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Short Communications and Preliminary Notes 

STOICHIOMETRIC AND DYNAMIC IMPLICATIONS OF THE 

PARTICIPATION OF ACTIN AND ATP IN THE 

CONTRACTION PROCESS* 

by 

W. F. H. M. MOMMAERTS** 

Department of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina (U.S.A.) 

T h e  p r e sen t  c o m m u n i c a t i o n  s u m m a r i z e s  some  phys io log ica l  consequences  of r ecen t  s tud ies  con-  
ce rn ing  t h e  role of  A T P  in  t h e  molecu la r  t r a n s f o r m a t i o n s  of act in .  I t  is a s s u m e d  t h a t  t h e  po lymer i -  
za t ion  a n d  depo lymer i za t ion  of th i s  p ro t e in  t ake  place  in  t he  con t rac t i l e  cycle (SzENT-GY6RGYI1; 
PARRISH AND ~¢~OMMAERTS2). 

As h a s  been  shown  in  t h i s  l a b o r a t o r y  b y  t he  s t u d y  of pure  ac t in  preparat ionsS,  4, t h e  po lymer i -  
za t ion  of ac t in  is  assoc ia ted  w i t h  a s to i ch iomet r i c  b i nd i ng  a n d  d e p h o s p h o r y l a t i o n  of A T P  to ADP,  
in  s u c h  m a n n e r  t h a t  i mole  of t h e  nuc leo t ide  is decomposed  b y  t he  r eac t ion  w i t h  a b o u t  6o,ooo g r a m s  
pro te in*** .  If  musc l e  c o n t a i n s  2 5 to  3 ° m g  of ac t in  per  g r a m  5, t he  r eac t ion  in vivo would  i m p l y  t he  
d e p h o s p h o r y l a t i o n  of 4 to 5" Io-~ mole  A T P  per  g r a m  muscle .  T h i s  is t he  s a m e  a m o u n t  of  nuc leo t ide  
as h a s  been  found  to pa r t i c ipa t e  in  one  t w i t c h  of t h i s  a m o u n t  of  musc le  sd.  

W h i l e  for t h e  revers ib le  depo l ymer i za t i on  of ac t in  in vitro A T P  has  to be  p rov ided  b y  t he  
expe r imen te r ,  i t  is a s s u m e d  t h a t  in vivo t h e  b o u n d  A D P  is r e p h o s p h o r y l a t e d  b y  a p h o s p h a t e  donor  
sy s t em.  R e p e a t e d  po lymer i za t i on  a n d  depo lymer i za t ion  in  t e t an i c  a c t i v i t y  will t h e n  lead  to a s t e a d y  
s t a t e  of  b r e a k d o w n  of ene rgy- r i ch  phospha t e .  

The  phys io log ica l  r a t e  of  d e p h o s p h o r y l a t i o n  h a s  been  e s t i m a t e d  for a few cases  7 ; for frog sartorius 
a t  2o °, i t  a m o u n t s  to a convers ion  of A T P  to A D P  a t  a ve loc i ty  of 3 '  lO-4 mole  per  g r a m  musc le  
per  m i n u t e ,  or  of 2 - lO -4 for t h e  gastrocnemius, whereas  a r a t e  of lO -3 mole  per  g r a m  per  m i n u t e  
appea r s  to  be a r e p r e s e n t a t i v e  ave rage  for m a m m a l i a n  muscle ,  ac t ive  in vivo. 

Such  t e t an i c  a c t i v i t y  does no t  cons i s t  of  a r epe t i t i on  of ful l  twi tches ,  b u t  is ~ sequence  of in-  
comple te ,  and  i n c o m p l e t e l y  reversed,  p r i m a r y  processes  s. The  "degree  of c o m p l e t e n e s s "  h a s  been  
def ined a n d  e s t i m a t e d  b y  t h e  a u t h o r  e lsewhere  s. 

I t  is  f ound  t h a t  for a frog sartorius a t  2o °, s t i m u l a t e d  a t  a r a t e  of i8o  cycles  per  second in  t he  
e x p e r i m e n t s  of  HARTREE AND HILL s, t h e  c o m p l e t e n e s s  of  each  e v e n t  is i i % ,  whereas  in  t h e  work  of 
LUNDSGAARD 10 on  t h e  gastrocnemius s t i m u l a t e d  5 ° t imes(? )  per  second t h e  comple t enes s  is a b o u t  14%.  

If  t he  s t e a d y  b r e a k d o w n  of A T P  is due  to a r epea t ed  p o l y m e r i z a t i o n  of ac t in  a n d  i t s  reversal ,  
a t  a f r e q u e n c y  equa l  to  t h a t  of s t i mu l a t i on ,  a n d  w i t h  a comple t enes s  as  i nd i ca t ed  above,  t he  ra te  
of d e p h o s p h o r y l a t i o n  m a y  be ca lcula ted .  

For  t h e  f rog gastrocnemius, 50 e v e n t s  per  second  w i t h  a comp le t enes s  of 1 4 %  of t h e  m a x i m a l  
va lue  of 5" IO-7 mole  per  g r a m  would  accoun t  for a ra te  of d e p h o s p h o r y l a t i o n  of 2. Io  -4 mole  per  
g r a m  per  m i n u t e .  For  t h e  sartorius u n d e r  t h e  g iven  c i r cums tances ,  a va lue  of 6. lO-4 mole  pe r  
g r a m  per  m i n u t e  resul t s .  These  va lues  agree  c losely  w i t h  t h e  ac tua l l y  obse rved  r a t e s  of b r e a k d o w n  
of 2. Io -~ resp. 3" lO-4 mole  pe r  g r a m  per  m i n u t e .  

