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Delay in mitot ic  coil ing of c h r o m o s o m e s  of Chinese h a m s t e r  cel ls  a f te r  t r ea tmen t  with the 
guanine analogue 6-thioguanine is descr ibed.  The combined act ion of two analogous - 5- 
bromodeoxyur id ine  (a thymidine analogue) and thioguanine - on mitot ic  coil ing of the ch romo-  
somes  also was studied. On the bas i s  of the r e s u l t s , c o r r e l a t i o n  is postulated between the 
nueleotide composi t ion  of DNA in the in terphase  ch romosome  and the p roces s  of mitot ic  
coiling. 

An ef fec t  of delay of mitot ic  coiling of m a r k e r  (Stl, St2, St 3) and sex c h r o m o s o m e s  in Chinese h a m s t e r  
cel ls  a f te r  exposure  to the thymidine analogue 5-bromodeoxyuridine (BDU) was descr ibed  prev ious ly  [1, 2]. 
Since delay in coil ing was obse rved  in the l a t e - r ep l i ca t ing  a r e a s  of the c h r o m o s o m e s ,  the segment ing  ef-  
fect  of the analogue could be explained by labi l izat ion of the phosphodies ter  bonds of the DNA in a r e a s  of its 
activation.  Delay in DNA synthesis  by a feedback mechan i sm evidently took place in these same a r ea s .  

The work of Comings [3] showed that the l a t e - r ep l i ca t ing  f rac t ions  of DNA f rom Chinese h a m s t e r  
c h r o m o s o m e s  contain sufficient  guanine and cytosine despite its r e l a t ive ly  high content of thymidine and 
adenine. In that  case  the BDTJ-analogue of thymidine,  if introduced at the end of the S-period, may  not r e v e a l  

Fig. 1. Metaphase  pla tes  of an imals  exposed to the act ion of thio- 
guanine and 5-bromodeoxyur id ine :  a) metaphase  plate with m a r k e r  
(Stl, St2, St3) and sex c h r o m o s o m e s  (X l, X 2) with a segmenta l  s t ruc -  
ture as  a r e su l t  of local  delay in coiling. Action of TG. Metaphase  
plate a f te r  combined exposure  to TG and BDU; b) ma rked  delay in 
coiling in m a r k e r  and sex c h r o m o s o m e s .  Azure -eos in ,  1000• 
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TABLE 1. Effect  of TG and BDU Con- 
cen t ra t ion  on Coil ing of Chromosomes  

1 Percent of IPercent of 
metaphases [metaphases 

Concentration of analogue ~th,uncoil-lwith marked 
ea cnromo- delay in 

I somes coiling 

20 ~g/ml TG + 200 
~g/ml BDU 

8 ~g/ml TG + 200 
ug/ml BDU 

I0 ~g/ml TG + 10 ~g/ml 
BDU 

5 gg/rnl TG + I0 /~g/ml 
BD U 

2 pgfml TG + 4 gg/ml 
BDU 

78 

82 

60 

75 

34 

I0 

22 

10 

5 

1 

the whole se t  of l a t e - r ep l i ca t i ng  a r e a s  of the ch romosomes .  
Within the coi led  segments  there  could be a r e a s  with a high 
content of G-C pa i r s .  In that  case  fu r the r  t r e a t m e n t  with 
the s t r u c t u r a l  analogue of guanine leads  to subsegmenta -  
tion, more  e s p e c i a l l y  because  the G-C base  pa i r ,  l inked 
together  with three  hydrogen bonds, is  more  impor t an t  for  
the s tab i l i ty  of the DNA molecule  than the A - T  pa i r  with 
i ts  two hydrogen bonds. 

E x p e r i m e n t s  were  c a r r i e d  out to study the ef fec t  of 
the guanine analogue 6-thioguanine (TG} and the combined 
act ion of TG and BDU on mi to t ic  coi l ing.  As was shown 
e a r l i e r  [4], TG is i nco rpo ra t ed  in l a rge  quant i t ies  into the 
DNA molecule .  

EXPERIMENTAL METHOD 

Fig.  2. M a r k e r  and sex c h r o m o s o m e s  of 
a Chinese h a m s t e r  with c h a r a c t e r i s t i c  seg-  
menta l  pa t te rn  a f t e r  exposure  to TG and 
BDU s e p a r a t e l y  and together .  

Cul tures  of f ib rob las t - l ike  Chinese h a m s t e r  ce l l s  
(or iginal  line B 11 d - i i - F A F  28, clone No. 237) were  used.  
Jus t  a s  in e x p e r i m e n t s  with BDU [1, 2], the analogues  were  
added at  the end of the S - p e r i o d  (3 h before  fixation). BDU 
(8, 10, 20, and 200 ~ g / m l )  and TG (2, 4, 8, 10, 16, 20, 30, 
and 60 # g / m l )  were  used.  Both analogues  were  obtained 
f rom Calbiochem (USA). The p r o c e d u r e s  for fixation, 
p repa ra t ion ,  and s taining of the ch romosome  spec imens  
were  d e s c r i b e d  e a r l i e r  [1, 2]. 

