  p h o sp h o ru s  c o n te n t  c f  a  m easured  p a r t  o f  

t h e  in c u b a t io n  m ediun c o n ta in in g  0*3 mM-ATP and  4  mM-Mg io n s  was 

e s t im a te d ,  and  a l s o  th e  p h o sp h o ru s  c o n te n t  o f  th e  f i b r i l s  and th e  

re m a in in g  ATP s o l u t i o n .  Two c o n t r o l s  w ere n e c e s s a ry ,  one c o n ta in in g  

th e  same c o n c e n t r a t io n  o f  ATP b u t  no f i b r i l s ,  th e  o th e r  c o n ta in in g  

f i b r i l s  and b u f f e r  in s t e a d  o f  ATP. The f i b r i l s  w ere in c u b a te d  f o r  

10 m in u te s  a t  37° i n  a  volum e o f  5 m is . T o ta l  ph o sp h o ru s was 

e s t im a te d  i n  3 m l o f  th e  s u p e rn a ta n t  a f t e r  c e n t r i f u g a t i o n ,  and  on th e  

re m a in in g  2 m l o f s o lu t i o n  c o n ta in in g  th e  f i b r i l s .  Any d e c re a s e  i n  

p h o sp h o ru s  o f  th e  s o lu t i o n  c o u ld  b e  c o r r e l a t e d  w ith  an  in c r e a s e  i n  

p h o sp h o ru s  i n  th e  f i b r i l s *

The a c e to n e  d ry  w e ig h t o f  a  known volum e o f  m y o s in -d e p le te d  

m y o f ib r i l s  was d e te rm in e d . The p h o sp h o ru s  c o n te n t  o f  th e  w et f i b r i l s  

was th e n  e x p re sse d  i n  te rm s  o f  t h i s  w e ig h t .  S u sp e n s io n s  o f  m y o f ib r i l s  

w ith  d ry  w e ig h ts  o f  3 0 -3 5  mg w ere u s e d ,

R e s u l t s  o f  f i v e  e x p e r im e n ts .

Mean P c o n te n t  o f  A T P -tre a te d  f i b r i l s  2.01 - 0 . 2 7  /ig /m g 

Mean P c o n te n t  o f  c o n t r o l  f i b r i l s  2 .1 2  -  0*30 p.g/mg
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Con c lu s io n , A s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  p h o sp h o ru s

c o n te n t  o f  c o n t r a c te d  and u n c o n tr a c te d  f i b r i l s  was n o t o b ta in e d ,

(d )  E s t im a t io n  o f  th e  phospho ru s  c o n te n t  o f  m y o f ib r i l s  w hich  had  
b e e n  a c t i v e l y  r e la x e d  o f  c o n tr a c te d  w ith  ATP

I n t r o d u c t i o n , A cco rd in g  to  P e r r y  (1952) th e  p o s i t i o n  o f  th e  A

and  I  b an d s  i n  i s o l a t e d  r a y o f jb r i l s  in d i c a t e s  t h a t  th e y  a r e  p a r t i a l l y

c o n t r a c te d .  I f  t h i s  w ere  so i n  our p r e p a r a t io n ,  i t  seem ed p o s s ib le

t h a t  a  c o n s id e ra b le  am ount o f  p h o sp h a te  b in d in g  may have a lr e a d y

o c c u r re d .  I t  was hoped  t h a t ,  by  c a u s in g  th e  f i b r i l s  t o  r e l a x  f u l l y

and th e n  r e  c o n t r a c t in g  them  w ith  ATP, a  d i f f e r e n c e  i n  th e  p h o sp h o ru s

c o n te n t  i n  th e  two s t a t e s  m ig h t b e  d e te c te d ,

i )  The e f f e c t  o f u i*ea-induced  r e l a x a t i o n  o f th e  p h o sp h o ru s  c o n te n t  
o f  m y o f ib r i l s

B arany  (1960) fo u n d  t h a t  th e  m e c h a n ic a l i n t e r a c t i o n  o f  a c t i n  and 

m yosin  f i l a m e n t s  was i n h i b i t e d  b y  1 M -urea i n  th e  p r e s e n c e  o f  ATP.

The ATP-M g-induced c o n t r a c t io n  o f  an  i s o l a t e d  f i b r e  was fo llo w e d  b y  

r e l a x a t i o n  on a d d i t io n  of 1 M -urea and  th e  e f f e c t  v/as r e v e r s e d  when th e  

u re a  was w ashed o u t .

I t  was th o u g h t t h a t  u re a  w ould b e  a  s u i t a b l e  n o n - p h y s io lo g ic a l  

r e la x in g  a g e n t t o  u s e  i n  ex p e rim en ts  d e s ig n e d  to  d e t e c t  u p ta k e  by  

m y o f ib r i l s ,  s in c e  i t  p re su m ab ly  a c t s  d i r e c t l y  on th e  p r o t e in s  t o  p r e v e n t  

th e  i n t e r a c t i o n  o f  m yosin  and a c t i n .  D r a s t i c  d é n a tu r a t io n  does n o t  

ta k e  p la c e  how ever, s in c e  th e  p r o t e in s  can  recom bine  when th e  u re a  i s  

w ashed o u t .  I t  seem ed l i k e l y  t h a t  o th e r  a r t i f i c i a l  r e l a x in g  a g e n ts  

such  a s  v e rse f te , f u a d in  and  v a r io u s  p o ly c a t io n s  m ig h t combine w ith  

g ro u p s  in v o lv e d  i n  p h o sp h a te  o r  n u c le o t id e  b in d in g  i f  t h i s  o c c u r s ,  o r  

rem ove some io n  e s s e n t i a l  f o r  th e  p r o c e s s .
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M ethod. S u sp e n sio n s  o f  f i b r i l s  w i th  d iy  w e ig h ts  o f  20-25 mg 

w ere in c u b a te d  f o r  20 m in u te s  a t  37° i n  3 nil o f  a  medium c o n ta in in g  

0*3 hM-ATP, 3 X 10“ ^ M-MgSO^ and 5 x 10~ ^ M-KCL a t pH 6*9 , to  in d u ce  

c o n t r a c t io n .  To o b ta in  r e l a x a t i o n ,  th e  f i b r i l s  w ere in c u b a te d  i n  th e  

same s o l u t i o n  made 1 M w i th  r e s p e c t  to  u rea*

T o ta l  p h o sp h o ru s  was e s t im a te d  i n  2 m l o f  th e  s u p e rn a ta n t  s o lu t i o n  

and th e  re m a in in g  1 m l c o n ta in in g  th e  f i b r i l s  a f t e r  c e n t r i f u g a t i o n  a t

0° .

R e s u l t s  o f th r e e  experim en t s

P c o n te n t  o f  P c o n te n t  o f
c o n t r a c te d  r e l a x ed _ iU b ri l s
f ib r i l s .^ ^ m g

1*60 1-60

1*10 1-37

1'73 1 .60

C o n c lu s io n , The r e s u l t s  w ere i n c o n s i s t e n t  and no d e f i n i t e  

c o n c lu s io n  c o u ld  b e  r e a c h e d ,

i i )  The p h o sp h o ru s  c o n te n t  of  m y o f ib r i l s  r e l a xed  o r c o n t r a c te d  b y  
ÂTP i n  th e  p re se n c e  of  th e  r e la x in g  f a c t o r .

M ethod. S u sp e n sio n s  o f  m y o f ib r i l s  w ith  d ry  w e ig h ts  o f  140-170 Kig 

w ere in c u b a te d  w ith  0*5 mM-ATP, 4  mM-MgC1 ^ and r e l a x i n g  f a c t o r  pH 6 .9  

i n  a volum e o f  5 m l f o r  10 m in u te s  a t  20°. T h is  t r e a tm e n t  in d u c e d  

r e la x a t io n ^  C o n tra c te d  f i b r i l s  w ere o b ta in e d  b y  in c lu d in g  0 .2  

mM-CaG1 ^ i n  th e  medium,

A la r g e  amount o f f i b r i l s  was u sed  i n  th e s e  ex p erim en ts  to  

in c r e a s e  th e  p o s s i b i l i t y  o f  d e t e c t in g  p h o sp h o ru s  u p ta k e . The
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e x p e rim e n ts  w ere c o n f in e d  t o  d e te c t in g  a p o s s ib l e  change i n  th e  

p h o sp h o ru s  c o n te n t  o f  th e  l i q u i d  p h a s e .  A f te r  c e n t r i f u g a t i o n  o f  th e  

f i b r i l s ,  th e  t o t a l  p h o sp h o ru s  c o n te n t  o f 3 m l o f s u p e rn a ta n t  s o lu t i o n  

was e s tim a te d .

R e s u l t  o f  n in e  e x p e r im e n ts .

Mean r a t i o  o f  o p t i c a l  d e n s i t i e s  i n  t h e  c o lo u r  r e a c t i o n  o b ta in e d  

w ith  3 m l o f  s u p e rn a ta n t  frcm  r e la x e d  and c o n t r a c te d  m y o f i b r i l s : -

= 0-98 i  0 .02c o n t r a c te d  f i b r i l s

C o n c lu s io n . A much h ig h e r  ATP c o n c e n t r a t io n  i s  n e c e s s a ry  t o  b r in g  

ab o u t th e  r e l a x a t i o n  th a n  th e  c o n t r a c t io n  o f  m u sc le . 6 mM-ATP i s

needed  t o  r e l a x  an  i s o l a t e d  f i b r e  b u n d le  b u t  a  low er c o n c e n t r a t io n  

a p p e a rs  t o  r e l a x  i s o l a t e d  f i b r i l s ,  o r  a t  l e a s t  to  p r e v e n t  t h e i r  f u l l  

c o n t r a c t io n  in  th e  p re s e n c e  o f  r e l a x in g  f a c t o r .  M arsh (1952) fo u n d  

t h a t  maximum r e l a x a t i o n  o f f i b r i l s  was o b ta in e d  w ith  a  c o n c e n tr a t io n  o f  

70 pig o f  p h o sp h o ru s , from  th e  te r m in a l  p h o sp h a te  g roup o f ATP, p e r  gm 

o f  m u sc le , w hereas 20 pig/gm would b r in g  ab o u t maximum s y n a e r e s i s .  I n  

our e x p e r im e n ts  th e  ATP c o n c e n tr a t io n  of 0*5 nivl, w hich  c o rre sp o n d e d  to  

50 pig ATP-P/gm o f  m u sc le , was th e  h ig h e s t  t h a t  c o u ld  b e  u sed  i n  o rd e r  

to  p e rm it  th e  d e t e c t io n  o f  a  d i f f e r e n c e  i n  th e  f i n a l  c o lo u r  r e a c t i o n  

c o r re s p o n d in g  to  th e  p h o s p h o ry la t io n  o f a c tin -b o u n d  ADP.

The I a t i o s  o f  th e  p h o sp h a te  c o n c e n tr a t io n s  i n  th e  s u p e rn a ta n ts  

from  th e  e x p e r im e n ts  v / i th  c o n t r a c te d  and u n c o n tr a c te d  f i b r e s  show no 

s i g n i f i c a n t  d e v ia t io n  from  u n i t y .  T h e re fo re ,  th e  p h o sp h o ru s  c o n te n t  

o f  th e  f i b r i l s  i n  th e  r e la x e d  and c o n t r a c te d  s t a t e s  i s  a p p a r e n t ly  th e  

sam e.
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(e )  The p h o sp h o ru s  c o n te n t  of* ac to m y o sin  a f t e r  c o n t r a c t io n  o r
r e l a x a t i o n  in d u ced  b y  ATP i n  th e  p re se n c e  o f  r e la x in g : f a c t o r

i )  I n t r o d u c t io n . B u c h th a l (1 949) c a r r i e d  o u t e x p e r im e n ts  i n  w h ich  

he hoped to  d e te c t  an  u p ta k e  of p h o sp h o ru s  from  ATP b y  ac to m y o sin  g e l s ,  

r e s u l t i n g  from  p h o s p h o ry la t io n  o f  th e  p r o t e i n  o r ip ta k e  o f ATP by  

m y o sin . These t//o ch em ica l changes i n  th e  p r o te in  h ad  b een  su g g e s te d  

b y  K a lc k a r  (1 941 ) and S zen t-G yÜ rgyi ( l  947) t o  acco u n t f o r  th e  o b se rv ed  

p h y s ic a l  e f f e c t  o f  ATP on ac to m y o sin . B u c h th a l o b ta in e d  an in c r e a s e  

i n  th e  p h o sp h o ru s  c o n te n t  of ac tom yosin  w h ich  was how ever due t o  th e  

p re s e n c e  o f i r o n  i n  h i s  ATP p r e p a r a t io n ,  le a d in g  to  th e  fo rm a tio n  o f 

A T P - iro n -p ro te in  co m p lex es . No u p ta k e  o f p h o sphorus was found i n  th e  

ab sen ce  o f i r o n .  The e x p e rim e n ta l p ro c e d u re  in v o lv e d  v /ashing th e  

ac to m y o sin  8 -9  tim e s  a f t e r  t r e a tm e n t  w i th  ATP b e f o re  e s t im a t in g  th e  

p h o sp h o ru s  c o n te n t  cf th e  p e r c h lo r i c  a c id  e x t r a c t  o f  th e  p r o t e in .

I t  d id  n o t  seem u n l ik e ly  th e r e f o r e  t h a t  a  l a b i l e  p h o sp h a te  compound, 

fo rm ed  b y  th e  a c t i o n  o f  ATP on th e  ac tcm y o sin , may have b een  b ro k en  

down d u r in g  th e  w ash ing  p ro c e d u re .  We th e r e f o r e  p la n n e d  ou r 

e x p e r im e n ts  so t h a t  t h i s  p o s s i b i l i t y  was e l im in a te d  and a l s o  i n v e s t i g a t e d  

a p o s s ib l e  change i n  th e  p h o sp h o ru s  c o n te n t  o f ac to m y o sin  r e la x e d ,  a s  

w e l l  a s  c o n t r a c te d ,  b y  ATP.

The s w e l l in g  o f  ac to m y o sin  g e ls  b y  ATP and %  io n s  i n  th e  p re se n c e  

o f r e l a x in g  f a c t o r  i s  th o u g h t to  b e  an a lo g o u s  to  r e l a x a t i o n  o f  m uscle  

f i b r i l s .  I t  was d e c id e d  to  r e p e a t  th e  e x p e r im e n ts  c a r r i e d  o u t on 

m y o f ib r i l s  w dth  a c to m y o sin , s in c e  th e  p h o s p h a te  e s t im a t io n s  can  b e  made 

when th e  ac to m y o sin  i s  s e e n  t o  b e  f u l l y  r e l a x e d  o r  c o n t r a c te d ;  th e  

volume change b e tw een  c o n t r a c te d  and r e la x e d  ac to m y o sin  i s  v e ry  m arked .
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i i )  M ethod, A ctom yosin g e l  h a v in g  a  d ry  w e ig h t o f  45 mg. was 

in c u b a te d  w i th  0*5 miM-ATP, 4  mîÆ-MgCI  ̂ and r e l a x i n g  f a c t o r  pH 6*5 i u  a  

volum e o f 5 m l f o r  10 m in u tes  a t  20° C. U nder th e s e  c o n d i t io n s ,

s y n a e re s is  o f  ac to m y o sin  was i n h i b i t e d .  A ctom yosin  in c u b a te d  w i th  th e

same s o lu t io n  b u t  w i th  0*2 mM-CaCI^ a l s o ,  was c o m p le te ly  c o n t r a c te d .

T o ta l  p h o sp h o ru s  was e s tim a te d  i n  3 m l o f  th e  s u p e rn a ta n t  s o lu t i o n  

a f t e r  c e n t r i f u g a t i o n  o f th e  p r o t e i n .

R e s u l t  o f  two e x p e r im e n ts .

R a t io s  o f  p h o sp h a te  c o n c e n t r a t io n s  dn th e  s u p e rn a ta n ts  from  

r e la x e d  and c o n t r a c te d  f i b r i l s  ;

(.1) 0«99; ( i i )  1-01

C o n c lu s io n . No s ig n iD ic a n t  d i f f e r e n c e  was fo u n d  i n  th e  p h o sp h o ru s  

c o n te n t  of ac tc m y o s in  r e la x e d  and c o n t r a c te d  b y  ATP,

( f ) The p h o ^ h o r u s  c o n te n t  o f  a c tc m yosin  a f t e r  t r e atm ent w i th  ATP,
r e la x in g  f a c t o r , c r e a t in e  and O P -k in a se .

I n t r o d u c t io n . I t  seems p o s s ib l e  t h a t  th e  C P-C Pkinase system  i s  

in v o lv e d  i n  th e  c o n t r a c t i o n - r e l a x a t i o n  c y c le  o f m u sc le . (C h ap te r  l ) .  

S trohm an ( l9 5 9 )  fo u n d  t h a t  th e  bound ADP o f  P - a c t i n  p h o s p h o ry la te d  

b y  CP i n  th e  p re s e n c e  o f  C P k in ase . Leiki (1 95O) fo u n d  C Pkinase a c t i v i t y  

i n  h i s  G -a c t in  p r e p a r a t i o n  and fo u n d  t h a t  th e  a d d i t io n  o f c r e a t in e  

i n h i b i t e d  p o ly m e r is a t io n .

E x p erim en ts  w ere  d e s ig n e d  t o  i n v e s t i g a t e  w h e th e r ,  i n  th e  p re s e n c e  

o f  c r e a t in e  and C P k in ase , p h o sp h o ru s  u p ta k e  c o u ld  b e  d e te c te d  b y  

ac to m y o sin  g e ls  a f t e r  c o n t r a c t io n  o r  r e l a x a t i o n  w ith  ATP,
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Method

i )  A ctom yosin g e l  h av in g  a d ry  w e i ^ t  o f  4 0 -4 5  mg was in c u b a te d  f o r  

10 m in u te s  a t  20° C„ i n  a  s o lu t io n  c o n ta in in g  0*5 mM-ATP, r e l a x i n g  

f a c t o r ,  1 m M -c re a tin e , C Pkinase and 4  mlÆ-kIgCI ^ pH 6*9 i n  a  volum e o f  

5*5 m l, t o  o b ta in  r e l a x a t i o n .

C o n tra c te d  ac to m y o sin  was o b ta in e d  b y  in c lu d in g  0 .2  mlÆ-CaCI^ i n  

th e  s o lu t i o n .  P h o sp h o ru s  e s t im a t io n s  were made on 3 ml o f  th e  s u p e rn a ta n t  

o b ta in e d  a f t e r  c e n t r i f u g a t i o n  o f  th e  p ro te in *

i i )  The ex p e rim en t was r e p e a te d  on d ia ly s e d  a c tc m y o s in . D ia ly s i s  c u t s  

down th e  ATPase a c t i v i t y  v d th o u t i n t e r f e r i n g  w ith  th e  m e c h a n ic a l 

p r o p e r t i e s  o f ac to m y o sin ; t h e r e f o r e ,  th e  u se  o f  ATP b y  a  p h o s p h o ry la t io n  

p ro c e s s  r a t h e r  th a n  b y  ATPase m i ^ t  be f a v o u re d .

R e s u l t

i )  U n -d ia ly s  ed actomyo s i n

P h o sp h a te  c o n te n t  o f  s u p e rn a ta n t  from  r e la x e d  ac to m y o sin
P h o sp h a te  c o n te n t  o f  s u p e rn a ta n t  from  c o n t r a c te d  ac to m y o sin

Mean r a t i o  from  se v e n  ex p e rim en ts  = 0*99 ~ O '02

i i )  D ia ly se d  a c to m y o sin

R a t io  f r a n  two e x p e r im e n ts :

(a )  0 -99

(b) 1-00

C o n c lu s io n . The r a t i o s  o f th e  p h o sp h a te  c o n c e n tr a t io n s  i n  th e  

s u p e rn a ta n ts  from  ex p e rim en ts  v d th  ac to m y o sin  c o n t r a c te d  o r  r e la x e d  by  

ATP i n  th e  p re se n c e  o f  c r e a t in e  and C P kinase  showed no s i g n i f i c a n t  

d e v ia t io n  from  u n i ty *  The p h o sp h o ru s  c o n te n t  o f  th e  ac to m y o sin  g e l s
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i s  a p p a r e n t ly  t h e r e f o r e  th e  same i n  th e  c o n tr a c te d  and r e la x e d  s ta t e s *

4* C o n c lu s io n * No s i g n i f i c a n t  d i f f e r e n c e  væls fo u n d  i n  th e  p h o sp h o ru s  

c o n te n t  o f  w ash ed  m y o f ib r i l s ,  m y o s in -d e p le te d  m y o f ib r i l s  o r  a c to m y o sin  

a f t e r  c o n t r a c t io n  and r e l a x a t i o n  in d u c e d  b y  ATP.

I t  may th e r e f o r e  b e  co n c lu d ed  t h a t  i f  n e t  p h o sp h o ru s  u p tak e  

o c c u r s ,  i t  i s  o n ly  v e ry  sm a ll and c e r t a i n l y  n o t g r e a t e r  th a n  would 

c o r re s p o n d  to  th e  p h o s p h o ry la t io n  o f ac tin -A D P

I f  bound phosphorus o f m y o f ib r i l s  o r  ac tcm y o sin  i s  in v o lv e d  a t  

a l l  i n  th e  p h y s ic a l  changes b ro u g h t a b o u t b y  ATP i n  th e  sy stem s 

i n v e s t ig a t e d ,  i t  i s  p o s s ib l e  H ia t i t  i s  r e d i s t r i b u t e d  r a t h e r  th a n  

a f f e c t e d  i n  q u a n t i ty .  Hov/ever, i t  i s  a l s o  p o s s ib le  t h a t  th e  c h e m ic a l 

co m p o sitio n  o f  th e  c o n t r a c t i l e  system  i s  th e  same i n  th e  c o n t r a c te d  and 

r e la x e d  s t a t e s  and  t h a t  o n ly  t r a n s i e n t  ch em ica l m o d if ic a t io n  o f  th e  

p r o t e i n  o ccu rs  d u r in g  th e  c o n t r a c t io n  p r o c e s s .



