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On the separation of adenFlate kinase of the water-sohtble 
l iver fraction f rom nu¢leoslde monophosphate kinase 

I t  has been previously shown by  the settler au thor  S t h a t  mammal i an  liver tissue 
contains a water-soluble adenyla te  kinase (ADP phosphomutase)  which differs in 
some respects from the adenyla te  kinase of muscle (myokinase).  In view of the 
recent discovery of nucleoside monophosphate  kinases ~ the ,question arises as to 
the specificity of the water-soluble hepatic adenyla te  kinase. 

Yeast  nucleoside monophosphate  kinase has been shown 2 to be different from 
adenyla te  kinase. The former enzyme has also been detected in var ious liver prepa- 
rat ions s-5 but  the question remained open whether  or not  this enzyme is dis t inct  
from adeny!ate  kinase. 

I t  has been shown in an earlier paper 7 tha t  the adenyla te  kinase and nucleoside 
moxtophosphate kinase of aqueous ext rac ts  from rabbi t  liver are different entities 
insofar as their response to changes in the pH of the medium and to heat ing  is con* 
cerned. The present publicat ion reports the separation of the two enzymes b y  e thanol  
fractionatiorz of dialysed aqueous liver extrocts  of rabbit  liver prepared as described 
previously x. The ethanolic precipitates were dissolved in water,  reprecipi tated wi th  
ethanol,  dried i n  vaauo  in the cold, dissolved in a definite volume of water  and then  
used in the experiment.  

To assay the ac t iv i ty  of adeny | a t e  kinase or nucleoside monophospha te  kinase 
aqueous solutions of the ethanol  fractions were incubated  3o rain with the respective 
substrates  (o.5 to 1..5 t~M), phosphate  buffer (pH 7.6) and o.oo 5 ~I  Mg ÷+. Prote in  
was precipi ta ted wi th  HCIO4, the excess of the acid being removed as the insoluble 
potassium salt. The reaction products  were es t imated  in tim superna tan t  by  paper 
chromatography  in two solvent systems (e thano l -ammonium acetate,  pH 3.8 s and  
isobutyric ac id -NHz-e thy tened iamine te t raace ta te  9 followed by  elution of the spots 
and  spectrophotometr ic  est imation of the absorbancies of the eluates. In  some ex- 
per iments  the reaction products  were analyzed by  fractional  elutlon from chromato-  
graphic columns with anion-exchange resins (A~V-I6 or Amberli te IR-4oo) ~0. 

Prel iminary  fract ionat ion of the enzyme ext rac t  with e thanol  showed tha t  
adenyta te  kinase ac t iv i ty  was found in the o - r e %  ethanol  fraction while tha t  of 
nucleoside monophosphate  kinase is in the  40-5o % ethanol  fraction. In this  way ,  
practically complete separation of the enzymes can be achieved almost  wi thou t  
mutual  contam~_nation. In contras t  to experiments  on crude extracts  7, the e thanol  
fractions did not  exhibit  any  apparent  nucleoside tri- or di-phosphatase oc t iv i ty  
and  hence did not  require any  addit ional  t rea tment .  

Fig. I illustrates the de terminat ion  of adenylate  kinase ac t iv i ty  (substrates:  
ATP + AMP) in ethanol  fractions of the aqueous ext rac t  of liver, and Fig. 2 the  
determinat ion of nucleoside monophosphate  kiaase ac t iv i ty  wi th  ATP + UMP as 
substrates.  I t  is clear tha t  the adenyla te  kinase reacticn can be detec ted  in fraction I 
(o-~_o % ethanol) but  not  in fraction 2 (40-50 % ethanol),  whereas the nucleoside 
monophosphate  kina.~e reaction takes place in fraction 2 but  not in fraction I. A quite  
similar dis tr ibut ion of act iv i ty  in the ethanol  fractions has been found for the nucleo- 

Abbrev ia t ions  : ATP, adenosine tr i l~lmsphate ; ADP, adenosine d ipho~phate ;  AMP, adenosine-  
5-phosphate ;  UTP, ~widiue t r i phospha te  ; UMP, ur idi r ie-5-phosphate;  GMP, "luartosine-5-phos- 
pha te ;  ITP,  inosine t r iphospha te ;  IMP,  ino~sine-5-phosphate, 
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side monophosphate  kinase with ATP-GMP,  UTP-AM P and [TP-AMP as substrates. 
The reaction in fraction z was always negative with the following substrate pairs: 
UTP-UMP,  ITP- !MP,  ITP GMP and ITP UMP. 
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F i g .  1. Tiac a c t i v i t y  o f  a d o n y l a t c  k i n , . s e  in 
e t h a n o l - p r e c i p i t ~ t t e d  f r a c t i o n s  frorl l  aqt ie~}us 
e x t r a c l ;  o t  r a b b i t  l iver .  "File rc-~tdts ;'-re g i t ' e n  in 
% of  t o t a l  E¢~ a for  e a c h  ass+ty.  T h e  re ; to* ion  
p r o d u c t s  w e r e  f r a c t i o n a t e d  o n  ,2 c o l u m n  ,M 
A m b e r l i t e  I R q o o .  a, c o n t r o l  ; b,  o - 2 o  % e t h a n ~ t  
f r a c t i o n ,  ¢, 4 o . . 5 o %  e t ix~no l  f r a c t i o n ,  l ,  A M I ' :  

2, A I ) P ;  3, A T I ' .  

t : i~ a. 1-t.,c a c t i v i t y  o f  n u c l e o s ~ d e  m , , ~ , . p h o s -  
pla,t tv k i u a s e  in  c t h a n o i - p r e c i p i t a c e t i  i r a c t l 0 n s  
f r m n  &que*~tts e x t r ' . t c t s  o f  r a b b i t  l ive r ,  S y m ' b o l s  
a r e  t i l e  s a m e  a s  in I:i~. i ,  e x c e p t  for  g u b s t r a t e s :  

t ,  t ; M l ' :  _% U D I ' ;  3 ,  A 1 ) P ;  4,  A T P .  

It  thus  appears tha t  adenylate  kinasc of the water-soluble liver fraction catalyses 
phosphate  transfer  only between at lenine nucleotides. 

Nucleoside monophosphate  kinase appears to catalyse phosphate transfer from 
nucleoside t r iphosphate  to nucleo.,,ide monopllospiaatc under the following condit ions: 
{1) The nueleotides of each pair should contain different bases. No reaction can be 
obta ined  between nucleotides with similar bases (adenine nucleotides included). 
(a) In every nucleotide pair 0nc of the nueleotides (the phosphate  donor or accepter) 
should be an adenine nucleotide. 

Tha t  an adenine nucleotlde is necessary for mmleoside monophosphate  kinase 
has been shown earlier z,a. This is confirmed by the present da ta  with regard to 
the  water-soluble liver enzyme. 
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