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A P H O S P H A T A S E  S P E C I F I C  F O R  N U C L E O S I D E  I ) I P H O S P H A T E , q *  

by 
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[*zslitute /or E~zyme Research, University o/ Wisconsin, kfadison, Wisconsin (U.S.A.)  

The  e n z y m e  p r e p a r a t i o n  f r o m  p o r k  k i d n e y  m i t o c h o n d r i a  wh ich  ca t a lyzes  the  

p h o s p h o r y l a t i o n  of GDP~ or I D P  by  P i - - a  p rocess  l i nked  to  t h e  b r e a k d o w n  of succ inyl  

C o A l - - h a s  r e c e n t l y  been  r e p o r t e d  2 to  con t a in  a m y o k i n a s e - l i k e  a c t i v i t y a , <  5 which  

p e r m i t s  t r a n s p h o s p h o r y l a t i o n s  b e t w e e n  the  fo l lowing  pai rs  of nuc l eo t ide s :  

(I) GTP q- AMP ~ GDI'  [ ADP 
(e) ATP "- Gq3,IP ~-= GDP ÷ ADP 
(3) ITP -r A M P ~  IDP 1- ADP 

This  s ame  p r e p a r a t i o n  also possessed h igh  m y o k i n a s e  ( adeny l a t e  kinase) a c t i v i t y  G wi th  

A D P  as subs t r a t e .  D u r i n g  the  course  of severa l  unsuccess fu l  e x p e r i m e n t s  to  d e m o n s t r a t e  

m y o k i n a s e  a c t i v i t y  w i t h  G D P  or I D P  as subs t r a t e ,  i t  was  found  t h a t  t he  a d d e d  nue leos ide  

d i p h o s p h a t e  was  q u a n t i t a t i v e l y  c o n v e r t e d  to  t h e  c o r r e s p o n d i n g  m o n o p h o s p h a t e  de r iv -  

a t ive .  These  s tud ies  h a v e  r e v e a l e d  the  p resence  of a specific p h o s p h a t a s e  wh ich  h y d r o -  

lyzes  G D P  and  I D P  ,~ 

(4) GDP --* GMP -:- Pi 

The  nuc leos ide  d i p h o s p h a t a s e  (NDPase)  p r e p a r a t i o n  used  in th is  s t u d y  was o b t a i n e d  

f rom a o.02 M K H C O a  e x t r a c t  of a m i t o c h o n d r i a l  a ce tone  p o w d e r  p r e p a r e d  f rom pork  

k i d n e y  c o r t e x  b y  f r a c t i o n a t i n g  first w i t h  a m m o n i u m  su l fa te  (add 3 ° g sol id a m m o n i u m  

su l fa te  pe r  I o o  ml  e x t r a c t ;  t h e n  add  20 g to  s u p e r n a t a n t  solut ion)  a n d  f inal ly  w i t h  

e t h a n o l  ( z o %  to  3o°./0 v / v ;  o.o2 M p o t a s s i u m  p h o s p h a t e  buffer ,  p H  5.8" - - 3  ° to  - - I 4 ° ) .  

The GDP was purified from yeast1; and GMP was obtained from pure GDP by enzymic hy- 
drolysis with the specific phosphatase as well as by mild acid hydrolysis. Some samples of the inosine 
nucleotides were prepared according to the method of KLEINZELLER '~ while other samples were 
supplied by Sigma Chemical Co. The UMP and UDP were prepared from commercial UTP (Pabst) 
by partial acid hydrolysis. Each was subjected to final purification by ion-exchange and paper 
chromatography s. Purity was evaluated by spectral characterization, phosphate analysis and paper 
chromatography. 
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** Postdoctoral trainee of the National Heart Institute, N.I.H. 
* * *  Present address : City of Hope Hospital, Duarte, California. 

The following abbreviations will be used : adenosine mono-, di-, and triphosphates, AMP, ADP, 
and ATP; guanosine mono-, di-, and triphosphates, GMP, GDP, and GTP; uridine mono-, di-, and 
triphosphates UMP, UDP, and UTP; inosine mono-, di-, and triphosphates, IMP, IDP, and ITP; 
inorganic phosphate, Pi, coenzyme A, Co.\; and tris(hydroxymethyl)aminomethane buffer, THAM. 

