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Preliminary Notes 

On the mechanism of incorporation of adenylic acid 
from adenosine triphosphate into ribonucleic acid by soluble 

mammalian enzyme systems 

In  a p rev ious  publ ica t ion  I it was shown t h a t  a dialyzed ex t r ac t  of an  ace tone  powder  p repa red  
f rom the  soluble cy top lasmic  fraction of ra t  liver is capai~le of  incorpora t ing  u r id ine -5 ' -mono-  
p h o s p h a t e  in in ternucleot ide  l inkage into a mate r ia l  p o ~ e s s i n g  the  proper t ies  of r ibonucleic acid 
(RNA).  Similar  e x p e r i m e n t s  per formed with 8-14C-adenosine-5"-tr iphosphate and  a2P-adenosine- 
5"- t r iphosphate  (Adenine-f ibose-a2P-t ' -P)  have  shown  t h a t  (l) adenyl ic  acid (AMP) is incorpora ted  
into R N A  or into a RNA-l ike  mater ia l ,  (2) an  in te rnucleot ide  l inkage is formect, (3) AMP is 
a t t a c h e d  to a t e rmina l  monoester i f ied cyt idyl ic  acid of RNA,  (4) t he  e n z y m e  s y s t e m s  involved 
are specific for this  react ion and  will no t  a t t a ch  AM P  to o ther  nucleot ides  in RNA.  

These  conclus ions  are based on the  following expe r imen ta l  resul ts .  I ncuba t ion  of 8-z4C - 
adenos ine -d iphospha t e  alone wi th  the  e n z y m e  s y s t e m  does not  resul t  in any  incorpora t ion :  
however ,  incorpora t ion  occurs  in the  presence of creat ine p h o s p h a t e  and  creat ine  kinase.  Under  
such  condi t ions ,  the  incorpora ted  rad ioac t iv i ty  is associa ted  with the  acid- insoluble  fract ion.  ] 'he  
incorpora ted  radioactivity_ can be ex t rac ted  from the  acid- insoluble  f ract ion with zo%, Na( ' l .  
I t  can  be prec ip i ta ted  with 3 vo l umes  of e thy l  alcohol f rom the  t o %  NaCI solut ion and  is non-  
dialyzable .  Upon alkal ine hydro lys i s  of the  sa l t - ex t rac ted  RN,.\ .  90-95  % of the  recovered radio- 
ac t iv i ty  is associa ted  wi th  834( ' -adenosine  (Table I). W h e n  szp-adenos ine - t r iphospha te ,  specifically 
labeled with 3~I> in the  first p h o s p h a t e  ad j acen t  to the  ribose, is i ncuba ted  with the  soluble m a m -  
ma l i an  e n z y m e  sys t em,  90--95 % of the  a~[> recovered af ter  alkal ine hydro lys i s  is found associa ted  
w th  2'-  and  3 ' -cy t idyl ic  acid. 

T A B L E  I 

R A D I O A C T I V I T Y  IX A D E N O S I N E  A N D  IN T H E  N U C L E O T I D E S  I S O L A T E D  A F T E R  

A L K A L I N E  H Y D R O L Y S I S  OF R N A "  

The  incuba t ion  m i x t u r e  con ta ined :  0. 5 ml  e n z y m e  t, o.o8 ml ATP,  o.o 5 ml  o .2oM creat ine  phos-  
pha te ,  o.o5 ml  creat ine  k inase  (2 mg/ml) ,  o. t 5 ml  0.25 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  buffer,  
pH  = 7.4, o.I ml o . 33M  MgCl v o.i  ml o.2oM p h o s p h a t e  buffer, pH  = 7.4- I n c u b a t i o n  t ime ,  

3 ° rain. 
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8 - 1 4 ( ' - A T P  9 0 - 9 5  o ~ I o o 

32P-ATP o 9o-95 ~ ~ ~ 1 <~ J 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* Materials.  8-~*C-ATV (Schwar tz  laboratories) ,  ioo,ooo c .p.m./o.o8 nil, specific ac t iv i ty ,  
o.8/ ,c . /mg,  final concen t ra t ion ,  2.2. I o -8M .  32P-ATP, 400,0oo c .p.m./o.o8 ml, specific ac t iv i ty ,  
I8" to e c .p .m. /mg,  final concent ra t ion ,  2.5" 1o-431. Creat ine kinase,  prepared by the  m e t h o d  of 
KUBY, NODA AND I.ARDY 6 up to the  point  prior to crysta l l iza t ion.  

Since the  32p is associa ted  wi th  cyt idyl ic  acid a f te r  alkal ine hydrolys is ,  it m a y  be inferred 
t h a t  t he  31P-AMP is a t t a c h e d  to cyt idyl ic  acid in in te rnuc leo t ide  linkage. Since t he  rad ioac t iv i ty  
due  to 1*C-AMP is recovered only as 8- t 'C-adenos ine  a f te r  a lkal ine hydrolys is ,  it  is sugges t ed  
t h a t  the  t4C-AMP is l inked to a monoes ter i f ied  t e rmina l  cyt idyl ic  acid and  t h a t  14C-AMP has  
now become a t e rmina l  monoester i f ied  nucleot ide.  Impl ic i t  in th i s  l a t t e r  f inding is the  conclusion 
t h a t  the  AMP-por t ion  of adenos ine  t r i p h o s p h a t e  will no t  a t t a c h  to a n y  s igni f icant  e x t e n t  to a 
t e rmina l  monoester i f led  adenyl ic  acid, s ince in the  la t t e r  c i r cums t ance  some  of t he  8-x4C-AMP 
shou ld  be recovered as a 2'-  and  3 ' -phospha t e  a f te r  a lkal ine hydrolys is .  Fig. i exp la ins  this  
formula t ion .  In  th is  figure the  vert ical  lines indicate  the  Ix~sitions of sod ium hydrox ide  cleavage.  
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The present  results may  offer an explanat ion  for the  results obtained by HEIDELBERGER et aJ. 2. 
These invest igators  have  shown tha t  when  AMssP is incubated  in the  presence of a rat  liver 
homogenate ,  the  A M ~ P  is incorporated into RNA and tha t  af ter  alkaline hydrolysis  the  asp is 
found a t t ached  to cytidylic acid 2'- and  3 ' -phosphate .  I t  would be interest ing to know whe the r  
in those exper iments  also the  A M ~ P  had a t t ached  to a terminal  monoesterif ied cytidylic acid. 

The requi rement  in this react ion for ATP ra ther  than A D P  need not  necessarily be interpreted 
to mean tha t  the  t r iphosphates  are the precursors for this incorporat ion,  since phosphatases  are  
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present  in this preparat ion.  A point  of difference between the  mammal ian  sys tem under invest i-  
gat ion and the  bacterial  sys tem developed by GRUNBERG-MANAGO AND OCHOA ~ appears  to be 
a specificity apparen t  in the  mammal ian  sys tem and the  lack of specificity encountered  in the  
bacterial  system. Also, in the  mammal ian  sys tem evidence is provided only for the  incorporat ion 
of nucleotides into "RNA-l ike  mater ia l" ,  ra ther  than  net  synthesis  as evidenced by the bacterial 
system.  
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