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Elec t ron -au t o r ad i og raph i c  inves t igat ion of RNA synthes is  in mouse  l i ve r  cel ls  r evea led  con-  
s ide rab le  d i f fe rences  in the content of labeled RNA in the nucleoli  of the same  nucleus .  In 
a r e a s  of the cy top lasm located n e a r  the nuc lear  m e m b r a n e ,  with an adjacent  nucleolus,  the 
concent ra t ion  of s i l v e r  g ra ins  was f requent ly  much  higher  than e l sewhere  in the cy top lasm.  
On the bas i s  of these  findings it is sugges ted  that  the nucleoli  of one nucleus synthes ize  RNA 
at different  t i m es ,  t r a n s f e r  it to the nuc lea r  m e m b r a n e ,  and a lso  d ischarge  RNA into the 
cy top la sm at dif ferent  t i m e s .  This  would explain the rhythm of RNA l ibera t ion  into the cy to -  
p l a s m .  Under pathological  conditions the number  of nucleoli  m a y  be inc reased ,  with a con-  
sequent  i nc rease  in the f requency  of l ibera t ion  of RNA port ions  into the cy top lasm.  
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RNA is known to be synthes ized  in the nucleolus and chromat in ,  and mos t  of it is then subsequent ly  
t r a n s f e r r e d  into the cy top lasm.  S t rocker  et  al .  [4] and H a r r i s  [3] have found that  the nucleolus p lays  an 
impor tan t  role in this t r a n s f e r  of RNA. Clea r ly  [3], the appearance  not only of r i b o s o m a l  RNA (rRNA), 
synthes ized  in the nucleolus i tself ,  but a lso  of m e s s e n g e r  RNA (mRNA), synthes ized  in the chromat in ,  is 
connected with the function of the nucleolus .  However ,  the m e c h a n i s m  by which the nucleolus p e r f o r m s  its 
t r a n s f e r  function has  not yet  been  explained.  To study this p rob l em the method of e l e c t r o n - m i c r o s c o p i c  au-  
to rad iography  was used.  

EXPERIMENTAL M E T H O D  

A subcutaneous injection of 0.2 m l  of a 40%solution of ca rbon  t e t r ach lo r ide  (CC14) in peach oil was 
given to noninbred albino mice .  The e l ec t ron -au to rad iog raph i c  invest igat ion of the l ive r  t i s sue  was c a r r i e d  
out 24 h a f t e r  the injection of CC14, when the an imals  had developed nec ros i s  of the cen t ra l  zones of the 
hepat ic  lobules,  and a compensa to ry  inc rease  in the ra te  of RNA synthes is  had developed in the hepatocytes  
located at the pe r iphe ry  of the lobules .  At in te rva l s  of 30 rain and 2 and 4 h before  fixation of the m a t e r i a l  
the e x p e r i m e n t a l  and control  (not rece iv ing  CC14) an imals  were  given inject ions of RNA p r e c u r s o r s :  orot ic  
ac id-5H 3 or  u r id ine -5H 3 in doses  of 50-100 p C i / g  (specific act iv i ty  25 C i / m m o l e ) .  P ieces  of l i ve r  were  
fixed with glutaraldehyde and OsO 4 and embedded in Epon. Thin (500-1000 A) and semi th in  (0.5-1 #) s e c -  
t ions were  cut f rom the blocks for  invest igat ion in the e l ec t ron  and light m i c r o s c o p e s .  The sec t ions  were  
coated with M emuls ion ,  exposed for  15-40 days,  and developed with D-19 developer .  The densi ty  of the 
s i l v e r  gra ins  above the nucleolus,  nuc leoplasm,  chromat in ,  g ranu la r  endoplasmic  re t iculum,  and mi tochon-  
d r i a  was de te rmined  on the e l e c t r o n - a u t o r a d i o g r a p h s .  The number  of gra ins  of s i l ve r  above the nucleolus 
and above the r e m a i n d e r  of the nucleus was counted in l ight -opt ica l  au torad iographs .  

E X P E R I M E N T A L  R E S U L T S  

Usually one o r  s e v e r a l  nucleoli ,  mos t  f requent ly  f rom 2 to 4, were  found in the nuclei of the hepa-  
tocy tes  of the expe r imen ta l  and control  an imals .  On the average  the nucleoli  had the highest  density of 
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Fig.  1. Di f fe rences  in content  of newly synthes ized  RNA in hepa -  
tocyte  nucleoli:  a )  many  gra ins  of s i l v e r  in two nucleoli  (I and II) 
and fewer  in the th i rd  (III). 15,000• ; b) high content of labeled 
RNA in one nucleolus (I), l e s s  En another  (II) with an i nc rea sed  
concent ra t ion  of s i l v e r  g ra ins  in the a r e a  of cy top lasm c loses t  to 
the  nucleolus,  and absence  of gra ins  in a th i rd  nucleolus (III). 
15,000x. 