~ Dr. ]. L. STRO.~HNGSR and Dr. L. A. HEPPti;L have also found in calf liver a similar enzyme 
which hydrolyzes UDP and IDP to the monophosphate derivative (personal communication). The 
enzyme described in this paper hydrolyzes UDP (see Table I) and the preparation of S'rROMINaeR 
and I-tEPPEL hydrolyzes GDP. 

IL'~ ;. :.'cos /~. 5,7~'. 



VOL. 1 6  (1955) A PHOSPHATASE SPECIFIC FOR NUCLEOSIDE DIPHOSPHATES 5 3 7  

The nucleotides GDP, IDP and UDP were incubated separately with enzyme. 
Aliquots were removed at intervals for quantitative determination of Pi and nucleoside 
mono- and diphosphates. The nueleotides were resolved by chromatography on paper 
with isobutyric acid-ammonia-water solvent s and each ultraviolet-absorbing region 
isolated and eluted by immersion in M phosphate buffer (pH 6.8) for 36 hours at 38°9. 
Nucleotide concentration was determined spectrophotometrically at 260 mt,. For com- 
parison, AMP, ADP, ATP, GMP, IMP, ITP, UMP and UTP were incubated simul- 
taneously under similar conditions. The results are presented in Table I and show the 
essential stoichiometry of Pi released, the increase in nucleoside monophosphate and 
the decrease in nucleoside diphosphate. Release of Pi from the other nucleotides was 
considerably slower. In particular it was noted that  the substrate for myokinase, ADP, 
was not a substrate for this phosphatase. 

T A B L E  I 

STOICHIOMETRY OF P H O S P H A T A S E  REACTION 

/t moles  

Nucleotide added Analysis 
Incubation time (rain) 

io 20 30 4 ° 5o 60 

G D P  7.1 + A Pi 2.0 3.6 5.0 5.8 5-6 5.9 
+ A G M P  1.8 3.2 3-8 4.4 4.4 4 .8 
- - A  G D P  2.0 3.5 4.4 5 .0 5.2 5.2 

I D P  7.4 + A ~ 2. 3 5.I  6. 3 6.2 6-9 6.7 
+ A I M P  2.9 4.8 6.9 6-5 7.0 7.2 
- - A I D P  3.1 5.2 6.6 6.8 6.8 6.6 

U D P  3.4 + A P i  1. 3 2.1 3.2 3.3 3.4 3.4 
+ A  U MP 1.2 2.6 2.6 2. 7 3.1 2.8 

- - A  U D P  1. 5 2.2 2.2 2.0 2. 4 2. 4 

AMP 8.1 + A Pi o . i  0. 4 0.6 
A D P  8.0 + A Pi  0. 3 0. 5 0.6 
ATP  8.1 + A Pi 0. 4 0. 9 i . i  
GMP 1. 7 + A Pi o.I  
I M P  8.0 + Z[ Pi 0.8 0. 5 I . I  
I T P  7.4 + A Pi 0.8 I.O 0.9 
UMP I.O + /1 Pi o.I  
U T P  1.8 + A Pi 0.4 0.4 o-5 

The  reac t ion  m i x t u r e  cons i s t ing  of 3o t tmoles  T H A M  buffer (pH 7.o), IO/ tmoles  MgC12, nuc leo t ide  
and  0.48 mg  e n z y m e  in I.O ml  was i n c u b a t e d  a t  38°. The in i t i a l  a l iquots  were t a k e n  a t  zero t ime 
i m m e d i a t e l y  s u b s e q u e n t  to  enzyme  add i t i on  a t  o °. 