(4 6 )

CK!\PTER IV

PfRER CHROMTTOGFiPHY OF UV-fiBSORBING SUBSTi'iNCES 
ASSOCIATED WITH Î^ÜIOFIBRILS

1 .  MATERIALS fllD METHODS

(a ) R a b b it  m y o f ib r i l s *

G ly c e r in a te d  r a b b i t  m y o f ib r i l s  h av in g  d r y  w e ig h ts  o f  30 -  40 rag 

were washed f r e e  o f  g ly c e r o l  and th e  su sp e n s io n s  were e x t r a c te d  th r e e  

tim e s  w ith  th r e e  volum es o f  c o ld  ao& tone.

4 ch ro m a to g rap h ic  ex o ra in a tio n  o f  th e  U V -cbsorb ing  m a te r ia l  in

( i )  th e  a c e to n e  e x t r a c t  fn d  ( i i )  th e  a c e to n e —d r ie d  m y o f ib r i l s  wa.s made*

( i )  The a c e to n e - .e x t r a c t  o f  th e  m y o f ib r i l s »

I t  was n o t ic e d  the t  th e  t o t a l  p h o sp h o ru s  c o n te n t  o f  m y o f ib r i l s  

e s t im a te d  on a w et su sp e n s io n  and e x p re s s e d  in  te rm s o f  th e  a c e to n e -d ry  

w e ig h t was h ig h e r  th a n  th e  -.mount e s t im a te d  on th e  a c e to n e  powder i t s e l f .  

4 s im i l a r  r e s u l t  was found  w ith  c c to m y o sin , i . e .

F i b r i l s  Actom yosin

P h o sphorus c o n te n t  o f  w et s u sp e n s io n : 1 .4  ^ g /m g . 0 ,9 5 ;ig /m g

P hosphorus c o n te n t  o f  a c e to n e  pow der: 0 .8 6  jig /m g, 0 ,5 9  >ig/nig

A pprox im ate ly  40^ o f  th e  t o t a l  p h osphorus o f  th e  p r e p a r a t io n s  was 

rem oved by th e  a c e to n e /w a te r  m ix tu re .  The p re s e n c e  o f  U V -absorb ing  

s u b s ta n c e s  c o n ta in in g  pho sp h o ru s in  th e  a.cetone/w? t e r  e x t r a c t  o f  

m y o f ib r i l s  w?.s i n v e s t ig a te d  i n  th e  fo llo w in g  m anner: -  

MeHbpd. The com bined a c e to n e  e x t r a c t s  w ere c o n c e n tra te d  u n d e r  red u ced  

p r e s s u r e .  A fte r e v a p o ra t io n  o f  th e  a c e to n e ,  th e  aqueous r e s id u e  w hich
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rem ained  c o n ta in e d  d e n a tu re d  p r o te in  and l i p i d .  The m ix tu re  was 

a c i d i f i e d  w ith  N-HCl and e x t r a c te d  w ith  e t l i e r .  The aqueous l a y e r  wais 

f r e e z e - d r i e d  and a p p l ie d  to  c chrom atogram  in  a v e ry  sm a ll volume o f  

w a te r ,

( i i )  The a c e to n e  powder o f  th e  m y o f ib r i l s .

The fo llo w in g  e x t r a c t s  w ere exam ined by p a p e r  ch rom atog raphy  f o r  

th e  p re s e n c e  o f  U V -cbsorb ing  s u b s ta n c e s

I s  The e x tr a .c t  o b ta in e d  a f t e r  t r e a tm e n t  o f  th e  a c e to n e  pov/der f o r  

15 m in u te s  w ith  co ld  w a te r ,

2* The m c .te r ia l  e x t r a c te d  by tree-, t i n g  th e  ; ce to n e  powder f o r  10 

m in u te s  i n  b o i l in g  w aiter.

3« The c o ld  U-HCl ex tran e t o f  th e  a c e to n e  powder t re e  te d  idLth tlie  a c id  

f o r  16 h o u rs  a t  4°C,

4 . The c o ld  N-HCl e x tr a .c t  o f  th e  a c e to n e - d r ie d  i s o e l e c t r i c  p r e c i p i t a t e  

o f  a c t in *

A ctin  prepc re d  from  r a b b i t  m uscle  by th e  method o f  Tsao c nd B a i le y  

( 1953) was i s o e l e c t r i c a l l y  p r e c i p i t a t e d  a t  pH 4*7 w ith  M -a c e tic  a c id .  

A ccording  to  L ak i (1950)> bound p r o s t h e t i c  ADP o f  a c t i n  i s  r e le a s e d  i n to  

th e  s u p e rn a ta n t  to g e th e r  w ith  sm: 11 am ounts o f  h y p o x cn th in e  n u c le o t id e .  

The i s o e l e c t r i c  p r e c ip i t a t± e n  was exc.mined to  see  i f  any  n u c le o t id e  

rem.' in e d  bound to  th e  p r o t e in .

The e x t r a c t s  i n  a l l  c a se s  were f r e e z e - d r i e d ,  ta k e n  up in  a*, v e ry  

sm a ll volum e o f  w a te r  and d ia ly s e d .  D ia ly s i s  was n e c e s s a ry  to  p re v e n t
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s t r e a k in g  on th e  ch ro m a to g rrp h s  due to  th e  p re se n c e  o f  c o n s id e ra b le  

am ounts o f  p r o te in  in  th e  e x tr ;  c t s . The d i r . ly s a te  wa.s f r e e z e - d r i e d ,  

d is s o lv e d  in  th e  minimum amount o f  w r.ter and a p p l ie d  to  ch rom atogram s,

(b) F rog  m y o f ib r i l s *

( i )  F ro g  s k e l e t a l  m uscle  was hom ogenised f o r  two m in u te s  i n  f iv e  volum es 

o f  c o ld  f ro g  R in g e r  s o lu t io n  in  a Ua.ring B lender*  I t  wa.s th e n  w  shed 

s ix  tim es  w ith  t e n  volum es o f  c o ld  waiter*

The m yofibri?.ti were e x t r a c te d  th r e e  tim e s  w ith  th r e e  volum es o f  

c o ld  a c e to n e ;  an e x a m in a tio n  o f  th e  a c e to n e  e x t r a c t s  and a c e to n e  pow ders 

was made, as  w ith  r . - b b i t  m u sc le , f o r  th e  p re se n c e  o f  UV-a b so rb in g  

m a te r ia l*

( i i )  F ro g  r e c tu s  abdom in is  m uscle  wa s in c u b a te d  in  ^ ^ - R in g e r  s o lu t io n  

f o r  30 m in u te s . I t  wa s w e ll  wa sh ed , th e n  c u t  i n t o  v e ry  sm a ll p ie c e s  and

c o n v e r te d  to  ; n a c e to n e  pow der. Chrom atogram s o f  th e  N-HCl e x t r a c t s  o f

th e  a c e to n e  powder w ere made. They were sc -n n ed  to  lo c a t e  th e  

d i s t r i i j u t i o n  o f  betv/een U V -absorb ing  s u b s ta n c e s ,  i f  any o ccu rred *

(c ) S o lv e n ts ,

( i )  I s o —b u ty r ic  acid/N -N H ^/O ol M—V e rse n e .

The s o lv e n t  u se d  by K rebs and Hems (1953) f  w hich c o n ta in s  I s o - b u ty r ic  

a c id ,  N-ammonis and 0 .1  M -versene i n  th e  r a t i o  100 ; 60 : 1 ®6 , wi s  found

to  g iv e  sa ;.tis fa ic to ry  s e p a r a t io n  o f  a d e n in e  and i t s  d e r iv a t iv e s  and o f

m ost o th e r  p u r in e  and p y r im id in e  ba .ses, n u c le o s id e s  and n u c le o t id e s .



(4 9 )

They w ere s e p a ra te d  by d e sc e n d in g  ch ro m rto g rap h y  a t  room te m p e ra tu re ,  

a f t e r  l 6  h o u rs  on VJhatman No. 1 p a p e r  o r  a f t e r  14 h o u rs  on 3 ^  p a p e r .

The t h i c k e r  3 nim p a p e r  was u sed  to  s e p a r a te  l a r g e  am ounts o f  UV-abs o rb in g  

m a i te r i r l ;  s p o ts  were th e n  o b ta in e d  vrhich had s u f f i c i e n t  U V -ab so rp tio n  

to  be i d e n t i f i e d ,  n o t  o n ly  by t h e i r  R f , b u t  by t h e i r  U V -ab so rp tio n  

sp ec tiu m  when e lu te d  from  th e  p a p e r .

( i i )  Form ic a c i d / d i e t h y l  e t h e r .

I n  th e  i s o b u ty ric /a m m o n ia  s o lv e n t ,  ha.s an  R f v e ry  c lo s e  to  th a b  

o f  ATP. ib e n  th e  s e p a r a t io n  o f  from  U V -rb so rb in g  m a b e r ia l  was 

r e q u i r e d ,  a  s o lv e n t  c o n ta in in g  50 p a r t s  o f  d i e t h y l  e th e r  and 25 p a r t s  

o f  90% fo rm ic  a c id  was u sed  i n  an a tm osphere  s r tu r a b e d  w ith  e t h e r .  T h is  

s o lv e n t  i s  an  ada p ta it io n  o f  t h a t  u sed  by K rebs and Hems ( 1953) • The 

s e p r ra i t io n  o f  P^ was ob ta iined  by a sc e n d in g  chroma togra .phy  on fo ld e d  

p a p e r ,  u s in g  th e  a rran g em en t o f  P le c k e n s te in  and. J a n k e  (1953~54) • The 

s p o ts  w ere a p p l ie d  a t  2 in c h e s  from  th e  c e n tra J . f o ld  o f  th e  p a p e r .  

m ig ra te d  a b o u t 4 in c h e s  in  3 h o u rs  in  th e  fo rm ic  £ :c id /e th e r  s o lv e n t ;  

th e  U V -absorb ing  s p o ts  rem ained  r t  th e  o r ig i n .  The p a p e r  c o n ta in in g  Pj_ 

was c u t  o f f  and th e  p u r in e  and p y r im id in e  b a se s  and t h e i r  d e r i v a t iv e s  

w ere th e n  s e p a ra te d  by p a p e r  chrom a.tography i n  th e  i s o - b u ty ric /am m o n ia  

s o lv e n t .

411 s o lv e n ts  were r e d i s t i l l e d  b e fo re  u s e .

(d) I d e n t i f i c a t i o n  o f  UV-a b s o rb in g  s p o t s .

( i )  By R f va:lue and th e  p re se n c e  o r  ab sen ce  o f  p h o sp h o ru s .

S p o ts  w ere d e te c te d  on th e  p a p e r  chrom atogram s by ex p o su re  to
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U V ~ lig h t. M rrk e rs  o f  p u r in e  end p y r im id in e  be see  ̂  n u c le o s id e s  end 

n u c le o t id e s  w ere av cd le .b le  f o r  com parison  o f  t h e i r  R f v e lu e  w ith  th e  

R f v a lu e s  o f  th e  s u b s ta n c e s  i n  th e  m uscle  e x t r a c t s .

P h o s p h o ru s -c o n ta in in g  s p o ts  were lo c t . te d  by th e  developm en t o f  th e  

chroma tog ram s w ith  th e  m o ly b d ate  r e a g e n t  o f  Hanes and Ishen-zood (1949) »

( i i )  By U V -ab so rp tio n  sp e c tru m .

The U V -rb so rb in g  s p o ts  w ere e lu te d  from  th e  p a p e r  w ith  w a te r  o r  

O ol I4-HC1. The s p e c t r a  o f  th e  s o lu t io n s  w ere re a d  in  th e  U nie ami SP 5^0 

s p e c tro p h o to m e te r .  The s p e c tra . ,  a f t e r  m aking th e  s o lu t io n s  a. Ike l i n e  

w ere a ls o  r e a d ,  s in c e  many p u r in e  end p y r im id in e  b ases  f.nd t h e i r  

d e r iv a t iv e s  show chr r a c t e r i s t i c  changes i n  a_bsorption  spec tru m  as  a 

r e s u l t  o f  changes i n  pH.

I t  was found by e lu t in g  n u c le o t id e  m ark ers  t h a t  th e  m ost com plete  

e lu t i o n  vms o b ta in e d  by c u t t i n g  o u t  a, s p o t ,  p la c in g  i t  i n  a Gooch fu n n e l 

and a llo w in g  3 n^l o f  s o lv e n t  to  d r ip  o n to  i t  s lo w ly .

I n  o rd e r  to  o b ta in  s a t i s f a c t o r y  s p e c t r a  from  e lu te d  s p o ts  i t  was 

n e c e s s a ry  to  wash th e  p a p e r  tw ic e  on 0 .1  M-HCl end te n  tim e s  i n  w a te r  

b e fo re  u s e .  Even a f t e r  t h i s  tre a itm e n t th e  p a p e r  s t i l l  c o n ta in e d  

m a te r ia l  ha v in g  U V -ab so rp tio n  in  th e  230 -  240 r a n g e . S in c e  some 

p u r in e  and p y r im id in e  b a se s  show minimum U V -ab so rp tio n  in  t h i s  r e g io n ,  

to  o b ta in  s p e c t r a  shovdng c h a ^ r a c te r i s t ic  minima;., i t  was n e c e s s a ry  to  

e l u t e  th e  p a p e r  a d ja c e n t  to  e&ich U V -absorb ing  s p o t  and u se  t h i s  s o lu t io n  

a s  a b la n k .
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2 . RESULTS

The b a se s  and n u c le o t id e s  p r e s e n t  i n  r a b b i t  m uscle  w ere a l s o  found 

i n  th e  m uscle o f  th e  f r o g .

A lthough w a te r  removed th e  same s u b s ta n c e s  from  th e  p r e p a r a t io n s  a s  

N-HCl, th e  rem oval was n o t  com ple te  rn d  su b se q u e n t t r e a tm e n t  w ith  N-HCl 

r e l e a s e d  more o f  th e  same UV-[ b s o rb in g  s u b s tru ic e s . However, t h e i r  

p re se n c e  in  aqueous e x t r a c t s  i n d ic a te d  t h a t  th e y  w ere n o t  m e re ly  a c id  

d e g ra d a t io n  p ro d u c ts  from  a s in g l e  n u c le o t id e  o r  p o ly n u c le o t id e .

(a ) UV-abs o rb in g  s u b s ta n c e s  i n  a c e to n e  e x t r r .c t s  o f  w ashed f ro g  and 

r a b b i t  m y o f ib r i l s .

( i )  In  o l i g u -  o r  p o ly n u c le o t id e ,

( i i )  M e n in e ,

( b) U V -absorb ing  s u b s ta n c e s  e x t r a c te d  by c o ld  w a te r  from  a c e to n e 

pow ^ders o f  f ro g  and r a b b i t  m y o f ib r i l s .

( i )  M ain ly  ADP.

( i i )  T ra c e s  o f  IMP, AMP and ATP.

( i i i ) A  t r a c e  o f  ad en in e  and a. g re en  p ig m en t w ith  a  s im i l a r  RF v a lu e .

( c) U V -absorb ing  s u b s ta n c e s  i n  th e  i s o e l e c t r i c  p r e c i p i t a t e  o f  a c t i n .

( i )  M ain ly  ADP.

( i i )  T ra c e s  o f  AMP, ATP, a d e n in e  and an o l i g o -  o r  p o ly n u c le o t id e .

(d) U V -absorb ing  m a te r ia l s  in  th e  h o t  w a te r  and HCl e x t r a c t s  o f  th e  

a c e to n e  pow ders.

( i )  M ain ly  .ADP.

( i i )  S m all am ounts o f  ATP and AMP,
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(111) An o l i g o -  o r  p o ly n u c le o tid e *

(iv)

(v) A denine c nd a  g re e n  p ig m en t w ith  a s im i l i  r  R f v a l u e •

( v i)  Trc.ces o f  IMP fuid h y p o x an th in e*

(c ) Chrom atogram s o f  HCl e x t r a c t s  o f  th e  a c e to n e  pow der o f  th e  f ro g

r e c tu s  cbdora in is  p r e - in c u b a te d  w ith  ^%> R in g e r  s o lu t io n .

The Pj^ s p o t  was v e ry  s t r o n g ;  sm; l l  am ounts o f  th e  a d e n in e  

n u c le o t id e s  and a d en in e  were p r e s e n t .  I t  m s  found t h a t  v i r t u a l l y  i. 11 

th e  r a d i o a c t i v i t y  was in  th e  P̂  ̂ s p o t ,  l i t t l e  o r  none was found  in  th e  

n u c le o t id e  s p o ts .

3o The o l i g o -  o r  p o ly n u c le o t id e .

A ÜV- a b so rb in g  s u b s ta n c e  was found on o u r  chrom atogram s i n  th e  

p o s i t i o n  shown on f ig u r e  ( i ) .  I t  was p r e s e n t  in  a c e to n e  e x t r a c t s  o f  

f ro g  i:nd r a b b i t  m y o f ib r i l s  m d  in  w a te r  and a c id  e x t r a c t s  a l s o .  

D evelopm ent o f  th e  chrom atogram s v d th  m o lybdate  r e a g e n t  showed t h a t  i t  

c o n ta in e d  p h o sp h o ru s . A ttem pts to  i d e n t i f y  i t  by com parison  w ith  known 

p u r in e  o r  p y id m id in e  b a s e s ,  n u c le o s id e s  o r  n u c le o t id e s  w ere u n s u c c e s s f u l .  

‘̂ •The s p o t  was e lu te d  on s e v e r a l  o c c a s io n s  and seldom  g? ve th e  same 

U V -ab so rp tio n  sp e c tru m , a lth o u g h  i t  a lw ays ap p e a re d  i n  th e  same p la c e  on 

th e  chrom atogram s. The c h a r a c t e r i s t i c s  o f  th e  s p o t  in  th r e e  t y p i c a l  

ex p e rim e n ts  a r e  g iv en  h e r e .

F ig u re  j.ii) .;  A spectrum  was m ost o f te n  o b ta in e d  w hich shovred no d e f i n i t e  

U V -ab so rp tio n  maximum b u t  a  s l i g h t  i n f l e c t i o n  in  ih e  r e g io n  A. 25O to  

>A260 m^. The form  o f  th e  sp ec tru m  was n o t  changed by  a l t e r i n g  th e  pH.
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N u c le o tid e  m crk ers  o f  s i m i l r r  i n t e n s i t y  e lu te d  from  th e  srme chromé:to g rrju s  

gave t h e i r  c h c r r c t e r i s t i c  s p e c t r a ,  in d ie r  t i n g  t h a t  th e  ab sen ce  o f  maxima 

o r  minima i n  th e  sp ec tru m  o f  th e  unknown subs té: nee m \s  n o t  due to
i

im p u r i t i e s  i n  th e  p a p e r .  I t  seemed p o s s ib le  t h a t  th e  s p o t  conté=in e d  a 

m ix tu re  o f  U V -absorb ing  s u b s ta n c e s  w ith  o v e r la p p in g  s p e c t r a , so t h a t  

in d iv id u a l  ma-xima and minima w ere c a n c e l le d  o u t and a  l i n e  spec trum  

o b ta in e d .  Such a m ix tu re  c o u ld  r e s u l t  from  breakdown p ro d u c ts  o f  

n u c le o p r o te in  asso c ia^ ted  w ith  fra g m e n ts  o f  endopla smic r e t ic u lu m  w hich 

m ig h t be p r e s e n t  in  o u r m y o f ib r i l  p r e p a r a t io n .  Klien th e  s o lu t io n  h av in g  

th e  sp ec tru m  shovn in  f ig u r e  ( i i )  was b o i le d  in  2 M-HCl f o r  two h o u rs  

and rech rom a.tog raphed , th r e e  o v e r la p p in g  s p o ts  in  th e  re g io n  o f  th e  

o r i g i n a l  s p o t w ere d e te c te d .

F ig u re  ( i i i ) , à sp ec tru m  was f r e q u e n t ly  o b ta in e d  w hich showed minimum 

U V -ab so rp tio n  a t  X 2~jp and maximum U V -ab so rp tio n  a t  X 265 m^) w hich 

d id  n o t  c i t e r  when th e  pH was changed . O nly u r id in e  é-mong th e  

p y r im id in e  and p u r in e  b a s e s ,  t h e i r  n u c le o s id e s  and n u c le o t id e s ,  shows 

a. sp ec tru m  w hich h a s  th e  same U V -ab so rp tio n  mcximum from  pH 1 to  pH 1 4 . 

H ow ever, t h i s  maximum i s  a t  ) \2 6 2  m̂  ̂ ^nd a ls o  th e  B,f v a lu e  e x c lu d e d  th e  

p o s s i b i l i t y  t h a t  th e  s p o t  was u r i d i n e .

The maximum in  th e  U V -ab so rp tio n  s p e c t r a  o f  BN A. and some 

p o ly n u c le o t id e s  o c c u rs  i n  th e  X 26O -  X  263 m^ r e g io n .  The s o lu t io n  

g iv in g  th e  spec trum  shown in  f ig u r e  ( i i i )  wr-s th e r e f o r e  h y d ro ly se d  f o r  

two h o u rs  i n  2 N-HCl end rech ro m ato g rap h ed  to  se e  i f  i t  had been  broken
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down i n t o  s m a lle r  u n i t s .  F iv e  f e i n t  s p o ts  were o b ta in e d ,  p resu m ab ly  

n u c le o t id e s  o r  o l ig o - n u c le o t id e s  d e r iv e d  from  th e  o r i g i n a l  h ig h  

m o le c u la r  p o ly n u c le o t id e .

