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Rdsumd. Nous avons  6tudi6 la d i s t r ibu t ion  du R N A  5 S 
dens  le foie du se rpen t  sud-am6rica in  Crotalus durissus 
terri/icus. Nos r6sul ta ts  on t  mont r6  que le R N A  5 S de ce 
rept i le  est  associ6 ~ la sous-unit6 r ibosomique  60 S. 
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D 'au t r e  par t ,  la mobil i t6  e lec t rophor6t ique  de ce 1RNA de 
faible poids  mol6culaire est  la m~me que celle d'Escherichia 
coli et de pupe  d 'Apis  melli/era L. 
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De novo  R N A  Biosynthes i s  in Isolated Bone  M a r r o w  Nucle i  

Bone m ar row  cells are in cons t an t  process  of prolifera-  
t ion  and  di f ferent ia t ion,  in which  the  nucleic acids oc- 
cupy a. cent ra l  role 1. Fu r the rmore ,  there  is convincing 
evidence t h a t  mos t  of the  R N A  synthes is  takes  place in 
t he  nucleus of t he  an imal  cells 2. Some of these  1RNAs are 
res t r ic ted  to t he  nucleus while o thers  are t r anspo r t ed  to 
the  cy top la sm where  t h e y  will form p a r t  of the  biochemi-  
cal m a c h i n e r y  for the  syn thes i s  of the  pro te ins  ~, 4. W h e n  
the  syn thes i s  of d i f fe rent  types  of R N A  is high, the  re- 
qu i r emen t s  for R N A  simple precursors  of R N A  m u s t  be 
ve ry  extensive.  

In  a previous  pape r  we have  shown 5 t h a t  isolated bone 
mar row  nuclei are capable  of syn thes iz ing  R N A  from 
r ibonucleot ide  t r i p h o s p h a t e  precursors ,  which  are l ikely 
to  be fu rn i shed  by  the  cy top lasmic  pool. I t  has  also been 
found  t h a t  isolated nuclei  f rom b o t h  ra t  l iver and Hela  
cells can incorpora te  labelled aminoacid  in to  nuclear  pro- 
te ins  ~. These f indings  suggest  t h a t  the  nuclei  of the  ani- 
mal  cells have  a large degree of au tonomy,  expressed in 
the i r  capac i ty  to  syn thes ize  complex  macromolecules  f rom 
s imple  precursors .  

This  pape r  describes expe r imen t s  in which  isolated bone  
mar row  nuclei incorpora ted  (14C) fo rmate  and  (14C) gly- 
cine in to  the  1RNA pur ine  bases.  Using th is  cr i ter ion we 
show t h a t  the  isolated r a t  bone  mar row  nuclei  can syn- 
thesize R N A  de novo f rom simple precursors .  A prel im- 
inary  repor t  has  a l ready  been  given in abs t r ac t  form 7 

Norma l  male  ra t s  of the  Wis t a r  s t ra in  weighing 
230-270 g were used. The bone  mar row nuclei  were ob- 
t a ined  as ind ica ted  by  PERRETTA and  B o s c o  5. The result-  
lug nuclear  pel le t  was washed  s w i th  0 .25M sucrose selu- 
t ion conta in ing  10 -a 2VI MgC12a and 0.1% Tr i ton  X- 100 and 
twice rewashed  wi th  0 .25M sucrose solut ion 10-aM 
MgC12. All the  s teps  were pe r fo rmed  be tween  0~ ~ The 

pu r i ty  of the  nuclei f rac t ion was t e s t ed  by  examining  the  
pel le t  by  l ight  and phase  microscopy and  for the  presence  
of the  cy toplasmic  marke r  enzymes  glucose 6 phospha te ,  
succinic dehydrogenase ,  cy toch rome  oxidase  and  ura te  
oxidase.  In  all cases, the  nuclei  were found to be free of 
cy toplasmic  con taminan t s .  

