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Changes in the r ibosomal  RNA (rRNA) content, the d imensions  of the cel ls  and the nucleo-  
cy top lasmic  rat io  were  studied throughout the var ious  per iods  of in te rphase  in a synchronized 
cul ture  of Chinese h a m s t e r  ce l l s .  Cytophotometr ic  m e a s u r e m e n t s  showed a gradual  i nc rea se  
in the rRNA content during in terphase ,  reaching a m a x i m u m  in the G2-period.  The dimensions  
of the cel ls  and t h e i r  nuclei showed pa ra l l e l  i nc r ea se s .  The nuc leo-cy top lasmic  rat io  de-  
c r e a s e d  in the Gl -per iod  , it i nc reased  at the end of the S-per iod,  and d e c r e a s e d  again in the 
G2-period.  

Although equal attention has been paid in recen t  y e a r s  to in te rphase  as  to m i t o s i s , m o s t  worke r s  have 
concent ra ted  the i r  effor ts  on the study of the durat ion and var ia t ion  in its component  per iods  [2, 13]. The 
cy tochemica l  fea tu res  of in te rphase  (except for  the S-period) have rece ived  much  less  study [8]. I n f o r m a -  
tion is even m o r e  l imited on the in te rphase  growth of cel ls  and m o s t  of it has been obtained by the study of 
p ro tozoa  [6, 9]. 

With these  facts  in mind it was decided to study changes in the content of r i bosoma l  RNA (rRNA) and 
in the d imensions  of the nucleus and cy top lasm between two cel l  divisions.  

E X P E R I M E N T A L  M E T H O D  

A synchronized cul ture  of Chinese  h a m s t e r  ce l l s  (s t ra in Blld{{FAF-28, line 237) was used.  Synchro-  
nizat ion of the cel ls  was c a r r i e d  out in the exponential  s tage of growth by se lec t ive  sampl ing  of cei ls  blocked 
with co lcemid  (0.04 ~ g/ml) in me taphase  [4]. P r e l i m i n a r y  t e s t s  with thymid ine-H 3 and analys is  of the mitot ic  
index enabled the duration of in te rphase  and of i ts  var ious  per iods  to be de te rmined  (G 1 4-5 h, S 6-7 h, G 2 
1-1.5 h). Mate r ia l  was fixed in Carnoy ' s  fluid (10 rain at 4~ eve ry  h throughout in terphase .  Th ree  or  four  
s l ides  were  fixed s imul taneously  at each t ime.  F r o m  50 to 60 cel ls  were  studied in each p repara t ion .  To 
de te rmine  the RNA content the s l ides  were  s ta ined with gallocyanin and ch rome  alum by E i n a r s o n ' s  method.  
Af te r  staining, the cel ls  were  tagged and the RNA concentra t ion in the cy top lasm was de te rmined  with a 
p robe  cy tophotometer  by the plug method (k = 550 nm). The cel ls  t hemse lves  were  then photographed.  The 
a r e a  of the nuclei and of the cel ls  was de te rmined  on the outlines obtained f rom the negat ives  by means  of 
a p lan imete r .  The content of the complex of RNA with gallocyanin and c h r o m e  alum in the cy top lasm was 
calculated as the product  of optical  densi ty  and a r e a  of cy top lasm.  At the end of in te rphase  pa r t i a l  desyn-  
ehronizat ion of the population usual ly  takes  place,  and at that  t ime  bes ides  cel ls  in the G2-period the re  a r e  
o ther  cel ls  exhibiting late repl icat ion of DNA. To exclude these ,  t h y m i d i n e - g  3 (4 # C i / m l ,  specif ic  act ivi ty,  
3.7 C i /mmole )  o r  thymidine-C 14 (1 ~Ci /ml ,  specif ic  act ivi ty  0.2 C i /mmole )  was added at the end of i n t e r -  
phase .  Af ter  cy tomet r i c  m e a s u r e m e n t s ,  the p repa ra t ions  were  coated with type M emuls ion and exposed 
fo r  5 ( thymidine-H 3) o r  20 ( thymidine-C 14) days.  By analys is  of the tagged cel ls  on these  s l ides ,  ce l ls  in 
the S o r  G 2 s tage could be  different iated.  The exper imen t s  were  repea ted  t h r ee  t imes .  Student 's  c r i t e r ion  
was used for  the s ta t i s t i ca l  analysis  of the data. 
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Fig. 1. Changes in the RNA content in the cy topmsm of synchronized  Chinese  
h a m s t e r  cel ls  in in te rphase .  Absc i ssa ,  t ime  f rom beginning of in te rphase  (in 
h); ordinate,  RNA content (in conventional  units).  

