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T A B L E  I 

EFFECT OF D N [ '  ON ACTOMYOSIN A T P A s E  AT VARIOUS IONIC STRENGTHS 

No. I 

I 0.050 
2 0.068 
3 0.088 
4 °-15° 
5 0-300 

A airily without A cceleration by 
DNP #mol P,mg DNP 

protein/rain 

0.88 - - 9  
0.98 - - 2  
1 . o o  + 9 
1.o3 + 23 
0.60 + 112 

In  No. 1 : Actomyosin,  0.045 mg protein/ml;  KC1, O.OII M ;  CaC12, 5" lO-3 M ;  K-ATP, IO -3 M;  
glyoxaline-C1 p H  7.o, o.o163 M;  K-DNP,  4'  IO-3 M (or equivalent  KC1). In Nos. 2-5, I was raised 
by  fur ther  addition of KCI. 5 min, 25 °. Activity in absence of added Ca~+: o.o 5 ( l  = o.o5), o.22 
( I  = o . 3 o ) .  

The deaminase activity of one of our  L-myosin prepara t ions  was tested under  the following 
conditions (c[. ref.11) : o.o8 mg protein/ml ; o.o 4 ~'~I succinate buffer, p H  5.5 ; o.o2 M CaC! 2 ; 3" lO-3 M 
adenosine-5 ' -phosphate;  15 min at 25 °. NH 3 was determined by  microdiffusion (CoNwAY 12) followed 
by Nesslerisation. QNHa (ref-n) was 120o, and unchanged by  D N P  (2.5' IO -3 to 1.25" io 4 3/).  

To summarise ,  with both  mitochondria  6 and myosin D N P  accelerates the ATPase activity and 
this effect is abolished by  PMA; in neither sys tem does D N P  accelerate the ITPase  activity. On 
the other  hand, Ag ++ in low concentrat ions greatly accelerates mitochondrial  ATPase bu t  only 
inhibits myosin ATPase la. Actomyosin at high ionic s t rengths  behaves towards  D N P  and PMA 
similarly to myosin.  

We thank  Miss JENNIFER CAWKWELL for help with chromatographic  purification of ITP  and 
Miss JANET STICKLAND for technical assistance. One of us (D.M.N.) acknowledges a research grant  
from the Broodbank Fund  of Cambridge University. 
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The stimulation of the adenosinetriphosphatase activities of 
myoflbrils and L-myosin by 2:4-dinitrophenol 

In  the course of studies on the metabol ism of adenosinetr iphosphate  (ATP) by  intracellular 
components  of skeletal musclel,2, 3 it was noted t ha t  whereas the adenosinet r iphosphatase  (ATPase) 
activity of freshly prepared pigeon breast  muscle mi tochondr ia  was markedly  s t imulated by  IO -4 31 
2:4-dini trophenol  (DNP), this  subs tance  in concentrat ions ranging from io -4 to 5"1o-3 M failed 
to increase the ATPase act ivi ty of rabbi t  myofibrils. As this lat ter  observat ion did not  appear  to 
be consistent  wi th  WEBSTER'S 4 finding tha t  myosin ATPase was s t imulated by  DNP,  fur ther  investi- 
gations were carried ou t  to discover w h y  this difference in behaviour  should exist between the purified 
enzyme and myosin occurring natural ly  as ac tomyosin  in the myofibril. 
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In our s tandard  incubation medium (containing 0.005 3 /  CaCli, 0.05 ~ll-trishydroxynlethyl- 
aminomethane  (TRIS) buffer, p H  7.4, and o.oo 5 M-NaATP),  2-IO -a i~i r D N P  had little effect at 
2o°C  on the ATPase of rabbi t  myofibrils prepared as described by PERRX "~, al though inhibition 
became progressively greater  as the D N P  concentrat ion was increased to Io 2 3I. D N P  st imulated 
the ATPase activity of the myofibrils, however, when the ionic s t rength  of the incubation medium 
was increased (Fig. Ia). In  the presence of added o.o 5:1I KC1 little s t imulat ion was obtained, bu t  
at  higher concentrat ions the effect was quite marked. For example when o.2 ilI KCI was added 
to the incubation medimn 6. zo a 3 I -D N P induced ] 3 ° % increase in activity. 

\Vith Mg++ as the act ivat ing cation the myolibrillar ATPase falls rapidly as the ionic s t rength  
increases, with the result  tha t  in the presence of o.2 31 KCI activity is very low indeed 6. At all concen- 
t ra t ions  of KC1 within this range, 2.1o a ~ I -D N P caused slight inhibition of the Mg, ~-activated 
ATPase. 