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

T h e  A c t i o n  o f  T G .  Addi t ion even of min ima l  
quant i t ies  (2 /~g/ml) TG to the cul ture  was accompan ied  by 
the appea rance  of many ce l l s  (27%) containing segmented  
m a r k e r  and sex c h r o m o s o m e s  (Fig.  la) .  With an i n c r e a s e  
in the concent ra t ion  of the analogue in the medium to 16 
~ g / m l ,  a n i n c r e a s e  in the number  of these ce l l s  to 65% oc-  
cu r red .  A fu r the r  i nc rea se  in concent ra t ion  (30 tZg/ml) 
did not i n c r e a s e  the y ie ld  of ce l l s  with segmented  c h romo-  
somes  (66%),and a concent ra t ion  of 60 p g / m l  ac tua l ly  r e -  
duced this pe rcen tage  to 40. It was obse rved  p rev ious ly  
[1] that  the "segment ing"  ac t ion  of BDU begins  with a con- 

cen t ra t ion  of the analogue of 25 ~ g / m l .  The ac t ion  of s m a l l  quant i t ies  of TG on ch romosome  morphology 
may  r e f l e c t  the " s t r u c t u r a l "  impor tance  of G-C p a i r s  indica ted  above. 

The genera l  pa t t e rn  of segmenta t ion  of the c h r o m o s o m e s  a f t e r  t r e a t m e n t  with TG was s i m i l a r  to that  
a f te r  t r e a tmen t  with BDU. However,  the cons t r i c t ions  on the Sti, St 2, X i, and X 2 c h r o m o s o m e s  a f te r  ex-  
p o s u r e t o  TG (Fig.  2, a r rows)  were  so pronounced as  to r e s e m b l e  "gaps" in c h a r a c t e r ,  which is e x t r e m e l y  
r a r e  a f te r  exposure  to BDU. These  points poss ib ly  c o r r e s p o n d  to l a t e - r e p l i c a t i n g  a r e a s  of DNA, r i ch  in 
G-C pa i r s .  

T h e  C y t o l o g i c a l  E f f e c t  o f  t h e  C o m b i n e d  A c t i o n  o f  T G  a n d  B D U ,  T h e r e s u l t s  of 
ana lys i s  of the combined act ion of the two analogues  a r e  given in Table 1. Among the ce l l s  ana lyzed  there  
were  many (from 34 to 82%) that  contained m a r k e r  and sex c h r o m o s o m e s  with delay in coil ing.  The ap-  
pea rance  of these  ce l l s  can be expla ined  by a s s u m i n g  that  one analogue ac ted  on one cel l .  Be s i de s  these  
ce l l s  there  were  o thers  containing m a r k e r  and sex c h r o m o s o m e s  with a h igher  degree  of delay of coi l ing 
(Fig. l b ) .  The number  of these ce l l s  va r i ed  within wide l im i t s  (from 1 to 22%) and, as  the table  shows, was 
a l m o s t  independent of the concent ra t ion  of analogues in the medium. P r e s u m a b l y  the appearance  of these 
c h r o m o s o m e s  was due to the s imul taneous  ac t ion of both analogues  on the r e p l i c a t i n g  a r e a  of the ch romo-  
some.  
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Careful  study of the morphology of c h r o m o s o m e s  with w e l l - m a r k e d  delay in coil ing r e v e a l s  a con- 
s iderab le  inc rease  in length of the uncoiled a r e a s  (Fig. 2), the appearance  of smal l  subsegments ,  and, in 
some cases ,  for example  in the X 2 ch romosome ,  loss  of the segmenta l  s t ruc ture .  This  can be r e g a r d e d  as 
an ex t r eme  degree  of subsegmentat ion.  These  observa t ions  may  be evidence of chemica l  he te rogenei ty  
within the coiled segment ,  brought  to light by the combined act ion of two analogues.  

It  can be postulated f rom the r e su l t s  of these expe r imen t s  that co r r e l a t i on  ex i s t s  between the nucleo- 
tide composi t ion of DNA in the in terphase  c h r o m o s o m e  and the p roce s s  of mitot ic  coiling. 

1. 

2. 
3. 
4. 

L I T E R A T U R E  C I T E D  

N. A. Egolina and A. F. Zakharov,  Tsi to logiya ,  14, 1218 (1971). 
A. F. Zakharov  and N. A. Egolina,  Tsi tologiya,  1__22, 167 (1970). 
D. E. Comings,  Exptl.  Cell  Res . ,  7._11, 106 (1972). 
G. A. Le Page ,  Cancer  Res . ,  20 403 (1960). 

323 