Fig. 2. Changes in a r e a  of cel ls  (a) and the i r  nuclei (b) and in the nucleocyto-  
p lasmic  rat io  (c) during in te rphase  of synchronized Chinese  h a m s t e r  ce l l s .  
Absc i s sa ,  t ime  a f t e r  beginning of in te rphase  (in h); ordinate:  in a) and b) a r e a  
of cel ls  (S c) and nuclei (S n) (in conventional  units),  in c) ra t io  Sn/Sc. 

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

The method used to de te rmine  RNA enabled the dynamics  of rRNA accumula t ion  in the cy top lasm of 
the Chinese h a m s t e r  cel ls  to be studied. In all  t h ree  expe r imen t s  s i m i l a r  changes were  found in rRNA in 
in te rphase .  I t  will be c l e a r  f rom Fig. 1 that  a f t e r  the cel ls  had escaped f rom the co lcemid  block a gradual  
i n c r e a s e  in the RNA content took place ,  to r each  a m a x i m u m  at the end of the G2-period.  Exper iments  have  
shown [14] that 10-15 rain is requi red  for  newly synthes ized RNA to leave the nucleus into the cy toplasm,  
and for  that r eason  the sma l l  i nc rea se  in the rRNA content in the cy top lasm during the f i r s t  few hours  a f t e r  
e scape  f rom the co lcemid  block points to intensif icat ion of the synthesis  and t r a n s p o r t  of rRNA a f t e r  m i t o -  
s i s .  The second cons iderable  i nc rea se  in the rRNA content begins at the middle  of the S-per iod  7-8 h a f t e r  
m i to s i s .  A gene ra l  tendency was obse rved  for  the rRNA content to be approx ima te ly  doubled (2, 1.95, and 
2.1 t imes)  in the cy top lasm of the cel ls  at the G 2 s tage compa red  with G 1. The cy tophotomet r i c  data  a lso  
showed that  the RNA concentra t ion is mainta ined at a constant  level  at the beginning and end of in te rphase .  
In all  t h ree  exper imen t s  the re  was only a sma l l  dec r ea se  in optical  densi ty  toward  the middle  of the S- 
per iod.  Doubling of the rRNA content in the cy top lasm took place s imul taneous ly  with an inc rease  in the 
s ize  of the cel l  (Fig. 2a). The r e su l t s  a r e  in good ag reemen t  with those obtained by o ther  worke r s  [10, 11]. 
In tensi f icat ion of the incorpora t ion  of u r id ine -H  3 was obse rved  in the las t  few hours  be fo re  mi tos i s  in auto-  
rad iographic  invest igat ions [12]. The i nc r ea se  in the RNA content obse rved  in the p r e s e n t  exper imen t s  in 
the second half  of in te rphase  was probably  connected with repl ica t ion of the DNA c i s t rons  respons ib le  fo r  
rRNA synthes is  at that  m o m e n t  [12, 15]. Cor re la t ion  between DNA repl ica t ion and the intensif icat ion of 
rRNA synthes is  has a lso  been  demons t r a t ed  by the nucleic acid hybr idizat ion method [7]. Autoradiographic  
observa t ions  in the w r i t e r ' s  l abo ra to ry  have shown that  the per iod of accumula t ion  of rRNA in the cy top lasm 
is p receded  by an i nc rea se  in the incorpora t ion  of u r id ine -H  ~ into the nuclei  of Chinese  h a m s t e r  cel ls ,  
where  the synthes is  of r i bosomal  p r e c u r s o r s  is known to take place.  The i nc r ea se  in the RNA content at 
the end of in terphase  co r r e sponds  to the obse rved  i nc r ea se  in the intensi ty of p ro te in  synthes is  in that pe -  
riod of the cell  cycle  [3], for  the num ber  of r i bosomes  is known to be one of the f ac to r s  l imit ing pro te in  
syn thes i s .  