F ig u re  ( i v ) . à s p o t  was som etim es o b ta in e d  w hich showed minimum 

U V -c b so rp tio n  a.t A  248 nÿi and maximum U V -ab so rp tio n  a t  ^70 mp a t  

n eu traU  pH, These f ig u r e s  su g g e s te d  th c .t th e  su b s ta n c e  m ig h t be a 

c y t id in e  d e r i v a t iv e ;  CTP wais found to  have am R f v e ry  c lo s e  to  th a :t o f  

th e  unknown s p o t .  The mcximum c.-nd minimum were th e  same in  a c id  

s o lu t io n ,  b u t in  a l k a l i  minimum U V -ab so rp tio n  a t  jK 262 rap. and maximum 

U V -ab so rp tio n  a t  / \  285 np. w ere o b ta in e d .  No r e f e r e n c e  to  a c y t id in e  

d e r iv a t iv e  show ing th e s e  changes i n  s p e c t r a  co u ld  be fo u n d .

4 . The g re e n  pigm ent -  f ig u r e  ( v ) .

On s e v e r a l  chroma'.tograms o f  w a te r  o r  a c id  e x t r a c t s  o f  f ro g  and 

r a b b i t  m y o f ib r i l s  c- g re e n  p igm en t h av in g  an R f s im i la r  to  the t  o f  

a d en in e  was fo u n d . I t  was e x tre m e ly  l a b i l e  and th e  c o lo u r  was d e s tro y e d  

when th e  s p o t  was e lu te d  v n th  0 ,1  M-HCl. However, a sp ec tru m  showing 

a  minimum a b s o rp t io n  a t  ^  mp and maximum a b s o rp t io n  a t  X \ 683 mp 

wc 8 obtc in e d  when th e  s p o t  was e lu te d  w ith  e th y l  a lc o h o l .  The g re en  

c o lo u r  was v e ry  s im i la r  to  t h a t  o f  b i l i v e r d i n ,  w hich , a c c o rd in g  to  G ray 

( 1953)5 I s  c h a r a c te r i s e d  by th e  p a r t  o f  i t s  spec trum  show ing minimum 

a b s o rp t io n  a t  /N 5^0 nip end maximum a t  X  675 ny*

The p ig m en t h as  n o t  been f u r t h e r  i n v e s t i g a t e d ;  i t  may w e ll  be an 

a r t e f a c t  from  a haem p igm en t o f  m ito c h o n d r ia l  o r ig i n .
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5. C onclusion^

Bound ÆD? and ATP a r e  p r e s e n t  i n  b o th  T/ashed f r o g  and  r a b b i t  

m y o f ib r i l s ,  a s  e x p e c te d  from  th e  f a c t  t h a t  th e s e  s u b s ta n c e s  a r e  th e  

p r o s t h e t i c  g roups o f  P - a c t in  and C -a c t in  r e s p e c t iv e ly  ( S tr s n b ,  1 9 5 0 ).

In  c o n t r a s t  to  P e r r y ’ s f in d in g  (1952) t h a t  washed m y o f ib r i l s  c o n ta in  

o n ly  AI'.jP, ADP and ATP, o th e r  n u c le o t id e s  and b a s e s  w ere fo u n d  i n  o u r 

p r e p a r a t io n s .  The DA? p r e s e n t  c o u ld  be d e r iv e d  from  nZP by th e  a c t i o n  

o f a d e n y l ic  deam inase w hich i s  n o t  c o m p le te ly  removed from  m uscle by 

w ashing , o r  i t  may have a l r e a d y  b een  p r e s e n t  i n  th e  i n t a n t  m uscle . The 

U V -ab so rp tio n  maximum o f th e  n u c le o t id e  from  a c t i n  p r e p a r a t io n s  i s  

u s u a l ly  lo w er tlian  e x p e c ted  i f  a l l  th e  bound n u c le o t id e  p r e s e n t  i s  .'iDP 

and ATP, L aki (1950) su g g e s te d  t h a t  t h i s  was p ro b a b ly  due to  th e  

p re se n c e  o f  hypo x a n th in e  n u c le o t id e s  w hich ha.ve a  UV-aD s o rp t io n  maximum 

a t  X 249 mp; t h e i r  p re se n c e  in  th e  a d e n in e  n u c le o t id e  s o lu t io n  c o u ld  

th e r e f o r e  lo w er th e  a b s o ip t io n  ma,ximum from  \  260 mp to  232 250mu

v a lu e s  w hich a r e  u s u a l ly  o b ta in e d .

Hypo x a n th in e  and  a d e n in e  on th e  chrom atogram s c o u ld  ha,ve b een  

form ed from  DSP and  .DvIP d u r in g  th e  a c id  tre a .tm en t o f  th e  a c e to n e  p o w ders. 

However, th e  p re se n c e  o f  a d e n in e  i n  aqueous e x t r a c t s  o f  th e  a c e to n e  

pow ders can n o t be e x p la in e d  on t h i s  b a s i s .  The o r ig i n  o f  th e  o l ig o -  o r  

p o ly n u c le o t id e  m ust a l s o  b e  c o n s id e re d .

A cco rd in g  to  P e r r y  (1955) th e  n u c le ic  a c id  c o n te n t o f  r a b b i t  

m y o f ib r i l s  i s  aPoout 0 , 4 '> o f th e  dr^^ w e ig h t ajid i s  p ro b a b ly  due to
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m icrosom al con tam in ation . The o l ig o -  or p o ly n u c le o t id e  in  our 

p rep a ra tio n s  could  th e r e fo r e  have been a random product o f  n u c le ic  a c id  

breakdown. I t s  p resen ce  in  th e  aceton e e x tr a c ts  su g g ested  th a t i t  may 

have been a tta ch ed  to  microsom al fragm ents from which th e  l i p i d  in  th e  

e x tr a c ts  i s  d er ived . However, i t  was a ls o  p rese n t in  th e  aceton e  

powders o f  washed fr o g  and r a b b it  m y o fib r ils  which in d ic a te d  th a t i t  

may a ls o  be f ir m ly  bound to  p r o te in . There was ' some ev id en ce  fo r  

b e l ie v in g  th a t the adenine spot on th e chromatograms was d erived  from  

th e  o lig o n u c le o t id e  s in c e  i t s  in t e n s i t y  v a r ie d  in v e r s e ly  w ith  th e  

in t e n s i t y  o f  th e  o l ig o -  or p o ly n u c le o tid e  sp o t. The o r ig in  o f th e  

green pigm ent m th  an Rf c lo s e  to  th a t  o f  th e  adenine spot i s  u n c e r ta in .

A lthough i t  i s  p o s s ib le  th a t  th e o l ig o -  or p o ly n u c le o tid e  in  our 

p rep a ra tio n s  was a l l  d er iv ed  from n u c le ic  a c id , th e  p o s s i b i l i t y  tha,t i t  

may f u l f i l  some p u ip o se  in  the c o n t r a c t i le  p ro cess  cannot be overlooked  

in  viev; o f th e  o b se r v a tio n s  o f o th er  v/orkers,

P le c k e n s te in  and Jahke (1954> 1955), u s in g  paper chromatography, 

found th a t two UV-absorbing phosphate e s t e r s  were p r e se n t  in  fr o g  

r e c tu s  abdom inis m uscle in  amounts comparable to  th o se  o f ATP and ADP, 

jiALthough breakdown o f  AT? cou ld  n o t be d e te c te d  during c o n tr a c tio n , P^ 

was r e le a s e d  from th e se  two su b sta n ces  Tdiich have n ot y e t  been id e n t i f i e d .  

The e x is te n c e  o f  th e  o l ig o -  or p o ly n u c le o tid e  in  s e v e r a l s p e c tr a l  

forms su g g ested  a resem blance to  th e  sub stan ce found by G e lo tte  (1955) 

a c t in  p rep a ra tio n s  a f t e r  rem oval o f n u c le ic  a c id . I t  was extrem ely
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l a b i l e  and seemed to  e x i s t  i n  s e v e ra l  p o ly m e ric  fo rm s c h a r a c te r i s e d  by 

d i f f e r e n t  s p e c t r a .  However, th e  s p e c t ro s c o p ic  d a ta  g iv e n  in  th e  p a p e r , 

i ,  e , maximum a b s o r p t io n  a t  \  210 mp.- and  \  270 mp. i n  0 ,01 M-HCl, and 

a t  X 235 mp and X 287 mji i n  0 .01 H-KOH, do n o t re se m b le  f i g u r e s  

o b ta in e d  w ith  o u r  o l ig o -  o r  p o ly n u c le o t id e .

The s u b s ta n c e  i s o l a t e d  from  a c t i n  by Snellm an and  G e lo t te  (1951)? 

a p p a r e n t ly  a  d in u c le o t id e ,  showed a  ma,ximum U V -ab so rp tio n  a t  \  2b0 m p. 

i n  n e u t r a l  and a J lc a lin e  s o lu t io n  and a t  \  265 mp. i n  a c id ,  w hich shows 

some resem b lan ce  to  one s p e c t r a l  fo rm  o f  o u r o l ig o -  o r  p o ly n u c le o t id e  

( f i g u r e  I I I ) ,  One component was i d e n t i f i e d  a s  a d e n o s in e . The 

su b s ta n c e  e x i s te d  i n  two fo rm s , one r i c h e r  in  p h o sp h o ru s , th e  o th e r  

p o o re r  i n  p h o sp h o ru s , and  th e  s u g g e s t io n  was ma.de t h a t  th e s e  fo rm s were 

th e  p r o s t h e t i c  g ro u p s o f  G- a c t  in  and P - a c t  i n  r e s p e c t iv e ly ,  and n o t ATP 

and JiUP which w ere a b se n t i n  th e  p re p a ^ ra tio n .

The on o u r  chroma, to  gram s o f H-HC1 e x t r a c t s  o f  f r o g  and r a b b i t  

m u sc le  may ha.ve been  d e r iv e d  from  n u c le o t id e ,  o r  p e rh a p s  from  

phospha.te  bound i n  some o th e r  way to  th e  c o n t r a c t i l e  p r o te in s .  The 

t o t a l  p h o sp h o ru s  in  o u r  p r e p a r a t io n  o f r a b b i t  m y o f ib r i l s ,  1 .4 " 2 ,0  

pg/m g d ry  w e ig h t, i s  f i v e  t im e s  th e  t o t a l  ph o sp h o ru s fo u n d  by P e r ry  

( 1952) .  He fo u n d  9O -I4O pg/gm d ry  w e ig h t o f  a c i d - l a b i l e  p h o sp h o ru s  

i n  h i s  p r e p a r a t io n  Ydiich \?as a p p a re n t ly  a l l  d e r iv e d  from  a d e n in e  

n u c le o t id e .  I t  seems p o s s ib le  t h a t  th e  b o r a te  b u f f e r  u se d  by P e r ry  

f o r  th e  e x te n s iv e  w ushing o f th e  m uscle  e x t r a c te d  p h o s p h o ru s -c o n ta in in g
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m a te r ia l  n o t  removed by th e  v/a.shing \ . l t h  0 .1  II -KOI i n  o u r  p r e p a r a t io n .

The f a c t  t h a t  no r a d i o a c t i v i t y  vn,s fo u n d  i n  any o f  th e  n u c le o t id e  

s p o ts ,  b u t  o n ly  i n  th e  s p o t,  from  e x t r a c t s  o f  washed f r o g  m y o f ib r i l s  

s l t e r  s h o r t  in c u b a t io n  o f  th e  w hole m uscle  w ith  R in g e r  s o lu t io n  

s u g g e s ts  t h a t  th e r e  i s  a  so u rce  o f  ph o sp h o ru s which i s  m ore r e a d i ly  

ex ch an g eab le  th a n  th e  p h o sphorus o f  th e  bound a d e n in e  n u c le o t id e s .

S in ce  th e  U V -absorb ing  s u b s ta n c e s  i d e n t i f i e d  on o u r chrom atogram s 

w ere p r e s e n t  in  th e  1,7a sh e d  m y o f ib r i l s  o f b o th  th e  f r o g  and th e  r a b b i t ,  

i t  seems l i k e l y  t h a t  th e y  a re  p r e s e n t  in  th e  m uscle  o f o th e r  s p e c ie s  

a l s o .  I t  v70uld seem p ro b a b le , th e r e f o r e ,  t h a t ,  l i lc e  th e  p r o te in s  a c t i n  

and  m yosin , th e y  have a  f une am en ta l r o l e  i n  th e  c o n t r a c t i l e  p r o c e s s .
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CHAPTER Y

,  ESTIMATION OF THE BOUND ADENINE NUCLEOTIDE.IE WASHED FROG- 

tffO F IE filE S APTBR TREATMENT WITH aTR

lo  P re u e x a t io n  o f  m a te r ia l s  and  m ethods u se d

( a )  The e s t im a t io n  o f  i l iP ,  ADP an d  ATP.

The a d a p ta t io n  "by M unch-*Petersen (1953) o f th e  s p e o tro p h o to m e tr io  

m ethod o f  K a lc k a r  (1947) v/as u se d  f o r  th e  e s t im a t io n  o f  th e  a d e n in e  

n u c le o t id e s  i n  a o id  e x t r a c t s  o f th e  a c e to n e  pov^ders o f  w ashed f ro g  

m y o f ib r i l s .  I t  i s  b a s e d  on th e  f a c t  t h a t  when MsT i s  d eam in a ted  t o  

DvIP b y  aden^;"lic d e a m in a se , th e r e  i s  a  c h a rg e  i n  th e  IT I -a b s o rp tic n  

sp e c tru m . A t A265 mp, t h e  e x t in c t io n  o f  D/iP i s  o n ly  kO% o f  th e  

e x t i n c t i o n  o f  i'lIP . The am ount o f iUIP i n  a  s o lu t i c n  may bo  c a lc u la t e d  

from  th e  e s t im a t io n  b y  K a lc ln r  t h a t  ly /m l  o f  AMP c a u se s  a n  a v e rag e

d e c re a s e  i n  e x t in c t io n  a t  X 265i:p. o f  0 .0 1 9  when c o n v e r te d  t o  Bd?’.

i^DP an d  aTP a r e  e s t im a te d  i n  th e  p re s e n c e  o f  a d e n y lic  deam inase  from  

th e  am ounts o f  AviP d e r iv e d  from  them b y  th e  s u c c e s s iv e  u s e  o f 

m yokinase and  a p y ra s e .

The fo llo w in g  p ro c e d u re  v as u s e d : -

( i )  E s t im a t io n  o f MiP

2 0 p l o f  a d e n y lic  d eam inase  v/ere ad d ed  t o  2 .5  ml o f  th e  nTUScle 

e :c tr a c t  c o n ta in in g  0 .  5M -  s u c c in a te  b u f f e r  pH 6.5 i n  a  q u a r tz  c e l l .  Any 

Af.IP p r e s e n t  y/ouM  b e  c o n v e r te d  t o  BviP i n  th e  fo llo v d n g  m a n n e r;-

+ «2°  — ^ + 5

The change i n  th e  o p t i c a l  d e n s i ty  o f  A265 np va.s r e a d  a t  i n t e r v a l s
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i n  th e  î ü l g e r  ’’U v isp e k ” spec  t r q p h o t  one t e r .  The v a lu e  became c o n s ta n t  

r j f t e r  5""10 m in u te s  i n d i c a t in g  t h a t  th e  r e a c t i o n  -was co m p le te ,

( i i )  E s t im a tio n  o f  iJDP

20 p i  o f  myoIcLnase Yiere ad d ed  t o  th e  e x t r a c t  a f t e r  th e

d e a m in a tio n  o f MiP was c o n ^ le te .  The iB P  p r e s e n t  væls c o n v e r te d  t o

ATP and  Alvd? i n  th e  fo llo v /in g  r e a c t i o n : -

2 iiDP  ̂ ^  -  ■—» U T  -h ATP
myold_nase

The AivIP fo rm ed  m s  d eam in a ted  t o  BIP b y  t h e  a d e n jr lio  d e a m in a se , 

r e s u l t i n g  i n  a  r e d u c t io n  i n  o p t i c a l  d e n s i ty  a t  X 265np. e q u iv a le n t  t o  

h a l f  th e  ilDP p r e s e n t .  The v a lu e  becam e c o n s ta n t  a f t e r  30-40 m in u te s .

( i i i )  E s t im a t io n  o f  ATP

20 p i  o f a p y ra s e  v/ere f i n a l l y  added  t o  th e  e :c t r a c t  t o  c a t a l y s e  th e

fo llŒ v in g  r e a c t i o n : -

ATP ------ ^ ----------------^ ABP -h PP
a p y ra s e

The r e d u c t io n  i n  t h e  o p t i c a l  d e n s ii^ r  a t  c o rre sp o n d e d  t o

a l l  th e  ATP o r ig i n a l l y  p r e s e n t  i n  th e  o r c r a c t  and  h a l f  th e  ADP I'iiioh  

h ad  b een  c o n v e r te d  t o  ATP b y  th e  m y o ld n ase , The r e a c t i o n  m s  couip lete  

i n  15-20 m in u te s .

The in c r e a s e s  i n  th e  o p t i c a l  d e n s i ty  due t o  each  enz^nne a lo n e  w ere 

m easured  i n  a  b u f f e r  s o l u t i o n  i n  o rd e r  t o  o b ta in  a c c u ra te  v a lu e s  f o r  th e  

r e d u c t io n s  i n  o p t i c a l  d e n s i t y  i n  th e  m uscle  e x t r a c t s .  The t im e ,  ccxirse 

o f a  t y p i c a l  ex p erim en t i s  shovu i n  f i g u r e  ( v i ) .

A d is a d v a n ta g e  o f th e  m ethod i s  t h a t  th e  m yokinase r e a c t i o n  i s  

r e l a t i v e I j r  s lo w , and th e  e n d -p o in t  in d e te r m in a te  i f  th e  c o n c e n t r a t io n
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o f  iiI2P i s  v e ry  sm all^  Any e r r o r  i n  t h i s  s ta g e  o f  th e  e s t im a t io n  a f f e c t s  

th e  d e te r m in a t io n  o f ATP a l s o  s in c e  ATP d e r iv e d  from  iD P  a r e  b o th  

e s t im a te d  a f t e r  th e  a d d i t i o n  o f  a p y r a s e ,  Apjorase v d l l  d e p lio sp h o ry la to  

any  ikCP n o t a c t e d  upon b y  m y o k in ase .

b .  P r e p a r a t io n  o f  th e  enzymes u s e d  i n  th e  e s t im a t io n  o f  AHP and  ATP

( i )  j jd e n y lic  deam inase  y æ ls  p r e p a re d  from  r a b b i t  m uscle b y  th e  m ethod o f  

Lee ( 1957)» The enzyme m is e x t r a c t e d  i n  a  s o l u t i o n  c o n ta in in g  0.3I'I*-KD1,

0 ,09M-hHgP0^ and  O.ûéM-K^IPOj^ pH6,5* I t  "vvas p u r i f i e d  b y  s a l t ,  h e a t  an d  

e th a n o l  f r a c t i o n a t i o n .  The p r e p a r a t i o n  was found  t o  b e  f r e e  o f  b o th  

m yolcinase and  apy ra .se  a c t i v i t i e s ,

( i i )  M yokinase was p r e p a re d  from  r a b b i t  m uscle b y  th e  method o f  

Colovvick and  K a lc k a r  ( 1943 ) .  I t  v/as e x t r a c te d  w ith  O.O^N-KOE and

0 ,0 0  2/i - v e r s  e n e . P u r i f i c a t i o n  in v o lv e d  a c i d i f i c a t i o n  o f  th e  e x t r a c t ,  

h e a t in g  t o  90^ f ollŒ ved b y  n e u t r a l i s a t i o n .  The mj^okinase i n  th e  

n e u t r a l i s e d  e x t r a c t  v a s  a c t i v a t e d  by  th e  a d d i t io n  o f  Mg io n s ,

( i i i )  A pyrase v/as p r e p a re d  from  p o ta to e s  by  th e  m ethod o f K rish n a n  (1 9 4 9 ) . 

The enzyme v/as e x t r a c te d  i n  n e u t r a l i s e d  0,01ï.î-K01'T and p u r i f i e d  b y  ammonium 

s u lp h a te  p r e c i p i t a t i o n .

I t  v/as a c t i v a t e d  by  th e  a d d i t i o n  o f Ca i o n s ,

2 , E x p e r ime n t a l  p70]dc 

A E s t im a t io n  o f th e  a d e n in e  n u c le o t id e s  i n  HOI e x t r a c t s  o f  m t e r — 

v/ashed froe; mvoJ

(a ) I i^ k r^ u ^ iŒ i I t  i s  comr.ionly a ccep ted  th a t  th e h y d r o ly s is  o f  iiTP 

by actom yosin  ATPase or th e  brealcdown o f bound ATP i n  th e  p o ly m e r isa tio n  

o f G**actî  ̂ are  p r o c e s se s  v ii ic h , i f  th e y  occurred  i n ydsro, would be  

capable o f  p ro v id in g  th e  energ^r n ecessa ry  f o r  m sc u la r  c o n tr a c t io n .
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S e v e ra l  v/orleers have lo o k e d  f o r  a  r e d u c t io n  i n  th e  t o t a l  ATP c o n te n t 

o f  vdiole m s o l e  a f t e r  a  s in g l e  tw i tc h  (C h a p te r  l )  and  c o n f l i c t i n g  

r e s u l t s  h av e  b een  o b ta in e d . I t  seemed p o s s i b l e  t l i a t  i f  ch an g es  

o c c u rre d  o n ly  i n  th e  bound n u c le o t id e  o f  a c t i n ,  tlie  cliange i n  iiTP 

c o n c e n t r a t io n ,  b e in g  s m a ll  com pared m t h  th e  t o t a l  ATP c o n te n t ,  m ight 

n o t have b e e n  d e te c te d .  The bound n u c le o t id e  o f r a b b i t  m y o f ib r i l s  i s  

c a lc u la te d  t o  b e  abou t l / l O t h  o f  th e  t o t a l  ad en in e  n u c le o t id e  (P e r ry  1952) # 

I n  e x p e rim e n ts  on i n t a c t  m u sc le , i t  i s  a l s o  p o s s ib le  t h a t  th e  r a p id  

r e c c n s t i t u t i o n  o f  ATP b y  ODcidative p h o s p h o ry la t io n  m ight mask ary- 

breakdow n o f  ATP o c c u r r in g  d u rin g  a  s in g l e  tv / i tc h .  I t  -v/as t l ie r e f o r e  

d e c id e d  t o  i n v e s t i g a t e  th e  p o s s i b i l i t y  t h a t  a  r e d u c t io n  i n  th e  bound 

ATP o f  a c t i n  o ccu rs  d u r in g  th e  c o n t r a c t io n  o f  th e  m y o f ib iû ls ,  in d u c ed  

b y  ATP, i n  a n  hom ogenate o f  f ro g  m u scle ,

(b'^ E s t im a t io n  o f  th e  a d e n in e  n u c le o t id e s  i n  th e  waslied m y o f ib r i l s  

o f w in te r  f ro g s
*  s.w. n .-- T T  wrHr.

