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S U M M A R Y  

2 m 5 I  p y r o p h o s p h a t e  r e s t o r e s  t he  c a p a c i t y  of  m u s c l e  granules ~'edimented at 
35,000 x g to relax muscle  fibres and inhibit  myofibrillar adenosinetr iphosphatase .  
These effects are reversed b y  Ca++; pyrophosphate ,  thus,  can replace the dialyzable 
c0tactor described in the preceding two  communieationsT, 8. Pyrophosphatase  destroys  
the act ivat ing effect of pyrophosphate  but  not that  of the co(actor present in the 
35,o0o × g-supernatant,  rendering it unlikely that the co(actor is identical wi th  
pyrophosphate .  

T h e  I o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d :  ATP,  a d e n o s i n e t r i p h o s p h a t e ;  P P ,  p y r o p h o s p h a t e ;  
P P a s e ,  p y r o p h o s p h a t a s e ;  A T P a s e ,  a d e n o s i n e t r i p h o s p h a t a s e ;  R F S ,  ref lexing f a c t o r  s y s t e m ;  Tr is ,  
t r i s ( h y d r o x y m e t h y l } a m i n o m e t h a n e .  

" P r e s e n t  a d d r e s s  : M e A r d l e  M e m o r i a l  L a b o r a t o r y ,  U n i v e r s i t y  of  W i s c o n s i n ,  M a d i s o n ,  V¢ise. 
** P r e s e n t  a d d r e s s :  D e p a r t m e n t  of t~hys io logy,  T u f t s  U n i v e r s i t y  Schoo l  ~f  Med ic ine ,  B o s t o n ,  

Mass .  
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INTRODUCTION 

B E N D A L I f l ,  working with  glycer inated fibre bundles,  found tha t  x--2 m 3 / P P  caused 
relaxat ion m the  presence of ATP. He later  suggested tha t  the RFS  might  function by 
producing pp4. A similar suggestion I~as recent ly been made by  LORANZ) et al .  5 in 
connection with  their  work on P E P  relaxat ion,  but  no direct evidence has been put  
forward for the par t ic ipat ion of P P  in the relaxat ion brought  about  by  the RFS.  
BOZLER AND ~RINCE ° observed t h a t  the  spontaneous  relaxation in ATP of fresh 
glycer inated fibre bundles w~s accelerated by PP  in concentrat ions as Iow as o. 4 m3I.  

I t  will be shown in this paper tha t  the dialyzable cofactor  of the RFST, ~ could be 
replaced by  PP ,  a l though the cofactor  was found not  to be identical  with PP.  

MATERLXLS AN1) METHODS 

All the preparat ions  and  de terminat ions  were carried out  as described in the preceding 
two communica t ions  v,s, using sucrose for the preparat ion of the 35,ooo "< g-granules. 
Crystall ine pyrophospha tase  was obtained th rough  the cour tesy of Dr. Kt :x r rz  of the 
Rockefeller Ins t i tu te ,  New -York. 

RESULTS 

The effect of PP  and  muscle granules sedimented  at  35,000 "< g on the ATP induced 
tension of g lycer inated single fibres is i l lustrated in Fig. *a. ,9 m~ll P P  was ~yithout 
effect on tension. Addi t ion  of granules, in a concent ra t ion  in which t h e y  were in- 

, effective by  themselves,  produced a good relaxation which was complete ly  reversed 
by Ca +-. In the experiment  i l lustrated in Fig. Ib  PPase  was added first, and  its 
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Fig ,  ] .  A c t i v a t i o n  of  t h e  r e l a x i n g  a c t i v i t y  of  
g r a n u l e s  b y  P P  a n d  35,000 X g - s u p c r n a t a n t .  
F i b r e s  h a d  b e e n  cx t r&c ted  w i t h  5o o~) g lyc0ro l  
fo r  a p p r o x i m a t e l y  300 d a y s .  (a) A t  o t i m e  t h e  
t ib re  w a s  p l a c e d  in  a b a t h  c o n t a i n i n g  5 m M  
A T P .  2 m 3 I  .MgCI~, 2o m: l I  T r i s  an t i  7 ° m M  
KCI. A t  t h e  f i rs t  a r r o w  a d d i t i o n  of  P F ,  final 
c o n c e n t r a t i o n  2 na,~ll ; G i n d i c a t e s  t h e  a d d i t i o n  
of g r a n u l e s  (final v o l u m u  c o n c e n t r a t i o n  in 
t e r m s  of  c r u d e  e x t r a c t .  22 o0). A t  7 ra in  Ca .*+ 
was  a d d e d ,  final c o n c e n t r a t i o n  2 m 3 I .  
(b) C o n d i t i o n s  a s  in (a) e x c e p t  t h a t  P P a s e  
w a s  a d d e d  be fo re  t h e  g r a n u l e s  ant i  P P ,  
(c) C( ,nd i t ions  a s  in  (b) e.xcep~: th&t  35,000 :< 
g - s u p e r n a t a n t  (SN) was  a d d e d  i n s t e a d  of  P P .  

lle/cret~ces p.  227.  
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presence completely prevent~.d the relaxat ion tha t  would have been produced by 
granules ,and PP.  Addi t ion of PPase  to a fibre relaxed by P P  and  granules reverses the 
relaxat ion (not shown in the Figs.). 

