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Further studies on nuclear and cytoplasmic ribonucleic acids* 

I n  previous  repor ts  1, 3, i t  was  shown t h a t  nuclear ribonucleic acid (nRNA) of calf t h y m u s  could 
be fract ionated into two  classes differing in ext rac tabi l i ty  and metabolic  activity.  Metabolic 
heterogenei ty  of n R N A s  has  been reported also f rom several laboratories a-s. The nucleotide 
composi t ion of n R N A  1 (extractable wi th  neutral  phospha t e  buffer) is different f rom t h a t  of n R N A  2 
(residual RNA),  b u t  is indist inguishable f rom tha t  of microsomal  R N A  (MsRNA) 1, ~. Both  n R N A  1 
and MsRNA could be purified as r ibonucleoproteins which are not  dist inguishable f rom each o ther  
wi th  respect  to  the  electrophoretic mobil i ty and R N A  content  1,3. 

I t  is the  purpose  of th is  communica t ion  to describe fu r ther  studies on the n R N A s  and cyto- 
plasmic R N A s  in some t issues of the  rabbi t  and ra t  wi th  special reference to the  relat ion of 
n R N A  z to MsRNA. 

First ,  the  incorporat ion of inorganic 3~p i n  v ivo into nuclear and cytoplasmic R N A s  and 
deoxyribonucleic acid (DNA) of a lbino-rabbi t  appendix,  t hymus ,  and liver has  been examined.  
I t  is seen f rom Fig. I t h a t  the  overall up take  of 32p by  R N A  and D N A  is h ighes t  in appendix,  inter-  
media te  in t h y m u s ,  and lowest  in liver. In  appendix  and t hymus ,  n R N A  2 has  the  h ighest  specific 
activity,  while there  is little difference be tween the  activities of nRNAz,  MsRNA and D N A  in 
these  t issues.  The activities of MsRNA and D N A  in the  liver are very  low compared  wi th  those of 
appendix  and thymus .  F r o m  these observat ions ,  it m a y  be concluded t h a t  no simple p r ecu r so r -  
p roduc t  re lat ionship exists between n R N A  1 and MsRNA in the  case of appendix  and t h y m u s  
t issues  so far as R N A - p h o s p h o r u s  is concerned. As up take  of asp b y  D N A  can safely be taken  as a 
measure  of the  average ra te  of mitotic act ivi ty of the  cell, the resul ts  r a the r  suggest  t h a t  a large 
p a r t  of the  isotopic labelling in MsRNA as well as in n R N A  1 is the  resul t  of the  mitot ic  doubl ing 
of each RNA,  because the  specific activities of MsRNA, n R N A  1 and D N A  increase at  near ly  the  
same ra te  af ter  the inject ion of the  isotope. The ten ta t ive  conclusion f rom these observat ions  
would  be t h a t  upon mitosis,  the  bulk  of the  MsRNA is not  derived f rom nRNAi ,  bu t  m a y  be 
synthesized independent ly  in the  cytoplasm, a l though the  possibili ty of nRNA~ being the  pre- 
cursor  of MsRNA after some s t ruc tura l  changes cannot  be excluded. 
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Fig, I. Time course of 3zp uptake  i n  v ivo by  RNAs  of r abb i t  t issues.  Rabb i t  weighing abou t  2 kg 
received o.6 mC 32p by in t ravenous  injection. Animals  were killed at  t ime intervals  indicated, and 
appendix,  t h y m u s  and liver were t aken  out. Nuclear  and cytoplasmic  fract ions were obtained as  
described previously2, 3 in the  case of appendix  and t hymus .  Citric acid nuclei were prepared  in 
the  case of liver for the  p repa ra t ion  of nRNA.  R N A  and D N A  were isolated according to the  
me thod  of AMANO et al. 1° for the  radioact ivi ty  measurements .  Relative specific act ivi ty  = 