The l e g  m uscles o f  a  *£rog (Rana te m p o ra r ia )  w hich h ad  b e e n  k e p t a t  

f o r  s e v e r a l  weelcs v/ere q u ic k ly  rem oved an d  hom ogenised i n  lOOml, o f  

i c e - c o ld  f r o g  R in g e r  s o lu t i o n  i n  a  W aring B le n d o r  f o r  2 m in u te s .  The 

hom ogenate v/as d iv id e d  i n t o  two 90ml p o r t i  o n s , One h a l f  v/as made 10*^1 

Y/ith r e s p e c t  t o  ATP pH 7 .0  an d  10 \ i  v /ith  r e s p e c t  t o  MgOl^^rid CaOl^ i n  

a  t o t a l  volum e o f  60ml t o  b r in g  ab o u t c o n t r a c t io n  o f  th e  i l b r i l s . The 

o th e r  h a l f ,  th e  c o n t r o l ,  v/as n o t  t r e a t e d  w ith  ATP and i t  v/as assum ed t h a t  

'the m uscle v/as i n  a  r e la x e d  o r  p a r t i a l l y  r e l a x e d  s t a t e .  The hom ogenates 

v/ere a llo w e d  t o  s ta n d  f o r  10 m in u tes  a t  4^0 and  th e n  each  sam ple was 

washed 6 t im e s  w ith  900ml v o lm ie s  o f  c o ld  d e io n is e d  v /a te r . The v/ashed 

m uscle was t r e a t e d  th r e e  t im e s  w ith  3 volum es o f  c o ld  a c e to n e  and  d r ie d  a t  

room te m p e ra tu re  f o r  ^  h o u r t o  1 h o u r .
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The a c e to n e  po'^vders from  th e  A T P -tre a te d  an d  u n t r e a te d  m y o f ib r i l s  

v/ere w eighed and  am ounts from  90*-150mg were e x t r a c t e d  v /ith  N-HCl

a t  4^0 f o r  16 h o u r s .  A m easured volum e o f th e  a c id  e x t r a c t  v/as 

n e u t r a l i s e d  w ith  2T-NaOH to  a p p ro x im a te ly  pH6,5# The n u c le o t id e s  v/ere 

im m ed ia te ly  e s t im a te d  u s in g  2li1 o f  th e  n e u t r a l i s e d  e x t r a c t  a f t e r  th e  

a d d i t i o n  o f o f  Ü. 9 M -su cc in a te  b u f f e r  pfl6 ,9

( c )  E s t im a tio n  o f  th e  ad en in e  n u c le o t id e s  i n  th e  v/ashed m y o f ib r i l s  o f  

summer f ro g s

The ex p e rim e n ts  d e s c r ib e d  above were r e p e a te d  u s in g  th e  m uscle  

o f  la rg e  summer f ro g s  v/hich h a d  n o t been  k e p t  a t  4^C, The a c e to n e  

powders v/ere e x t r a c te d  f o r  1 h o u r  v /ith  N-HCl i n s t e a d  o f o v e r n ig h t ,

(d ) Resudds

Ti) The ad e rd n e  n u c le o t id e s  i n  th e  m y o f ib r i l s  o f  w in te r  f ro g s  

T ab le  I  shov/s th e  r e s u l t s  o f  I 3 e x p e rim en ts  on th e  n u c le o t id e  

c o n te n t o f f r o g  m y o f ib r i ls  w ashed a f t e r  t r e a tm e n t  v /ith  ATP t o  in d u c e  

c o n t r a c t io n ,  o r  l e f t  u n t r e a te d  i n  a  s t a t e  o f  p a r t i a l  r e l a x a t i o n .  The 

v a lu e s  v/ere o b ta in e d  im m e d ia te ly  a f t e r  n e u t r a l i s a t i o n  of th e  a o id  e :c tra c ts  

The mean v a lu e s  from  th e s e  ex^.>eriments a r e  g iv e n  h e r e .

G o n tro l ATP t r e a t e d

iUiP p m o lss /g n . 0 .9 6 1.0Ô

. pm oles/gm 1.14- 1 ,7 0

ATP pm oles/gm 1 .5 9 1 ,5 7

ATP + ADP p iio les/gm 2 .7 3 3 .0 7

ATP/AEP 1 .4 0 0 .8 0

The a p p l i c a t i o n  o f S tu d e n t *s t - t o s t  t o  th e  ATP and Jd)P l e v e l s  and  

th e  iiTP/iiPP r a t i o s  t o  i n d i c a t e  th e  p r o b a b i l i t y  t h a t  th e  d i f f e r e n c e s
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betv/een th e  c o n t r o ls  and  A T P -tre a te d  sam ples w ere due t o  c h a n c e , gave th e  

fo llc a ’d n g  P v a l u e s : -

ATP 0 .0 5  

ADP 0 .0 1

( i i )  The a d e n in e  n u c le o t id e s  i n  th e  m y o f ib r i l s  o f  summer f r o g s

The r e s u l t s  o f  10 ex p erim en ts  on th e  n u c le o t id e  c o n te n t  o f  th e  

•^vashed m y o f ib r i l s  o f summer f r o g s  a r e  g iv e n  on T a b le  I I . ,  The mean 

v a lu e s  o b ta in e d  a r e  g iv e n  h e re  : -

G o r t rq l ATi^ t r e a t e d

A1.0? pm oles/gm . 0 .2 5 0 .2 5

TCP jumoles/gm 2 .2 9 2 . f ^

id P  jumoles/gm 0.,78 0 .6 5

iiTP+iiPP pm oles/gm 5 .0 7 5 .1 8

ATP/.mP 0 .5 4 0 .2 5

The fo llo v /in g  P  v a lu e s  w ere e s t im a te d : -  

IJUB 0 .4 0  

,IDP 0 .0 5

0.20

e .  C o n c lu s io n  A r e d u c t io n  i n  th e  ATP/iJDP r a t i o  a f t e r  TZDP t r e a tm e n t  

o f  th e  r - y o f ib r i l s  in d ic a te d  t h a t  c o n t r a c t io n  h a d  l e d  t o  a  d e c re a s e  i n  

th e  bound ATIL The d i f f e r e n c e s  betw een  th e  ATP/iDP r a t i o s  i n  th e  ATP 

t r e a t e d  and  c o n t r o l  iv y o f ib r i ls  from  summer f r o g s  w ere n o t hov /ever, 

so  s i g n i f i c a n t l y  d i f f e r e n t  a s  th e  r e s u l t s  o b ta in e d  from  th e  m y o f ib r i l s  

o f  w in te r  f r o g s .  The ATP c o n te n t  v/as l e s s  i n  b o th  th e  c o n t r o l  an d  

A T P -tre a te d  m y o f ib r i l s  o f  th e  summer f ro g s  t l ia n  i n  th e  m y o f ib r i l s  o f
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v n .n te r f r o g s ,  a l th o u g h  th e  t o t a l  ATP and  ADP c o n te n t  o f  

a p p ro x im a te ly  2 .9 0  -  3 #10|jjno les/gm  v/o.s th e  sam e.

I t  was th o u g h t  t l i a t  t h i s  d i f f e r e n c e  c o u ld  h e  duo t o  th e  f a c t  

t h a t  sane c o n t r a c t io n  v/as o c c u r r in g  i n  th e  u n t r e a t e d  n y r o f ib r i l s .

The m uscles from  tlie  summer f r o g s  w ere n o t  w a s te d  l i k e  th o s e  o f  

th e  v d n te r  f r o g s  w hich h ad  b een  k e p t  a t  4°C f o r  s e v e r a l  v /eeks. I t  

seem ed l i k e l y ,  t h e r e f o r e ,  t h a t  th e  d i f f e r e n c e s  be tw een  th e  two s e r i e s  

o f  r e s u l t s  w ere due t o  th e  h ig h e r  m e ta b o lic  a c t i v i t y  i n  th e  m uscle  

hom ogenates from  th e  summer f r o g s , v/hich may v /e l l  have g iv e n  r i s e  t o  

ATP c o n c e n t r a t io n s  i n  th e  c o n t r o l s ,  n e t  v e ry  much low er th a n  i n  th e  

ex p e rim en ts  v /ith  added  ATP. I n  a l l  th e  e x p e r im e n ts  i n  f a c t  th e  

endogeonous ATP v/as p ro b a b ly  s u f f i c i e n t  t o  in d u c e  a  c e i 't a in  d e g re e  o f  

c o n t r a c t io n  i n  t h e  p re se n c e  o f  th e  added  Mg an d  Ca io n s .

The h ig h e r  iU'D? c o n te n t ,  1.0)umoles/gm i n  th e  m y o f ib r i ls  o f  v / in te r  

f ro g s  c a n p a re d  v /ith  th e  MiP c o n te n t  o f  summer f r o g s ,  0 . 24|Junoles/gm, 

was p ro b a b ly  due t o  b re a k d a m  o f some ATP and  i\DP o c c u r r in g  d u rin g  

th e  lo n g e r  a c id  e x t r a c t i o n  ( l 6 h o u rs )  o f  th e  a c e to n e  pow ders o f  th e  

v / i n t e r - f r o g s . The a c e to n e  powders p r e p a re d  f ro ii th e  m y o f ib r i l s  o f  

summer f r o g s  v/ere e x t r a c t e d  f o r  1 h o u r  onl^?',

f ,  S econd  e s t im a t io n s  o f  th e  n u c le o t id e s  i n  t i e  n e u t r a l i s e d  HCl 

e x t r a c t s  o f  v/ashed m y o f ib r i l s  from  v i n t e r  f ro g s  

I n  th e  e x p e rim e n ts  on v /in te r  f r o g s ,  th e  ad en in e  n u c le o t id e s  w ere 

i n  some c a se s  e s t im a te d  a  second tim e  2 h o u rs  a f t e r  n e u t r a l i s a t i o n  o f  

th e  liC l e x tra .c ts  i n  o r d e r  t o  o b ta in  c o n f irm a tio n  o f  th e  f i r s t  r e s u l t .  

H ow ever, i t  was fo u n d  t h a t  th e  ATP/(DP r a t i o  had  c lian g ed . The t o t a l  

a d e n in e  n u c le o t id e  e s t im a te d  v/as th e  same w ith in  th e  l i m i t s  o f
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e x p e r im e n ta l  e r r o r .  The r e s u l t s  o f  th e  f i r s t  and  seco n d  e s t im a t io n s  i n  

8 e x p e r im e n ts  a r e  sho\vn i n  T a b le  H I ,

I n  su ch  an  e x p e r im e n t, a n  e s t im a t io n  o f  th e  a d e n in e  n u c le o t id e s  

a f t e r  e x t r a c t i o n  o f  some o f  th e  a c e to n e  pow der from  th e  A T P -tre a te d  

m y o f ib r i l s  n o t  u se d  i n  t h e  o r ig i n a l  e x t r a c t i o n ,  gave an  ATP/-.TDP 

r a t i o  im m e d ia te ly  a f t e r  n e u t r a l i s a t i o n  s i m i l a r  t o  t h a t  o b ta in e d  i n

tlie  o r i g i n a l  f i r s t  e s t i m a t i o n : -

E s t im a t io n  on 2nd e s t im a t io n  E s t im a t io n  on o th e r
œ pLgiiial _exti;act o f  c p ig in a l  . s ^ e
a f t e r  n e u t r a l i s a t i o n  e x t r a c t  a c e to n e  powder a f t e r      — —  ----------

0,86  0,92  0,75

2,04  1,47  2.20

1.28  1,95 1,26

5 ,5 2  5 .4 0  5 .4 6

0 ,6 3  1 ,5 1  0 ,5 7

xACP pm oles/gm  

iIDP pm oles/gm  

ATP pm oles/gm  

idP+ilDP jim oles/gm  

ATP/ADP

I t  seem ed p ro b a b le  t h a t  th e  e^cfcracts c o n ta in e d  an  enzyme  v /hich h ad  

s u rv iv e d  v /a sh in g , a c e to n e  d r y in g ,  and  e x t r a c t i o n  w ith  N-Î3D1 an d  became 

a c t i v e  i n  th e  n e u t r a l i s e d  e x t r a c t s .

I n  s p i t e  o f  t l ie  f a c t  t h a t  th e  ilTP/zTDP r a t i o  wan a l t e r e d  b y  th e  

a c t i v i t y  o f  t l i i s  enzyme, th e  r e s u l t s  o b ta in e d  a f t e r  n e u t r a l i s a t i o n  w ere 

s t a t i s t i c a l l y ^  s i g n i f i c a n t ,  F o r  t l i i s  r e a s o n ,  i t  seemed w o r th id i i le  t o  

c o n tin u e  th e  ex p erim en ts  a n a ly s in g  th e  d a ta  o b ta in e d  from  th e  f i r s t  

e s t im a t io n  i n  b o th  th e  c o n t r o l  and  ATP—t r e a t e d  f i b r o l s ,

B , G a iip a riso n  o f  tlie  n u c le o t id e s  i n  HO 10, an d  HCl e x t r a c t s  o f  a c e tœ e  

pow ders o f v/ashed n y o f i b r i l s

a )  IntrcA^iq-Llpn

I t  i/as  d e c id e d  to  e s t im a te  th e  ad en in e  n u c le o t id e s  i n  HO 10^
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e x t r a c t s  o f  th e  a c e to n e  pow ders o f  w ashed f ro g  m y o f ib r i l s ,  s in c e  i t  

m ight b e  e x p e c te d  t h a t  t h e  enzyme a p p a r e n t ly  p r e s e n t  i n  t h e  HDl 

e x t r a c t s  r e s p o n s ib le  f o r  a l t e r i n g  th e  ATP/.iDF r a t i o  a f t e r  

n e u t r a l i s a t i o n  v/ould n o t  b e  a c t i v e ,  HCIO^  ̂ b e in g  a n  o x id i s in g  a g e n t 

w ould probably?- com ple te  i n h i b i t  any  enzyme i f  o x L d isab le  g ro u p s  l i k e  

th e  -SH g roup  v/3r e  r e q u i r e d  f o r  i t s  a c t i v i t y ,  A more e x a c t  e s t im a t io n  

o f th e  a d e n in e  n u c le o t id e s  i n  th e  c o n t r a c te d  and r e la x e d  s t a t e s  o f  th e  

n y o f ib r i l s  v/ould th e r e f o r e  b e  ob-tained i n  HCIO^ e x t r a c t s ,

b )  C om parison  o f th e  n u c le o t id e s  i n  HCIC, and  HCl e x t r a c t s  

J ? ^ 4 ^ ’i t r ^ p̂ -ted jnyq  

A sam ple o f an  a c e to n e  pow der o f  f r o g  m y o f ib r i ls  w h ich  h a d  been  

t r e a t e d  w i th  10 M-ATP, M gpl^ and  CaCl^ t o  in d u c e  c o n t r a o t io n  and 

washed 5 tim e s  v /ith  300m l, o f  w a te r ,  was e x t r a c t e d  f o r  1 h o u r  wi-th 

o d d  N-HGl, iu io th e r  sam ple  o f  th e  same a c e to n e  powder was e x t r a c te d  

f o r  th e  s a n e  tim e  w ith  0,5M-HC10^, The a d e n in e  n u c le o t id e s  i n  b o th  

a o id  e x t r a c t s  w ere e s t im a te d  im m ed ia te ly  a f t e r  n e u t r a l i s a t i o n  and  

a g a in  2 h o u rs  l a t e r ,

Re s id t s

, e x b ^ o t  HC l q x tm q b
1s t  e s t im a t io n  à id  e s tim a -tic n  1s t  e s t im a t io n  2nd estim a-tion ,

A &  pmole^gEi 0.09  0.07  0.25  0 .2 1

iinP pmoles/gm 3.18 3.18 2.85 3.09

AH’ jm oles/gra ncne none 0 , 3 4  0.03

jUP+ZJïP jimoles/gm 3.18 3.18 3.19 3.12

AEP/AGP ~ -  0.12 0 ,01

The ab sen ce  o f  ATP i n  tlie  HO 10, e x t r a c t  m s  re m a rk a b le . The HCl
4

e x t r a c t  c o n ta in e d  a  h ig h  p r o p o r t io n  o f  ADP com pared m t h  ATP a s
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e^qieo ted  v d th  a n  e x t r a c t  o f  A !T P -trea ted  m y o f ib r i l s .  The ATPA’IÏP  

r a t i o  a l t e r e d  i n  th e  second  e s t im a t io n ,  

o) The n u c le o t id e s  i n  th e  HCl and  HClO, e x t r a c t s  o f  u n t r e a te d  

m y o fi 'b r ils

The a d e n in e  n u c le o t id e s  i n  th e  liG l and HClO, e x t r a c t s  o f  an
4

a c e to n e  powder o f  f ro g  m y o f ib r i ls  w liich h ad  n o t b e e n  t r e a t e d  m t h  

ATP b u t  washed 5 t im e s  w ith  500 ml o f  w a te r ,  w ere e s t im a te d ,

R e e u 3 ^

HClO. ex trficrb IICl ^̂ ^ . r a c t
1s t  e s t i iS tn & i^ â id  e s t im a t io n  1s t  e s t im a t io n  2nd  e s t im a t io n

AiJP pm ol.es/gi% 0 ,3 0  0 ,2 8  0 ,5 4

fHP jumoles/gm 2 ,48  1 ,1 1  1 ,0 1

f>TP pm oles/gm  0 , 0 ? t r a c e  1 .2 3  1 . 3&

ATP*{-iJ3? pm oles/gm  2 .5 5  2 ,4 8  2 ,3 4  2 .3 7

ATP/rXP 0 ,03  -  1 .1 1  1 .3 4

ATP vm.3 p r e s e n t  i n  t r a c e  amounts o n ly ,  i n  th e  H C lO ^^extract, A 

h ig h  ATP/APP r a t i o  v/an o b ta in e d  i n  th e  HCl e x t r a c t  o f  th e  u n t r e a t e d  

m y o f ib r i ls  a s  e x p e c ted  from  e a r l i e r  r e s u l t s  ( a )

d) The n u c le o t id e s  i n  th e  HCl and  HClO. e x t r a c t s  o f D iy o fib r ils  

hom ogenised  i n  f ro g  R in g e r  s o lu t io n

P ro g  m uscle v/as hom ogenised  i n  30m l o f  f ro g  R in g e r  s o lu t io n ,

Y.ashed 5 tim e s  v d th  500 ml volum es o f  v/s.ter and c o n v e r te d  t o  an  a c e to n e  

pov/der. The ad en in e  n u c le o t id e  c o n te n t o f  th e  a c e to n e  po\9d e r  m s  

e s t im a te d  i n  HCl and  KCIO^ e x t r a c t s  im m e d ia te ly  a f t e r  n e u t r a l i s a t i o n  

and  a g a in  2 h o u rs  l a t e r .
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R e s u l t

HD ID, _ext r a c t  PIC 1 . e x t r a c t
1s t  an d  2n d e s t lm a t io n s  1s t  an d  2nd e s t im a t io n s

I'J.T p n o les /g m  0 . l 5  0 ,2 6

iinP pnioles/gm 2*31 1,77

ATP p n o les/g m  none 0 ,3 2

ATP+iiHT p rao les/g n  2 ,3 1  2 ,0 9

ATE/ADP -  0 ^

A lev/ ATP/ilDP r a t i o  i n  th e  HOI e x trs -c t i n d i c a t e d  t l ia f  t h e  

endogenous ATP r a y  have cau sed  some c o n t r a c t io n  o f  th e  r .y o f ih r i l s  i n  

th e  p re se n c e  o f  th e  Ca io n s  i n  th e  R in g e r  s o l u t i o n ,  ^iTP was a g a in  

a b s e n t  i n  th e  HD 10, e x t r a c t ,

e )  Gcm c ]^ i(X i The t o t a l  am ount o f  ad en in e  n u c le o t id e  i n  th e  HCl 

an d  HD 10^ e x t r a c t s  v/as c o m p arab le . However^ th e  p re se n c e  o f o n ly  a  

t r a c e  o f  ^*TP, o r  i t s  c a n p le te  a b se n ce  i n  th e  IDlOj^ e x t r a c t s  o f  b o th  

ATP t r e a t e d  en d  u n t r e a te d  m y o f ib r i l s  vias u n e x p e c te d . I t  seemed 

p ro b a b le  t h a t  m ost o f  th e  ATP fo u n d  i n  th e  H8C1 e x t r a c t s  was i n  f a c t  

s y n th e s is e d  a f t e r  n e u t r a l i s a t i o n  b y  th e  enziTme v iiic h  was r e s p o n s ib le  

f o r  th e  change i n  th e  ATp/*'vSP r a t i o  i n  th e  second n u c le o t id e  e s t im a t io n  

on a  n e u t r a l i s e d  HCl e x t r a c t  o b se rv e d  i n  th e  f i r s t  s e r i e s  o f  e x p e rim en ts , 

(A(f)),

I t  may t h e r e f o r e  b e  co n c lu d ed  t h a t  i n  b o th  th e  - T P - t r e a te d  and 

c o n t r o l  m y o f ib r i l s ,  m ost o f th e  bound a d e n in e  n u c le o t id e  i s  p r e s e n t  a s  

iiDP. Ho;vever, th e  f a c t  t l i a t  more ATP i s  s y n th e s is e d  i n  th e  e x t r a c t  o f  

th e  c o n t r o l  m y o f ib r i l s  may s t i l l  b e  s ig n i f i c a n t  i n  th e  e x p la n a tio n  o f  

th e  changes o c c u r r in g  d u r in g  th e  c o n t r a c t i l e  p r o c e s s ,  A su b s ta n c e
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c a p a b le  o f  p h o s p h o ry la t in g  l Œ ’ m s t  b e  p r e s e n t  i n  th e  HOI e x t r a c t s .

