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Effect of 2:4-dinitrophenol and phenylmercuric acetate 
on enzymic activity of myosin 

The m e c h a n i s m  w he re by  DPN* uncouples  phosphory l a t i on  fronl ox ida t ion  and accelera tes  
ATPase  a c t i v i t y  in m i toc hond r i a  is unknown.  After  WEBSTER t had  not iced t h a t  DNP,  in ra ther  
h igh  concent ra t ions ,  increased the  ATPase  a c t i v i t y  of myosin,  we began  to i nves t i ga t e  th i s  effect 
in  the  hope t h a t  u l t i m a t e l y  l igh t  m i g h t  be t h rown  on the in te rac t ion  of D N P  wi th  an enzyme  sys tem.  
Some p re l im ina ry  obse rva t ions  are given here. 

Thrice p rec ip i t a t ed  L-myosin and four t imes  p rec ip i t a t ed  ac tomyos in  were prepared",  :~ from 
r a b b i t  ske le ta l  nluscle. Myosin ATPase a c t i v i t y  was usua l ly  measured  by  i n c u b a t i n g  the  enzyme  
(o.o8-o.15 mg  pro te in /ml )  for 5 rain a t  25 ~', with  o.o65 3I g lyoxa l ine  pH 7.o, o. i  +ll KCI, o.oi  M CaC1, 2 
and  1-2 • io  a 31 ATP. The reac t ion  was s t a r t ed  by  add i t ion  of the  myosin.  The accelera t ion  by  D N P  
was  ]o1%, (5" Io-a  3q), 93 o,/~ (3. lo-a  31), 70% (2 - 1o a 3'/), 5~/o( o/ (1.5 . i o . a  j ] ) ,  32 Oo (7.5" Jo 4 -ll), 
15°/o (3. IO-4 .l]) and  ~% (3-1o a 31). 

E x p e r i m e n t s  wi th  h e a v y  meta l s  and  h e a v y  me ta l  combin ing  agen ts  gave  no ind ica t ion  t h a t  
D N P  acts  by  r e m o v i n g  i nh ib i t o ry  h e a v y  me ta l  ions. Measurement s  of the  absorp t ion  be tween  230 
and  280 nl/~ of D N P  and ATP sepa ra t e ly  and toge ther  in presence of Ca +~ gave  no evidence  of 
comb ina t i on  be tween  D N P  and the  subs t ra te .  

As two SH-combin ing  reagents ,  p-chloro- 
mercur ibenzoa te  (LARDY AND \VELLMAN 4) and  PMA 5 
(CHApPELL6),  p reven t  the  s t i m u l a t i o n  of mi tochon-  
dr ia l  ATPase  by  DNP,  we have,  a t  Dr. CIfAPPELL'S 
suggest ion,  s tud ied  the  effect of PMA on myosin  
ATPase  (Fig. I). In  absence of DNP,  PMA in low 
concen t ra t ions  (5" lO 7 to 4" io  631) was acceler- 
a tory ,  in h igher  concen t ra t ions  inh ib i to ry .  The 
acce lera t ion  by  PMA became progress ive ly  g rea te r  
w i t h  increas ing  KC1 concent ra t ion .  LARDY AND 
\VELLMAN 4 s t a t e  t h a t  o- iodosobenzoate  acce lera ted  
the  ATPase  of aged r a t  l iver  mi tochondr ia ,  bu t  
CHAPPELL 6 found no acce lera t ion  by PMA wi th  
pigeon breas t  muscle  mi tochondr ia .  Fig. i shows t h a t  
PMA coun te rac t s  the  acce lera t ion  by  DNP.  Indeed,  
whereas  D N P  (2.1o 3M)  and  PMA (4.1o 6M) 
were each accelera tory ,  when  added  toge the r  t h e y  
caused a m a r k e d  inhib i t ion .  W i t h  PMA in s l igh t ly  
i nh ib i t o ry  concent ra t ion ,  no concen t ra t ion  of D N P  
was  found a t  which  acce lera t ion  occurred.  

CItAPPELL 6 found t h a t  ITPase  a c t i v i t y  of 
muscIe mi tochond r i a  was  una l t ec ted  by  D N P  in low 
concen t ra t ions  (c/. ref.a); h igher  concen t ra t ions  
inhibi ted .  The b r e a k d o w n  by  myos in  of ITP,  more 
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Fig. i .  Effect  of D N P  and PMA on ATPase  
a c t i v i t y  of L-myosin. Prote in ,  0.1 m g / m l ;  
ATP, 2 • I0 -3 M. For  o ther  condi t ions  see text .  
- - © - - - W i t h o u t  D N P ;  - - × -  2. i0  -a 2V/DNP. 

rap id  t h a n  t h a t  of ATP under  our condi t ions  (c[. K L E I N Z E L L E R  7) w a s  unaffected by  D N P  up to 
2 . i o  5 3 I ;  above  th i s  there  was inhibi t ion ,  r is ing to 70%  a t  2 . i o  a ~I. No acce lera t ion  by  PMA 
was  observed,  inh ib i t ion  becoming  progress ive ly  g rea te r  w i t h  increas ing  concen t ra t ions  above  i o  - 7  M .  

The smal l  res idual  a c t i v i t y  of myos in  ATPase in absence of added  Ca ++ was s l igh t ly  inh ib i t ed  
by  2. io -a 3 t  DNP.  As tile Ca +/ concen t ra t ion  was lowered from the  opt imal ,  the  pe rcen tage  acceler- 
a t ion  by  2 - i o  a AI D N P  progress ive ly  fell to  zero. On the  o ther  hand,  as the  a c t i v i t y  in presence 
of Ca + ~ was decreased by  add i t ion  of increas ing  an loun t s  of Mg++ (which competes  wi th  the  Ca ++~) 
the  pe rcen tage  acce lera t ion  by  2. io  a . lI  D N P  progress ive ly  increased.  

W i t h  ac ton lyos in  a t  low ionic s t r eng th  (/) no a c t i v a t i o n  by  D N P  was observed;  bu t  a t  h igh  [ 
(when the  behav iour  of ac tomyos in  ATPase shows resemblances  to  t h a t  of myos in  ATPase  9) a c t i va t i on  
was  ob t a ined  (Table 1). \ '\:ith ac tomyos in  (0.045 mg/ml)  a t  low ionic s t r e n g t h  (below o.o5), a c t i v a t e d  
by  Mg ++ (3" io  4 M) or Ca++ (5" ~o 3 M), PMA was inh ib i to ry  above  6. Io 7 M, and lower concen- 
t r a t i ons  failed to accelerate .  Addi t ion  of I ) N P  (2-IO 3 ~1I) s o m e w h a t  increased this  inhibi t ion .  At  
[ = 0.3, w i th  Ca ~+ ac t i va t i on  as above.  PMA accelera ted  be tween  2. io  7 zl/i and  2 • 1o -6 M;  in h igher  
concen t ra t ions  i t  was inhib i tory .  W h e n  D N P  (4" 1o a 34) was added,  resul ts  s imi lar  to those  wi th  
myos in  (Fig. I) were obta ined.  

SimiIar  et!fects of D N P  on myos in  and ac tomyos in  ATPase are repor ted  by  Drs. J. B. CHAPPELL 
AND S. \~. PERRY 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  1°. 

* Abbrev ia t i ons :  DNP,  2 :4 -d in i t rophenoI ;  ATP, a denos i ne t r i phospha t e ;  PMA, pheny lmercu r i c  
ace t a t e ;  ITP,  inos ine t r iphospha te .  
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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.  
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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. 


