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Preliminary Notes 

Some aspects of the relation between nuclear and cytoplasmic 
ribonucleic acids" 

The  hypo the s i s  t h a t  nuc lea r  r ibonucleic acid (nRNA) is the  precursor  cy top lasmic  R N A  (cRNA) 1 
is m a i n l y  based  on t he  obse rva t ions  t h a t  isotopic precursors  are incorpora ted  a t  a m u c h  h igher  
ra te  into n R N A  t h a n  into a n y  fract ion of cRN'A. BARNUM et a13, s, however ,  d e m o n s t r a t e d  in 
the i r  t racer  e x p e r i m e n t s  t h a t  n R N A  does no t  sa t i s fy  the  theoret ica l  r equ i r emen t s  of the  p recursor  
of c R N A .  Ano the r  objec t ion  to th i s  h y p o t h e s i s  is der ived from the  differences in ave rage  nucleot ide  
compos i t ion  be tween  n R N A  and  c R N A  4,~. However ,  ne i ther  of  these  ob jec t ions  seems to be 
conclusive,  s ince the  he te rogene i ty  of R N A  mi gh t  obscure  the  s i tua t ion .  Au to rad iograph ic  
evidence recent ly  presen ted  by  GOLDSTEIN AND PLAUT 8 us ing  a m o e b a  clearly d e m o n s t r a t e d  t h a t  
a t  least  a pa r t  of t he  c R N A  is der ived from the  nucleus.  

Ev idence  has  been p resen ted  showing  t h a t  in the  calf t h y m u s ,  the re  are a t  least  two k inds  
of R N A  in t he  nuc leus  differing in ext rac tabi l i tyLS and  metabol ic  ac t iv i ty ,  n R N A  1 is associa ted  
wi th  a prote in  f rac t ion (Frac t ion  I) which can be readi ly  ex t r ac t ed  wi th  neu t r a l  p h o s p h a t e  buffer  
f rom nuclei  isolated in sucrose,  nR NA1 m a y  be ob ta ined  from the  res idue of the  p h o s p h a t e  ex t r ac t  
by  d issolving in i M NaC1, followed by high speed cent r i fugal  s ed imen ta t i on  (Frac t ion  II). The  
diffusable n a t u r e  of Frac t ion  I sugges t s  the  possibi l i ty t h a t  the  n R N A  t in th is  f ract ion m i g h t  
represen t  t he  precursor  of c R N A  7. This  is fu r ther  e x a m i n e d  in the  p resen t  c o m m u n i c a t i o n .  

Calf t h y m u s  nuclei  and  the  nuclear  protein  f ract ions  were prepared  by the  m e t h o d  descr ibed 
by  ALLFREY et a1.%8. The  cy top lasmic  fract ion was  obta ined  f rom the  t i ssue  h o m o g e n a t e  in a 
sucrose-CaClz m e d i u m  by  cen t r i fug ing  a t  2,000 x g for 8 rain. Microsomes  were spun  down a t  
90,00o × g for 6o min  f rom the  cy top lasmic  fract ion from which the  mi tochondr ia l  f ract ion had  
prev ious ly  been r emoved  by cen t r i fuga t ion  a t  7,5o0 × g for 2o min .  The  ac id- t rea ted ,  l ipid-free 
powder  of each fract ion was  t rea ted  with o . 5 N  K O H  at  37 ° C for zo h. After  prec ip i ta t ion  of 
p ro te ins  and  DNA by acid, the  s u p e r n a t a n t  was  neut ra l ized  and  the  R N A  mononuc leo t ides  were 
q u a n t i t a t i v e l y  separa ted  on a D o w e x - l - f o r m a t e  co lumn,  us ing  a modified " formic  acid s y s t e m "  
of HURLBERT et al. 9. The  nucleot ide  compos i t ion  of R N A ' s  from different  f ract ions  of calf t h y m u s  
t i ssue  is g iven  in Table  I. I t  is clear  t h a t  n R N A  2 is charac ter ized  bv  a h igher  uridylic,  and  a 
lower guanyl ic  acid c o n t e n t  as  compared  wi th  t h a t  of c R N A .  The  poin t  of in te res t  however  lies 
in the  fact  t h a t  n R N A  1 reveals  pract ica l ly  the  s ame  nucleot ide  compos i t ion  as the  R N A  of 
c y t o p l a s m  or microsomes .  

