
2 2 2  PRELIMINARY NOTES VOL. 2 7  (1958)  

Department of Physiological Chemistry, 
Johns Hopkins School o/Medicine, 

Baltimore, Md. (U.S.A.) 

CLARK BUBLITZ* 
ARTHUR V. GROLLMAN** 
ALBERT L. LEHNINGER 

1 M. UL HASSAN AND A. L. LEHNINGER, J. Biol. Chem., 223 (1956) 123. 
2 C. BUBLITZ, A. P. GROLLMAN, AND A. L. LEHNINGER, Federation Proe., 16 (1957) 382. 
3 0 .  TOUSTER, R. M. HUTCHESON AND L. RICE, J. Biol. Chem., 215 (1955) 677. 
4 S. HOLLMANN AND O. TOUSTER, J. Biol. Chem., 225 (1957) 87. 

G. ASHWELL, Federation Proc., 16 (1957) 146. 
S. ISHIKAWA AND K. NOGUCHI, J. Biochem., (Tokyo), 44 (1957) 465 • 
J.  J.  BURNS, AND J. KANFER, J. Am. Chem. Soc., 79 (1957) 3604. 

8 R.  G. KULKA, Biochem. J., 63 (1956) 542. 
9 H. H. HOROWlTZ AND C. G. KING, J. Biol. Chem., 2o 5 (1953) 815. 

10 L. W.  MAPSON, AND E. BRESLOW, Bioehem., J., 65 (1957) 29 P. 
11 A. P. GROLLMAN, AND A. L. LEHNINGER, Arch. Biochem. Biophys., 69 (1957) 458. 
i2 j .  H.  RoE, AND C. A. KUETHER, J. Biol. Chem., 147 (1943) 399. 

" Fellow in Cancer  Resea rch  of t he  Amer i can  Cancer  Society.  
* * H e n r y  S t rong  Den i son  Scholar  in Physiological  Chemis t ry .  

Rece ived  Sep tember  26th,  1957 

ADP-polynucleotide phosphorylue 
T h e  e n z y m e  polynuc leo t ide  phospho ry l a se  ca ta lyzes  t h e  reversible po lymer i za t ion  of va r ious  
nuc leos ide  d i p h o s p h a t e s  to  f o rm  s y n t h e t i c  po lynuc leo t ides  con ta in ing  one or more  bases  x. B o t h  the  
e n z y m e  a n d  t h e  p o l y m e r s  h a v e  been s t ud i ed  b y  a n u m b e r  of inves t iga to r s  z-6. Ev idence  p resen ted  
here  ind ica tes  t h a t  severa l  e n z y m e s  m a y  be invo lved  in th is  overal l  react ion.  

I n  Tab le  I t h e  resu l t s  of e x p e r i m e n t s  are p re sen t ed  in wh ich  each  d i p h o s p h a t e  was  i ncuba t ed  
w i th  e i ther  a c rude  or pa r t i a l ly  pur i fed  e n z y m e  p repara t ion .  I n  t he  fo rmer  cases  t he r e  was  h igh  
po lymer i z ing  ac t i v i t y  t o w a r d  A D P  and  C D P  b u t  m u c h  less t o w a r d  G D P  and  U D P .  Inorgan ic  
p h o s p h a t e  p roduc t ion  grea t ly  exceeded po l ymer  fo rmat ion ,  ind ica t ing  t h e  presence  of phospha t a se s .  

T A B L E  I 

],:ach i ncuba t ion  vessel  con ta ined  t he  following in a final v o l u m e  of o.32-o.35 ml :  nucleoside  
d iphospha te ,  i . o /*mole ;  Mg ++, 0.46 #,mole; E D T A ,  o .o5#mole ;  g lu ta th ione ,  1.8 4 /*moles; glycine 
buffer,  p H  io . I ,  92 /*moles; and  e n z y m e  solut ion,  o.2o ml. I n c u b a t i o n s  were carr ied ou t  for 90 min  
a t  37 ° and  s topped  by  boiling. The  va lues  repor ted  are averages  of t he  n u m b e r  of e x p e r i m e n t s  

ind ica ted  in pa ren theses .  

Substrate 

Polymer ]ormed (t~mole) as determined by : 

Ckromatogram 
origin a. Polymer b P i e 

Crude  p r epa ra t i ons  A D P *  (9) 0.33 o.31 0.53 
G D P  (4) o.oi  0.09 
U D P  (4) ° .o4 °.13 
C DP  (9) o.26 0.54 

Pa r t i a l l y  purif ied p r epa ra t i ons  A D P *  (4) 0 '30 ° '25  0"35 
G D P  (2) o,oo o.oo 
U D P  (2) o.oo 0.03 
C DP  (4) 0"03 0'o4 
C D P  + poly-C d (I) o.oo 0.o 4 
C DP  + R N A  e (I) o.oo 0.o 7 

The  r ad ioac t iv i ty  r ema in ing  a t  t h e  origin a f te r  pape r  c h r o m a t o g r a p h y .  
b Ul t r av io l e t - abso rb ing  ma te r i a l  p rec ip i t a ted  wi th  HC10~ and  redissolved in buffer.  
e Inorgan ic  p h o s p h a t e  appear ing .  
a o . i o / , m o l e  of po ly-cy t idy l ic  acid was  added  to th i s  vessel.  
e o . io /~mole  of M. lysodeikticus nucleic  acid was  added  to th i s  vessel.  
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The  par t i a l ly  purified p r e p a r a t i o n s  were ob ta ined  by  pro teo ly t ic  d iges t ion  followed by  sal t  
a n d  alcohol f r ac t iona t ion ;  despi te  a 5o- Ioo-fo ld  pur i f ica t ion  specific ac t iv i t ies  are  still below those  
repor ted  by  others4,L Us ing  these  par t ia l ly  purif ied enzymes ,  GDP,  U D P  a n d  C D P  were essent ia l ly  
iner t ,  whe reas  A D P  was rap id ly  po lymer ized .  C h r o m a t o g r a m ,  po lymer ,  and  inorganic  p h o s p h a t e  
ana lyses  agreed r ea sonab ly  well. 

