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The dynamics of RNA synthesis during interphase in synchronized Chinese hamster ceils 
was studied with the air of uridine-H 3. Incorporation of the isotope increased gradually 
as the cells passed through the mitotic cycle and reached a maximum in the G2-period. 
Investigation of the distribution of grains'of silver above the dividing ceils showed that 
label incorporated into RNA synthesized at the beginning of the S-period is localized 
above the zone of the first division spindle, whereas label incorporated into RNA at the 
end of the S- and during the G2-period is localized above the zone of the second division 
spindle. 

During interphase substantial changes in the synthesis of RNA, DNA, and protein macromolecules 
take place in the ceils [3, 8]. Data on the character of RNA synthesis are contradictory. Some workers 
have demonstrated a linear pattern of uridine-H 3 incorporation into RNA at the beginning of interphase [5] 
whereas others have demonstrated a relatively constant rate of RNA synthesis during the Gi-period , with 
marked acceleration during DNA synthesis [8, 12]. The stable form of RNA is also known to participate in 
the formation of the mitotic apparatus [4]. However, it is not known at which period this type of RNA is 
synthesiz ed. 

The object of this investigation was to study the dynamics of RNA synthesis during interphase and to 
attempt to determine the time of synthesis of the RNA participating in the formation of the mitotic appa- 
ratus. RNA synthesis was estimated from the intensity of incorporation of uridine-H 3, the most specific 
precursor of RNA. 

EXPERIMENTAL METHOD 

In the experiments of series I uridine-H 3 was added (5 ~tCi/ml; 16.1 Ci/mmole) every hour through- 
out interphase to three or four flasks containing Chinese hamster ceils synchronized with eolcemid [3]. 
After incubation for 1 h with the isotope the cells were fixed in Carnoy's fluid for i0 rain at 4~ To re- 
move acid-soluble precursors the preparations were treated for 5 rain with TCA at 4~ and washed 
with running water for 1.5 h. They were then stained with type M (Research Institute of Photographic 
Chemistry) emulsion and exposed for 3-5 days. After exposure, the cells were stained with Carazzi's 

hematoxylin. The number of grains of silver in 50-70 cells was counted on each slide - in the nucleolus, 
the nucleus (the total number and the number of grains per unit area in the extranucleolar region), and in 
the cytoplasm. The results were subjected to statistical analysis. To determine the specificity of uri- 
dine-H 3 incorporation into RNA, control specimens were treated with ribonuclease (0.5 mg/ml, 1 h, pH 6.5), 

Laboratory of Cytology, Institute of Human Morphology, Academy of Medical Sciences of the USSR, 
Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR, A. P. Avtsyn.) 
Translated from Byulleten' l~ksperimental'noi Biologii i Meditsiny, Vol. 77, No. i, pp. 70-73, January, 
1974. Original article submitted June 20, 1973. 

�9 }974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 ff'est }7th Street, New York, N. Y. lO011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying., microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

71 



770 

80 

50 

20 

32 

22 

Y2 

2 

]4,0 

;'00 

60 

20 

1 2 3 z~ 5 7 8 9 0 11 1 

) )  L~ ; } 2 ~  ;;o,,?;z 

7 2 3 z,, E 6 7 8 9 10 I I  12 

50 

~'5 

35 

30 
25 
20 
15 
10 
S 

7 2 3 ~ 5 G 7 8 9 I0 l! 12 

Fig. 1 Fig. 2 

Fig. 1. Dynamics  of incorpora t ion  of ur id ine-H 3 into RNA of Chinese 
ham s t e r  cel ls  during in terphase  (exper iments  r epea ted  th ree  t imes) :  a) 
dynamics of incorporat ion of ur id ine-H 3 into nuclei  of Chinese h a m s t e r  
cel ls  during interphase;  b) dynamics of appearance  of labe ledRNA in 
cy top lasm of Chinese h a m s t e r  cel ls  during interphase;  c) change in 
total  labeling by ur id ine-H 3 in Chinese h a m s t e r  cel ls .  Absc i ssa ,  per iods 
of mitot ic  cycle  and t ime  (in h); ordinate ,  number  of s i lve r  g ra ins .  