Several characteristics of the enzyme were revealed in separate experiments. At a 
concentration level of 3.3 tzM/m 1 with IDP, GDP, UDP and ADP, the initial reaction 
velocities at 380 were, respectively, 36.5, 27.8, 24.0 and 0.7/zM Pi/h/mg enzyme (Fig. I). 
Initial reaction velocities were linear with respect to enzyme concentration in the range 
examined (o.24 to 2.4 mg enzyme per ml). GDP incubated in a system with l O  -8  M 

versene and with no added Mg ++ was not hydrolyzed after one hour. Heating equivalent 
aliquots of the enzyme at an enzyme concentration of 2.4 mg/ml in THAM buffer 
(pH 7.0) at 4 o°, 5 °° and 60 ° for two minutes resulted in 7%, 31% and 96% loss in 
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e n z y m e  a c t i v i t y ,  r e s p e c t i v e l y .  M y o k i n a s c  a c t i v i t y ,  w i t h  A D P  as s u b s t r a t e ,  s u r v i v e d  t he  

6o ° h e a t  t r e a t m e n t ,  b u t  n o  a c t i v i t y  t o w a r d  G D P  or  I D P  c o u l d  be  d e m o n s t r a t e d  w i t h  

t h i s  p h o s p h a t a s e - f r e e  p r e p a r a t i o n .  T h e  p o s s i b i l i t y  r e m a i n s  t h a t  a m y o k i n a s e  for  G D P  

or  I D P  w o u l d  n o t  r e m a i n  s t a b l e  u n d e r  t h e s e  c o n d i -  

t i ons .  T h e  n u c l e o t i d e  p r o d u c t  of e n z y m i c  h y d r o l y s i s  of 

G D P  was  i s o l a t e d  in  q u a n t i t y  a n d  w as  i d e n t i f i e d  w i t h  

g u a n o s i n e - 5 ' - m o n o p h o s p h a t e * .  

A poss ib l e  f u n c t i o n  of N D P a s e  m a y  be  t h a t  of 

s h i f t i n g  t h e  e q u i l i b r i u m  in s y n t h e t i c  r e a c t i o n s  w h e r e  

n u c l e o s i d e  d i p h o s p h a t e s  a re  f o r m e d  as  p r o d u c t s ,  One  

s u c h  e x a m p l e  is t h e  s y n t h e s i s  of succ iny]  CoA~: 

(5) GTP I Succinate + C o A ~  GDP-i- -Pi  ! Succinyl CoA 

Fig. 1. Relative reaction rates of IDP (~) ,  GDP (O), UDP 
(&) and ADP (O). The reaction mixture consisting of 3 ° / ,moles 
THAM buffer (pH 7.o), ioHmoles MgCI2, o.24 mg enzyme 

++°[ 
:1. I o ~ _  . 
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and nucleotide in I.O ml was incubated at  38°. The Hmoles of nucleotides added were: [DP, 3.34; 
GDP, 3.3o: UDP, 3.35 and ADP, 3.2o. 

T h e  a u t h o r s  a p p r e c i a t e  t h e  i n t e r e s t  of Dr .  DAVID E.  GREEN d u r i n g  t h i s  i n v e s t i g a -  

t i on .  T h e  c o m p e t e n t  t e c h n i c a l  a s s i s t a n c e  of MARION BOLTON ia g r a t e f u l l y  a c k n o w l e d g e d ,  

SUMMARY 

A new enzynle, nucleoside diphosphatase, which specifically hydrolyzes GDP, IDP and UDP, 
but  not ADP, to the corresponding nucleoside monophosphates and inorganic phosphate has been 
identified in a preparat ion from pork kidney cortex. The enzyme is heat  labile and requires the 
addition of Mg++ for activity. 

RI~SU3II~ 

Un nouvel enzyme, une nucl6oside diphosphatase, qui hydrolyse sp6cifiquement le GDP, I ' IDP 
et I'UDP, mais non I'ADP, ell nucldoside monophosphate  correspondant et phosphate inin~ral, a ~td 
identifide dans une pr6paration de cortex reinal de porc. L'enzyme est thermotabite et n 'es t  actif 
qu'en prdsence de Mg++. 

ZUSAMMENFASSUNG 

Ein neues Enzym, Nucleosiddiphosphatase, das speziflsch GDP, IDP und UDP, aber nicht  
ADP, zum entsprechenden Monophosphat  und anorganischen Phosphat  spaltet, wurde in einem 
PrSparat  aus Schweinsnierenrinde festgestellt. Dieses Enzym ist hitzenbestSndig mid bedarf des 
Zusatzes von Mg ++ Ionen fiir seine Wirksamkeit.  
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