coun t s /min /mg  P 
• IO 6, 

total injected counts/ndn 

* Suppor ted  by  gran ts  f rom The Rockefeller Founda t ion  and  for F u n d a m e n t a l  Scientific 
Research of the  Minis t ry  of Educa t ion  awarded  to the  "Cooperat ive  Research on The Nucleic 
Acids". 
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Such n e g a t i v e  d a t a  led us  to  e x a m i n e  w h e t h e r  t he  r enewa l  of M s R N A  in n o n - m i t o t i c  t issue,  
such  as a d u l t  l iver ,  was  s u p p o r t e d  b y  a s u p p l y  of n R N A  1 f rom t he  nucleus.  The  t i m e  course  of 
i n c o r p o r a t i o n  of 3zp in to  di f ferent  R N A s  of a d u l t - r a t  l iver  was  followed. I n  th i s  expe r imen t ,  nuc le i  
were  i so la ted  in 2.2 M sucrose  fo l lowing t he  m e t h o d  of CHAUVEAU et al. 11. Here  again ,  t he  u p t a k e  
of 32p b y  n R N A  2 (57 % of n R N A  in a m o u n t )  is g r ea t e r  t h a n  u p t a k e s  in  t he  o the r  f rac t ions .  W h a t  
is no t i ceab le  in  th i s  t i s sue  is t he  fac t  t h a t  t he  r a t e  of i nco rpo ra t i on  of 32p in to  n R N A  1 (43 % of 
n R N A )  is m u c h  h iger  t h a n  t h a t  i n to  MsRNA.  However ,  ana lyses  of nuc leo t ide  compos i t i on  of 
n R N A  1 and  M s R N A  do no t  s i m p l y  s u p p o r t  t h e  idea  t h a t  n R N A  1 as such is t h e  p recur so r  of M s R N A  
in th i s  t issue.  I n  Tab le  I a re  l i s t ed  t he  nuc leo t ide  compos i t i ons  of n R N A  1, n R N A  2 a n d  M s R N A  
of r a b b i t  a p p e n d i x  a nd  r a t  l iver .  I n  t he  case of append ix ,  n R N A  1 and  M s R N A  h a v e  p r a c t i c a l l y  
t he  s a m e  compos i t ion ,  whereas  nRNA~ is d i f ferent  f rom n R N A  1 and  MsRNA.  These  obse rva t i ons  
are  in  good accord w i t h  those  o b t a i n e d  on c a l f - t h y m u s  R N A s  1, 2. In t h e  case of r a t  l iver ,  however ,  
t he  nuc leo t ide  c om pos i t i on  of M s R N A  is s ign i f i can t ly  di f ferent  f rom t h a t  of n R N A  1, which  is 
r a t h e r  s imi l a r  to  t h a t  of n R N A  2. I t  is no t  known  w h e t h e r  n R N A  1 in t h i s  t i s sue  is a m i x e d  popu la -  
t ion  of more  t h a n  one RNA,  one of wh ich  m i g h t  cor respond  to  t he  n R N A  1 of m i t o t i c  t i ssues .  

T A B L E  I 

NUCLEOTIDE COMPOSITION OF NUCLEAR AND CYTOPLASMIC R N A s  OF RABBIT 
APPENDIX AND RAT LIVER 

The nucleotide composition was determined by Dowex-l-formate ion-exchange chromatography 
after the alkaline hydrolysis of each fraction as described previously 2. 

Molar  ra t io ,  adeny l i c  ac id  = io .o  

Purine RNA Guanylic Cytidylic Uridylic pyrimidine 

* P r e p a r e d  f rom t h e  nuc le i  i so la t ed  in  0.2 5 M sucrose-o.oo 4 M CaC1 v 
** P r e p a r e d  f rom the  nucle i  i so la t ed  in  2.2 M sucrose  accord ing  to  t he  m e t h o d  of CHAUVEAU, 

MOUL~, AND ROUILLER 11. 
*** P r e p a r e d  f rom the  nuc le i  i so la ted  in  2.2 M sucrose 11, us ing  a n i m a l s  s t a r v e d  for i 0  days,  

a n d  refed p ro te in - r i ch  d i e t  for I day .  

A l t h o u g h  the  d a t a  r e p o r t e d  here  do no t  exc lude  a poss ib i l i t y  t h a t  a p a r t  of M s R N A  is de r ived  
f rom n R N A  1 (or nRNAz) ,  c i r c u m s t a n t i a l  ev idence  leads  us t o  cons ider  a n o t h e r  role of n R N A s  in 
nuc lea r  m e t a b o l i s m  r a t h e r  t h a n  t h a t  of t h e  p recursor  of cRNA.  In th i s  connect ion ,  i t  m i g h t  be 
n o t e d  t h a t  t he re  h a v e  been  no conc lus ive  e x p e r i m e n t s  so far, to  d e m o n s t r a t e  t he  t r a n s f e r  of n R N A  
in to  cy top l a sm.  E v e n  t he  we l l -known  e x p e r i m e n t s  by  GOLDSTEIN AND PLAUT 9 on a m o e b a e  do no t  
seem to  us as decis ive  as  i t  wou ld  appear ,  because  the  poss ib i l i t y  t h a t  ac id-so luble  phosphorus  
c o m p o u n d s  of i m p l a n t e d  labe l led  nucleus  are  i nvo lved  in  t he  l abe l l ing  of h o s t - c y t o p l a s m i c  R N A  
was  no t  exc luded .  
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Rece ived  F e b r u a r y  I8 th ,  1957 

Rabbit appendix 
M s R N A  19.o 15.8 lO.8 1.o 9 
n R N A I *  18.8 15.8  lO.8 1.o8 
n R N A I * *  19.2 16.3 lO.6 1.o9 
nRNA2*  14.o 14. 4 12.o o.91 

Rat liver 
M s R N A  19.o 14.9 lO.6 1.14 
n R N A I * *  15.6 13. 7 12.8 0.97 
n R N A I * * *  15.8 11. 4 12. 7 1.o 7 
nRNA2**  13-7 13-6 11.4 0.95 