\Vhen tested under  similar conditions to those used for the myofibril experiments,  Ca ++- 
act ivated L-myosin ~ ATPase was Iouud to be ahnost  maximally s t imulated by DNP in the absence 
of added KC1 (Fig. Ib). 

NaC1 was as equally effective as KCI in promot ing the s t imulat ion of the myofibrillar ATPase 
by DNP, bu t  for a given D N P  concentrat ion l<2SO ~ induced maximal  s t imulat ion at lower concen- 
trations.  In  general it could be said tha t  whereas the myosin ATPase was almost  Iully s t imulated 
by D N P  at  the ionic s t rength  of the s tandard  incubation medium, higher ionic s t rengths  were 
necessary to achieve s t imulat ion of the : \TI 'ase activity of myofibrils. Prel iminary exper iments  
suggested t ha t  under  the conditions for D N P  st imulat ion of myofibrillar ATPase activity at 2o ° C, 
the enzyme is par t ly  in solution. The presence of the ATPase in the sol form was not  by itself a 
prerequisi te for D N P  st imulation,  however, because in an incubation medium at  o ° C  containing 
added o.2 M KCI, 65% of the inyofibrillar ATPase was in solution and DNP induced inhibition 
ra ther  than  s t imulat ion (see later). 

Exper iments  carried out  on synthet ic  actomyosin made from pur i fed  L-myosin and actin s 
prepara t ions  showed tha t  when increasing amoun t s  of actin were added to myosin, the Ca++-activated 
ATPase became progressively less sensitive to D N P  stimulation.  In one series of exper iments  iu 
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Fig. I. Effect of D N P  and KC1 on the Ca +~-activated ATPases of rabbi t  myofibrils and L-myosin. 
Incubat ions  carried out  for io min at 2o ° C in the s tandard  incubation medium to which the following 

additions were made:  
• ~ \  /"  ® ® nil, ~ -i-]o.~_. :II-KC1 O - - D  o.431-KC1. "~ × o.o55I-KC1 . . . . . . . .  o.2:}/-KC1 

The reaction was s tar ted by the addition of the enzyme. Activity, measured as inorganic phosphate ,  
is represented as a percentage of tha t  obtained in the absence of bo th  D N P  and added KC1. 
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the  s t a n d a r d  i ncuba t ion  med ium,  myos in  ATPase  was s t i m u l a t e d  lOO% by 5 .1o  -3 M - D N P ,  bu t  
the  add i t i on  of increas ing  a m o u n t s  of ac t in  reduced  th i s  s t i m u l a t i o n  p rogress ive ly  un t i l  when  the  
myos in  to  ac t in  ra t io  was 3.2 to  I, s t i m u l a t i o n  was only  5 %- 

Mn ++ also a c t i v a t e d  the  myof ib r i l l a r  ATPase  b u t  l ike Mg ++ this  a c t i v a t i o n  fell off r ap i d l y  as 
the  ionic s t r e n g t h  of the  i ncuba t ion  m e d i u m  increased.  These ions differed in the i r  effects, however ,  
in t h a t  5" i o  3 D N P  s t i m u l a t e d  the  Mn+¢-ac t iva ted  myof ibr i l la r  ATPase bo th  in the  presence and 
absence of added  KC1 (0.2 M). 

The e x t e n t  of s t i m u l a t i o n  of the  myof ibr i l l a r  ATPase  by  D N P  when  Ca ++ was the  a c t i v a t i n g  
ion was  i n d e p e n d e n t  of the  concen t ra t ions  of enzyme,  or of s u b s t r a t e  iu the  range  IO 3 to lO .2 M. 
In  genera l  the  concen t r a t i on  of D N P  requi red  to  b r ing  abou t  m a x i m u m  s t i m u l a t i o n  increased w i t h  
r is ing ionic s t r e n g t h  a l t h o u g h  the  m a x i m u m  ra tes  of ATP hydro lys i s  t ended  to fall off wi th  increas ing  
ionic s t r eng th .  The effect of D N P  was shown to be revers ib le  by expos ing  myof ibr i l s  to 5" io  3 M - D N P  
in an i n c u b a t i o n  m e d i u m  which  induced  s t i m u l a t i o n  and then  d ia lys ing  e x h a u s t i v e l y  aga ins t  a solu- 
t ion c o n t a i n i n g  o.o39 M-bora t e  buffer p i t  7.1 and  o.o25 M-KC1. On fu r the r  add i t i on  of D N P  the  
ATPase of the  d ia lysed  myof ibr i l s  was s t i n m l a t e d  in a m a n n e r  s imi la r  to t h a t  of u n t r e a t e d  myofibri ls .  

