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Studies on synthesis of soluble ribonucleic acid. 

III .  Analytical studies on soluble ribonucleic acid of rat liver 

It has been shownl, 2 that the enzyme systems which incorporate ribonucleotide 
units into s-RNA can be fractionated from rat liver along with the s-RNA into 
3 enzymically active ribonucleoproteins designated a, ~, and 7. Each ribonucleo- 
protein can be fractionated further into the enzyme components and the s-RNA 
component a. The purpose of this report is to present analytical data on the s-RNA 
components fractionated from the parent ribonucleoproteins ~ and y and on s-RNA 
prepared from the pH-5 enzyme fraction by extraction with phenol t. 

Analysis of alkaline hydrolysates of s-RNA ~, s-RNA y, and phenol-extracted 
s-RNA for their ribonucleoside content reveals the presence of adenosine, guanosine, 
cytidinc, and uridine. From the quantities of these compounds given in the Table I, 

T A B L E  I 

COMPOSITION OF s - lZNA fl, s - R N A  7, AND s - R N A  .EXTRACTED FROM 
THE pl- [ -  5 .ENZYME SYSTEM \VITH PHENOL 

IO Ing e a c h  of s - R N A  fl a n d  s - R N A  y i s o l a t e d  as  d e s c r i b e d  a, a n d  s - R N A  e x t r a c t e d  f r o m  t h e  p H - 5  
e n z y m e  f r a c t i o n  w i t h  p h e n o l  4, a l l  w i t h  E.)~,o:E,,so r a t i o s  of 2.o.5 -2.1, were  h y d r o l y s e d  in  a n  e x c e s s  
of o . i  J\" N a O H  for 45 r a i n  a t  85 z. The  h y d r o l y s a t e s  w e r e  n e u t r a l i z e d  a n d  t h e n  p l a c e d  on D o w e x - i  
(2oa -4oo  mesh)  f o r m a t e  c o l u m n s  ( io  X z cm) ,  a n d  t h e  e l u t i o n  w a s  c a r r i e d  o u t  b y  t he  m e t h o d  of 
COLIN AND VOLKIN 10. The  r i b o n u c l e o s i d e s  w e r e  e l u t e d  w i t h  o .oI  "V H C ( ) O f t ,  c o n c e n t r a t e d  t o  
lO m l  i~z v a c u o ,  a n d  p l a c e d  on  Dowex-1  c h l o r i d e  c o l u m n s  (IO ;< I cnl) in  o .o l  ~l[ K2B4()  r. The  
e l u t i o n  w a s  c a r r i e d  o u t  a c c o r d i n g  to  t he  p r o c e d u r e  d e s c r i b e d  b y  COHN 11. T h e  u . v . - a b s o r b i n g  
c o m p o u n d s  i n  kite f r a c t i o n s  e l u t e d  f r o m  t h e  c o l u m n s  w e r e  i d e n t i f i e d  b y  c o m p a r i n g  t h e i r  p o s i t i o n s  
in  Lhe c h r o m a t o g r a m  a n d  t h e i r  s p e c t r a  in  a c i d  a n d  a l k a l i  w i t h  t h o s e  of a u t h e n t i c  c o m t l o u n d s .  
1)st 11douridyl ic  a c i d  w a s  i d e n t i f i e d  b y  i t s  p o s i t i o n  in  t h e  c h r o m a t o g r a m  a n d  b y  t h e  p r o n o u n c e d  
shi : ' t  in  t h e  n.y.  s p e c t r u m  a t  29 ° met b e t w e e n  p l ~  11 a n d  1212. The  c o m p o u n d  l i s t e d  as  g u a n o s i n e  
d i p h o s p h a t e  h a s  b e e n  iden t i f i ed ,  t e n t a t i v e l y ,  as  g u a n o s i n e  3 ' ( a n d  2 % 5 ' - d i p h o s p h a t e  on  t h e  b a s i s  
of l h e  f o l l o w i n g  e v i d e n c e  : (i) The  r a t i o  g u a n i n e  : r i bose  : p h o s p h o r u s  in  t he  c o m p o u n d  is I .o  : I .  I : 2. I ; 
(2) t he  c o m p o u n d  m o v e s  f a s t e r  t h a n  g u a n o s i n e  5 ' - d i p h o s p h a t e  b u t  s l o w e r  t h a n  g u a n o s i n e  5 ' - t r i -  
p h o s p h a t e  u p o n  e l c c t r o p h o r e s i s  on  p a p e r  a t  p H  7.o; (3) u n d e r  c o n d i t i o n s  k n o w n  to  r e s u l t  in  t h e  
l ib(~rat ion of a l m o s t  i m o l e  of o r t h o p h o s p h a t e  f r o m  i m o l e  of g u a n o s i n e  5 ' - d i p h o s p h a t e  ( Io  r a in  