Fig. 2. Changes in number  of s i l ve r  gra ins  per  unit a r e a  in ex t ranue le -  
o lar  zone of nucleus of synchronized Chinese h a m s t e r  cel ls  in in terphase  
(exper iments  repea ted  th ree  t imes) .  Absc issa ,  per iods of mitot ic  cycle  
and t i m e  (in h); ordinate ,  number  of gra ins  of s i lve r .  

deoxyr ibonuclease  (0.5 m g / m l ,  1 h, pH 6.0), and also with r ibonuclease  and deoxyr ibonuclease  together .  
Data a r e  avai lable  for changes in the absorpt ion o f /3 -par t i c les  of H 3 depending on the concentra t ion of the 
subs tance  [6, 9, 11]. To introduce co r rec t ions  for  decay of the t r i t i um emiss ion  depending on the density 
of the a b s o r b e r  the concentra t ion of dry substance  was measu red  in the individual components  of the cel l  
with the aid of a shear ing  in te r fe rence  mic roscope .  For  this purpose  synchronized co lo r l e s s  cel ls  s u s -  
pended in dist i l led wa te r  were  used to de te rmine  the path di f ference of the beam for the f i r s t  layer ,  in-  
eluding the nucleolus and the l aye r s  of the nucleus and cytoplasm above and below it, for the second layer ,  
including the nucleus and adjacent  l a y e r s  of the cy top lasm,  and for the third (cytoplasmatic)  l aye r .  
Measurements  of the d ry  weight of  these pa r t s  of 30-40 cel ls  were  made at var ious  t imes  of the 
GI-,  S-,  or  G2-periods.  Allowing for  the concentra t ions  of dry substance of the individual components  of 
the cell,  a co r rec t ion  could be introduced for  the change in absorpt ion,  using curves  of s e l f - abso rp t ion  of 
H 3 / ; -pa r t i c l e s .  

In the exper iments  of s e r i e s  II synchronized cel ls  were  incubated with u r id ine-H 3 (5 ~C i /ml ;  16.1 C i /  
mmole)  for 1 h in the G1- , S-, o r  G2-periods , and a f te r  contact  with the isotope the cel ls  were  t r a n s f e r r e d  
to medium containing an excess  of unlabeled uridine (0.03 m g / m l ) ,  in which incubation continued at 37~ 
The m a t e r i a l  was f ixed  during e i ther  the f i r s t  or  the second wave of mi toses  af ter  addition of the isotope. 
The dis tr ibut ion of gra ins  of s i lve r  above the dividing cel ls  was invest igated.  

EXPERIMENTAL RESULTS 

RNA synthesis in the cell falls off sharply during metaphase-anaphase of mitosis and recovers 
rapidly in late telophase during decondensation of the chromosomes. In the Chinese hamster cells used 
as the experimental model incorporation of uridine-H 3 varied during interphase. The total quantity of 
label in the cells increased gradually as the cells passed through the cycle and reached a maximum in the 
G2-period (Fig. Ic). RNA synthesis was at a low level in the Gi-period. As the cells passed into the S- 
stage the incorporation of uridine-H 3 into the RNA of the nucleus increased sharply (by 1.8-2.7 times com- 
pared with the beginning of interphase) (Fig:' l a ) .  This i nc rease  was repea ted  f rom one exper iment  to 
another.  It is perhaps  connected both with an inc rease  in the number  of t empla tes  for RNA synthes is  in the 
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Fig. 3. Distribution of grains of s i lver  and uridine-H 3 
over  dividing cells in f i rs t  and second mitoses:  a) in- 
corporat ion of uridine-H 3 into RNA in Gi-per iod of inter-  
phase: metaphase  of f i rs t  mitosis ,  label localized 
around per iphery of cell; b) incorporat ion of uridine-H 3 
into RNA at beginning of S-period of interphase: label 
localized above zone of mitotic apparatus of f i rs t  mi- 
tosis;  c) incorporation of uridineJH 3 into RNA in G 1- 
period of interphase: diffuse distribution of s i lver  
grains above dividing cell in second mitosis;  d, e) in- 
corporat ion of ur idine-H 3 into RNA at the end of S- 
period and in G2-period of interphase: metaphases of 
second mitosis ,  label localized above zone of mitotic 
apparatus; f) incorporat ion of ur idine-H 3 into RNA at 
end of S-period and in G2-period of interphase: in- 
tensive labeling of interzonal region of anaphase of 
second mitosis .  

