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Short Communications 

Preparation of [p.32p] A T P  and [y.3up] ATP* ,  ** 

I t  h a s  been  shown  tha t ,  in general ,  t h e  p h o s p h o r u s  a t o m s  a t  the /3-  and  T-posi t ions of asP-labeled 
A T P  are  labeled equa l ly  w h e n  t he  l a t t e r  is syn thes i zed  by  ox ida t ive  p h o s p h o r y l a t i o n  f rom A M P  1, 2 
" A s y m m e t r i c a l l y  labe led"  ATP,  in which  p h o s p h o r u s  a t o m s  a t  t he  fl- and  7-pos i t ions  h a v e  
d i f ferent  rad ioac t iv i ty ,  is requi red  to e luc idate  t he  m e c h a n i s m  of some  t r a n s p h o s p h o r y l a t i o n  
react ions .  KORNBERG et at. 8 repor ted  t he  enzymi c  syn thes i s  of rad ioac t ive  ATP,  w i t h o u t  g iv ing 
a n y  detai ls  of t he  ana lys i s  of t he  p roduc t .  LOWENSTEIN 4 t r ied w i t h o u t  s a t i s f ac to ry  re su l t s  
t he  chemica l  syn the s i s  of a s y m m e t r i c a l l y  labeled A T P  by  t he  use  of DCC. The  p r e sen t  p a p e r  
descr ibes  a conven ien t  m e t h o d  of p r epa ra t i on  of a s y m m e t r i c a l l y  labeled ATP,  in wh ich  bo th  
chemica l  and  enzymic  s teps  are  used,  a n d  t he  sepa ra te  de t e rmina t i on  of t he  specific ac t iv i ty  of  
each  p h o s p h o r u s  in t he  p roduc t .  

Preparation o/ [fl.3~p] A TP 
The  s cheme  of syn the s i s  is as follows: 

DCC A M P  i-~g~p-+ [/3_32p] A D P  PyruvatepEpkinase [fl_s~p] A T P  

The  first  s tep  was  carr ied ou t  b y  LOWENSTEIN'S m e t h o d  4. Var ious  ra t ios  of AMP,  is2P (diluted 
wi th  carr ier  iP) and  DCC were tes ted ,  a n d  t he  bes t  resu l t s  were ob ta ined  us ing  t he  ra t io  x :0. 5 :9 .  
T h e  p roduc t ,  [/3_82p] ATP,  was  purif ied b y  pape r  c h r o m a t o g r a p h y  accord ing  to Z]{TTI~RSTR6M 
AND LJUNGGRI~N 5, and  t h e  e lua te  f rom t h e  pape r  was  fu r t he r  purified by  use  of a co lumn  of  
Dowex-x  as  descr ibed by  COHN AND CARTER 6. The  e lua te  f rom the  c o l u m n  was  concen t r a t ed  by  
pas sage  t h r o u g h  a n o t h e r  smal l  co lumn,  us ing  o. z N HC1 as e lu t ing  solut ion.  T h e  A D P  was  precipi-  
t a t e d  as  t h e  b a r i u m  sal t  by  add i t ion  of excess  of b a r i u m  ace t a t e  and  2 vo lumes  of e thano l  a t  p H  8.0. 

In  t he  second step,  a reac t ion  m i x t u r e  wi th  t h e  following compos i t ion  was i n c u b a t e d  a t  37 ~ 
for 3 ° rain:  o . o o 4 M  p o t a s s i u m  P E P ,  o . o o 2 M  s o d i u m  [/3_82p] ADP,  o.oo5M MgSO,,  o.o5M KCI, 
o . o i M  KF,  o . oo5M p o t a s s i u m  E D T A ,  o . o 4 M  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e ,  p H  7.5 and  
"c rys t a l l i ne"  p y r u v a t e  k inase  p repa red  f rom rabb i t  musc le  by  t he  m e t h o d  of BI)CHER AND 
PFLEIDERER 7. K F  and  E D T A  were added  to p r e v e n t  t he  r a n d o m i z a t i o n  of t he  label ing p a t t e r n  
due  to t h e  ac t ions  of ATP ase  and  adeny l a t e  k inase  which  m i g h t  c o n t a m i n a t e  t he  e n z y m e  p repa -  
ra t ion.  Af te r  30 rain, t he  reac t ion  m i x t u r e  was  d i lu ted  to 5-fold wi th  water ,  t he  p H  a d j u s t e d  
to 8.o, and  t he  [fl-~P] A T P  isolated and  concen t r a t ed  b y  the  two ch roma tog raph i c  s epa ra t i ons  on  
Dowex-z  c o l u m n s  descr ibed for t he  first  s tep.  The  s o d i u m  sal t  of [fl_3*p] A T P  was crysta l l ized a t  
p H  3.5 by  add i t ion  of 2 vo l umes  of e thano l  unde r  t h e  condi t ions  repor ted  by  BERGER s. 

W i t h  th i s  p rocedure  a nea r ly  q u a n t i t a t i v e  yield of rad ioac t ive  A T P  was  obta ined ,  which  
showed  h igh  specific ac t iv i ty  and  negligible r a n d o m i z a t i o n  of t h e  label ing pa t t e rn .  In  an  exper i -  
m e n t  which  s t a r t ed  f rom 2. 5 m g  is*P (2.5 mc) a n d  15 m g  AMP,  14 m g  a n d  15 m g  of rad ioac t ive  
A D P  and  A T P  were obta ined ,  respect ively .  The  specific ac t iv i ty  of each p h o s p h o r u s  in t h e  A T P  
was  as follows: 

Aden ine  - Ribose  - P - P - P 
4,960 207,700 2,790 counts/min/l~atom P 

Preparation o/ [?_3*p] A TP 
The  syn the s i s  was  b r o u g h t  a b o u t  accord ing  to t h e  following steps.  

