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Transc r ip t ion  of total  nuclear  R NA and rRNA was inhibited by ac t inomycin  D and pro te in  
synthes is  inhibited by puromycin  in the f i r s t  and second halves of the S-per iod  of the mitotic 
cycle  in a synchronized cul ture  of Chinese h a m s t e r  cel ls .  In the f i r s t  case  a reduct ion in 
mitot ic  act ivi ty  was obse rved  in the f i r s t  and second waves  of cel l  p ro l i f e ra t ion  a f t e r  syn-  
chronizat ion r e g a r d l e s s  of the t ime of admin i s t r a t ion  of ant ibiot ics .  At the s a m e  t ime an 
i nc r ea se  was obse rved  in the number  of pathological  mi toses  such as C - m i t o s e s  and s ca t -  
t e r ing  of the c h r o m o s o m e s  in metaphase ,  and suppres s ion  of rRNA synthes is  led to delay 
in e m e r g e n c e  of the cel ls  f r o m  mi tos is  (an i n c r e a s e  in the f rac t ion  of ana-  and te lophases) ,  
a ssoc ia ted  m o s t  f requent ly  with pathological  mi toses  such as chromat id  and c h r o m o s o m a l  
br idges .  Inhibition of prote in  synthesis  in the f i r s t  half of the S-per iod  usually did not 
a f fec t  the mitot ic  r e g i m e  of the cel l  cul ture  in the f i r s t  (nearest)  wave of divisons but con- 
s ide rab ly  inhibited cel l  division in the distant  p ro l i f e ra t ion  wave. It can tentat ively be 
sugges ted  that  the cel ls  enter  the S-per iod  with a comple te  se t  of  prote ins  for the initiation 
and maintenance  of  genome repl ica t ion ,  at  l eas t  in the f i r s t  s tages  of this p roce s s .  
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The ro le  of RNA and prote ins  synthesized in the cour se  of the S-per iod  and, in pa r t i cu l a r ,  whether  they 
a r e  n e c e s s a r y  only for  maintenance and complet ion of rep l ica t ion  of  the genome or whether  there  is a c lo se r  
co r r e l a t i on  between them and the cour se  of mi tos i s ,  s t i l l  r e m a i n  m a t t e r s  for debate [1]. In the writerVs view 
analys is  of different  fo rms  of pathological  mi toses  a f te r  modif icat ion of the mitot ic  ac t iv i ty  of cel ls  through the 
act ion of inhibitors of RNA and prote in  synthesis  in the S-per iod would shed some  light on this p roblem.  

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

Synthesis of total  nuclear  RNA (xRNA) and nucleolar  RNA (rRNA) was inhibited by ac t inomycin  D (AMD, 
in doses  of 1 and 0.1 #g/ml  respect ive ly)  and prote in  synthes is  was inhibited by puromycin  (10 ~g/ml) in a syn-  
chronized cul ture  of  Chinese  h a m s t e r  cel ls  (s t ra in  B l ldU  FAF-28,  clone 237) in the S-per iod .  The cel ls  were  
synchronized by mitot ic  se lec t ion a f te r  p r e l i m i n a r y  t r ea tmen t  with colcemid [3, 8]. The inhibitors were  added 
to the cel ls  e i ther  3 h ( f i r s t  half of the S-period) or  6 h (second half of  the S-period) a f te r  emergence  of the 
cel ls  f r o m  the co lcemid  block. After  incubation for  3 h with the inhibi tors  the cel ls  were  ca re fu l ly  washed 
in Hanks '  solution, a f t e r  which incubation was continued in f resh  medium a t  37~ until the f i r s t  (13 h) or  
second (25 h) wave of mi toses  a f te r  the colcemid block, when the cel ls  were  fixed (alcohol : ace t ic  acid,  3 : 1). 
In each  1000 cel ls  of the p repa ra t ions  the mitot ic  index (M1), phases  of mi tos i s ,  index of pathological  mi toses  
(PM), and the d i f ferent  f o r m s  of pathology of mi tos i s  were  counted. All the r e su l t s  were  subjected to s t a t i s t i -  
ca l  ana lys i s .  