I t  i s  p ro b a b le  t h a t  a  k in a s e  r e a c t i o n  o f  th e  ty p e  

XP + i iXtP • ) ATP + X

b r in g s  ab o u t tlie  o b se rv e d  s y n th e s is  o f  ATP and t l ie  change i n  th e  

A T l/.inP  r a t i o .  T h is  p o s s i b i l i t y  w i l l  b e  c o n s id e re d  i n  tlie  

d i s c u s s io n .

I t  i s  n o t ic e a b le  th a t  th e  ^'liP c o n te n t  i s  a l s o  l e s s  i n  th e  

liClO^^ e x t r a c t s  th a n  i n  tn e  HCl e x t r a c t s  o f  tlie  m y o f i b r i l s ,  v td c h  

i n d i c a t e s  t h a t  L iyokinase i:iay s t i l l  b e  a c t iv e  i n  th e  HCl e x trs -c t fo rm in g  

JU/iP an d  ATP t lm s * -

JÏP ATP + JlMP

MyoldLnase i s  n o t e a s i l y  rem oved b^  ̂ m s h in g  frcm  m y o f ib r i l s  and 

i s  a  v e ry  s t a b l e  enzyme b e in g  a b le  t o  m t h s t a n d  a c id  pHs an d  h e a t in g  t o  

90^0, H ow ever, i f  niyokinase a c t i v i t y  v/ere p r e s e n t  i n  th e  HOI e x t r a c t s  

i t  must b e  v e ry  wealc s in c e  i t s  p re se n c e  w ould  have been  a p p a re n t  d u rin g  

th e  enzym ic e s t im a t io n  o f  th e  n u c le o t id e s ;  a f t e r  th e  a d d i t i o n  o f  

adon(\7lio d eam in ase  t o  th e  e x t r a c t ,  a  r e d u c t io n  i n  o p t i c a l  d e n s i t y ,  

r e p r e s e n t in g  ;-DP a s  w e l l  a s  AIvIP vjould have b e e n  o b ta in e d , th e  

su b seq u en t a d d i t i o n  o f  m^'-okinase w ould n o t h av e  r e s u l t e d  i n  a  f u r t h e r  

r e d u c t io n  i n  e x t i n c t i o n .  I f  th e  a d en in e  n u c le o t id e  c o n c e n t r a t io n s  had  

b een  s o l e l y  due to  th e  a o t i v i t j r  o f  myold.ns.se, e q u iv a le n t  am ounts 

o f  iAlP and  ATP, would have b e en  found  i n  th e  e x t r a c t s  and  t h i s  d id  n o t 

o c c u r .
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C, The e x t r a c t i o n  o f  w a te r - s o lu b le  p r o te in  from  washed 

f r o #  m y o f ib r i l s  and th e  e s t im a t io n  o f  i t s  n u c le o t id e  

c o n te n t ,

a )  I n t r o d u c t io n ,

I t  was p la n n e d  to  e s t im a te  th e  ad en in e  n u c le o t id e  c o n te n t  o f  

f r o g  n y o f ib r i l s  r e la x e d  a s  w e ll  a s  c o n tr a c te d  w ith  ATP. “̂ or t h i s  r e a s o n , 

th e  m uscles from  one h in d  le g  o f a  f r o g  were w eighed and hom ogenised f o r  

2 m in u tes  i n  30ml o f i c e - c o ld  0„7?? NaCl s o lu t io n .  The hom ogenate was 

made 10""^M ^vith r e s p e c t  to  ATP pPî6,5. and MgCl2 by  th e  a d d i t io n  o f  5 ml. 

o f  a  s o lu t io n  c o n ta in in g  th e s e  s u b s ta n c e s .  I t  was assum ed t h a t  i n  th e  

sm a ll volume o f hom ogenate, th e  r e l a x in g  f a c t o r  would b e  s u f f i c i e n t l y  

c o n c e n tra te d  to  m a in ta in  th e  f i b r i l s  i n  a  r e la x e d  s t a t e  i n  th e  p re se n c e  

o f  Mg io n s  and th e  r e l a t i v e l y  h ig h  c o n c e n tr a t io n  o f  added ATP. Ho 

r e d u c t io n  in  th e  volume o f m uscle d id  i n  f a c t  o c cu r. Tlie hom ogenate o f 

th e  m uscle from  th e  o th e r  l e g  o f  th e  f r o g  was t r e a t e d  w ith  10*"3m-ATP and 

Mg C l2 j^o  overcome th e  e f f e c t  o f  th e  r e l a x in g  f a c t o r .  A d im in u tio n  i n  

th e  volum e o f  th e  m uscle showed t h a t  c o n t r a c t io n  had o c c u rre d .

A f te r  s ta n d in g  a t  4^0 f o r  10 m in u te s , th e  hom ogenates w ere c e n t r i f u g e d  

a t  QO and th e n  washed 6 t im e s  w ith  w a te r  i n  40ml c e n t r i f u g e  tu b e s .

I t  was d u r in g  th e  w ashing  p ro c e d u re  t h a t  a v e ry  u n ex p ec ted  

o b s e rv a t io n  was made. I t  v;as n o t ic e d  t h a t  a f t e r  th e  second w a te r  w ash in g , 

s w e l l in g  o f  th e  f i b r i l s  w hich had n o t b een  t r e a t e d  w itn  Ca io n s ,  to o k  

p la c e  and a  j e l l y - l i k e  mass o f  p r o te in  w hich o ccu p ied  h a l f  th e  t o t a l  

volum e o f th e  c e n t r i f u g e  tu b e , was o b ta in e d . On f u r t h e r  w ashing  th e  

volum e o f  th e  g e l  d im in ish e d  and th e  s u p e rn a ta n t  became o p a le s c e n t
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i n d ic a t in g  t h a t  th e  p r o te in  had  gone in to  s o lu t io n .  The a d d i t io n  of 

Mg io n s ,  to  th e  aqueous e x t r a c t s  b ro u g h t ab o u t th e  p r e c i p i t a t i o n  o f  th e  

p r o te in .

S w e llin g  to o k  p la c e  in  th e  n y o f ib r i l 6  t r e a t e d  ?n_th CaCl2 a s  

w e ll  a s  ATP and MgCl2 b u t  o c c u rre d  a f t e r  th e  f o u r th  w ashing i n  w a te r ,  

and was n o t so marked a s  i n  th e  m uscle t r e a t e d  w ith  ATP and MgCl2 o n ly .

I n  th e  e a r l i e r  ex p e rim en rs  (a ) i n  w hich th e  hom ogenates had 

been  w ashed w ith  l a r g e  volum es o f  v /a te r  (5 0 0 m l.) , t h i s  phenomenon was 

n o t o b se rv e d . E x p erim en ts  w ere th e r e f o r e  c a r r i e d  o u t to  i n v e s t i g a t e  th e  

n a tu re  o f  th e  e x t r a c te d  p r o t e in ,  such as  th e  p re se n c e  o f  n u c le o t id e s  and 

i t s  e x t r a c t a b i l i t y  from  m y o f ib r i l s  t r e a t e d  v /ith  Hg o r Ca io n s .

b )  E s t im a t io n  o f  th e  n u c le o t id e s  i n  th e  p r o te in  e x t r a c te d  

by w a te r  from  M g-A T P-treated  m y o f ib r i ls

A c o n c e n tra te d  hom ogenate o f  f r o g  m uscle was t r e a t e d  v /ith  

10“ 3M-ATP and MgCl2 a s  d e s c r ib e d  above. The m y o f ib r i ls  w ere washed 

v /ith  w a te r  i n  40m l, c e n t r i f u g e  tu b e s  and a s  soon a s  th e  f i b r i l s  began  

to  Svvell, th e  w ash ings w ere c o l l e c t e d .  H ash ing  was c o n tin u e d  u n t i l  

i t  seemed a s  th o u g h  most o f  th e  p r o te in  had gone in to  s o lu t io n .  3 

volum es o f  c o ld  a c e to n e  were added to  th e  aqueous e x t r a c t  and th e  

p r e c i p i t a t e d  p r o te in  was t r e a t e d  tv /ice  w ith  a c e to n e  and allovred  to  d ry . 

The a d e n in e  n u c le o t id e s  i n  th e  N-HCl e x t r a c t  v/ere e s t im a te d .

R e s u l t .

A1ÂP 0 .63  u m oles/gm .

ADP 2 ,2 9  p m oles/gm .

ATP 1 ,0 4  p m oles/gm .
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A.TP+ADP 3 .3 3  P m oles/gm .

ATP/ADP 0 .45

The r e s u l t s  showed t h a t  th e  e x t r a c te d  p r o te in  c o n ta in e d  a 

c o n s id e ra b le  amount o f  a d e n in e  n u c le o t id e .  I t  was t h e r e f o r e  d ec id e d  

to  i n v e s t i g a t e  w h eth er any ad en in e  n u c le o t id e  rem ained  i n  th e  r e s id u e  

a f t e r  e x t r a c t i o n  o f th e  p r o te in .

c )  E s t im a t io n  o f  th e  n u c le o t id e s  i n  th e  e x t r a c te d  p r o te in  and 

r e s id u e  from  M g-A T P-treated  m y o f ib r i ls  

The ex p erim en t d e s c r ib e d  above was r e p e a te d  u s in g  iveighed 

m uscle (a p p ro x im a te ly  4 . Ogm v/et w e ig h t from  one f r o g ) ,  and th e  ad en in e  

n u c le o t id e s  i n  th e  r e s id u e  a f t e r  e x t r a c t i o n  o f th e  p r o te in ,  a s  w e ll  as  

i n  th e  p r o te in  v/ere e s t im a te d  i n  HCl e x t r a c t s  o f  th e  a c e to n o  pow ders. 

R e s u l t .

P r o te in  R esidue

^  o f  w et w e ig h t 5 .2 0 2 .2 5

AMP p m oles/gm . 0 .0 8 0.46

ADP p m oles/gm . 1 .9 6 1 .6 1

ATP p m oles/gm . 0 .7 1 0 .7 4

ATP+ADP p m oles/gm . 2 .6 7 2 .3 5

a tp/ adp 0 .3 6 0 .46

ATP and ADP w ere p r e s e n t  i n  s im i la r  p r o p o r t io n s  i n  th e  r e s id u e  

and th e  e x t r a c te d  p r o te in .

d )  & e )  E s t im a t io n  o f  th e  n u c le o t id e s  i n  th e  e x t r a c te d  p r o te in  

and r e s id u e s  f r om M g-A T P-treated  and Mg- Ca-^ATP-1 r  e a t  ed 

m y o f ib r i l s .
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The experim ent d escr ib ed in  (c )  was rep eated  a.nd e s tim a tio n s

o f th e  adenine n u c le o t id e s  in  th e p r o te in  and r e s id u e  from M g*-C a—ATP—

tr e a te d  m y o fib r ils  w ere a ls o  madeo

R ^ u lt ,,

d) t r  ea tment Me-Ca treatm ent
r r o te in r e s id u e p r o te in r e s id u e

fc o f  wet w eight 9 .20 2 .6 0 2.45 5 ,9 0

Al'tP p moles/gm^ tr a c e 0 .7 3 0 .2 0 0 ,2 0

ADP y. moles/gmo 0 .5 9 none 1 .6 2 1 .4 9

ATP p moles/gm^ 0 .5 9 0 .2 0 1 .2 0 0 ,7 8

ATP+ADP p moles/giiio 1 .1 8 0 .20 2 .8 2 2 ,2 7

a tp/ adp 1 .0 0 0 .75 0 .5 2

e ) Mg trea  
p r o te in

iPîËPi
r e s id u e

Mg—Ca 
o r o te in

treatm ent
r es id u e

/  o f  wet w eight 5 .8 0 1 .5 0 1 .16 8 .7 0

AMP p m oles/gm. 0 .1 4 0 .1 1 0 .0 7 0 ,15

ADP p m oles/gm . 0 .7 8 1 .2 9 1.15 1 .4 6

ATP p m oles/gm. 2 ,4 0 0 .6 9 2 .1 8 0 .4 6

ATP4AXP p m oles/gm . 3 .1 8 1 .98 3 .3 3 2 .9 2

atp/ adp 3 ,1 0 0 ,53 1,9 1 0 .3 1

In  th e s e  two ex p e rim en ts  v/ashing was c o n tin u e d  i n  th e  hope o f 

e x t r a c t in g  a l l  th e  p r o te in  from  th e  f i b r i l s .  In  (d )  a f t e r  15 w ash in g s , 

i t  seemed t h a t  a l l  th e  p r o te in  from  th e  M g -tre a te d  n y o f ib r i l s  had gone 

i n t o  s o lu t io n  b u t we,s s t i l l  b e in g  e ]c tra c te d  from  th e  M g-C a~trea.ted 

i r y o f ib r i l s .  The ap p ea ran ce  o f  s w e ll in g  was d e la y e d  in  th e  M g -C a -trea te d  

m y o f ib r i l s  and th e  d ry  w e ig h t d a ta  show t h a t  a f t e r  th e  same number o f
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w ashings, th e  amount o f  p r o te in  ex tra c te d  from th e  M g-treated  m y o fib r ils  

was g re a ter  than  from th e  M g-C a - t r  ea t ed n y o f ib r i l s .  The low t o t a l  

n u c le o tid e  co n ten t o f  th e  ex tra c te d  p r o te in  i s  probably due to  th e  f a c t  

th a t  bhe dry w eight was h igh  s in c e  th e  p r o te in  was d i f f i c u l t  to  dry.

Most o f  th e  n u c le o t id e  con ten t o f th e  M g-treated m y o fib r ils  was in  f a c t  

p resen t in  th e  ex tr a c te d  p r o te in , very  l i t t l e  was p resen t in  th e  r e s id u e .  

In  experim ent (e )  a f t e r  l i  w ashings o f  th e  m y o f ib r ils ,  i t  

seemed th a t  a stead y  s ta t e  was reached when no mere p r o te in  d is s o lv e d  

from th e  sw o llen  f i b r i l s ,  Tlie dry w eigh ts and n u c le o t id e s  were estim ated  

a t  t h is  p o in t . I t  was aga in  ev id en t th a t  xhe p r o te in  was not so e a s i l y  

ex tra c te d  from th e  M g-C a-treated f i b r i l s  as from th e  f i b r i l s  tr e a te d  w ith  

Mg io n s  on ly ,

f  ) E stim a tio n  o f  th e  n u c le o t id e s  in  th e  KClOjî  e x tr a c t  of

M g-1rea ted -ex tracted  p r o te in  and u n tr e a te d -e x tr e c te d  p r o te in  

A lthough th e  ex tra c te d  p r o te in  ap p aren tly  had a h igh  ATP 

co n te n t, i t  seemed p o s s ib le  in  v iew  o f th e  e a r l i e r  r e s u lt s  th a t  some, 

i f  not a l l  o f  th e  ATP found in  b oth  th e  p ro te in  and r e s id u e s  was 

sy n th e s ise d  a f t e r  n e u tr a lis a t io n  o f  th e  HCl e x tr a c ts .  I t  was th e r e fo r e  

d ecid ed  to  e s tim a te  th e  n u c le o t id e  con ten t o f th e  KC10ij_ e x tr a c ts  o f th e  

w a te r -so lu b le  p ro te in  in  th e  follov.d.ng manner

The aqueous e x tr a c ts  o f  Mg-ATP-treated n y o f ib r i l s  were 

c o l le c t e d  and a sm all amount o f MgClg was added to  h a lf  th e  volume. 

P r e c ip ita t io n  o f  p r o te in  occurred , Both h a lv e s  were tr e a te d  ivith a c e to n e ,  

and th e  n u c le o t id e s  in  th e  a ceton e powder o f both th e  M g-treated and
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u n t r e a te d  w a te r - s o lu b le  p r o te in  w ere e s t im a te d  i n  HCl0^^e x t r a c t s .  

R e s u l t .

U n tre a te d M g -tre a te d
p r o te in p r o te in

A1(IP |i m oles/gm . n .0 9 0 .06

ADP p. m oles/gm . 0 .8 9 1 .0 5

ATP p m oles/gm . 0 .1 9 none

ATP+ADP p moles/'gm. 1 .0 8 1 .05

The p re se n c e  o f  some ATP, ab o u t l / 5 t h  o f  th e  ADP, i n  th e  

HClOj^ e x t r a c t  o f xhe p r o te in  in d ic a te d  t h a t  .ATP was i n  f a c t ,  p r e s e n t  

in  th e  e x t r a c te d  p ro te in ..  The p r e c i p i t a t i o n  o f  th e  p r o te in  b y  Mg io n s  

d id  hcv/cver, r e s u l t  i n  th e  d is a p p e a ra n c e  o f th e  .ATP c o rre sp o n d in g  to  

an in c r e a s e  i n  th e  ADP c o n te n t .

g) C o n c lu s io n .. The ab sen ce  o f  ATP i n  th e  HCIO^ e x t r a c t  o f  

th e  M g -tre a te d  p r o te in  in d ic a te d  t h a t  th e  ATP p r e s e n t  i n  th e  IIClOi^ 

e x t r a c t  o f  th e  u n t r e a te d  p r o te in  was d e r iv e d  from  G—a c t io n  w hich was 

p o ly m erise d  by th e  Mg io n s  fo rm in g  AJDP-actin.

A T P -acti^n  — Me H -----^AiDP-actin + Pj_

However, th e  a p p ea ran o e  o f th e  p r o te in  in d ic a te d  t h a t  i t  

d id  n o t c o n s i s t  e n t i r e l y  o f a c t i n .  A s o lu t io n  o f  C -a c t in  i s  c l e a r ,  

and h as  a  low  v i s c o s i t y  and on th e  a d d i t io n  o f  Mg o r Ca io n s  fo rm s a 

th ix o t r o p ic  g e l .  The e x t r a c te d  p r o te in  gave a v is c o u s  o p a le s c e n t  

s o lu t io n  from  w hich th e  p r o te in  was p r e c i p i t a t e d  by  th e  a d d i t io n  o f 

sm all c o n c e n tr a t io n s  o f  e l e c t r o l y t e s  (MgClg, KcJl). The p re se n c e  o f 

a c t i n  was in d ic a te d  n o t o n ly  by  th e  c o n s id e ra b le  ad en in e  n u c le o t id e



c o n te n t  o f  th e  p r o t e in ,  h u t  a l s o  by  th e  f a c t  t h a t  th e  l a t t e r  a f t e r  

p r e c i p i t a t i o n  w ith  MgCl2 , s u p e r - p r e c ip i t a t e d  on a d d i t io n  o f  ATP i n  

th e  manner t y p i c a l  o f  ac to m y o sin . The h ig h  v i s c o s i t y  o f  th e  p r o te in  

s o lu t io n  su g g e s te d  th e  p re se n c e  o f  a  s o lu b le  form  o f a c to n y o s in  b e fo re  

th e  t re a tm e n t  w ith  HgCl2 . T h is  would d i f f e r  from  th e  form  o f a 

a c to rry o s in  u s u a l ly  e n co u n te re d  i n  th e  r e l a t i v e l y  low d eg ree  o f 

p o ly m e r is a t io n  o f  th e  a c tin =
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D. E s t im a t io n  o f th e  ad en in e  n u o le o tid .e s  i n  a c id  e x t r a c t s  

o f  m y o f ib r i l s  r e la x e d  o r c o n tr a c te d  w ith  ATP and washed 

w ith  0 ,5 ^  KCl s o lu t io n.

S in ce  w ashing  w ith  sma.ll volum es o f  w a te r was found  to  e x t r a c t  

p r o te in  from  th e  m y o f ib r i l s ,  i t  was d e c id e d  t o  e s t im a te  th e  ad en in e  

n u c le o t id e s  i n  m y o f ib r i ls  washed w ith  0 .5 ^  KOI to  m a in ta in  t h e i r  

s t r u c t u r e .  Homogenates o f  f r o g  m uscle w ere t r e a t e d  w ith  ATP and MgClg 

o r w ith  ATP, MgCl2 and CaClp to  in d u ce  r e l a x a t i o n  o r c o n t r a c t io n  

r e s p e c t i v e l y ,  a s  d e s c r ib e d  i n  C (a ) . The m y o f ib r i ls  w ere th e n  washed 

6 tim e s  i n  40m l. c e n t r i f u g e  tu b e s  w ith  Oc5/o KGl and once w ith  w a te r  to  

remove th e  s a l t .  A cetone pow ders w ere made and th e  a d en in e  n u c le o t id e  

c o n te n t  was e s tim a te d  i n  HCl e x t r a c t s ,  A s in g le  e s t im a t io n  i n  an  HClOi^ 

e x t r a c t  o f  c o n tr a c te d  and r e la x e d  n ^ '-o f ib r ils  was made.

R e s u l t .

