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t he  isolated R N A  s was sub jec ted  to alkaline hydro lys i s  yielding 2'  (3') mononuc leo t ides  which  
were s epa ra t ed  ch roma tog raph i ca l l y  9. Pools of non- rad ioac t ive  5'  U M P  and  orotic acid were added  
to t he  R N A  hyd ro ly sa t e  before c h r o m a t o g r a p h y  to localize a n y  rad ioac t iv i ty  ar is ing from con tami -  
na t i on  by  these  subs tances ,  b u t  t h e y  r ema i ned  unlabeled.  The  resu l t s  (Table I) show t h a t  t he  
2'  (3') ur idyl ic  acid ob ta ined  f rom the  R N A  was labeled and  it  m a y  be concluded t h a t  an  acid- 
soluble 5 ' -nucleot ide,  or a der iva t ive  thereof  was incorpora ted  into a dies ter  l inkage in a molecule  
wi th  t he  proper t ies  of RNA.  The  reac t ion  p robab ly  resul ts  in t he  label ing of a t  least  one t y p e  
of R N A  molecule.  These  conclus ions  are fu r the r  suppor t ed  by  the  s tudies  wi th  dies terase  repor ted 
herewi th  e. In  th is  reac t ion  sys t em,  the  specific ac t iv i ty  of the  R N A  begins  to decline af ter  45 
m i n u t e s  incuba t ion  and  t he  p rox ima l  precursor  is unknown .  The  s tud ies  by  OCHOA et al.Z, a offer 
possible  exp lana t ions  which  are be ing  tes ted  in bo t h  ins tances .  

T A B L E  I 
RADIOACTIVITY OF NUCLEOTIDES OBTAINED BY ALKALINE HYDROLYSIS OF CYTOPLASMIC R N A  

A 2o % h o m o g e n a t e  of r a t  liver in o . 2 5 M  sucrose  was  cen t r i fuged  Ios a t  6oo g and  t he  pellet  
was  washed  once wi th  an  equa l  v o l u m e  of sucrose which  was  t h e n  combined  wi th  the  first super -  
n a t a n t  f rac t ion to give the  " cy t op l a smi c  f rac t ion" .  F i f teen  ml  of th is  p repa ra t ion  were m i x e d  
wi th  an  equal  vo lume  of a reac t ion  s u p p l e m e n t  cons is t ing  of sucrose, o.25 M,  fumara te ,  o.oo8 M, 
p y r u v a t e  and  g lu t ama te ,  o.o2 ~ f  each, MgC12, o.oo6.~I, and  inorganic  p h o s p h a t e  o .o2M.  All 
acidic c o m p o u n d s  were in the  form of the  p o t a s s i u m  sa l t s  and  the  s u p p l e m e n t  was  ad jus t ed  
to p H  7.2, a f t  r t he  orotic acid or 5'  U M P  were added.  All c o m p o n e n t s  were a t  0 ° unt i l  t he  incu-  
ba t i on  a t  30 ° was  begun,  wi th  air in t he  gas  phase .  S upp l emen t s  of ATP,  f ructose and  ribose- 
5 -phospha t e  had  no beneficial effect and  A T P  inhibi ted  t he  incorporat ion.  The  react ion was  

s topped  wi th  perchloric acid a t  2o'. 

A cid-soluble/¢a~ion RNA 
A dd~4 ~,~ursor 

c~l/JM precursor c~I~A 5" UPM* c~tl~M #" (3") UMP** 

3 / ~ M  Orotic  acid-6-1*C 1.5. IOS 342, °00  88 
25 juM 5' UMP-4  -1~C o.I • lO s 70,000 53 

* Di lu t ion  of added  precursor  resu l t s  f rom endogenous  5 '  U M P  and  equi l ibra t ing  metabol i tes .  
** The  r ad ioac t iv i ty  of t he  o the r  3 nucleot ides  and  of added  5' U M P  and  orotic acid was  

negligible.  
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Effects of 2:4-dinitrophenol and other agents on the nucleoside 
triphosphatue activities of L-myosin 

Recen t  work  ha s  shown  t h a t  DNP *I ,  ~ and  P M A  t increase  t he  ATPase  and  decrease t he  I T P a s e  
ve loc i ty  of Ca++-act iva ted  L-myos in .  W e  now repor t  obse rva t ions  on o the r  nucleoside-5 ' - t r i -  
p h o s p h a t a s e  act iv i t ies  of th i s  enzyme .  