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

Both inhibition of synthes is  of all  types  of  h igh -molecu la r -we igh t  RNA and s e l e c t i v e  suppress ion  of 
t r ansc r ip t ion  of rRNA only a t  any s tage of the synthetic  per iod caused a d e c r e a s e  in MI of the cel ls  in the f i r s t  
and second p ro l i fe ra t ion  waves a f t e r  synchronizat ion  F i g .  1). By con t ra s t  with the low dose,  the high dose of 
AMD always led to a sha rp  inc rease  in the r e l a t i ve  propor t ion  of PM. 
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Fig. 1. Changes  in MI during f i r s t  and second waves of ce l l  p ro l i fe ra t ion  a f te r  
t r e a t m e n t  with inhibi tors  of  RNA and pro te in  synthes is .  1) P u r o m y c i n  (10 ~g/ml}; 
2} AM_D (1 ~g/mD ; 3) AMD (0.1 ~g/ml}. Absc i s sa ,  t ime  of ending of incubation of 
cel ls  with ant ibiot ics  in f i r s t  (SI) and second (SII) halves  of S-per iod  (in h); ordinate ,  
MI (in % of control) .  
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Fig. 2. Changes in ra t io  between phases  of mi tos i s  during 
f i r s t  and second waves  of cel l  p ro l i fe ra t ion  a f te r  addition 
of inhibi tors .  Nar row columns r e p r e s e n t  exper imen t ;  
wide unshaded columns app rop r i a t e  control ;  1) p rophase ,  
2) me taphase ,  3) anaphase  and te lophase,  a) Pu romyc in  
(10 ~g/ml);  b) AMD (1 ~g/ml);  c) AMD (0.1 #g/ml). All 
data calculated as pe rcen tages  of cor responding  MI. 

Inhibition of p ro te in  synthes is  a f te r  addit ion of puromycin  in the f i r s t  half of the S-per iod in mos t  cases  
had v e r y  litt le e f fec t  on the mitot ic  r e g i m e  of the cel l  cul ture  in the f i r s t ,  nea res t ,  wave of divis ions ,  whereas  
i t  s u p p r e s s e d  ce l l  divis ion in the second,  d is tant  wave. Under the influence of this inhibi tor  on the cel ls  a 
d e c r e a s e  in MI was always found in the final s tages  of the S-per iod  a t  whatever  t ime of act ive  cel l  p ro l i f e ra t ion  
i t  was studied, but suppres s ion  of mi tos i s  induced by puromycin  was a lways weaker  than that obse rved  under 
the influence of the high dose of AMD (Fig. 1). 

Bes ides  inhibiting mitot ic  act iv i ty  the ant ibiot ics  a l so  caused changes in the durat ion of the individual 
phases  of mi tos i s .  For  ins tance,  in the n e a r e s t  wave of mi tos i s  the cel ls  were  cha r ac t e r i s t i c a l l y  held up in 
me taphase  as  a r e s u l t  of the act ion of al l  the inhibi tors ,  whereas  inhibition of xRNA synthes is  induced this 
effect  in the dis tant  wave of p ro l i fe ra t ion  a lso  (Fig. 2). Depress ion  of synthes is  in the cel l  (by the different  
doses  of AMDandbypuromyc in )  was mani fes ted  functionally s o m e t i m e s  in the dis tant  mi tos i s  as an i nc rea se  
in the p rophase  index (Fig. 2). This phenomenon was evidently m o r e  a t t r ibu tab le  to diff icult ies prevent ing the 
cel ls  f r o m  pass ing  into the next s tages  of divis ion than to s t imulat ion of p ro l i f e r a t ive  act ivi ty .  Suppress ion  of 
rRNA t r ansc r ip t ion  throughout the S-per iod  a lso  led to delay in the e m e r g e n c e  of the cel ls  f r o m  mi tos is  
(higher propor t ions  of ana -  and te lophases  in the s tages  of act ive  pro l i fe ra t ion) ,  and this effect  was mos t  f r e -  
quently assoc ia ted  with PM such as chromat id  and c h r o m o s o m a l  br idges .  
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Fig. 3. Changes in ra t io  between different forms of PM 
during f i r s t  and second waves of cell  prol i fera t ion af ter  
addition of inhibitors. Narrow columns r e p r e s e n t  different 
forms of PM after  addition of inhibitors,  wide unshaded 
columns appropr ia te  control .  1) C-mi toses ;  2) scat ter ing 
of ch romosomes  in metaphase;  3) chromatid and ch romo-  
somal  br idges;  4) deletions of ch romosomes  during move-  
ment. All data calculated as percentages  of co r respond-  
ing total number of PM. Remainder  of legend as in Figs.  
1 and 2. 