The  lack of C D P  and  U D P  po lymer i za t ion  in the  purified p repa ra t i ons  was  no t  due to 
r ibonuclease  de s t ruc t i on  of t he  p o l y m e r  as i t  was  formed,  s ince the re  was  negligible fo rma t ion  
of inorganic  p h o s p h a t e  (Table I) a n d  ne i ther  cy t i d ine -3 ' - phospha t e  nor  u r id ine -3 , -phospha te  
were formed.  

The  lack of C D P  and  U D P  po lymer i za t i on  in t he  purif ied p repa ra t ions  was  n o t  due  to ribo- 
nuc lease  des t ruc t ion  of t he  po l ymer  as i t  was  formed,  s ince the re  was  neghgible  fo rma t ion  of inorg-  
anic  p h o s p h a t e  (Table I) and  ne i the r  cy t i d ine -3 ' - phospha t e  nor  u r id ine -3 ' -phospha te  were formed.  

The  inac t iv i t y  of t he  purified e n z y m e  t oward  C D P  m i g h t  also have  been due  to t he  r emova l  
of a pr imer ,  s ince OCHOA a n d  co-workers  (unpubl ished)  and  SINGER et al. ~ h a v e  repor ted  t h a t  t h e  
ini t ial  lag period in nuc]eot ide  po lymer i za t ion  can  be overcome by  add ing  syn the t i c  oligo- or  poly-  
nuc leo t ides  to  t he  reac t ion  med i um.  However ,  t he  add i t ion  of poly-cyt idyl ic  acid or M. lysodeikti- 
cus nucleic acid did  no t  res tore  C D P  po lymer iz ing  ac t iv i ty  (Table I), ind ica t ing  t h a t  i nac t iv i ty  was  
no t  due  to  r emova l  of a p r imer  du r ing  e n z y m e  f rac t ionat ion .  

I t  appea r s  l ikely t h a t  t he r e  are  severa l  polynucleot ide  phosphory lases ,  one specific for each 
nucleoside  d iphospha te .  T he  following m e c h a n i s m  of polynucleot ide  syn thes i s  is p resen ted  as a 
work ing  h y p o t h e s i s  : 

A D P  + Ea ~ AMP-- -Ea  + Pi (E) 

3 ~ - - C - -  - - C - -  
- c -  I I 

3' i C M P - - E c  + O ~-- O + E ,  
A M P - - E  a + - - C - -  ~ O + Ea (2) [ [ (3) 

I I A M P  A M P  
OH A M P  ] 

O 

CMP 

where  Ea and  Ec are  A D P -  and  CDP-specific po lynucleo t ide  phosphory l a se s  respect ively .  In  
equa t i on  (I) A D P  combines  wi th  i ts  specific po lymer iz ing  enzyme,  E a, to  fo rm the  e n z y m e - A M P  
complex  and  inorganic  phospha t e .  I n  equa t i on  (2) th i s  A M P  is t h e n  t r ans fe r red  to an  acceptor~ 
wh ich  m u s t  be  t h e  3 -hyd roxy l  g roup  of r ibose con ta in ing  a pur ine  or py r imid ine  a t  posi t ion i a n d  a 
p h o s p h a t e  d ies ter  a t  pos i t ion  5a, s. O the r  nuc leot ides  can  be added  to  t h e  cha in  in ana logous  fashion,  
a s  in equa t i on  (3). Th i s  fo rmu la t i on  is compa t ib l e  wi th  t he  following obse rva t ions  : (a) t he  p h o s p h a t e  
exchange  ra te  is g rea te r  t h a n  t h a t  of ne t  synthes is* ;  (b) a s u b s t a n c e  ha s  been isolated which  
affects  on ly  th i s  exchange  rate4; (c) adenos ine -5 ' -phospho-3 ' - adenos ine -5 ' -phospha t e  (di-AMP) 
can  accept  o the r  nuc leo t ides  in t he  po lymer iza t ion  reaction*; (d) d i -AMP can  no t  be phosphoro lyzed  
by th i s  e n z y m e  3. 

The  differences be tween  t he  M. lysodeiMicus prepara t ions ,  as repor ted  here,  and  t he  A. vine- 
landii a n d  E. coli e n z y m e s  m a y  be due  to va r ia t ions  in isolat ion and  f rac t iona t ion  p rocedures  or to 
biological differences.  

T h a n k s  are due  to Mrs. GAIL LOWE for expe r t  t echnica l  ass is tance .  Th i s  work  was  m a d e  
poss ible  by  a g r a n t  f rom t he  Na t iona l  Science F o u n d a t i o n .  
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