P y r u v a t e  k inase  
is2P ~ 32POCls fl-Chlorolactic acid --> [82p] P E P  A D P  ~ [7-82P] A T P  

T h e  first two s teps  were carr ied ou t  by  the  m e t h o d s  of AXELROD ~ and  BAER 1° respect ively.  T h e  
final s tep  followed t he  m e t h o d  used in  t he  p repa ra t i on  of t he  [fl_8*p] ATP.  S ta r t ing  f rom z3 ° m g  

* The  following abbrev ia t ions  are  used :  ATP,  adenos ine -5 - t r iphospha te ;  ADP,  adenos ine-5-  
d i p h o s p h a t e ;  AMP,  a d e n o s i n e - 5 - m o n o p h o s p h a t e ;  iP, inorganic  o r t h o p h o s p h a t e ;  P E P ,  p h o s p h o -  
eno l -py ruva t e ;  DCC, d i (cyclohexyl )carbodi imide;  E D T A ,  e thy l ened i amine  t e t r aace ta t e .  

** The  th ree  P a t o m s  of A T P  are d i s t ingu i shed  as a,/3 and  7, t h u s :  adenos ine  _pa  _p~ - P r .  
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i32P (io mc), 86 m g  of rad ioac t ive  A T P  f rom 80 m g  of A D P  was  obta ined .  The  specific a c t i v i t y  
of each  p h o s p h o r u s  was  

Aden ine  - Ribose  - P - P - P 
49o 1,48o 22,OLO counts ]min] /~a tom P 

Thus ,  r emarkab l e  differences in r ad ioac t iv i ty  be t ween  each p h o s p h o r u s  a t o m  in A T P  were ob t a ined  
by  th i s  m e t h o d ,  b u t  i t  was  difficult to ob ta in  [y.82p] A T P  of h igh  specific ac t iv i ty  because  t h e  
f rac t ional  dis t i l la t ion of 8sPOCI3 could no t  be carr ied ou t  on a smal l  scale. 

Method o/analysis* 
y - P h o s p h o r u s  was  spli t  f rom t he  A T P  wi th  ATPase~ and  t h e  q u a n t i t y  a n d  t h e  r ad ioac t iv i ty  were  
e v a l u a t e d  af te r  add i t ion  of m o l y b d a t e  and  ex t r ac t i on  by  i s o b u t a n o l n ,  TM. The  fl- a n d  y - p h o s p h o r u s  
a t o m s  were spli t  off by  t h e  combi ned  ac t ion  of AT P ase  a n d  adeny l a t e  kinase,  and  t he  specific 
a c t i v i t y  of t h e  f l -phosphorus  was  ob ta ined  b y  s u b t r a c t i n g  A f rom 2C. The  specific ac t iv i ty  of 
t he  a - p h o s p h o r u s  was  ca lcu la ted  as 3 D -  (A + B). To ta l  p h o s p h o r u s  was  de t e rmined  by  KING'S 
m e t h o d  1~ chemical ly ,  or, if necessary ,  enzymical ly .  T he  l a t t e r  m e t h o d  cons is ted  of success ive  
sp l i t t ing  wi th  ATPase ,  adeny l a t e  k inase  a n d  5 ' -nucleot idase ,  and  th i s  m e t h o d  is r e c o m m e n d e d  
in case of t he  presence  of o the r  p h o s p h o r u s  compounds .  The  condi t ions  for t h e  enzymic  r eac t ions  
were based  on t he  m e t h o d  of BOW~N AND K~RWlN 14, excep t  t h a t  t h e  e n z y m e  source  employed  
was  ra t  skeletal  muscle ,  a n d  t h a t  t h e  5 ' -nuc leot idase  used  was  prepared  by t h e  simplified m e t h o d  
of HEPPEL AND HILMOE 15. T he  d e t e r m i n a t i o n  of iP  in t he  reac t ion  m i x t u r e  was  carr ied ou t  by  
TAKAHASHI'S modif ica t ion  TM of t h e  m e t h o d  of BERENBLUM AND CHAIN 17. W i t h  th i s  m e t h o d  well- 
reproducible  and  sa t i s f ac to ry  resu l t s  are easi ly obta ined .  
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• A, B C a n d  D r ep re sen t  t h e  specific ac t iv i t ies  of p h o s p h o r u s  a t  t he  following pos i t ions  : 
A, y-pos i t ion;  B, f l-posit ion:  C, fl- and  },-positions; D, a-, ~-, and  y-posi t ions .  

The conversion of l~C-deoxynucleoside- 5'- monophosphates to the 
corresponding di- and triphosphates by soluble mammalian enzymes 

E x p e r i m e n t a l  resu l t s  ob ta ined  in th i s  l abora to ry  h a v e  ind ica ted  t h a t  t he  d ia lyzed  soluble s u p e r -  
n a t a n t  f rac t ion  p repa red  by  cen t r i fuga t ion  of ra t - l iver  h o m o g e n a t e s  a t  IO6,OOO × g for 9o m i n  
is capable  of  conve r t i ng  uracil ,  ur id ine  and  u r i d i n e - 5 ' - m o n o p h o s p h a t e  to  ur id ine  di- and  t r i -  
p h o s p h a t e s  1. I n  t he  p r e se n t  c o m m u n i c a t i o n  i t  will be  s h o w n  t h a t  t he  d e o x y - 5 ' - m o n o n u c l e o t i d e s  
of adenine ,  guan ine ,  cy tos ine  a n d  t h y m i n e  are  conver t ed  to t he  co r r e spond ing  di- a n d  t r i p h o s -  