a t  io() ° in  l . o  2~ I-[CI) no d e t e c t a b l e  o r t h o p h o s p h a t e  is  l i b e r a t e d  f rom t h i s  c o m p o u n d .  

R ib(.~ u( h'os ules 

(;u~otosiiw 
Component Adcnosim: Uri:liue Guanoslue Cytidine dzphosphatc~ 

s- Ii',N A/5  0.60 - -  0.24 o . I o  1.o2 
s-I~:NA 1, 0.23 o . I o  o.51 o.14 o.95 
p H -  5 s-P~NA o.67 o. I2 o.14 o.o 7 1.2~ 

-", ;" -R lbon uch'ot~:des * 

Nr) o/ 
A 3 I P  U M P  q~-UM]" G3II '  C311" muh:~ti:h:s ll't. , f  ~ haiu 

per chain 

s-IR.NA fl 7.2 6.o 1.Ol 13.o 13.2 42 15,ooo 
s-IR.NA T 6.o 5.o 1.21 i z . I  I I .O 36 I3 ,8oo  
p H - 5  s - R N A  12.o i o . 5  1.6I 19.o 2o.5 66 22,1oo 

* M o l a r  c o m p o s i t i o n  c a l c u l a t e d  b y  a s s u m i n g  t h a t  one  t e r m i n a l  r i b o n u c l e o t i d e  r e s i d u e  cor re-  
s p o n d s  to  one  p o l y n u c l e o t i d e  c h a i n .  

A b b r e v i a t i o n s :  AMP,  U M P ,  ~y-UMP, CMP,  GMP,  t h e  m i x e d  2'-,  3 ' - i s o n l e r s  of a d e n y l i c ,  ur i -  
dy l i c ,  p s e u d o u r i d y l i c ,  c y t i d y l i c  a n d  g u a n y l i c  ac ids ,  r e s p e c t i v e l y ;  s - R N A ,  s o l u b l e  r i b o n u c l e i c  ac id .  
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it appears that most of the polynucleotide chains terminate with either adenylic 
acid or guanylic acid and that the proportion of chains which terminate in cytidylie 
acid is similar in all cases. The analysis of the alkaline hydrolysate also reveals the 
presence of guanosine 3' (and e'),5'-diphosphate in molar amounts equivalent to the 
sum of the ribonucleosides. This suggests that the ribonucleotide at the other end of 
all the chains is guanylic acid. Similar findings have been reported for s-RNA isolated 
from rabbit liver by a salt-extraction method ~ and for s-RNA isolated from Eschcrichia 
coli bv a phenol-extraction method 6. 

The determination of the average number of ribonucleotides per polynucleotide 
chain from the data in Table I gives values of 42 nucleotides for s-RNA fi, 36 nucleo- 
tides for s-RNA 7, and 60 nucleotides for s-RNA extracted flom the pH- 5 enzyme 
fraction with t)henol. These values correspond to chain weights of 15,ooo, I2,7oo, 
and 22,1oo respectively. The chain weights of s-RNA fi and y are consistent with 
observed sedimentation coefficients (5"20,w) of 1.85 S la. 

Analysis of the hydrolysates for their ribonucleotide content shows that the ratio 
of pseudouridylic acid (y>UMP)7, s plus uridylic acid to adenylic acid and of cytidylie 
acid to guanylic acid is close to 1. Base ratios of this kind appear to be characteristic 
of the composition of s-RNA isolated from a wide variety of sources a,<:~. These 
findings are suggestive that base pairing may be of considerable importance in the 
structure and biological properties of s-RNA. 

The results presented in this paper and studies on the physical characteristics 
of these s-RNA molecules will be discussed more fully in a later publication. 
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