* T h i s  i nves t i ga t i on  was  s u p p o r t e d  b y  a resea rch  g r a n t  No. H-229 f rom t h e  Na t i ona l  H e a r t  
I n s t i t u t e  of  t he  Na t i ona l  I n s t i t u t e s  of Hea l t h ,  U .S .P .H .S .  

** T h i s  work  was  done  du r i ng  t h e  t enu re  of an  E s t a b l i s h e d  I n v e s t i g a t o r s h i p  of t he  A m e r i c a n  
H e a r t  Associa t ion .  

*** The  d i s appea rance  of A T P  a n d  t he  f o r m a t i o n  of A D P  du r ing  t h e  po lymer i za t i on  of c rude  
a c t i n p r e p a r a t i o n s  h a s  been de tec ted  b y  STRAUB 14 resp.  LAK115. 



478 SNORT COMMUNICATIONS, PRELIMINARY NOTES VOL. 7 (1951) 

I t  m u s t  be emphas i zed  t h a t  t hese  r e su l t s  are  not based  u p o n  a n y  k ine t ic  a spec t s  of t he  ac t in  
t r an s fo rma t ions .  The  ra tes  of po l ymer i za t i on  a n d  depo lymer i za t i on  in vivo are n o t  k n o w n  (compare 
PA~mSH AND MOMMAERTS s) a n d  would  in  a n y  case  n o t  be a su i t ab le  base  for ca lcu la t ion  due  to 
the  d i s con t i nuous  n a t u r e  of t h e  events .  

As  h a s  been po in t ed  ou t  r e p e a t e d l y  by  t he  a u t h o r  (e.g., references  7,11; compa re  also BRAVERMAN 
AND MO~GULISXS; PERRYXS), t h e  e n z y m i c  a c t i v i t y  of m y o s i n - A T P a s e  c a n n o t  accoun t  for t he  ra te  of 
b r e a k d o w n  of A T P  in phys io logica l  ac t iv i ty .  T he  p r e sen t  cons idera t ions  sugges t  t h a t  phys io logica l  
d e p h o s p h o r y l a t i o n  is no t  due  to s t r a i gh t  e n z y m i c  hydrolys is ,  b u t  is l inked  w i th  t he  repea ted  molecular  
t r a n s f o r m a t i o n s  of act in.  
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The  a d a p t a t i o n  of a m i c ro -o rgan i sm  for t h e  u t i l i s a t ion  of a g iven  s u b s t r a t e  invo lves  t he  s imul -  
t a n e o u s  a d a p t a t i o n  for t he  i n t e r m e d i a t e  me tabo l i c  s u b s t a n c e s  der ived  f rom th i s  subs t r a t e .  Th i s  
logical imp l i ca t i on  h a s  been  used  b y  STANmR 1, KAm.SON AND BARKSR z, AJL 3 in  t h e  s t u d y  of ox ida t ion  
b y  bacter ia .  

The  s ame  m e t h o d  can  be  use fu l ly  emp l oyed  in t he  i nves t i ga t i on  of a m i n o  acid me tabo l i sm .  
I n  t h i s  case one can  c o n v e n i e n t l y  m e a s u r e  t he  g rowt h  of t h e  bac te r i a  as t he  response  to  t he  u t i l i sa t ion  
of a g iven  a m i n o  acid.  T he  lag  phase  can  be in te rpre ted ,  a t  l eas t  par t ia l ly ,  as  t he  t i m e  necessa ry  
for t he  s y n t h e s i s  of t h e  e n z y m e  invo lved  in t he  u t i l i s a t ion  of a g iven  s u b s t r a t e  4. I n  t he  course  of 
a s t u d y  on  t h e  m e t a b o l i s m  of g l u t a m i c  acid in  B. subtilis (s t ra in  Ms), i t  h a s  been  observed  t h a t  t h i s  
b a c t e r i u m  requi res  one of t he  fol lowing a m i n o  acids :  g l u t a m i c  acid, a spa r t i c  acid, arginine,  o rn i th ine  
or prol ine.  The  re l a t ionsh ip  be tween  t he se  a m i n o  acids  is well  known6,e,Ls,  s. One  m a y  ask, whe the r  
t he  bac te r i a  use  t he  g l u t a m i c  acid in  r e p l a c e m e n t  of a rg in ine  or prol ine  or if t hese  two a m i n o  acids  
are  conver t ed  in to  g l u t a m i c  acid, wh i ch  is s econdar i ly  used  as  t he  n o r m a l  source  of n i t rogen.  

I n  t h e  e x p e r i m e n t s  r epor t ed  here, t h e  bac t e r i a  are g rown  in  ae ra t ed  m e d i a  con t a in ing  t h e  
o r d i n a r y  mine ra l  sal ts ,  g lycerol  M/20, a n d  one of t he  above  c i ted  a m i n o  acids  a t  M/200.  W h e n  
bacter ia ,  wh ich  h a v e  been g rown on g l u t a m i c  acid are w a s h e d  a n d  used  as large i n o c u l u m  in  cu l tu re  