Low concen t r a t i ons  of phe ny lm e rc u r i c  ace t a t e  (PMA) also s t i m u l a t e d  the Ca++-ac t iva ted  
ATPase  of myof ibr i l s  in the  presence of KCI. For e xa mp l e  in one e x p e r i m e n t  when the incuba t ion  
med ium con ta ined  o.125 M-KC1, 1.25. io  a 3 I  PMA s t i m u l a t e d  the ATPase  a c t i v i t y  115 % ; h igher  
concen t ra t ions  of PMA produced  inhib i t ion .  

S imi la r  s t i m u l a t i o n  effects w i th  PMA and  D N P  on myos in  ATPase  are repor ted  by  Drs. G. D. 
GREVILLE AND D. M. NEEDHAM in an a c c o m p a n y i n g  c o m m u n i c a t i o n  9. 

The e x p e r i m e n t s  descr ibed above  were car r ied  ou t  a t  2o '~ C, b u t  if i ncuba t ions  were carr ied 
out  in the  same m e d i u m  a t  o ° C  m a r k e d  differences were observed  in the  s t i m u l a t i o n  of myos in  
and myof ib r i l l a r  ATPases  by  DNP,  and  in the  a c t i v a t i o n  of the  myof ibr i l l a r  ATPase  by  Mg-+-% 

The effects were ob t a ined  in bo th  T R I S  and  g lyoxa l ine  buffers of pH  7-3 and 7.o r e spec t ive ly  
(measured  a t  2o ° C) and  were i n d e p e n d e n t  of the  pH changes  resu l t ing  from cooling these  buffers 
f rom 20 ° -  IO ° C.  

They  m a y  be s u m m a r i s e d  as follows: 
i .  For  a g iven ionic s t r e n g t h  the  s t i m u l a t i n g  effect of D N P  is much  reduced a t  o ° C. Addi t ion  

of D N P  ( io  -a io  -2 M) did no t  induce  a ny  apprec iab le  s t i m u l a t i o n  of the Ca ~ - a c t i v a t e d  myo-  
f ibr i l lar  ATPase  un t i l  the  concen t r a t i on  of added  KC1 was  raised above  0. 4 M, and whereas  5 ° % 
s t i m u l a t i o n  could  be ob t a ined  wi th  4 '  t ° - a  :~I-DNP in the  presence of 0.8 2~J-KC1, the  s t i m u l a t e d  
a c t i v i t y  was  lower t h a n  t h a t  shown by  the  myof ibr i l s  in the  absence of added  KC1 and DNP.  

2. A t  o ° C the  differences be tween  the  effect of D N P  on the  myos in  and myof ibr i l l a r  ATPases  
were no t  so g rea t  as those  obse rved  a t  20 ° C. No s t i m u l a t i o n  of myos in  was  ob t a ined  in absence 
of added  KC1 and in genera l  the  s t i m u l a t i o n s  o b t a i n e d  a t  h igher  ionic s t r e n g t h  by  DNP,  expressed  
as pe rcen tages  of a c t i v i t y  in the  absence of DNP,  were m u c h  lower t h a n  those  ob t a ined  a t  20 ° C. 

3. W h e r e a s  in the  absence of D N P  the  p a t t e r n  of Ca ++ a c t i v a t i o n  of the  myof ibr i l la r  ATPase  
was s imi la r  a t  o ° C and  20 ° C, Mg +÷ a c t i v a t i o n  was  cons ide rab ly  modif ied a t  the  lower t empe ra t u r e .  
At  o ° C in the  absence  of added  KC1 Mg++ inh ib i t s  a t  low concen t ra t ions  (circa o.ooi  3I)  and  a c t i v a t e s  
on ly  v e r y  s l i gh t ly  if a t  al l  in the  range  0.005 to o .oi  M. 

These inves t iga t ions ,  which  are now be ing  ex tended ,  ind ica te  t h a t  the re  are basic  s imi la r i t i es  
in the  ac t ion  of D N P  on myos in  ATPase  and on the  m i t o c h o n d r i a l  ATPase  sy s t ems  which  h a v e  
been p rev ious ly  s tud ied  2,1°,11, a l t hough  in the  l a t t e r  s y s t e m  s t i m u l a t i o n  is ob t a ined  a t  lower D N P  
concent ra t ions .  

We wish  to express  our t h a n k s  to  Mr. T. C. GREY for ski l led  t echn ica l  ass is tance,  and  to  the  
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