Ribonucleopro te in  isolated from Frac t ion  I by m e a n s  of s t r ep tomyc in  1°, *" and  from micro-  
somes  are  no t  d i s t ingu ishab le  with respect  to thei r  c lectrophoret ic  mobi l i ty ,  and  R N A  con t en t  

T A B L E  I 

N U C L E O T I D E  C O M P O S I T I O N  OF R N A ' s  FROM D I F F E R E N T  N U C L E A R  A N D  C Y T O P L A S M I C  F R A C T I O N S  

OF C A L F  T H Y M U S  T I S S U E  

(Molar ratio, adenyl ic  = IO.O) 

Fraction G.uanyli¢ Cytidylic Uridyli~ Puri~l.t/pyrimidi*tt 

Whole  t i ssue 17.3 I3.5 I 1.4 i .I I 
Sucrose nuclei  15.7 13.5 12.5 0.99 
Frac t ion  I (nucleus) 18.o 14. i i o. i i. 16 
Frac t ion  I I (nucleus) 15. i 13.4 12.5 0.97 
Cytop lasmic  fract ion 17.9 14.4 I o. 3 1.13 
Microsomes 17.6 14.6 io. r x. 12 

* Suppor t ed  by  g ran t s  f rom t he  Rockefeller  F o u n d a t i o n  and  for F u n d a m e n t a l  Scientific 
Research  of the  Minis t ry  of E d u c a t i o n  awarded  to the  "Coopera t ive  Research  on The  Nucleic 
Acids" .  We  wish to express  our  indeb tedness  to Dr. A. E. MIRSKY and  Dr. V. G. ALLFREY for 
the i r  k ind  sugges t ions  and  advice  in th is  work. 

** Kind ly  furn ished  t h r o u g h  the  cour tesy  of Dr. Y. KOTAKE of the  Meiji Seika Ka i sha  Ltd. ,  
Tokyo .  
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(about  55'~b l)y weight}. These o l )servat ions  toge ther  with the nucleot ide  ana lyses  in Table 1 
sugges t  t h a t  n R N A ,  in Frac t ion  1 is now on its way out  inu,  the  c y t o p l a s m  as a rzb,much'op,',,leiu. 

It  is one of the r equ i r emen t s  f()r the  p recursor -p roduc t  re la t ionsh ip  tha t ,  in the ear ly  phases  
of the  react ion,  the incorpora t ion  of isotope into the precursor  RN: \  m u s t  occur a t  a h igher  ra te  

"I'AI'H.I:. I1 

I N C O R P O R A T I O N  OF 321") i n  ~ ' i v -  I N T O  R N z V , ~  OF DIFI . 'ERt . :NT F R A C T I O N S  OF C A L F  Tt tY.MUS 3 H O U R S  

AFTI,,'R INTRAVENf) I . IS  I N J E C T I O N  OF I ]  l l lC 321) 

>>pecilic acticit) (counts rain.rag RNA-1') 

Fracture 3h.~ed" Mi~ed 
nu¢lex)tutes nucle,)tides A denvlic 

(calculated) 

Frac t ion  I (nucleus) t3(,o 137 ° 09o 
Fract ion II (nucleus) 333 ° 35oo 3~oo 
Cy top la smic  fract ion ,~5o ,~So S f)(, 
.Micmsomes Sso 

Guan3'lic Cytidyhc LrMylic 

-'700 O~ 5 ~)~)0 
310o 391o 310o 
!)°5 7 t o ) 14 o 

* Calcula ted  from the specitic a c t i v i t y  of mononuclcot ides .  

t han  into the p roduc t  RN: \ .  However ,  th is  rule is not  app l icab le  if the p roduc t  RNA independen t ly  
tu rns  over. A p re l imina ry  e x p e r i m e n t  on the incorpora t ion  in vivo of mp  into RNA's*** of calf  
thymus, has  been carr ied out .  I t  is c lear ly  seen from Table  I1 t h a t  nRNA z is the  mos t  a c t i ve  si te 
of '~2t' incorpora t ion  among  all f ract ions examined .  I t  is also obvious  t h a t  ~ t '  incorpora tes  into 
n l ( N . \  l a lmos t  twice as ac t ive ly  as into cRNA.  However ,  e x a m i n a t i o n  of the d a t a  on the  in- 
corpora t ion  into ind iv idua l  mononuc leo t ides  ind ica ted  t h a t  the s i t ua t i on  is not a t  all s imple.  
The h igher  specific a c t i v i t y  of the  mixed  nucleot ides  of n R N A  1 over  c R N A  is not  due s imply  
to a h igher  a c t i v i t y  of all  mononucleot ides ,  b u t  to an unusua l ly  high specific a c t i v i t y  of the 
guany l i c  acid.  Several  possible e xp l a na t i ons  m a y  be given for the re la t ion be tween n R N : \  1 and  
cRNA.  One is tha t ,  despi te  the a p p a r e n t  chemica l  s imi la r i t i e s  of these two RNA's ,  t hey  are  
syn thes ized  independen t ly .  I t  is also possible,  however ,  t h a t  in connect ion wi th  some cy t op l a smi c  
ac t iv i t i e s  such as prote in  synthesis ,  c R N A  tu rns  over  i ndependen t ly  from n R N A  l, even if the  
l a t t e r  serves  as the sole precursor  of cRNA.  Fur the r  e x pe r i men t s  on this  m a t t e r  are now in 
progress.  
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