The puri f ied nuclear  f rac t ion was suspended  in 0 .25M 
sucrose conta in ing  10-3 M MgC12 ; 5 ~zCi of (14C) fo rmate  or 
(U-I~C) glycine to a f inal  volume of 1.25 ml  at  p H  6.5 was 
added  and  kep t  a t  37 ~ for var iable  per iods  of t ime.  The 
react ion was s topped  by  the  addi t ion  of cold 2.134 per- 
chloric acid and t h e n  the  R N A  and  D N A  were isolated 
following the  me t h o d  descr ibed by  SMELLIX, T~IOMSO~ and 
DAVlDSON 9. The DNA and  R N A  bases were separa ted  by  
b id imens ional  c h r o m a t o g r a p h y  and the i r  concen t ra t ions  
were e s t ima ted  by  measur ing  the  UV-absorp t ion .  The ra- 
d ioac t iv i ty  was counted  in a Nuclear  Chicago glas-flow 
counter  and expressed as specific ac t iv i ty  in count  per  
minu te  ~mole of base. 

The p a t t e r n  of in v i t ro  incorpora t ion  of (14C) fo rmate  
into the  nucleic acid bases of isolated mar row nuclei  is 
shown in Table  I. Notice t h a t  the  labelled precursor  is ex- 
tens ive ly  incorpora ted  into the  R N A  pur ine  bases while 
the  DNA bases are no t  labelled. W h e n  the  expe r imen t  
was pe r fo rmed  wi th  previous ly  boiled bone mar row nuclei, 
the  R N A  and  D N A  bases did no t  incorpora te  radioact iv i ty .  
I t  is wor th  adding  since t h a t  the  t h y m i n e  in D N A  was no t  
labelled, the  incuba t ion  sys t em was free f rom bacter ia l  
con tamina t ion .  

In  order  to  conf i rm de novo 1RNA synthesis ,  the  up- 
take  of a precursor  t h a t  is incorpora ted  in the  f i rs t  s tages  
of the  metabol ic  p a t h w a y  was s tudied.  The incorpora t ion  
of (U-14C) glycine into the  R N A  adenine  is shown in Table  
II.  As a contro l  ano the r  nuclear  sample  incuba ted  wi th  

Table I. In vitro incorporation of (14C)-formate into the purine bases 
of the nucleic acids of isoIated rat bone marrow nuclei 

Base analyzed Specific activity 
Counts/min/p~mole of bases obtained Irom 
RNA DNA 

Adenine 2,065 0 
Guanine 1,302 0 
Thymine 0 

The results are of a typical experiment from a series of 10. Each 
value represents the average of 2 samples. The nuclei were incubated 
with 5 p, Ci of 14C-formate for 2 h. The specific activity of the (14C)- 
formate was 19 mCi/mM (New England Corporation). Other experi- 
mental conditions are indicated in the text. 
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Table II. In vitro incorporation of (14C) formate and (U-14C) glycine Table III. Effect of the aminopterin on the in vitro incorporation of 
into the RNA adenine of isolated bone marrow nuclei (tsC) formate into the RNA adenine of isolated bone marrow nuclei 

Labelled precursor Specific activity Conditions 
Counts/min/{xmole of adenine 

Specific activity 
Counts/min/~xmole of adenine 

14C-formate 850 Control 3,200 

(U-14C) glycine 892 Plus 250 ~xg aminopteriI1 720 

The results are of a typical experiment from a series of 3.3 [xCi of the 
labelled formate and glyeine were used. The specific activity of the 
(U-14C) glycine was 110 mCi/mM (New England Corp.). The other 
conditions are similar to those mentioned in Table I. 

Typical experiment from a series of 3. The conditions are the same 
indicated in Table I. 

(14C) fo rma te  was used. I n  b o t h  samples  t he  i nco rpo ra t i on  
of t he  respec t ive  label led  precursors  was  rough ly  t he  
same.  