Thr ice-prec ip i ta ted  L - m y o s i n  was  prepared  f rom rabb i t  musc le  a. Ac t iv i ty  was  measu red  by  
i n c u b a t i n g  the  .enzyme (o. io mg/ml )  for 5 m i n  a t  25 ° wi th  o . o 5 M  a m i n o t r i s ( h y d r o x y m e t h y l ) -  
m e t h a n e  chloride, p H  7.5, 2 m M  subs t r a t e ,  and  o the r  add i t ions  as no ted  below. Unless  o therwise  

* Abbrev ia t ions :  ATP,  CTP,  GTP,  ITP,  UT P ,  adenosine,  cyt idine,  guanos ine ,  inosine a n d  
nr id ine  5 ' - t r i phospha te s  ; DNP,  2 : 4-d in i t rophenol ;  E DT A,  e thy lened iamine te t r aace t i c  acid;  PMA,  
pheny lmercu r i c  acetate .  
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stated, reaction was started by addition of enzyme. Production of inorganic phosphate was 
determined by the method of FIsxE AND SUBBAROW. Table I and Fig. 3 give, in absolute measure, 
the activities of myosin with the different substrates* under various experimental conditions. 
In Figs. x and 2 the activities with each substrate in the presence of DNP and PMA respectively 
axe shown as percentages of the activity in absence of these two agents. 

Effect of DNP (Fig, I). This was studied in the presence of 5 mM CaCI= and o. I M KCI. 
Effect of PMA (Fig. 2). 5 mM CaCl s was again added, but with o.4M KCI, because the 

percentage stimulation of ATPase activity due to PMA increases with the KCI concentrationL 
The enzyme was kept for 6 rain at 25 ° in complete incubation medium containing PMA but no 
substrate, and hydrolysis begun by addition of the latter; pre-incubation of enzyme in the presence 
of PMA augments the stimulation by this agent. 

% 

250 

20C ~ ,  

15C 

' I I I I I 
1 3 s 

D N P  c o n c e n t r a ~ . i o n  (raM) 

% 
35C 
30C 
25C 
20C 
15C 

10(3 
5C 

0 
P M A  c o n c e n t r a t i o n  (pM) 

Figs.  x and  2. Effect  of D N P  and  P M A  on t he  ra te  of hydro lys i s  of var ious  subs t r a t e s  by  Ca ++- 
ac t i va t ed  L -myos in .  The  ord ina tes  r ep resen t  enzymi c  ac t iv i ty  expressed  as a pe rcen tage  of t h a t  

in absence  of D N P  or PMA.  

TABLE I 

ENZYMIC ACTMTY OF L-MYOSIN (blmol. P/rag PROTEIN/rain) AT 25 ° (pH 7'5) 

o.z M KCI 0.4 M KCI* 0.05 M KCI 
$ mM CaCls 5 mM CaCts 

0.6 5 M K C l  

- -  z o  "4  M E D T A  z o  " s  M E D T A  z o  - a  M E D T A  

A T P  0.84 0.42 0.07 0.28 1.3o 1.88 1.54 
C T P  0.50 0.23 o.oz 0.08 o.z2 o.5x 0.43 
U T P  x.89 x .oo 0.04 0.o9 0.08 o.z8 o. x 8 
I T P  x.79 1.66 0.04 o.08 o.I2  o . to  0.07 

G T P  x.o 4 I.ZO 0.07 0.07 0.05 0.04 0.03 

* Reac t ion  s t a r t ed  b y  add i t ion  of s u b s t r a t e  6 rain af ter  enzyme .  

It is seen that both DNP and PMA caused strong stimulation with ATP and CTP as sub- 
st-rates, slight stimulation with UTP, and only inhibition with ITP and GTP. It may be significant 
that increasing the KCI concentration from o.x to o.4M about halved the Ca++-stimulated activity 
with ATP, CTP and UTP, but did not materially affect that with ITP and GTP (Table I, columns 
I and 2). 

Effect o/ E D T A  (Table I). A n o t h e r  subs t ance  affecting nucleoside t r i p h o s p h a t a s e  ac t iv i ty  
is t h e  che la t ing  agen t  E D T A ,  which  s t i mu l a t e s  AT P ase  ac t iv i ty  of KCl -ac t iva ted  L - m y o s i n  and  
actomyosin4,S;  t he  ITPase  and  U T P a s e  ac t iv i t ies  of a c t o m y o s i n  axe inhib i ted  6. E x p e r i m e n t s  wi th  
th i s  a g e n t  were Hone w i th  o.65 M KCI a n d  no Ca ++ in t he  m e d i u m .  I t  is clear (column 6) tha t ,  
w i th  L -myos in ,  t h e  effects of E D T A  rough ly  paral leled those  wi th  D N P  and  P M A  (Figs. I and  2), 
accelera t ion be ing  g rea te s t  w i th  A T P  and  CTP,  smal l  w i th  UTP,  and  negligible or absen t  wi th  
I T P  a n d  GTP.  