course of DNA synthesis and also with activation of hitherto inactive genes [8, 12]. There is evidence that 
early-replicating DNA is more active in RNA synthesis than the late-replicating variety [14]. Determina- 
tion of the number of silver grains per unit area in the extranucleolar zone of the nucleus (Fig. 2) showed 
that the intensity of RNA synthesis increased gradually during interphase and reached a maximum in the 
G2-period. At the end of interphase the incorporation of uridine-H 3 into the cells was 2.5-4.5 times higher 
than in the Gl-period.  RNA synthesis in the nucleus was balanced with its l iberation into the cytoplasm.  
The dynamics of appearance of the label in the cytoplasm of the Chinese hamster  cells (Fig. lb) is evi- 
dence that migrat ion of the newly synthesized RNA from nucleus into cytoplasm is negligible in the G 1- 
period. The maximal  quantity of label in the cytoplasm was found at the end of the S-period and in the G 2- 
period. This could be connected both with an increase  in the number of RNA molecules leaving the nucleus 
and entering the cytoplasm and with an increase  in the rate  of t r ans fe r  of the molecules.  The cha rac t e r  of 
incorporat ion of the label into the cytoplasm at the end of interphase and also into the nucleolus (at the end 
of interphase incorporat ion into the nucleolus was 1.9-6.7 t imes g rea t e r  than at the beginning of interphase) 
cor re la ted  with the eytophotometr ic  data for the increase  in the content of r ibosomal  RNA in the cell  cyto- 
plasm during this period of the cell cycle.  Variations in the intensity of incorporation of the isotope ob- 
served  f rom one experiment to another could be explained by the very  slight differences in density of the 
ceil population, variat ions in the composit ion of the culture medium, and so [131. 

The dynamics of RNA synthesis cor re la ted  with the changes in protein synthesis [1] and in the dry 
weight of the cell [3] during interphase. Determination of the concentrat ion of dry substance of the cells at 
individual t imes of the G i- and S-periods and in the G2-period showed only slight changes in the course  of 
the cell  cycle.  Concentration of dry substance of the cell nucleus with the adjacent layers  of cytoplasm be- 
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gan to inc rease  "from the middle  of the S-period,  cor re la t ing  with the inc rease  in m a s s  of the nucleus during 
DNA synthes is .  The concentra t ion of dry substance  of the nucleolus with the adjacent  l aye r s  of the nucleus 
and cy top lasm increased  cons iderably  at the end of in terphase .  This is conf i rmed by data in the l i t e ra tu re  
on the synthesis  of nucleolar  m a t e r i a l  at the end of the S-per iod and in the G2-perind. 

At the s a m e  t ime  an a t tempt  was made to de te rmine  the per iod of in terphase  when the RNA par t i c i -  
pating in the format ion  of the mitot ic  appara tus  is synthesized.  Invest igat ion of the dis tr ibut ion of s i lve r  
gra ins  above the dividing cel ls  showed that  the RNA synthesized in the Gl -per iod  cannot be found in the 
mitot ic  spindle of e i ther  the f i r s t  or  the second mi tos i s  (Fig. 3a, c). RNA synthes ized  at the beginning of 
the S-per iod is incorpora ted  in the f i r s t  mi tos is  throughout the cy top lasm and to some extent into the mi -  
totic spindle of the f i r s t  division (Fig. 3b). In metaphase  the label was local ized above the zone of the mi -  
totic appara tus ,  while in anaphase - t e lophase  it was located in the interzonal  region,  where  the micro tubutes  
of the spindle par t ic ipa te  in the format ion  of the in te rmedia te  bodies.  Label  incorpora ted  into RNA at the 
end of the S-per iod and in the G2-period was local ized mainly above the zone of the mitot ic  Spindle of the 
second mi tos is  (Fig. 3d, e, f). Although the uti l ization of newly synthesized RNA chiefly through one mi -  
tos is  ag rees  with data in the l i t e ra tu re  [7, 10], the possibi l i ty  that ce r t a in  subs id ia ry  fac tors  ( red is t r ibu-  
tion of the label,  incorpora t ion  of the isotope into the pool of RNA p r e c u r s o r s ,  and so on) may have affected 
the r e su l t s  cannot be comple te ly  ruled out at this s tage.  The r e su l t s  of these  exper iments  thus show that  
the long-living RNA synthes ized at the beginning of in terphase  is par t ly  u s e d t o  build the mitot ic  spindle in 
the f i r s t  mi tos i s ,  while that synthesized at the end of in terphase  par t ic ipa tes  in the building of the mitot ic  
spindle of the second mi tos i s .  
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