In a no rma l ly  growing cel l  population a balance is mainta ined between growth and reproduct ion.  In 
this connection it is  in te res t ing  to study the changes in the s ize  of the cel l  as  an index of growth during 
in te rphase .  During the pe r iod  of the cel l  cycle  studied the a r e a  of the cel ls  was approx ima te ly  doubled 
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(Fig. 2a); during the G l -  and S-per iods  the inc rease  in a r ea  followed a l inear  course ,  while in the G2-period 
the re  was a sha rp  inc rease  in the s ize  of the cel l .  It mus t  be accepted,  in view of the many  observa t ions  
showing that the cell  volume doubles in in te rphase  [6], that  the height inc reases  only ve ry  sl ightly in the 
cel ls  studied f rom one division to the next. Whatever  the case ,  the ma rked  inc rease  in s ize  of the cell  
observed  in the G2-period can evidently be explained by an intensive i nc rea se  in the prote in  content in the 
cy toplasm at this t ime.  The k a r y o m e t r i c  data showed (Fig. 2b) only ve ry  slight changes in the s ize  of the 
nucleus in the G2-period. During the S- and G2-periods the a r e a  of the nucleus inc reased  by about 1.5 
t imes .  This  increase  was probably  due not so much to doubling of the DNA content as to an i nc rea se  in 
the content of nonehromosomal  prote in  in the nucleus,  for  a f t e r  the beginning of the S-per iod prote in  t r a n s -  
por t  f rom the cytoplasm into the nucleus is  acce l e r a t ed  [17]. 

According to Her twig ' s  hypothesis ,  the d i f ference  in growth of the nucleus and cy toplasm during in- 
t e rphase  gives r i se  to "c r i t i ca l  s t r e s s "  which s t imula tes  cell  division. However,  subsequent  invest igations 
have shown that  growth of the cell  has only an indirect  effect  on mi tos i s ,  by inducing DNA synthes is ,  for  
e x a m p l e  [8, 10, 16]. The pa r t i cu l a r  fea tu res  of the inc rease  in s ize  of the cy top lasm and nucleus va ry  in 
different cel ls  [1, 6], evidently because  of changes in the di rect ion and intensity of prote in  and RNA m i g r a -  
tions between the nucleus and cy top lasm in the course  of the mi to t ic  cycle.  Analys is  of the ra t io  between 
the a r e a  of the nucleus and a r e a  of the cell  in cul ture  showed (Fig. 2e) that during the Gl -per iod  cy top las -  
mic  growth and accumulat ion of prote in  in the cy toplasm to nucleus is intensif ied (the ra t io  Sn/S c becomes  
stabil ized),  and at the end of the per iod of DNA synthesis  growth of the nucleus is r a t he r  f a s t e r  than growth 
of the cel l  (the rat io  Sn/S c r i ses ) .  At the end of in terphase ,  however ,  cy top lasmic  growth is intensified,  
w ith the resu l t  that  Sn/S c fal ls .  

During in terphase  r egu la r  changes thus take place in the ra t io  between the a r e a s  of nucleus and cy to-  
p la sm,  ref lect ing the growth pa t te rns  of the pr incipal  pa r t s  of the cell .  The rRNA accumulat ing intensively 
in the  cel l  cy top lasm may  poss ib ly  par t i c ipa te  in the building of the mi to t ic  appara tus  [1, 5] and also in syn-  
thet ic  p r o c e s s e s  connected with cel l  growth. 
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