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The dynamics  of synthes is  of DNA and c h r o m o s o m a l  RNA, demons t ra ted  in metaphase  c h r o m o -  
somes  of HeLa ce l l s ,  was invest igated by methods of se lec t ive  ex t rac t ion  of cel ls  in mi tos i s  
f r o m  the monolayer  and pulse labeling. The r e su l t s  showed that ch romosoma l  RNA is i t se l f  
synthesized chiefly at the end of the G 1- and beginning of the S-per iod.  The synthes is  of c h r o m -  
osomal  RNA was found in the G2-period or  during mi tos i s .  
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The study of the dynamics  of RNA synthes is  during the cell cycle is now a rapidly  developing aspec t  
of the genera l  p rob l em  of the invest igat ion of the m e c h a n i s m s  lying at the bas i s  of cell  p ro l i fe ra t ion .  Re -  
s ea r ch  that has demons t ra t ed  the p re sence  of RNA in metaphase  c h r o m o s o m e s  is of special  in te res t  [3, 4, 
11, 14]o The wr i t e r  showed p rev ious ly  [1] that metaphase  c h r o m o s o m e s  of PHA-b las t s  contain their own 
c h r o m o s o m a l  RNA, c h a r a c t e r i z e d  by high r e s i s t a n c e  toRNAase  in solutions of high ionic s t rength.  Its syn-  
thesis  is r e l a t ive ly  r e s i s t a n t  to ac t inomycin  D. It is r egu la r ly  a r ranged  in metaphase  c h r o m o s o m e s .  How- 
eve r ,  as  yet  hardly  anything is known of the nature  and function of this RNA and the dynamics  of its synthe-  
s is  has not been r evea led .  

The object  of the p r e s en t  invest igat ion was to d i scover  whether me taphase  c h r o m o s o m e s  of HeLa 
cel ls  contain in t r ins ic  c h r o m o s o m a l  RNA and to study the dynamics  of its synthes is .  

EXPERIMENTAL METHOD 

Experiments were carried out on HeLa cells obtained from the N. F. Gamaleya Institute of Epidemiol- 
ogy and Microbiology. Cells of this strain were myeoplasma-free. The HeLa cells were grown in medium 
No. 199 with the addition of I0% bovine serum. After a monolayer had been obtained the medium was re- 
placed by Hanks's solution with the addition of 10% bovine serum and 20 ~Ci ml uridine-H 3 (specific activ- 
ity 14 Ci/mmole}. 

To prevent the incorporation of uridine into DNA, 5 ~g/hal of cold thymidine was added to the medium. 
The cells were labeled for 1 h, after which the monolayer was washed 3 times with Hanks's solution to re- 
move the labeled precursor. Fresh medium No. 199 with i0~ bovine serum at 37~ was then added. After 
each 2 h cells in mitosis were removed from this monolayer by a selective method [5]. Preparations of 
metaphase plates were obtained from these cells. Some of the preparations were treated with RNAase (3~g/ 
finl, 20 min, 37~ in a solution of high ionic strength to remove RNA not bound with the metaphase chrom- 
osomes. All films were treated with cold 5% TCA for 20 rain and then coated with type M (NIIKhimfoto) 
emulsion. The number of silver grains above I00 metaphase plates was counted in the autoradiographs and 
the mean number of grains per plate was calculated. 

As a control and to determine the duration of the cell cycle, the dynamics of DNA synthesis of HeLa 
cells was studied by a modified method of selective isolation of cells in mitosis, preparation of metaphase 
plates, and autoradiography. The silver grains were counted in the same way as to determine the dynamics 
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Fig. 1. Dynamics  of synthes is  of 
DNA and c h r o m o s o m a l  RNA de-  
mons t r ab le  i nme taphase  c h r o m o -  
somes  of HeLa cel ls :  I) DNA syn-  
thesis ;  II) synthes is  of to ta l  RNA 
demons t rab le  in metaphase  c h r o m -  
osomes ;  HI) synthes is  of purely 
ch romosomal  RNA. Absc issa ,  t ime 
(in h) counted f rom mi tos i s ,  i .e . ,  
in the r e v e r s e  di rect ion;  ordinate ,  
number  of g ra ins .  

of synthes is  of RNA demons t r a t ed  in the me taphase  c h r o m o s o m e s .  