If  the 35.009 >,~ g-supernatant  was used, instead of PP,  wi th  granules, addi t ion 
of PPase  was wi thout  influence on the relaxation,  a l though it was reversed in the  
usual  manner  by  Ca (Fig. IC), This exper iment  would exclude the iden t i ty  of the  
cofactor  in the supe rna tan t  wi th  PP.  

P P  could replace the dialyzable cofactor  in the inhibit ion of myofibri l lar  ATPase  
(Fig. 2). Granules in a sufficiently low concent ra t ion  produce only a small inhibit ion,  
but  addit ion of 2 m , l l  PP  led to an almost  maximal  depression of ATPase.  z m/ l l  P P  
in the absence of granules was wi thout  effect on the myofibri l lar  ATPase. 
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Fig.  2. The  ef fec t  of  I~P on t h e  i n h i b i t i o n  b y  g r a n u l e s  of m.vofibr i l lar  A T P a s e ,  A b c i s s a :  
c o n c e n t r a t i o n  of  g r a n u l e s  in t e r n l s  of a n  e q u i v a I e n t  v o l u m e  o1 c r u d e  e x t r a c t .  O ,  g r a n u l e s ;  

~,-t g r a n u l e s  + 2 m3.1¢ PP. 

DISCUSSION 

The result tha t  PP  can replace the dialyzable eofaetor  i r  the R F S  furnishes an  
explanat ion of the earlier observat ions of BEN~ALL z attd of LOZL~R .~ND PRINCE 6 t h a t  
P P  in low concentra t ions  relaxes glycer lnated fibre bundles in the  presence of ATP. 
Presumably  their  fibres contained the granular  componeut  of the relaxing fac tor  bu t  
were deficient in the dialyzable cofactor.  PORTZEHL's finding" t h a t  even higher con- 
centrat ions,  15 m3I,  of PP  failed to affect the tension produced by  ATP are probably  
due to the fact  t h a t  the exper iments  were done wi th  t ho rough ly  washed fibres devoid 
of the  RFS.  

Both  the P P  effects observed by  BI~SDALL and by  BOZLER AND PRINCE and the  
PP  effect when replacing the  cofactor  were inhibi ted by  Ca* ~. 

In  view of our results it is t empt ing  to speculate tha t  P P  is somehow involved in 
muscle relaxation.  The failure of PPase  to counteract  the cofactor  ma'_zes a direct  
par t ic ipat ion uniikely, and  the ad~orption of the  eofactor  on charcoaF,  a is also at  
var iance wi th  the behavior  of PP.  

Al though P P  and  the cofac~;or do not  seem to be identical,  the P P  effect m a y  
provide useful clues to the mecimnism of the ~,-~,l~r:~ since the cofaetor  and  P P  m a y  
have  some features in common.  I t  is not  unreasonable  to suppose tha t  the cofactor  
and  P P  both  act  on the granules,  perhaps by  s t imula t ing  the release of some sub- 
stance which is u l t imate ly  responsible for re laxat ion or by main ta in ing  their  s t ruc tura l  
and  funct ional  integri ty.  Eluc ida t ion  of this  problem mus t  await  fur ther  work,  
including isolation and  character izat ion of the eofactor.  . ,  

References p. 227. 
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S U M M A R Y  

A spectrophotometric assay for the synthesis of long-chain fa t ty  acids from acetyl 
CoA which depends upon the oxidation of TPNH has been described. The oxidation 
of TPNH requires all the components of the system and correlates very well with 
the incorporation of radioactivity from [i-14C]acetyl CoA to palmitate. 

The stoichiometry oZ the fa t ty  acid synthesis has been studied and the results 
for the synthesis of palmitic acid may  be expressed by the following equation: 

R i g  a n d  I¢.2¢ 
8 AcCt~A + I f  A T P +  I 6 T t ' N i l  ) p a l m i t i c  a c i d  + 16 A D P +  16 Pt + I 6 T P N  . 8  CoA 

H C O a - ,  M n  ++ 

T h e  f o l l o w i n g  a b b r o v i a t i o n s  w e r e  u s e d :  AcCoA,  a c e t y l  c o e n z y m e  A;  CoA, c o e n z y m e  A;  TP~N" 
a n d  T P N H ,  o x i d i z e d  a n d  r e d u c e d  t r i p h o s p h o p y r i d i n ¢  n u c l e o t i d e :  D P ~  a n d  D P N H ,  o x i d i z e d  a n d  
r e d u c e d  d i p h o s p h o p y r i d i n e ;  A T P ,  a d e n o s i n e  t r i p h o s p h a t e :  A D P ,  a d e n o s i n e  d i p h o s p h a t e ;  P t ,  
o r t b o p h o s p h a t c ;  a n d  R x g a n d  R2, ,  t h e  t w o  e n z y m e  p r e p a r a t i o n s  r e f e r r e d  t o  i n  ref .  4, 
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