The  precursors  u p t a k e  rep resen t s  de novo  R N A  syn the -  
sis, because  i t  occurs  d u r i n g  t he  in i t ia l  s teps  lead ing  to  t he  
f o r m a t i o n  of t h e  pu r ine  ring. The  fol lowing a r g u m e n t s  can  
be  a d v a n c e d  to d e m o n s t r a t e  t h a t  t h e  resu l t s  are no t  due  
to cy top la smic  c o n t a m i n a t i o n s :  1. de t e rgen t s  were em- 
p loyed  to  r e m o v e  cy top la smic  p ro t e in s  f rom t he  pert-  
nuc lea r  m e m b r a n e ;  2. t he re  is absence  of cy top l a smic  en- 
zyme  ac t iv i t i es  and  3. t he  p u r i t y  a n d  i n t eg r i t y  of t he  
nuc lea r  p r e p a r a t i o n  was t e s t ed  b y  l igh t  a n d  phase  micro-  
scopy. 

I t  m a y  be  a rgued  t h a t  the  i nco rpo ra t i on  of t h e  label led  
fo rma te  in to  t he  R N A  pur ines  is no t  a suff ic ient  cr i ter ion 
to measure  de novo  R N A  synthes is ,  because  t he  p recursor  
is i nco rpo ra t ed  in to  t he  pu r ine  nuc leus  a t  2 s teps :  A) 
du r ing  t he  f o r m a t i o n  of t he  N- fo rmylg lyc inamide  r ibo-  
nuc leo t ide  a n d  B) a t  t he  end  of t he  p a t h w a y  du r ing  t he  
f o r m a t i o n  of t h e  5 - fo rmamido imidazo le -4 -ca rboxamide  
r ibonuc leo t ide .  To c lar i fy  t h i s  poin t ,  i t  would  be  necessary  
to  eva lua t e  t he  r a t e  of p recursor  u p t a k e  in b o t h  stages.  I n  
o the r  words  i t  h a s  to  be  m e a s u r e d  w h e t h e r  t h e  incorpora t -  
ed isotope is fa i r ly  equal ly  d i s t r i b u t e d  be t w een  t he  C-2 
and  C-8 pos i t ions  of t he  pu r ine  r ing.  This  was  done  indi-  
rect ly ,  ana lys ing  t he  (14C) glycine i nco rpo ra t i on  in to  t he  
pur ines ,  wh ich  c o n t r i b u t e s  w i t h  t he  C-4, C-5 a n d  N-7 
a toms ,  in  a r eac t ion  t h a t  heads  t h e  f o r m a t e  p a r t i c i p a t i o n  
in t he  pur ines  p a t h w a y .  The  glycine forms  t he  in te rme-  
d ia ry  g lyc inamide  r ibonucleo t ide .  I n c o r p o r a t i o n  of these  
2 labe l led  precursors  seems, therefore ,  to  r ep resen t  de 
novo  b iosyn thes i s  of pur ines  f rom glycine and  phosphor i -  
bosy lamine .  

I n  a g r e e m e n t  w i t h  this ,  t h e  folic ana log  a m i n o p t e r i n  has  
a p r o m i n e n t  i n h i b i t o r y  effect  (see Tab le  I I I ) ,  i nd i ca t i ng  
t h a t  t he  e n z y m a t i c  s y s t e m  for t h e  pur ines  syn thes i s  ha s  to  
be  p re sen t  in to  t he  cell nucleus.  I t  has  been  shown  t h a t  in  
l iver  cell, t h e  folic acid is d i s t r i b u t e d  in t he  subce l lu la r  
f ract ions ,  co r re spond ing  to  t he  nucleus,  20% of t h e  t o t a l  
d i s t r i b u t i o n  10. 

W i t h  t he  excep t ion  of t he  m i t o c h o n d r i a l  RNA,  mos t  of 
t h e  d i f fe ren t  species of R N A  p r e s en t  in  t he  a n i m a l  cells 
are syn thes ized  in t h e  cell nucleus.  I t  is well  k n o w n  t h a t  
t he  r i bosoma l  R N A  is gene ra t ed  b y  t he  nucleolus  f rom 
h igh  molecula r  we igh t  R N A  precursor  11. I n  r ap id ly  grow- 
ing a n i m a l  t issues,  t h e  messenger  1RNA seems to h a v e  a 
s imi lar  or igin f rom t h e  nuc leop la sm 3. These  h e a v y  IRNAs 
h a v e  a sho r t  half-l ife of m i n u t e s  1~ a n d  the i r  presence  m a y  
be  exclus ively  conf ined  to t he  cell nucleus*. 