The most  cha rac te r i s t i c  feature of inhibition of  RNA and protein synthesis  during genome repl icat ion was 
predominance of C-mi toses  in the subsequent prol i fera t ion waves. This was evidently connected with suppres -  
sion of the synthesis of a cer ta in  type of protein responsible  for normal  spiral izat ion of the chromosomes .  
Another type of PM, namely scat ter ing of ch romosomes  in metaphase,  was connected with destruct ion of the 
division spindle of the cell,  and was most  marked in the neares t  mitosis after  contact  of the cells with AMD in 
a dose of 1 #g /ml  in the f i r s t  half of the S-period,  whereas in the distant prol i ferat ion wave it was most  marked 
after  incubation of the cells with the same dose of antibiotic throughout the complete phase of genome rep l ica -  
tion (Fig. 3). 

To judge f rom the cha rac te r  of the changes in MI and the PM spec t rum (deletions of ch romosomes ,  
bridges) under the influence of puromycin,  proteins synthesized in the beginning of the S-period were func- 
tionally inert  in re la t ion to the neares t  mitosis ,  and also evidently in re la t ion  to genome repl icat ion (MI in this 
case  remained at  a lmos t  the control  level). This conclusion is probably not completely valid for proteins and 
enzymes which a re  synthesized in the final stages of the S-period (a very  smal l  decrease  in MI in the f i r s t  
mitosis) .  These resu l t s  conf i rm the views of other  invest igators  [5, 6] on the existence of a r e s e r v e  of p ro -  
teins in the cell  for the initiation and maintenance of genome repl icat ion,  at  least  in the f i r s t  stages of this 
p rocess ,  and which accumulate  in the cel l  in the Gl-period of the cycle.  According to these views, inhibition of 
protein synthesis  does not lead to the immediate  cessa t ion of repl icat ion of DNA templates -- DNA synthesis  
continues at  the normal  ra te ,  and does not stop until some time later ,  when the r e s e r v e s  of enzymes and s t ruc -  
tural  proteins for repl icat ion are  exhausted. As r ega rds  histones,  a cer ta in  propor t ion of this f ract ion of basic 
nuclear  proteins is evidently synthesized before the beginning of the S-period [4, 7], and the synthesis of the 
remainder  manages to be made good after removal  of the inhibitory effect of puromycin  and before the entry 
of the cells into mitosis .  

The appearance  of PM such as scat ter ing of ch romosomes  in metaphase in the neares t  mitosis  under the 
influence of the high dose of AMD (incubation of the cells with AMD in the f i r s t  half of the S-period),  and also 
in the 2nd mitosis  (inhibition of t ranscr ip t ion  of xRNA throughout the g rea te r  par t  of the S-period) points to 
close functional connections between cer ta in  types of xRNA synthesized during these periods and subsequent 
cel l  divis ions ( t ranscr  iption of R NA of the mitotic apparatus 7). 
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Induction of PM of chromosomal type (C-mitoses, deletions of chromosomes,  bridges) coupled with a 
decrease in MI is character is t ic  of the action both of puromycin (2nd mitosis) and of AMD (especially the low 
concentration of AMD in the f i rs t  and second proliferation waves). In all probability this is due to disorganiza- 
tion of the normal order  of genome replication both as a resul t  of the direct  action of AMD of the DNA template 
and through disturbance of the synthesis of the necessary enzymes. For instance, other workers have shown 
[2] that inhibition of protein synthesis throughout the synthetic period interferes with entry of the cells into the 
S-period of the next mitotic cycle, and this is inevitably manifested as a decrease in the mitotic activity of the 
cells during their second proliferation wave. 

It can be concluded from these results  that cells enter the synthetic period with a r ese rve  set of pro-  
teins for the initiation and maintenance of genome replication, at least in the f i rs t  stages of this process.  
Regulation of proliferation at the level of protein synthesis thus takes place mainly in the Gi-period (protein 
synthesis for DNA) and in the G2-period (protein synthesis for the division spindle). As regards proteins of 
the S-period (especially those synthesized in the initial stages of this period), it can be postulated that they are  
relatively independent and functionally inert  relat ive to the last cell division (the 1st mitosis). This conclusion 
is not valid for examination of functional connections between xRNA synthesis in interphase and the course of 
the next mitosis,  for at  the RNA level the regulation of cell proliferation extends also to the synthetic period: 
Certain types of RNA transcribed in this phase of the cycle are  functionally essential for normal cell division. 
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