Fig. 2. T r a n s f e r  of newly synthes ized  RNA f rom nucleolus 
t o  cy top lasm.  15,000• 

s i l v e r  g ra ins  c o m p a r e d  with o ther  s t r u c t u r e s  of the ce l l s .  The concent ra t ion  of s i l v e r  grains  above the 
zone n e a r e s t  to it  in densi ty  was 2.5-3 t i m e s  s m a l l e r .  Meanwhile the nucleoli  of one nucleus often di f fered 
cons ide rab ly  in the densi ty  of the s i l v e r  gra ins  above them.  Heterogenei ty  in the content of label  was p a r -  
t i cu la r ly  c h a r a c t e r i s t i c  of nucleoli  n e a r  the  nuc l ea r  m e m b r a n e  or  close to it. Some of them,  judged f rom 
the n u m b e r  of  g ra ins  of  s i lve r ,  contained much  of the labeled product  (Fig. la) ;  above the o thers  there  
were  fewer  g ra ins ,  but the concent ra t ion  of label  in the cy top lasm opposite such a nucleolus  was higher  
than in the r e s t  of the cy top lasm (Figs.  lb  and 2); f inally,  no s i l ve r  gra ins  wha tever  were  found above in-  
dividual  nucleoli  located n e a r  the nuc lea r  m e m b r a n e  (Fig. lb) .  

The d i f fe rence  in the content of labeled RNA in the nucleoli  indicates  that i ts  synthes is  in the d i f f e r -  
ent nucleoli  of the s a m e  nucleus is evident ly  not synchronized  but t akes  place at different  t i m e s .  There  
is a co r r e spond ing  lack  of synchroniza t ion  of the nd ischarge"  of newly synthes ized  RNA into the cy top lasm 
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Fig. 3. Diagram showing var ia t ion  in t i m e s  
of RNA synthes is  in each  of the nucleoli  and 
i ts  t r a n s f e r  into the cy top lasm.  

at the nuc lea r  m e m b r a n e .  Allowing for  both these  
phenomena  the following p ic ture  can be drawn of the 
dynamics  of the p r o c e s s  as a whole: the nucleoli  syn-  
thes ize  rRNA in turn and t r a n s f e r  it, a lso  in turn ,  to 
the nuc lea r  m e m b r a n e ,  picking up a ce r t a in  quanti ty of 
m e s s e n g e r  RNA during this movemen t  [3]. They then 
"d i scha rge"  a por t ion  of newly synthes ized  RNA into 
the cy top la sm and again s t a r t  to synthes ize  rRNA and 
to pick up mRNA (Fig. 3). 

I f  these  a rgumen t s  a re  c o r r e c t ,  valuable  m a t e r i a l  
is now avai lable  for  solving the p rob lem of the rhy thm 
of nuc l eo -cy top la smic  re la t ions .  Since a t r a n s v e r s e  
m o v e m e n t  of the nucleol i  toward  the nuc lea r  m e m b r a n e  
followed by l ibera t ion  of RNA into the cy top la sm can 
be seen,  the re  a re  good grounds for  supposing that  
RNA en t e r s  the cy top la sm mos t  p robab ly  not cont inu-  
ously but per iod ica l ly ,  in s epa ra t e  por t ions .  This ,  in 
turn ,  is evidence in suppor t  of the rhy thmic  c h a r a c t e r ,  

r a t h e r  than the smoothness  and continuity,  of nuc l eo -cy top l a smic  re la t ions ,  de te rmin ing  the c o r r e s p o n d -  
ingly rhy thmic  work  of the cel l  as  a whole.  The dynamics  of RNA synthes is  in the nucleolus and its l i b e r a -  
t ion into the cy top lasm thus provide  a v e r y  c l e a r  i l lus t ra t ion  of the a l t e rna t ing  ac t iv i ty  of  functioning s t r u c -  
t u r e s  as an impor tan t  pr inciple  of the function of biological  s y s t e m s  [1, 2]. In this case  this pr inciple  is 
e x p r e s s e d  at the subce l lu la r  ( intranuclear)  level .  Each succes s ive  por t ion of RNA l ibe ra ted  by the nucleolus 
into the cy top lasm can be r ega rded  as a unique biological  "quantum" [2], o r  an e l e m e n t a r y  component  p a r -  
t ic le  of the continuous p r o c e s s  of v i ta l  ac t iv i ty .  The r e su l t s  conf i rm the view that the quantum c h a r a c t e r  
of e l e m e n t a r y  p r o c e s s e s ,  combined with the a l te rna t ing  ac t iv i ty  of functioning s y s t e m s ,  provide  for  the 
continuous act ivi ty  of the s y s t e m  as a whole at the output [1, 2]. 

Analys is  of the l i g h t - m i c r o s c o p i c  au torad iographs  r evea led  a n  inc rease  in the number  of gra ins  of 
s i l v e r  in the nucleoli  of the e x p e r i m e n t a l  an imal  c o m p a r e d  with the contro l .  This  fact  evidently r e f l ec t s  
a c o m p e n s a t o r y  i nc rea se  in both the synthet ic  and the t r a n s p o r t  functions of the nucleolus.  In such a s i tu -  
ation, in each  "working cyc le"  it l i be r a t e s  an i nc rea sed  quantity of rRNA and templa te  RNA into the cy to -  
p l a s m ,  and thus cont r ibutes  to main tenance  of Protein synthes is  in the cel l  when damaged  by CC14 at a level  
sufficient  to p r e s e r v e  l ife.  During long per iods  of functional s t r e s s  on a cel l  the number  of nucleoli  in it 
m a y  i n c r e a s e .  Under these  c i r c u m s t a n c e s  the f requency of the supply of newly synthes ized  RNA into the 
cy top lasm,  i .e . ,  the rhythm of this p r o c e s s ,  mus t  inevi tably be inc reased .  
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