* Commerc ia l  p roduc t s  were used  (CTP, UT P ,  P a b s t ;  ITP ,  S igma;  ATP,  GTP.  P a b s t  and  Sigma).  
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Effect o~ NH4Cl (Fig. 3). 
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Fig. 3, Ac t iva t ion  of L - m y o s i n  by NH4CI, 
wi th  var ious  subs t ra tes .  

KIELLEY AND B R A D L E Y  6 repor ted  t h a t  NH4CI is s o m e w h a t  more  
effective t h a n  KC1 in p romo t ing  ac t iva t ion  of 
myos in  by  E D T A  wi th  A T P  as subs t ra te ,  and  
m u c h  more  effective t h a n  KC1 wi th  6 -hydroxy  
s u b s t i t u t e d  subs t ra tes .  We find t h a t  wi th  ATP,  
ITP,  U T P  and  CTP, b u t  not  GTP,  NH4C1 is a 
po t en t  ac t iva tor  even in absence of E D T A  
(oo.5 M KC1 was p resen t  th roughou t ) .  One notes, 
however ,  t ha t ,  wi th  respect  to subs t ra tes ,  there  is 
no para l le l i sm here  wi th  the  effects of DNP,  PMA 
or EDTA.  BANGA ~ found t h a t  wi th  ac tomyos in ,  
NH4CI was inferior even to KCI as ac t iva to r  of 
ATPase .  W i th  L - m y o s i n ,  however,  we find t h a t  
m a x i m a l  ac t iva t ion  of ATPase  by  N H ,  + was as 
g rea t  as t h a t  p roduced  by  Ca ++ , b u t  m u c h  higher  
concen t ra t ions  of NH4+ were required.  

The  expe r imen t s  repor ted  herein were done 
with a fixed react ion t ime  ", a t  one p H  va lue  
(at which  enzymic  ac t iv i ty  is lowS), wi th  a single 
subs t r a t e  concent ra t ion ,  and  at  one Ca ++ level 
(opt imal  for ATP).  Wi th  these  reservat ions ,  the  
resul ts  indicate  tha t ,  unde r  the  condi t ions  de- 
scribed for each, DNP,  PMA and  E D T A  all cause  
a large s t imu la t i on  of ac t iv i ty  with ATP  and 
CTP, a smal le r  one with UTP,  and none (or in- 
hibition) wi th  I T P  and  GTP.  The  ac t ions  of these  

th ree  agents ,  unde r  thei r  appropr ia te  condi t ions,  m a y  have  some th ing  in c o m m o n .  Possibly t hey  
affect e n z y m e  veloci ty  by  modi fy ing  some  interact ion,  dependen t  on t he  6-subs t i tu t ion ,  be tween  
t he  pur ine  and  py r imid ine  moiet ies  of the  subs t r a t e s  and  myosin .  The  6-amino  c o m p o u n d s  ATP  
and  CTP  behave  similarly,  b u t  the  difference be tween U T P  and  the  o ther  two 6 - h y d r o x y  com-  
p o u n d s  requires  exp lana t ion .  Inos ine  and  guanos ine  chelate  in terna l ly  with me ta l s  whereas  
uridine,  like adenos ine  and  cytidine,  c anno t  *. (ATP and CTP  m a y  possibly form chela tes  by 
l inkage of t he  6 - subs t i t uen t s  and  t e rmina l  phospha t e s  wi th  metal . )  The  order  A T P  ~ U T P  ~ I T P  
found  for s t imu la t i on  by  DNP,  PMA and  E D T A  applies also to BLUM'S TM values  for I/Km. Since 
D N P  accelerates  wi th  A T P  and  no t  ITP,  and  the  e n z y m e  appears  to be s a tu r a t ed  wi th  ATP  
unde r  our  condi t ions,  the  effect of D N P  is unl ikely  to be solely on Kra. The Be the sda  workers4, n 
have  s tud ied  the  possibi l i ty t h a t  E D T A  chela tes  wi th  Mg bound  to myosin .  D N P  m i g h t  also 
ac t  by  chela t ion;  however,  a phenol  which canno t  chelate,  pen tach lorophenol  (opt imal  concen-  
t r a t ion  z. Io-4M), also accelerates  the  ATPase  ac t iv i ty  of L-myos in .  
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