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

The dynamics  of DNA synthesis  in the HeLa cel ls  is i l lus t ra ted  
in Fig. 1. The f i r s t  p r epa ra t ions  with labeled metaphase  c h r o m o -  
somes  were  obse rved  only 6 h af ter  pulse labeling. The end of the 
synthetic  per iod and the dura t ion  of the G2-period,  in this c a s e  4-6 h, 
could thus be de te rmined .  The plateau of thymidine-H3-label ing in 
the me taphase  c h r o m o s o m e s  was observed  between 8 and 18 h, count-  
ing f rom the t ime of pulse labeling.  The duration of the S-per iod was 
thus 14-16 h. The mos t  in tensively  labeled me taphase  c h r o m o s o m e s  
were  found 14 h a f te r  pulse labeling.  The method of se lec t ive  i so la -  
tion of ce l l s  in mi tos i s  and the method of autoradiography as used thus 
enabled the dynamics  of synthes is  of total RNA and of pure ly  c h r o m o -  
somal  RNA, demons t rab le  in the metaphase  c h r o m o s o m e s  of HeLa 
ce l l s ,  to be de te rmined .  The dis tr ibut ion of total labeled RNA de tec t -  
ed in metaphase  c h r o m o s o m e s  over  the cell  cycle can also be seen  in 
Fig.  1. During the f i r s t  2 h the amount  of label  in the metaphase  
c h r o m o s o m e s  was negligible,  but l a t e r  the curve ro se .  The m o s t  in-  
tensively labeled metaphase  c h r o m o s o m e s  were  found between 14 and 
22 h. Less  intensive incorpora t ion  took place 30 h af ter  pulse labeling. 

To de te rmine  whether RNA synthesis  can take place in the m e t a -  
phase  c h r o m o s o m e s  of HeLa cel ls  t hemse lves ,  three  expe r imen t s  were  

ca r r i ed  out in which an initial cotchicine block was applied to accumula te  cel ls  in metaphase ,  a f te r  which 
the cel ls  were  pu lse - labe led  with u r id ine -H 3 (colchieine was sti l l  p r e sen t  all the t ime in the cul ture medium} 
and au toradiographs  were  p repa red .  No s i l ve r  gra ins  could be found above the metaphse  c h r o m o s o m e s ,  
whereas  the in terphase  nuclei were  labeled.  It thus follows that the metaphase  c h r o m o s o m e s  of HeLa cel ls  
do not synthesize  RNA, but RNA synthes is  takes place i n i n t e r p h a s e  nuclei even in the p re sence  of colchi-  
cine in the medium.  

To study the dynamics  of synthes is  o f  purely c h r o m o s o m a l  RNA detectable  in metaphase  c h r o m o s o m e s  
the p repa ra t ions  were  t r ea t edwi thRNAase .  This t r ea tmen t  led to complete  r emova l  of the label f rom the 
spaces  between the c h r o m o s o m e s  and of some of the label  located above the metaphase  c h r o m o s o m e s  (Fig. 
2). 

In p repa ra t ions  t rea ted  with a solution of RNAase,  labeled metaphase  c h r o m o s o m e s  were  vis ible  only 
af ter  the 6-h period.  A r i s e  of the curve  was then obse rved  and the mos t  intensively labeled metaphase  
c h r o m o s o m e s  were  found 18 h af ter  pulse labeling. A sharp  d e c r e a s e  in the quantity of labeled RNA in the 
metaphase  c h r o m o s o m e s  of the HeLa cel ls  began a f te r  22 h. The dynamics  of synthes is  of pure ly  c h r o m o -  
somal  RNA thus differed f r o m  the dynamics  of synthes is  of total RNA. 

Fig. 2. Labeled RNA in metaphase  c h r o m o s o m e s  of HeLa cel ls  
before  (a) and af ter  (b) t r ea tmen t  with RNAase.  
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It is also clear from Fig. 1 that the synthesis of purely chromosomal RNA takes place cMefly at the 
end of the G l- and beginning of the S-period of the cycle, i.e.,  before the beginning of and during DNA syn- 
thesis, and ends at the end of the S-period, in good agreement with the dynamics of DNA synthesis. No syn- 
thesis of purely chromosomal RNA was found in the G2-period or during mitosis. 

Analysis of the auk)radiographs shows that purely chromosomal RNA was associated with the chrom- 
osomes from the moment of its synthesis until the beginning of anaphase, i.e.,  that it is long-living. This is 
in good agreement with biochemical investigations showing that a low-molecular-weight RNA (3.5S) exists 
in constant association with the nucleus [10, 12]. A series  of communications [6-8] describing the presence 
of a distinctive low-molecular-weight RNA (3.4S) with a high content of dihydrouridylic acid, covalently 
bonded with proteins,  and also repor ts  [9, 13] of investigations showing that for DNA syntheses to take place 
the synthesis of an RNA with the function of an initiator is necessary:  are very interesting for the interpre- 
tation of the present  results .  The coincidence established in the present experiments between the times of 
synthesis of DNA and of purely chromosomal RNA provides a basis for a detailed analysis of the problem 
of whether the RNA now described can perform that particular function. 
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