The r e s u l t s  o f 3 ex p e rim e n ts  on HCl e x t r a c t s  a r e  shovm on 

T ab le  I I I .  Two o u t o f  th e  f i v e  ex p e rim en ts  showed a  low er ATP/ADP 

r a t i o  a f t e r  c o n t r a c t io n  o f  th e  n y o f ib r i l s  w ith  ATP, MgCl2 and CaCl2  ̂

a s  e x p e c te d  from  th e  e a r l i e r  r e s u l t s  ( a ) .  In  two e x p e r im e n ts , th e  

r a t i o s  w ere a p p ro x im a te ly  th e  same in  th e  c o n tr a c te d  and r e la x e d  

n y o f i b r i l s .  I n  a  s in g le  ex p erim en t a h ig h e r  ATP/ADP r a t i o  was o b ta in e d  

a f t e r  c o n t r a c t io n .

The mean r e s u l t s  a r e  g iv en  h e re
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R elaxed C o n tra c te d

fc d iy  w e ig h t o f  w et w e ig h t 11 11

p m oles/gm . 0 .1 4 0 .1 4

ADP p m oles/gm . 2 .1 2 2 .2 9

ATP p m oles/gm . 0 .6 9 0 .72

ATP+ADP ji m oles/gm . 2 .8 1 3 ,0 1

atp/ adp 0 .3 2 0 .3 1

The e s t im a t io n  on th e  HCIO^  ̂ e x t r a c t gave th e  fo llo v /in g

R elaxed C o n tra c te d

^  d ry  v /e igh t o f  w et w e ig h t 10 .5 10 .5

M1P p m oles/gm . 0 ,1 1 0 ,0 6

ADP p m oles/gm . 3 .3 2 2 .7 8

ATP p m oles/gm . 0 .1 1 0 .0 7

ATP+ADP p m oles/gm . 3 .4 3 2 ,8 5

ATP/ADP 0 .33 0 .2 5

The ATP c o n c e n tr a t io n s  i n  th e  HCIO^  ̂ e x t r a c t s  from  c o n tr a c te d  

and r e la x e d  m y o f ib r i l s  w ere b o th  v e ry  low com pared w ith  th e  r e s u l t s  on 

th e  HCl e x t r a c t s .  The p re se n c e  o f  an  enzyme i n  t h e  HCl e x t r a c t s  c a p a b le  

o f  s y n th e s is in g  ATP was a g a in  in d ic a te d .

The v a r i a b i l i t y  i n  th e  d i f f e r e n c e s  betw een  th e  ATP/ADP r a t i o s  

i n  th e  HCl e x t r a c t s  from  c o n tr a c te d  and r e la x e d  n y o f ib r i l s  w i l l  b e  

c o n s id e re d  i n  th e  d i s c u s s io n .  ( C h ap te r V l( o ) )
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CHAPTER V I

DISCUSSION

( a) Summary o f E xperim ental F indings .

The major f in d in g s  from the experim ental work d escribed  in  t h is  

t h e s i s  are th e fo ilo w in g

( i )  No ev id en ce was found th a t  p h osp h ory la tion  o f  myosin or

actom yosin , or th a t ATP b in d in g  by the m uscle p ro te in s  ta k es  

p la ce  during c o n tr a c t i le  a c t i v i t y .  The p o s s i b i l i t y  th a t a c t in  

i s  ph osp h orylated  was n ot e lim in a te d ,

( i i )  Most o f the adenine n u c le o tid e  in  washed fr o g  and ra b b it  

m y o fib r ils  i s  ADP, sm a ller  amounts o f  ATP and IJfP b e in g  

p r e s e n t . The t o t a l  amount o f  adenine n u c le o t id e  bound in  

fr o g  m yobrils i s  approxim ately 2,90  -  3 «iO ^ m o les/g m , dry 

w e i^ it ,  and most o f t h i s  i s  m aintained as ADP in  the  

co n tra cted  and re la x ed  s t a t e s .

An ensyme w hich i s  presumably bound in  the f r c g  m y o fib r ils  

i s  capable o f  s y n th e s is in g  ATP from ADP in  n e u tr a lis e d  HOI 

e x tr a c ts  o f  th e n y o f ib r i l s .  A lthough th ere  i s  some in d ic a t io n  

th a t myokinase may a lso  be p resen t which co u ld  sy n th e s is e  

ATP from ADP, the r e s u lt s  cannot be f u l l y  ex p la in ed  ac b ein g  

due to myokinase a c t iv i t y  o n ly . The fo rm a tio n  o f  more ATP 

in  the a c id  e x tr a c ts  o f  the c o n tr o l n̂ ’- o f ib r i l s  than in  the  

e x tr a c ts  o f  AiTP-treated m y o f ib r i ls ,  i s  d e te c ta b le  im m ediately  

a f te r  n e u t r a l i s a t io n .

( iv )  A su b stan ce r e a d ily  y ie ld in g  in o rg a n ic  phosphate i s  p resen t



(8 9 )

in  washed fr o g  and ra b b it  m y o f ib r i ls .  The use o f  showed 

th a t t h i s  phosphate f r a c t io n  in  fr o g  m uscle i s  more r e a d i ly  

exchangeable than the phosphate groups o f  the adenine 

n u c le o t id e s ,

(v ) A form o f actom yosin  co n ta in in g  G--actin ^^hich i s  n o t p resen t  

in  the form o f actorryosin u s u a lly  ex tra c ted  from m uscle by 

s a l t  s o lu t io n s ,  was ex tra c ted  from the A T P-treated  m y o fib r ils  

when they  were washed w ith  sm all volumes o f  w a ter ,

A d e sc r ip t io n  o f  th e  p o s s ib le  changes tak in g  p la c e  during  

c o n tr a c tio n  and r e la x a t io n  which could ex p la in  th e o b serv a tio n s  

d escr ib ed  in  t h i s  th e s is  w i l l  be d isc u s se d . The r e s u lt s  o f  

o th er  workers w hich have any b ea r in g  on the su g g ested  mechanism 

w i l l  be c o n s id er e d ,

(b) A th eory  o f C on traction  and R e la x a tio n .

The r e s u l t s  have shown th a t  the bound adenine n u c le o t id e  o f  a c t in  

in  both r e la x e d  and co n tra cted  m y o fib r ils  i s  m ain ly  ADP but th a t  an 

enzyme, which i s  a c t iv e  in  n e u tr a lis e d  HCl e x tr a c ts  o f  th e  aceto n e  

powders o f washed n y o f ib r i ls  i s  ca.pable o f  s y n th e s is in g  ATP from ADP 

r e le a se d  fiom  the acetone powders by the a c id  trea tm en t. S in ce the  

form ation  o f  AiTP by rryolcinase a c t iv i t y  does n o t occur to  any grea t  

e x te n t , a su b stan ce  capable o f  p h osp h o ry la tin g  AiD? must a lso  be p resen t  

in  the e x t r a c t s .  I t  seems p o s s ib le  th a t in  th e in t a c t  m uscle, th e  

r e a c t io n  which m aintains a c t in  in  the p o lym erised  form i s  a r e v e r s ib le  

r e a c t io n , c a ta ly s e d  by a, p hosphok inase, which tak es p la c e  betw een the  

bound ADP o f  a c t in  end a bound phosphate c o n ta in in g  sub stan ce XP,
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XP would be cap ab le  o f  p h osp h oxy la tin g  actin-ADP in  the fo l lo w in g  

manner: -

ADP-actin + XP ^nho snhokinas ê  AT? -  ac t in  + X

The io n ic  co n d itio n s  in _ y iv o  would p robab ly  favou r the e x is te n c e  

o f  a c t in  in  th e polym erised  form (Perry 1952) so th a t the emount o f  

A TP-actin p re se n t a t  any g iv en  moment would be v e iy  sm all compared w ith  

the amount o f ADP-actin p r e s e n t , assuming th a t  th e above r e a c t io n  tak es  

p la c e .

I t  i s  g e n e r a lly  accepted  th a t  c o n tr a c tio n  occu rs as a r e s u l t  o f  the  

r e la t iv e  movement o f  th e a c t in  and myosin f ila m e n ts  in  the n y o f ib r i l s .

I t  i s  p o stu la te d  th a t  in  re la x ed  m u scle , the a c t in  f ila m e n ts  would  

co n ta in  m ainly bound ADP and XP, S tim u la tio n  o f  th e  m uscle would r e s u l t  

in  a change in  io n ic  co n cen tra tio n s  fa v o u rin g  the p h osp h ory la tion  o f  

actin-ADP by XP and th e com bination o f  the A.TP form ed w ith  an a c t iv e  

s i t e  on the myosin f i la m e n ts ,  in  the reg io n s o f  th e  m y o fib r ils  where the  

a c t in  and n yosin  f ila m e n ts  o v e r la p . In  the com bination o f ATP w ith  

i t s  su b s tr a te  m yosin , i t  has been c a lc u la te d  from the K^, th a t  more 

energy would be a v a ila b le  f o r  the c o n tr a c tio n  o f  m uscle thun i s  made 

a v a ila b le  in  the h y d r o ly s is  o f  ATP by myosin ATPase. However, th e  

h y d r o ly s is  o f  ATP must take p la ce  in  order th a t  th e  f ila m e n ts  may 

s e p a r a te , ATP form ed between the f ila m e n ts  would th e r e fo r e  have o n ly  

a momentary e x is t e n c e ,  'Then h y d r o ly s is  had occu rred , because ATP 

w ould a lso  be form ed in  the reg io n s  o f  the a c t in  f ila m e n ts  not 

a d ja cen t to myosin f i la m e n ts ,  th ere  would be a tendency fo r  movement 

to  occur in  order th a t  t h is  ATP mav a lso  combine w ith  i t s  s u b s tr a te .
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Figure (vil;

( f t )  A r ra r ig f t i : . t în t  o f  f i i t i i . i e n t s  I n  :m e  s a r c o m e r e  o f  a  m y o f i b r i l  
a t  r e ^ t - l e n g t h

H zone
Z l l i ^ e

y

m yosin  f i l a m e n t  
a c t i n  f i l a m e n t

 ̂ I band A band & I band 
0 .  4  1 - 5yU ^

(b )  R e l a t i o n s h i p  between  a c t i n  and m yosin  f i l a m e n t s  
i n  r e s t i n g  m y o f i b r i l .

( A T P -act in  fonned  in  th e  r e v e r s i b l e  r e a c t i o n  
between  A D P-act in  and XP n o t  shovm, b e in g  
very sm a l l  compared w ith  A D P - a c t i n . )

a c t i n  f i l a m e n t

XP ADP XP ALP XP XP ^ ^ centre
' * î a y o s l n  f i l a m e n tC

[ c )  Change* r e s u l t i n g  from s t i m u l a t i o n .

“ 1--------1------- 1------- 1--------1------- 1-------f
1)

— 1---------1— I------1 r ~
XP v jp p  XPxJkDP XÏM_>DP X P v _ j .^  
-.-G a io n s  <—

2 )
1  ! I I T
X ATP X ATP X 
►Ca i o n s  r

7

3 )
1 1 1 1 1 1 1 1 }

Movement
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F ig u re  ( v i l )  r e p r e s e n t s  th e  r e a c t io n s  w hich may ta k e  p la c e  b e te 'een  

th e  a o t in  and m yosin  f i la m e n ts  d a r in g  c o n t r a c t i l e  a c t i v i t y .

I n  th e  c o n tr a c te d  s t a t e  as in  th e  r e s t i n g  s t a t e  m ost o f  th e  

n u c le o t id e  o f  a c t i n  w ould be m a in ta in e d  as ADP by means o f  th e  

p h o sp h o k in a se  r e a c t i o n .  However, th e  p h o sp h a te  group o f  XP would be 

u t i l i s e d  d u r in g  c o n t r a c t io n  and in  o rd e r  t h a t  r e la c c a tio n  may occur^ 

th e  ro p h o s p h o ry la t io n  o f  X m ust +ake p la c e .  T h is  c o u ld  be b r o u ^ i t  

ab o u t by s a rc o p la sm ic  ATP th u s  : -

ATP + X  ̂ XP + iDP

The r e a c t io n  c o u ld  p resu m ab ly  a ls o  be c a ta ly s e d  by th e  p h o sp h o k in a se . 

l l ie n  XP was a g a in  fo rm ed , th e  f i l a m e n ts  c c u ld  s l i d e  b ack  in to  t h e i r  

o r i g i n a l  r e s t i n g  p o s i t i o n s .  R e la x a t io n  w ould th e r e f o r e  be a p a s s iv e  

p ro c e s s  as in d ic a te d  by  th e  h e a t  d a ta  o f  H i l l  (l> 4 9  C h ap te r I  ( d ) ) .

(o) C o n tro l  o f  th e  C o n t r a c t i l e  P ro c e s s e s .

I t  i s  s u g g e s te d  i n  th e  p r e s e n t  th e o ry  t h a t  a change i n  th e  io n ic  

c o n c e n tr a t io n s  i n  th e  m y o f ib r i l s  c o u ld  lead, to  t h e i r  c o n t r a c t io n .  

C o n tra c t io n  o f  an i s o l a t e d  g ly c e r in a te d  f i b r e  o n ly  o ccu rs  when i t  i s  

t r e a t e d  w ith  ATP end Mg io n s  and i s  accom panied by th e  h y d r o ly s is  o f  th e  

ATP, However, te n  tim es more ATP i s  h y d ro ly s e d  th a n  w ould be r e q u i r e d  

to  su p p ly  th e  en erg y  needed  f o r  th e  work done by th e  f i b r e  i n  

c o n t r a c t in g ,  (Bowen and M a rtin  1 9 6 2 ) . I t  t h e r e f o r e  seems as  th o u g h , 

i n  an i s o l a t e d  sy s te m , some f a c t o r  w hich  p r e v e n ts  t h i s  i n e f f i c i e n t  

p ro c e ss  in  viv o  i s  a b s e n t .  A cco rd in g  to  th e  p r e s e n t  th e o r y ,  th e  ATP 

added  to  a g ly c e r in a te d  f i b r e  w o u ld  b r in g  a b o u t th e  p h o s p h o ry la t io n  

o f  X, th u s  : -
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ATP + X ^  - ■ > ;d p  + XP

I n  th e  p r e s e n c e  o f  s u i t a b l e  i o n i c  c o n c e n t r a t i o n s  th e  f o r m a t io n

o f  A T P -a c tin  f ro m  XP and th e  c o m b in a tio n  o f  th e  ATP w i th  m y o sin  w o u ld

b e  f a v o u r e d ,  l e a d i n g  to  c o n t r a c t i o n .  I t  seem s p o s s i b l e  t h a t  th e

p h o sp h o k in a s e  r e a c t i o n ,  w h ich  i t  h a s  b een  s u g g e s te d  m a in ta in s  a c t i n

i n  th e  p o ly m e r is e d  fo rm  i n  vj-VQ may n o t  be th e  o n ly  r e a c t i o n  l e a d in g

to  tlie  f o r m a t io n  o f  A D P -a c tin  i n  i s o l a t e d  c o n t r a c t i l e  s y s te m s .  I t  i s

w e l l  e s t a b l i s h e d  t h a t  a c t i n  s o lu t i o n s  p o ly m e r is e  on th e  a d d i t i o n  o f

Mg io n s  i n  th e  f o l lo w in g  m an n e r: -
Mg + +

ATP a c t i n    ^ A D P -ac tin  + P^

I t  i s  n o t  u n l i k e l y  t h a t  t h i s  r e a c t i o n ,  a s  iv e l l  a s  th e  p h o sp h o - 

k in a .se  r e a c t i o n  ta k e s  p l a c e  i n  i s o l a t e d  g l y c e r i n a t e d  f i b r e s .  Some 

A T P -a c t in  fo rm ed  i n  th e  p h o s p h o k in a se  r e a c t i o n  may t h e r e f o r e  b e  

p o ly m e r is e d  i n  th e  above r e a c t i o n  and  n o t  u t i l i s e d  i n  th e  c o n t r a c t i l e  

p r o c e s s .  More ATP w o u ld  t h e r e f o r e  b e  b ro k e n  do?m th a n  w o u ld  be  

n e c e s s a r y  to  s u p p ly  th e  e n e rg y  f o r  c o n t r a c t i o n .

ATP an d  Mg io n s  i n  th e  p r e s e n c e  o f  r e l a x i n g  f a c t o r  b r in g  a b o u t 

th e  r e l a x a t i o n  and  n o t  th e  c o n t r a c t i o n  o f  a c to m y o s in , g l y c e r i n a t e d  

f i b r e s  and  f i b r i l s .  Ca io n s  i n  v e r y  low  c o n c e n t r a t io n s  w i l l ,  h o w ev e r, 

b r i n g  a b o u t c o n t r a c t i o n  i n  th e s e  s y s te m s .  S in c e  th e  b e h a v io u r  o f  

c o n t r a c t i l e  sy s te m s  i n  th e  p r e s e n c e  o f  r e l a x i n g  f a c t o r  i s  p re su m a b ly  

a  c l o s e r  a p p ro x im a tio n  o f  t h e i r  b e h a v io u r  i n.jyi.yo. i t  seem s p ro b a b le  

t h a t  an  i n c r e a s e  i n  th e  Ca io n  c o n c e n t r a t i o n  i n  th e  m y o f i b r i l s  may 

b r i n g  a b o u t th e  c o n t r a c t i o n  o f  l i v i n g  m u sc le . Ca io n s  may i n  f a c b  

a c t i v a t e  th e  co m b in a .tio n  o f  t h e  ATP o f  a c t i n  fo rm e d  i n  th e
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p h o s p h o k in a se  r e a c t i o n ,  w i th  i t s  s u b s t r a t e  m y o s in .

I t  h a s  b e e n  s u g g e s te d  by  A .E . H uxley  (<957) t h a t  th e  ch an g e  i n  

membrane p o t e n t i a l  w h ich  le a d s  to  c o n t r a c t i o n  o f  a  m u sc le  f i b r e ,  i s  

p ro p a g a te d  th ro u g h  th e  w hole s t r u c t u r e  by  means o f  th e  Z - l i n e ,  The 

Z - l i n e  i s  a p p a r e n t ly  a  c o n tin u o u s  membrane w h ich  ru n s  th ro u g h  th e  

w h o le  m u rc le  u n i t i n g  i n d i v i d u a l  f i b r i l s  to  each  o t h e r  and to  th e  

sa rco lem m a . I t  seem s p o s s ib l e  t h a t  th e  im p u lse  i s  p ro p a g a te d  to  th e  

c o n t r a c t i l e  p r o t e i n s  by  means o f  th e  r e l e a s e  o f  Ca io n s  fro m  th e  

Z - l i n e s ,  R e la x in g  f a c t o r  a c t i v i t y  i s  a s s o c i a t e d  w i th  th e  m ic ro so m a l 

p a r t i c l e s  o f  th e  e n d o p la sm ic  a n d le t ic u lu m  i n  m u s c le .  As th e  e n d o p la sm ic  

r e t i c u lu m  may be  p r e s e n t  a s  a n e tw o rk  ru n n in g  b e tw e e n  th e  a o t i n  an d  

m y o sin  f i l a m e n t s ,  i t  i s  p o s s i b l e  t h a t  th e  re la z c in g  f a c t o r  p r o v id e s  a 

m echanism  f o r  pum ping  Ca io n s  b a c k  to  th e  Z - l i n e s  so t h a t  r e l a x a t i o n  

c a n  ta k e  p l a c e .  A c c o rd in g  to  H a s s e lb a c h  ( 196 0 ) th e  re la z c in g  f a c t o r  h a s  

th e  a b i l i t y  to  a c c u m u la te  Ca io n s  so t h a t  t l i i s  f u n c t i o n  does n o t  seem  

i m p o s s ib l e ,

( The a tp/ adp Ra t i o s  i n  HCl  E x t r a c t s  o f  M y o f ib r i l s  c o n t r a c t e d  
w i th  ATPo

A lth o u g h  th e  A T P ,c o n te n t o f  th e  HCl e x t r a c t s  o f  w ash ed  m y o f ib r i l s  

i s  a p p a r e n t ly  an a r t e f a c t  due to  th e  p r e s e n c e  o f  p h o s p h o k in a s e  a c t i v i t y ,  

i t  w as f o u n d  t h a t  th e  ATP/ADP r a t i o  i n  th e  e x t r a c t s  f ro m  m y o f ib r i l s  

t r e a t e d  w i th  ATP to  in d u c e  c o n t r a c t i o n  w as lo w e r  im m e d ia te ly  a f t e r  

n e u t r a l i s a t i o n  th a n  i n  th e  e x t r a c t  fro m  th e  c o n t r o l  m y o f i b r i l s .  I f  i t  

h a s  n o t  b e e n  fo u n d  t h a t  th e  ATP was an  a r t e f a c t ,  t h i s  w o u ld  have s u g g e s te d  

t h a t  t h e  e n e rg y  f o r  c o n t r a c t i o n  had  b e e n  s u p p l ie d  b y  th e  b reakdow n n f
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o f  bound ATP.

A ccord in g  to  th e  p r e s e n t  th e o r y , d u rin g  c o n tr a c t io n  th e  phosphor

y l a t i o n  o f  actin-.ADP by XP ta k e s  p la c e  by means o f  th e  p h osp h ok in ase  

r e a c t io n ,  and X i s  r e p h o sp h o r y la te d  in  o rd er  th a t  r e la x a t io n  may o c c u r .  