The  h igh  r a t e  of syn thes i s  of t he  R N A  in eukar io t i c  cells 
suggests  t h a t  t he  nuc leus  requi res  for a large pool  of 

nuc leo t ides  emp loyed  in i t s  synthes is .  The  e x p e r i m e n t a l  
ev idence  r epo r t ed  in t h i s  p a p e r  suppor t s  th i s  a s s u m p t i o n ,  
in t he  sense t h a t  bone  m a r r o w  nucle i  can  syn thes ize  
pur ines  nucleot ide ,  p r o b a b l y  to  s u p p l e m e n t  those  of t h e  
cy top l a smic  pool, in order  to  cover  t he  h i g h  d e m a n d  for 
these  c o m p o u n d s  for t he  syn thes i s  of t he  severa l  types  of 
RNA.  

T h e  c h a r a c t e r i z a t i o n  a n d  t he  iden t i f i ca t ion  of t he  R N A  
types  syn thes ized  u n d e r  t he  cond i t ions  descr ibed in th i s  
c o m m u n i c a t i o n  a n d  i ts  r e l a t ionsh ips  w i t h  specific func-  
t ions  of bone  m a r r o w  cells are  in  progress  in  our  l abora -  
tory .  

Resumen. La  b i o s i n t e s i s  de R N A  a p a r t i r  de precur-  
sores s imples  fu6 es tud iada .  La  incorporac i6n  de fo rmia to  
(C 1.) y gl icina (U-C 1~) a las bases  pur icas  del R N A  fu6 
u t i l i zada  como cr i ter io  por  med i r  la s lntes is  de novo  de 
IRNA. Es tos  precursores  se i nco rpo ra ron  e x t e n s a m e n t e  a 
la a d e n i n a  y g u a n i n a  del R N A  m i e n t r a s  que  las del D N A  
no r e su l t a ron  marcadas .  E1 antif61ico a m i n o p t e r i n a  pro- 
duce  u n a  m a r c a d a  inh ib ic i6n  en  la incorporac idn  del for- 
m i a t o  (Ca*), i nd i cando  con esto que  el nucleo  posee los sis- 
t e m a s  enz im~t icos  p a r a  poder  s in t e t i za r  et an i l lo  purinico.  
Se concluye  que  el nucleo  a is lado de mSdula  6sea de r a t a  es 
capaz  de s in t e t i za r  c o m p l e t a m e n t e  u n a  mol6cula  de R N A  
con precursores  simples.  Las  posibles  impl icac iones  bio-  
16gicas son menc ionadas .  

M. PERRETTA a n d  A. ROMERO 1s, 14 

Laboratorio de Bioquimiea, Departamento de Cieneias 
Fisiol6gieas, Facultad de Cieneias Pecuarias y Medicina 
Veterinaria, Universidad de Chile, 
Casilla 5539, Santiago (Chile), 
3 Ju ly  1972, 

10 D. V. VIVA SANKAR, A. GEISLER and P.W. ROZSA, Experientia 
25, 691 (1969). 

11 R. A. WmNBERG and S. PENMAN, J. molec. Biol. 47, 169 (1970). 
12 M. GROSS and E. GOLDWASSER, Biochemistry 8, 1795 (1969). 
xa This work was partly supported by the Comisi6n Naeional de 

Investigaci6n Cientifiea y Tecnol6gica (Grant No. 63-103) and the 
Comisi6n de Investigaci6n de la Facultad de Ciencias Pecuarias y 
Medicina Veterinaria (Grant No. CF-5 and CF-B2). 

14 We thank Dr. J. FERN~,NDEZ for the critical reading of the manu- 
script. The technical assistance of Mr. F. GARRIDO iS gratefully 
acknowledged. 