T h e r e fo r e , in  th e  c o n tr a c te d  m y o f ib r i l s ,  l e s s  XP may be p r e se n t  a t  any 

g iv e n  moment than  i s  p r e se n t  in  th e  r e la x e d  m y o f ib r i l s ,  XP as w e l l  as 

ADP may presum ably be r e le a s e d  from  th e  a ceto n e  powder trea tm en t and 

p a r t ic ip a t e  i n  th e  r e a c t io n

XP + ADP -̂------------------- > ATP + X

assum ing t h a t  th e  p h osp h ok in ase  i s  a ls o  r e le a s e d .  The h ig h e r  concen

t r a t io n  o f  XP p r e s e n t  in  th e  e x tr a c t s  from  th e  c o n tr o l  m y o f ib r i ls  w i l l  

fa v o u r  th e  s y n t h e s is  o f  more ATP from  ADP i n  th e  p h osp h ok in ase  r e a c t io n  

im m ed ia te ly  a f t e r  n e u t r a l i s a t io n  than  may o ccu r  in  th e  e x t r a c t  from  th e  

A lP -tr e a ,te d  m y o f ib r i l s .  T h is w i l l  a cco u n t fo r  th e  h ig h e r  ATP/lDP 

r a t io  in  th e  e x tr a c t s  from  th e  c o n tr o l  m y o f ib r i ls  th an  in  th e  e x tr a c ts  

from  th e  ATP t r e a te d  m y o f ib r i ls  im m ed ia te ly  a f t e r  n e u t r a l i s a t i o n ,  and 

f o r  th e  change in  th e  r a t io  in  th e  seco n d  e s t im a tio n  on th e  n e u t r a l i s e d  

e x t r a c t .

H owever, t h i s  e x p la n a t io n  does n o t c o m p le te ly  e x p la in  th e  r e s u l t s  

w hich w ere o b ta in e d . I t  was a ls o  n o t ic e d  th a t  a lth o u g h  th e ATP/.ADP 

r a t io  was lo w er  in  th e A T P -trea ted  m y o f ib r i ls  th e  ATP p lu s  ADP was 

s l i g h t l y  h ig h e r  th an  in  th e  c o n t r o l s ,  e . g .  Mean o f  13 ex p er im en ts  on 

m y o f ib r ils  from  w in te r  f r o g s : -

C on tro l AJjg_ r  e ai;_e d

ATP + ADP 2 .7 3  ym oles/gm  3 . 0 7  p m oles/gm .
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I n  t h e  e x p e r im e n ts  on f i b r i l s  t r e a t e d  w i th  ATP, MgCl^ and  C aC l^ to  

in d u c e  c o n t r a c t i o n ,  o r  ATP an d  MgCl^ o n ly  to  in d u c e  r e l a x a t i o n  (C h a p te r  

V .D .) ,  i t  was n o t i c e a b l e  t h a t  th e  s i n g l e  e x p e r im e n t w h ic h  gave a  much 

h i ÿ i e r  ATP/ADP r a t i o  i n  th e  f i b r i l s  t r e a t e d  to  b r in g  a b o u t  c o n t r a c t i o n  - 

xhe o p p o s i t e  o f  th e  e x p e c te d  r e s u l t ,  a  lo w e r  ATP p lu s  ADP was f o w d  

th an  in  th e  f i b r i l s  t r e a t e d  to  in d u c e  r e l a x a t i o n  (T a b le  I V ,5 ) .  I n  th e  

e x p e r im e n ts  g iv in g  th e  e x p e c te d  lo w e r  ATP/ADP r a t i o  a f t e r  t r e a tm e n t  o f  

th e  m y o f i b r i l s  to  in d u c e  c o n t r a c t i o n ,  th e  ATP p lu s  ADP was h r g h e r  i n  

ag re e m e n t 7 / i th  th e  e a r l i e r  r e s u l t s .  F u r t h e r  i n v e s t i g a t i o n  i s  n eed ed  

to  e x p la in  th e s e  o o s e r v a t i o n s .

( e) The W a te r  S o lu b le  P r o t e i n .

I t  w as fo u n d  t h a t  when f r o g  m y o f ib r i l s  w ere  w ashed  w i th  s m a l l  

vo lum es o f  w a te r ,  p r o t e i n  was e x t r a c t e d  i n  such  q u a n t i t i e s  t h a t  even  

i n  th e  a b s e n c e  o f  o th e r  e v id e n c e  i t  m ust b e  c o n c lu d e d  t h a t  i t  was 

d e r iv e d  f ro m  th e  s t r u c t u r a l  p o r t e i n s .  The p r e c i p i t a t i o n  o f  th e  p r o t e i n  

by  Mg io n s  and  th e  s u p e r - p r e c i p i t a t i o n  o f  th e  g e l  on th e  a d d i t i o n  o f  

ATP, s u g g e s te d  th e  p r e s e n c e  o f  a c to m y o s in . H ow ever, a c to m y o s in  

c o n ta in in g  o n ly  P - a c t i n  i s  e x t r a c t e d  f ro m  m u sc le  b y  0 .5  M KCl and i s  

n o t  g e n e r a l l y  c o n s id e r e d  to  b e  w a t e r - s o l u b l e .  The e s t i m a t i o n  o f  th e  

n u c l e o t i d e  c o n te n t  i n  th e  HCIO^ e x t r a c t  o f  t h e  p r o t e i n  show ed t h a t  i t  

c o n ta in e d  msé o n ly  ADP when th e  p r o t e i n  was p r e c i p i t a t e d  w i th  Mg i o n s .  

The ATP was p ro b a b ly  d e r iv e d  fro m  G—a c t i n  fo rm ed  i n  th e  p h o s p h o k in a s e  

r e a c t i o n .

ADP a c t i n  + XP ^-------  ■■ — > A T P -a c tin  + X
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I t  seem s p o s s ib l e  t h a t  i n  th e  lo w e r in g  o f  th e  i o n i c  s t r e n g t h  b y  th e

w a s h in g  p r o c e d u re ,  th e  e q u i l ib r iu m  i n  th e  above r e a c t i o n  w h ich  i n  y iv p

f a v o u r s  th e  f o rm a t io n  i f  A D P -ac tin  was d i s p la c e d  so t h a t  a t  any  g iv e n

m om ent, m ore A T P -a c tin  was fo rm e d . The d is a p p e a ra n c e  o f  ATP on th e
o

a d d i t i o n  o f  Hg io n s  p r o b a b ly  r e s u l t e d  f ro m  th e  p ly m e r i s a t i o n  o f  th e  

A T P -a c tin  c a t a l y s e d  b y  Mg i o n s ,  w h ich  o c c u r s  in_y_i_tro ,

A T P -a c tin  ------^ A D P -a c tin  + P .

I t  i s  n o t  u n l i k e l y  t h a t  t h e  s i t e s  on th e  a c t i n  f  i l  ami o n t  s w here ATP 

i s  a  p r o s t h e t i c  g roup  a t  a  g iv e n  m om ent, may b e  p o i n t s  o f  i n s t a h i l i t y  

so t h a t  t h e  d i s tu r b a n c e  i n  t h e  s t r u c t u r e  o f  th e  m y o f ib r i l s  r e s u l t i n g  

fro m  th e  w a sh in g  p ro c e d u re  may h av e  l e d  to  th e  r e l e a s e  o f  a c t i n  

f ra g m e n ts  a t  p o i n t s  w here ATP i s  th e  p r o s t h e t i c  g ro u p . C h a in s  o f  

F - a c t i n  m o le c u le s  w i th  t e r m i n a l  A T P -a c tin  g ro u p s  w ou ld  t h e r e f o r e  be 

e x t r a c t e d ,  a t  t h e  same tim e  r e l e a s i n g  th e  m yosin  m o le c u le s  w h ich  w ould  

no lo n g e r  b e  h e l d  i n  a  f i x e d  p o s i t i o n  by  th e  a c t i n  f i l a m e n t s .  I t  i s  

q u e s t io n a b le  w h e th e r  th e  e x t r a c t e d  p r o t e i n  w as d i s s o c i a t e d  G- an d  F - a c t i n  

and  n y o s in ,  o r  a c to m y o s in  c o n ta in in g  a c t i n  i n  a  low  s t a t e  o f  p o ly m e r

i s a t i o n .  The l a t t e r  seem s m ore l i k e l y  i n  v iew  o f  t h e  s u p e r 

p r e c i p i t a t i o n  o f  th e  M g-pr e c i p i  t a  t e d  g e l  on th e  a d d i t i o n  o f  ATP,

A c c o rd in g  to  S zen t-G -y o rg y i ( l9 4 7 )  m y o sin  i s  s o l u b l e  i n  d i s t i l l e d  w a te r  

an d  F - a c to n y o s in  i s  d i s s o c i a t e d  i n  th e  a b se n c e  o f  v e ry  low c o n c e n t r a t i o n s  

o f  Mg i o n s .  The m y o f i b r i l l a r  p r o t e i n s  th e m se lv e s  c o n ta in  bound  Ca and  

Mg i o n s ,  and  i t  seem s p ro b a b le  t h a t  i f ,  i n  f a c t ,  th e  w a sh in g  p r o c e d u re  

l e d  to  th e  c o m p le te  e l im in a t io n  o f  f r e e  i o n s ,  t h e  bound  Mg o f  th e  

p r o t e i n s  c o u ld  p o s s i b l y  b r in g  a b o u t  th e  a s s o c i a t i o n  o f  a c t i n  and m y o s in .



(98)

I t  w as fo u n d  t h a t  i n  th e  m y o f ib r i l s  t r e a t e d  w i th  ATP, MgCl^ 

and  CaCl^ to  in d u c e  c o n t r a c t i o n ,  th e  e x t r a c t i o n  o f  th e  p r o t e i n  was 

d e la y e d ,  and  d id  n o t  o c c u r  to  th e  same e x t e n t  a s  i n  th e  m y o f ib r i l s  

t r e a t e d  w i th  AT? and MgCl2 to  in d u c e  r e l a x a t i o n .  H ow ever, th e  

n u c l e o t i d e  c o m p o s it io n  an d  t h e r e f o r e  p r o b a b ly  th e  a c t in /m y o s in  r a t i o ,  

was s i m i l a r  i n  th e  c o n t r a c t e d  and  r e l a x e d  m y o f i b r i l s .  I t  i s  c o n c e iv a b le  

t h a t  t h e  c o n c e n t r a t i o n  o f  XP w hicn  w i l l  b e  d i f f e r e n t  i n  th e  c o n t r a c t e d  

and r e l a x e d  s t a t e s ,  d e te rm in e s  th e  e x t r a c t a b i l i t y  o f  t h e  p r o t e i n .  I n  

th e  e a r l i e r  e x p e r im e n ts  w here  th e  same am ount o f m u sc le  was w ashed  w i th  

500 m is o f  w a t e r ,  th e  s w e l l in g  o f  th e  f i b r i l s  was n o t  o b s e rv e d  and  

c o u ld  n o t  h ave  p a s s e d  u n - n o t i c e d .  I t  seem s t h a t  t h e r e  may be some 

f a c t o r  i n  th e  r e l a x i n g  f a c t o r  sy s te m  w h ich  f a c i l i t a t e s  t i e  e x t r a c t i o n  

o f  t h e  p r o t e i n  when n o t  e x c e s s iv e ly  d i l u t e d .

( f )  Al'.'iP and  M yolrinas0 A c t iv i;^^ j_n th e_ l l y o f i b i i l s .

A c o m p a riso n  o f  th e  a d e n in e  n u c l e o t id e s  i n  th e  HClO, e x t r a c t  o f  

77a sh e d  f r o g  m y o f i b r i l s  vrnth th e  a d e n in e  n u c l e o t i d e s  i n  TGA e x t r a c t s  o f  

w ash ed  r a b b i t  m y o f ib r i l s  e s t im a te d  b y  P e r r y  ( i  952) shows t h a t  th e  ajnounts 

a r e  o f  th e  same o r d e r  o f  m a g n itu d e  i n  b o th  s p e c ie s

U n i t s : -  p m o le s /g m .

M L . ADP ATP T o te d  N u c le o t id e

R a b b i t 0 .8 8 2.70 0.47 4.05

F ro g 0 .3 0 2 .4 8 0 .0 7 2.85 (chapter V.B(o) )

ADP i s  p r e s e n t  i n  th e  g r e a t e s t  am ount i n  b o th  w ashed  f r o g  and  r a b b i t  

m y o f ib r i l s  ; th e  p r o p o r t i o n s  o f  AMP and  ATP a r e  g r e a i e r  i n  r a b b i t  

m y o f i b r i l s .  H ow ever, a  s t r i c t  co m p a riso n  c a n n o t be made a s  th e  f i b r i l s
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w ere  p r e p a r e d  u n d e r  d i f f e r e n t  c o n d i t i o n s ,  th o s e  o f  th e  r a b b i t  b e in g  

p r e p a r e d  by  e x te n s iv e  w a sh in g  o f  an  hom ogenate  o f  r a b b i t  m u sc le  i n  0 , 1 -M 

b o r a t e  b u f f e r  pH7* Breakdow n o f  some ATP and  i\DP to  MIP may h av e  t a k e n  

p la c e  a s  a p p a r e n t ly  o c c u r r e d  i n  f r o g  m y o f ib r i l s  when th e y  w ere e x t r a c t e d  

w i th  N-HCl foi* 16 h o u r s .  A f te r  t h i s  t im e ,  th e  A î̂P c o n te n t  was fo u n d  to  

be  1 .0  punoles/gm  com pared  w i th  a  v a lu e  o f  0 ,2 4  p n o le s /g m  when th e  f i b r i l ;  

w ere  e x t r a c t e d  f o r  1 h o u r  o n ly .

AMP i s  form ed i n  m u sc le  fro m  ADP i n  th e  m yolcinase r e a c t i o n .

2ADP  ̂ aTP + AÎP

M yokinase i s  a  v e ry  s t a b l e  enzyme w h ich  s u r v iv e s  low pH s, and  a 

te m p e r a tu r e  o f  9 0 ^ 0 , I t  i s  a l s o  n o t  e a s i l y  e x t r a c t e d  by  w a sh in g  fro m  

r a b b i t  m y o f i b r i l s ,  M yokinase a c t i v i t y  i n  f r o g  m u sc le  h a s  a p p e r e n t ly  

n o t  b e e n  i n v e s t i g a t e d .  The p o s s i b i l i t y  t h a t  s u r v i v a l  o f  n y o k in a se  i n  

th e  HCl e x t i ’a c t s  o f  f r o g  m y o f i b r i l s  c o u ld  l e a d  to  th e  s y n th e s i s  o f  ATP 

and th e  ch an g e  i n  ATP/ADP r a t i o  h a s  b e e n  c o n s id e r e d  (C h a p te r  V o B (e ) ) .  

H ow ever, i f  th e  enzyme h ad  b e e n  s i g n i f i c a n t l y  a c t i v e  i n  th e  n e u t r a l i s e d  

HCl e x t r a c t s ,  i t s  p r e s e n c e  w o u ld  h av e  b e e n  o b v io u s  d u r in g  th e  enzym ic 

a s s a y  o f  th e  n u c l e o t i d e s .

The p o s s i b l e  s i g n i f i c a n c e  o f  bo u n d  AIvîP i n  m u s c le , i f ,  i n  f a c t ,  i t  

i s  p r e s e n t  i n  v iv o  i s  n o t  c l e a r .  I t  i s  p ro b a b ly  d e r iv e d  fro m  ADP b y  

m y o k in ase  a c t i v i t y ,  i t s  s u b se q u e n t d e a m in a t io n  by  a d .e n y lic  d eam in ase  

p r o v id in g  a  pa thw ay  f o r  t h e  e l i m i n a t i o n  o f  n u c l e o t id e s  f ro m  th e  b o d y . 

R e c e n t ly  C a in , I n f a n t e  and  D a v ie s  ( 1962) o b t a in e d  e v id e n c e  w h ich  l e d  

them  to  s u g g e s t  t h a t  s y n th e s i s  o f  ATP fro m  .ADP b y  m yok inase  a c t i v i t y ,  

may o c c u r  i n  ex tre m e  c o n d i t i o n s  to  p ro v id e  t h e  e n e rg y  n e c e s s a r y  f o r
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m u sc u la r  c o n t r a c t i o n .  They fo u n d  th a .t CP breakdow n c o u ld  be d e te c te d  

d u r in g  a s in g l e  t r / i t c h  o f f r o g  abdom in is when th e  CP c o n te n t  h ad  f i r s t  

b een  red u ced  by t r e a tm e n t  o f  t h e  m uscle  w ith  DNP^ hlien th e  CP k in a s e  

r e a c t i o n  was i n h i b i t e d  by  PDPB, ITP was s p l i t  d u r in g  a  s in g le  

c o n t r a c t i o n ,  b u t  th e  n e t  amount o f  ÆDP p ro d u c ed  was l e s s  th a n  e x p e c te d  

from  th e  ATP as e r e a c t i o n ,  H ov/ever, tlie  d is c r e p a n c y  c o u ld  be  e x p la in e d  

i f  myolcinaso w ere  a c t iv e  i n  r e c o n s t i t u t i n g  ATP from  th e  .ADP p ro d u c e d .

The p re s e n c e  o f  DITP and PDNB w ould  a l t e r  th e  n o rm al m e ta b o lic  a c t i v i t y  

o f  th e  m u sc le  d r a s t i c a l l y ;  i t  seems p o s s ib le  t h a t  th e  fo rm a tio n  o f  ATP 

from  iDP by m yokinase may n o t  be q u a n t i t a t i v e l y  im p o r ta n t  f o r  c o n t r a c t i l e  

a c t i v i i y  u n d e r  no/.mial c o n d i t i o n s .  The n u c le o t id e s  w ere e s t im a te d  i n  

w hole m uscie  so t h a t  i t  i s  n o t  kno 'm  w h e th e r  th e  bound /DP o f  a c t i n  o r  

o n ly  th e  s a rc o p la s m ic  /D P , o r  b o th ,  w ere c o n v e r te d  to  /DIP and  ATP u n d er 

th e s e  c o n d i t i o n s ,

(g ) E v id en ce  f o r  th e  P o le  o f  A c t in  i n  C o n t r a c t i l e  A c t i v i t y .

S tra u b  ( i9 5 0 ,  C h a p te r  l ( b ) )  fo u n d  i n  p r e p a r in g  a c t i n  from  a c e to n e  

pow ders o f  m uscle  t h a t  a lth o u g h  th e  a c e to n e  pow der c o n ta in e d  o n ly  ADP, 

th e  a c t i n  s o l u t i o n  o b tad n ed  from  i t  by  d i s t i l l e d  w a te r  was A T P -a c tin  

w h ich  p o D n ie r is e s  on th e  a d d i t i o n  o f  Mg i o n s .  S in c e  a t  th e  t im e ,  th e r e  

7/as no e v id e n c e  t h a t  an enzyme was p r e s e n t  w h ich  c o u ld  s y n th e s i s e  ATP, 

he c o n c lu d ed  t h a t  i t  m ust be fo rm e d  i n  th e  d e p o ly m e r is a t io n  w h ich  

accom pan ied  th e  e x t r a c t io n  o f  th e  p r o t e i n .

I t  seems p o s s ib l e  t h a t ,  i n  f a c f ,  ATP was s y n th e s i s e d  from  XP by  

th e  p h o sp h o ld n ase  w h ich  we have s u g g e s te d  i s  p r e s e n t  i n  th e  a c e to n e  

pow ders o f  w ashed f r o g  m y o f ib r i l s ,  S t r a u b  s u g g e s te d  t h a t  i n  r e la x e d  

m uscle  a c t i n  i s  p r e s e n t  as  A T P -ac tin  w h ich  p ly m e r is e s  on c o n t r a c t io n
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g iv in g  A D P -a o tin . H om m aerts, (• '9 5 2 , C h a p te r  1 (b ) )  c a l c u l a t e d  t h a t  t h i s

■"/ould p ro v id e  s u f f i c i e n t  e n e rg y  f o r  th e  c o n t r a c t i l e  p r o c e s s . The 

f in d in g  by Strohm ann ( l9 5 9 ,  C h a p te r  l ( d ) )  t h a t  ./D P -a c tin  can  be  p h o s-  

p h o ry la te d  by CP i n  th e  p r e s e n c e  o f  C P k in ase , th u s  s u g g e s t in g  a 

m echanism  f o r  p h y s io lo g ic a l  d o p o ly m e r is a t io n , gave s u p p o r t  to  S tra u b ^ s  

th e o r y .  H ow ever, M a rto n o s i (19&0, C h a p te r  1 ( e ) )  a f t e r  ex am in in g  th e  

n u c le o t id e s  i n  th e  ac to  m yosin  from  an im aJs i n j e c t e d  w i th  c o u ld

f i n d  no e v id e n c e  t h a t  a c t i n  p o ly m e r is a t io n  and a e p o ly m e r is a t io n  ta lces 

p la c e  i n  yj.y_p. He c o n c lu d ed  t h a t  P - a c t i n  i s  p r e s e n t  i n  b o th  r e la x e d  and  

c o n t r a c te d  m uscle  as i s  in d i c a t e d  by  th e  e x p e rim e n ts  d e s c r ib e d  i n  t h i s  

t l i e s i s .

A c c o rd in g  to  th e  p r e s e n t  th e o r y ,  th e  p h o s p h o ry la t io n  o f  a c t i n  w ould  

ta k e  p la c e  d u r in g  c o n t r a c t i o n ,  a r e a c t i o n  w hich  w ould  p ro b a b ly  n o t  h av e  

b een  d e t e c ta b le  i n  th e  e x p e rim en ts  on p h osphorus u p ta k e  by  m y o f ib r i l s ,  

( c h a p te r  I I I ) . H ow ever, th e  p ro p o s a l  i s  s u p p o r te d  by  th e  w ork o f  U lb re c h t  

and U lb re c h t  ( l9 5 7 ,  C h a p te r  l ( d ) ) .  I t  was fo u n d  t h a t  a t r a n s f e r  o f  

p h o s p h a te  be tw een  and ATP to o k  p la c e  i n  m y o f ib r i l s  from  w hich

m yosin  h ad  been  e x t r a c t e d  as  w e l l  as  i n  i n t a c t  m y o f i b r i l s ,  w h ich  c o u ld  

h ave  r e s u l t e d  from  a p h o s p h o ry la t io n  o f  th e  a c t i n .

I n  th e  p r e s e n t  e x p e r im e n ta l  w ork (C h a p te r  IV , 2 ( e ) )  i t  was shown,
32

a f t e r  p r e - in c u b a t io n  o f  th e  f r o g  r e c tu s  abdom in is  w i th  P -R in g e r  

s o l u t i o n ,  t h a t  a  s u b s ta n c e  y i e l d i n g  P^ on t r e a tm e n t  o f  th e  a c e to n e  

pow der o f  th e  w ashed m y o f ib r i l s  w i th  a c id  was p r e s e n t ,  and  t h a t  i t s  

p h o sp h a te  group was more r e a d i l y  e x c h a n g e a b le  th a n  th e  p h o sp h a te  o f  th e  

bound a d e n in e  n u c l e o t i d e .  I t  seems p o s s i b l e  t h a t  i n  f a c t  t h i s  s u b s ta n c e
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was XP.

M a rto n o s i C h a p te r  l ( f ) )  made on i n v e s t i g a t i o n  o f  th e

s t e a d y - s t a t e  r e a c t i o n  o c c u r r in g  be tv  eon C .and P - a c t i n  a t  low Mg io n  

c o n c e n t r a t i o n s . P^ was r e l e a s e d  d u r in g  t h i s  p ro c e s s  a t  a  much g r e a t e r  

r a t e  th e n  seem ed p o s s ib l e  i f  th e  m echanism  in v o lv e d  a  c o n tin u o u s  

b reakdow n o f  ATP and  th e  c o m b in a tio n  o f  a new m o le c u le  o f  ATP w ith  a c t i n  

I n  e ach  p o ly m e r is a t io n  s t e p .  The s u g g e s t io n  was made t h a t  a  d ep h o s- 

p h o r y la t i n g  enzyme m ig h t be p r e s e n t ,  d ep en d en t on th e  Mg io n  co n cen 

t r a t i o n  in  th e  same way as th e  e q u i l ib r iu m  betw een  G- and F - a r t  i n .  I t  

i s  p o s s ib l e  t l r . t  t h i s  o b s e rv a t io n  may have some b e a r in g  on th e  p ro p o se d  

p re s e n c e  o f  XP bound to  a c t i n  i n  th e  m y o f ib r i ls »

(h ) The S o u rces  of_JEnergy  f o r  M u scu la r C o n t r a c t io n .

The breakdoYCi o f  CP i n  m uscle  a f t e r  p ro lo n g e d  c o n t r a c t i l e  

a c t i v i t y  o b s e iv e d  by S g g le to n  and E g g le to n  ( l9 2 7 )  i s  w e l l  e s t a b l i s h e d .

I t  h as  b e e n  s u g g e s te d  by  s e v e r a l  w o rk ers  t h a t  CP i s  u se d  to  r e c o n s t i t u t e  

ATP by  means o f  t h e  C P ldnase r e a c t i o n ,  ATP b e in g  p resu m ab ly  a more

im m ed ia te  so u rc e  o f  en erg y  th a n  CP,
C P kinase  

ADP + CP <■: , ATP + C

A cc o rd in g  to  th e  p r e s e n t  th e o r y ,  CP w ould  r e p l e n i s h  s a rc o p la s m ic  ATP

u se d  i n  th e  r e p h o s p h o r y la t io n  o f  X bound to  a c t i n ,  A d e c re a se  i n  ATP

and in c r e a s e  i n  ADP i n  e x t r a c t s  o f  w hole m u sc le  w ould  n o t  t h e r e f o r e  be

d e te c te d  a f t e r  a few  c o n t r a c t io n s  u n le s s  th e  CPkina.se r e a c t io n  w ere

i n h i b i t e d .  The r e s u l t s  o f  a t te m p ts  to  d e te c t  ch an g es  i n  ATP, ADP and

CP c o n c e n t r a t io n s  d u r in g  a s in g l e  iw ritch  have b e e n  d is c u s s e d

(C h a p te r  l ( c )  and ( g ) ) .
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I n  th e  r e c e n t  e x p e rim en ts  o f  C r in ,  I n f a n te  and  D av ies  (^9^2) 

m en tio  ;ied i n  t h i s  C h a p te r  ( s e c t i o n  ( e ) ) ,  a f t e r  th e  i n h i b i t i o n  o f  

C P k inase  by FDNB, th e  breakdown: o f  .ATP "'as i n  f a c t  fo u n d  to  o c c u r  d u r in g  

a s in g l e  t w i t c h . U nder norm al c o n d i t i o n s ,  i t  was c o n c lu d e d  t h a t  th e  

ATP ^ 'ou ld  be r e p le n i s h e d  by th e  a c t i o n  o f  m yokinase and C P k in ase . 

H ow ever, Mommaerts ( '9 ^ 2 ,  C h a p te r  l ( g ) )  c o u ld  f i n d  no change i n  th e  

ATP o r  ADP c o n c e n t r a t io n s  i n  w hole m uscle  a f t e r  a  s in g l e  tw i t c h .  I n  one 

s e r i e s  o f  e x p e r im e n ts ,  an i n c r e a s e  i n  and C a f t e r  c o n t r a c t io n  was 

o b ta in e d .  I n  a n o th e r  s e r i e s  o f  e x p e r im e n ts , a l i b e r a t i o n  o f  P^ o n ly  

o c c u r re d ,  and  i n  a t h i r d  s e r i e s ,  C and n o t  P^ was l i b e r a t e d  a f t e r  

c o n t r a c t i o n ,  F le c k e n s te in  (^ 9 5 4 , C h a p te r  1 ( c ) )  a ls o  fo u n d  t h a t  

c o n t r a c t io n  c o u ld  o c c u r  i n  th e  ab sen ce  o f  d e t e c t a b l e  breakdow n o f  CP 

o r  ATP. Ho^^ever, P^ was l i b e r a t e d  in  such an amount t h a t  i t  c o u ld  

a c c o u n t f o r  th e  ^^ork d o n e , assum ing  i t  was d e r iv e d  from  an  e n e r g y - r ic h  

s o u rc e ,  Tvo u n i d e n t i f i e d  U V -ab so rb in g  p h o s p h a te - c o n ta in in g  s u b s ta n c e s  

'• e re  fo u n d  i n  th e  m uscle i n  am ounts com p arab le  to  ATP and ADP w hich  

c o u ld  be s o u rc e s  o f  t h i s  p h o s p h a te  bond e n e rg y .

T h ere  i a  t h e r e f o r e ,  a c o n s id e r a b le  amount o f  e v id e n c e  t h a t  a. s o u rc e  

o f  en e rg y  may be p r e s e n t  i n  m u scle  a p a r t  from  t h a t  " h ic h  may be d e r iv e d  

fro m  A'TP and CP i n  known enzym ic r e a c t i o n s .  The p a r t i c i p a t i o n  o f  a 

s u b s ta n c e  such  as  XP i n  th e  c o n t r a c t i l e  p ro c e s s  does n o t  t h e r e f o r e  seem 

u n l i k e l y .  A lth o u g h  i t s  en e rg y  ^ o u ld  o n ly  be u s e d  i n d i r e c t l y ,  s in c e  

i t s  u t i l i s a t i o n  - 'o u ld  in v o lv e  th e  t r a n s i e n t  f o rm a t io n  and breakdow n o f  

ATP, o n ly  th e  l i b e r a t i o n  o f  P^ and n o t  a r e d u c t io n  i n  ATP c o n c e n t r a t io n  

w ould  be d e te c ta b le  a f t e r  c o n t r a c t i o n .  I t  w ould  be i n t e r e s t i n g  to  

i n v e s t i g a t e  th e  p o s s i b l e  p re se n c e  o f  bound CP i n  th e  w ashed m y o f ib r i l s .
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The r e a c t i o n  p ro p o se d  to  o c c u r  b e tw een  A D P -actin  and bound XP i s  very- 

s i m i l a r  to  t h a t  o c c u r r in g  betw een  CP and ADP-ac-bin c a t a ly s e d  by C P k inase

CP + A D P -ao tin   ̂   ^ C + A T P -a c tin ,
g

C a r ls o n  and S ig e r  (^ p 6 0 . C h a p te r  l ( g ) )  e s t im a te d  t h a t  i n  a s i r ^ e  

i s o m e t r i c  tv r i tc h ,  one CP m o lecu le  was d e p h o s p h o ry la te d  n e r  a c t i n  m o le c u le  

p r e s e n t  i n  m u sc le , and  s u g g e s te d  th ^  t  th e  above r e a c t i o n  may ta k e  p la c e  

i n  v iv o  betw een  A D P -ac tin  and CP w h ich  d i f f u s e d  i n t o  th e  " a c t i n  

d ep a r tm e n t"  » I t  does n o t  seem im p o s s ib le  t h a t  XP may i n  f a c t  be  bound 

CP.

H ow ever, th e  s u b s ta n c e s  y i e ld in g  p h o s p h a te  bond e n e rg y  i n  

F l e c k e n s te i i J  s e x p e r im e n ts  (^ 9 ^ 0 , C h a p te r  l ( c ) )  showed s t r o n g  

U V -a b so rp tio n , I t  a ls o  seem s p o s s ib le  t h e r e f o r e  t h a t  th e  o l i g o -  o r  

p o ly n u c le o t id e  fo u n d  in  th e  e x t r a c t s  o f  w ashed  f r o g  and r a b b i t  m y o f ib r i l s  

(C h a p te r  I V .3) may n o t  be  m e re ly  d e r iv e d  fro m  c o n ta m in a tin g  m icrosom al 

RNA, b u t ,  i n  f a c t ,  be  d e r iv e d  from  XP, ' 'h io h  may be a p h o s p h o ry la te d  

o l i  g o - n u c le o t id e .
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smmiART

The l i t e r a t u r e  i s  re v ie w e d  c o n c e rn in g  th e  bound  n u c le o t id e  o f  

a c t i n  and i t s  p o s s i b l e  s ig n i f i c a n c e  i n  m u sc u la r  c o n t r a c t i o n .

Chap t e r  I I

The o b je c t 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 #

Chap t e r  I I I

 ̂ . A tte m p ts  a re  d e s c r ib e d  to  d e t e c t  th e  e x p e c te d  in c r e a s e  i n  th e  

p h o sp h o ru s  c o n te n t  o f  -washed m y o f ib r i l s ,  m y o s in -d e p le te d  m y o f ib r i l s  

and  actoiT iyosin a f t e r  t r e a tm e n t  w ith  ATP, i f  ATP i s  bound b y  o r 

p h o s p h o ry la te s  th e  m y o f i b r i l l a r  p r o t e in s  d ’j r i n g  c o n t r a c t i l e  a c t i t d . t y ,

2 . I t  i s  c o n c lu d e d  t h a t  i f  n e t  p h o sp h o ru s  u p ta k e  o c c u rs  i t  i s  o n ly  

v e ry  s m a l l  an d  n o t  g r e a t e r  t iia n  w ould c o r re s p o n d  t o  th e  p h o s p h o ry la t io n  

o f  actin-A D P*

C h a p te r  W

1 , The e x a m in a tio n  b y  p a p e r  ch ro m a to g rap h  o f  th e  U V -abso rb ing  

s u b s ta n c e s  i n  th e  a c e to n e  e x t r a c t s ,  and w a te r  and  HCl e x t r a c t s  o f  th e  

a c e to n e  pow ders o f  w ashed f r o g  and  r a b b i t  m y o f ib r i l s  i s  d e s c r ib e d ,

2 . I t  i s  c o n c lu d e d  t h a t  m o s tly  ADP and s m a l le r  am ounts o f  ATP and  

AMP a r e  p r e s e n t  i n  b o th  f r o g  and  r a b b i t  m y o f ib r i l s  and  a r e  p re su m a b ly  

d e r iv e d  from  tlie  p r o s t h e t i c  g roup  o f  a c t i n ,

3# The p o s s i b l e  d e r i v a t i o n  from  t h e  a d e n in e  n u c le o t id e s  o f  BÆP, 

h y p o x a n th in e  and a d e n in e  w h ich  a r e  a l s o  p r e s e n t  i s  d i s c u s s e d ,

4 .  I t  i s  c o n c lu d e d  t h a t  an  o l ig o -  o r  p o ly n u c le o t r id e  p r e s e n t  i n  b o th  

f r o g  and  r a b b i t  m y o f i b r i l s ,  may b e  d e r iv e d  from  m ic ro so m al RKA o r  may 

i n  f a c t  h av e  some im p o rta n c e  i n  m u sc u la r  a c t i v i t y .
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5 , The s u g g e s t io n  i s  made t h a t  a  g re e n  p ig m en t i n  e x t r a c t s  o f  b o th  

f r o g  and r a b b i t  m y o f ib r i l s  may b e  a n  a r t e f a c t  from  a  haem p ig m en t o f 

n i t o c h o n d r i a l  o r i g i n .

6 , I t  i s  fo u n d  t h a t  a  p h o sp h a te  f r a c t i o n  i s  p r e s e n t  i n  w ashed f r o g

and  r a b b i t  m y o f ib r i l s  w h ich  i s  n o t a s s o c ia te d  w ith  any  U V -ab so rb in g

s u b s ta n c e .  Chrom atogram s o f  th e  HCl e x t r a c t  from  th e  Y/ashed

32m y o f ib r i l s  o f  th e  f r o g  r e c t u s  ab d o m in is  p r e - in c u b  a  te d  Y id th  P -R in g e r  

s o lu t i o n  r e v e a l s  t h a t  t h i s  p h o s p h a te  f r a c t i o n  i s  more r e a d i l y  

e x ch an g eab le  th a n  th e  p h o s p h a te  o f  th e  a d e n in e  n u c l e o t id e s .

Cha p t e r  V

1 . The enzym ic e s t im a t io n  o f AlvIP, ADP and  ATP i n  n e u t r a l i s e d  a c id  

e x t r a c t s  o f  a c e to n e  pow ders o f w ash e d  f r o g  m y o f ib r i l s  i s  d e s c r ib e d ,

2 . I t  i s  fo u n d  t h a t  t h e  ATE/ADP r a t i o  i n  th e  HCl e x t r a c t s  o f  

m y o f ib r i l s  w h ich  have b e e n  t r e a t e d  w i th  ATP t o  in d u c e  c o n t r a c t i o n  i s  

g r e a t e r  im m e d ia te ly  a f t e r  n e u t r a l i s a t i o n  th a n  i n  th e  e x t r a c t  o f  th e  

c o n t r o l  m y o f i b r i l s .  The r a t i o  i s  a l t e r e d  i n  b o th  e x t r a c t s  when th e  

n u c le o t id e s  a r e  e s t im a te d  a g a in  2 h o u rs  l a t e r .

3« E s t im a t io n s  o f  th e  n u c le o t id e s  i n  HCIO^ e x t r a c t s  o f  th e  m y o f ib r i l s  

r e v e a l s  t h a t  i n  b o th  ATP t r e a t e d  and  c o n t r o l  m y o f ib r i l s  n e a r ly  a l l  t h e  

a d e n in e  n u c le o t id e  i s  ADP. I t  i s  c o n c lu d e d  t h a t  th e  ATP i n  th e  HCl 

e x t r a c t s  m ust b e  s y n th e s i s e d  from  ADP b y  a n  enzyme w h ich  i s  a l s o  

r e s p o n s i b le  f o r  th e  change i n  ATP/ADP r a t i o  a f t e r  n e u t r a l i s a t i o n ,  an d  

w h ich  i s  i n a c t i v a t e d  by  HClOj^,
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S in c e  th e  ATP i s  n o t  a p p a r e n t ly  s y n th e s is e d  fro m  ADP b y  m y o k in ase , i t  

i s  s u g g e s te d  t h a t  i t  m ust b e  fo rm ed  i n  a  p h o sp h o k in a se  r e a c t i o n  betw een  

ADP and an  unknown p h o sp h a te  -  c o n ta in in g  s u b s ta n c e ^  XP, t h u s : -  

ADP + XP X + ATP

4 .  A lth o u g h  th e  lo w er ATP/ADP r a t i o  i s  th e  HCl e x t r a c t  from  ATP- 

t r e a t e d  m y o f ib r i l s  th a n  i n  th e  e x t r a c t  fro m  th e  c o n t r o l  m y o f ib r i l s  d o es  

n o t  show t h a t  bound ATP i s  b ro k en  down i n  c o n t r a c t io n ,  i t  i s  s u g g e s te d  

t h a t  t h e  d i f f e r e n c e  b e tw e e n  th e  am ounts o f  ATP s y n th e s i s e d  fro m  ADP may 

b e  s i g n i f i c a n t  i n  th e  e x p la n a t io n  o f  t h e  ch an g es  o c c u r r in g  i n  th e  

m y o f ib r i l s  d u r in g  c o n t r a c t i l e  a c t i v i t y ,

5 .  The e x t r a c t i o n  o f  p r o t e i n  from  f r o g  m y o f ib r i l s  t r e a t e d  w i th  ATP 

and MgClg to  in d u c e  r e l a x a t i o n ,  b y  w ash in g  w i th  sm a ll  vo lum es o f  w a te r  

i s  d e s r i b e d .  I t  i s  fo u n d  t h a t  th e  p r o t e i n  i s  more r e a d i l y  e x t r a c t a b l e  

fro m  m y o f i b r i l s  t r e a t e d  u n d e r c o n d i t io n s  f a v o u r in g  r e l a x a t i o n .  The 

p r o t e i n  c o n ta in s  ADP and  some ATP w h ich  a p p e a r s  as  ADP w hen th e  p r o t e i n  

i s  p r e c i p i t a t e d  w ith  MgCl^. The s u g g e s t io n  i s  made t h a t  i t  may b e  a  

fo rm  o f  ac to m y o sin  d i f f e r i n g  from  t h e  ac to m y o sin  e x t r a c t e d  from  m u sc le  

b y  s a l t  s o l u t i o n s  i n  t h a t  t h e  a c t i n  i s  n o t  c o c ^ l e t e ly  p o ly m e r is e d ,

6 . The n u c le o t id e s  a r e  e s t im a te d  i n  e x t r a c t s  o f  M g -A T P -trea ted  

m y o f ib r i l s  w ashed  w ith  KOI to  p r e s e r v e  t h e i r  s t r u c t u r e .  The 

r e s u l t s  a g a in  i n d i c a t e  t h a t  th e  ATP i n  th e  HCl e x t r a c t s  i s  s y n th e s i s e d  

e n z y m ic a l ly  from  ADP,
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Chapter VI

1 . The m ain f i n  clings f  rom th e  e x p e r im e n ta l  v/ork a re  sum m arised  and  a  

th e o r y  o f  c o n t r a c t i o n  and  r e l a x a t i o n  i s  p ro p o se d  whi.ch c o u ld  e x p la in  

th e  r e s u l t s .  The th e o r y  in v o lv e s  th e  p r e s e n c e  o f  an  unknown p h o sp h a te - 

c o n ta in in g  s u b s ta n c e  XP bound to  a c t i n  i n  th e  n y o f i b r i l s  w h ic h  i s  a b le  

to  p h o s p h o ry la te  th e  bound ADP o f  a c t i n  th u s

XP . + A D P -a c tin  - > X  + A T P -a c tin

I t  i s  p o s tu l a t e d  x h a t s i n c e  t h e  io n ic  c o n d i t io n s  i n  v iv o  p ro b a b ly  

f a v o u r  th e  e x i s t e n c e  o f a c t i n  in  th e  p o ly m e r is e d  fo rm , th e  am ount o f  

A l 'P -a c tin  p r e s e n t  a t  an y  g iv e n  moment w ou ld  b e  m in u te  com pared w ith  th e  

am ount o f  A D P -ac tin  p r e s e n t .  A s e r i e s  of e v e n ts  i s  d e s c r ib e d  w h ich  

c o u ld  le a d  to  c o n t r a c t io n  even  th o u g h  th e  bound  n u c le o t id e  o f  a c t i n  i s  

m a in ta in e d  a s  ADP i n  b o th  c o n t r a c te d  and r e l a x e d  im y o f ib r i l s . However, 

more XP w ould  be p r e s e n t  i n  r e l a x e d  m y o f ib r i l s  a t  a  g iv e n  moment th a n  

w ould be p r e s e n t  i n  c o n t r a c te d  m y o f i b r i l s .

2 . I t  i s  c o n c lu d e d  t h a t  th e  ATP i n  th e  n e u t r a l i s e d  HCl e x t r a c t s  i s  

s y n b h e s is e d  fro m  ADP and XP r e l e a s e d  from  th e  a c e to n e  pow ders o f  th e  

m y o f i b r i l s ,  i n  a  r e a c t i o n  c a ta ly s e d  b y  th e  p h o sp h o k in a se  w n ic h  s u rv iv e s  

th e  a c id  t r e a tm e n t .

ADP + XP ...........  ■   » ATI" + X

I t  i s  s u g g e s te d  t h a t  t h e  ATP/ADP r a t i o  i s  h ig h e r  i n  th e  HCl 

e x b r a c t  from  c o n t r o l  m y o f ib r i l s  th a n  i n  t h e  e x t r a c t  from  A T P -tre a te d  

m y o f i b r i l s ,  b e c a u s e  m ore XP i s  p r e s e n t  i n  th e  c o n t r o l  n y o f i b r i l s .
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3 , The n a tu r e  o f  th e  w a te r - s o lu b le  p r o t e i n  and th e  p o s s i b l e  ch an g es  

le a d in g  to  i t s  e x t r a c t i o n  from  th e  m y o f ib r i l s  a r e  c o n s id e re d *

4 ,  The o b s e rv a t io n s  o f  o th e r  w o rk e rs  c o n c e rn in g  th e  s t a t e  o f  a c t i n  

i n  l i v i n g  m uscle  and  w h ich  s u p p o r t  t h e  p re s e n c e  o f  a  s u b s ta n c e  su ch  a s  

XP, a r e  d is c u s se d *
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