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C O L C H I C I N E  M I T O S I S  
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Res tora t ion  of the normal  course  of mi tos i s  a f t e r  its blocking by colchicine takes  place through 
additional prote in  synthes is  - t h r o u g h  the fo rmat ion  of new micro tubules  of the division spindle.  
A study of the r eve r s ib i l i t y  of the s ta thmokinet ic  reac t ion  to colcemid shows that  blocking of 
prote in  synthes is  by puromycin  has l i t t le o r  no effect  on the ra te  of r e s to ra t i on  of the normal  
mitot ic  r eg ime ,  whereas  copper  ions r e t a r d  this  p roces s .  It can be concluded f r o m  these facts  
that the res to ra t ion  of the colcemid- induced C mi tos i s  takes  place chiefly through the r epo ly -  
mer iza t ionof tubu l ins .  The predominance  of the format ion of new micro tubules  or  r e p o l y m e r i z a -  
t ion during the r e s to ra t ion  of the micro tubules  is evidently de te rmined  both by the degree  of 
the i r  des t ruct ion and by the c h a r a c t e r  of binding of the subunits of the tubular  prote in  pool with 
the harmful  agent. 

KEY WORDS: Mitosis;  microtubules ;  tubulins; s ta thmokinet ie  react ion;  colcemid.  

In a prev ious  communicat ion  [2] we examined the mechan i sm of r eve r s ib i l i t y  of the colchicine mi tos i s  
(C mitosis)  induced by colchicine.  E l e c t r o n - m i c r o s c o p i c  and autoradiographic  invest igat ions showed that for 
the normal  course  of mi tos i s  to be r e s t o r e d  a f t e r  t r e a t m e n t  with colehieine additional prote in  synthes is  is r e -  
qui red  [1, 2]. The peak of intensi ty of pro te in  synthes is  p receded  complete  r e s to ra t i on  of the normal  mitot ic  
r eg ime  and cor responded  in t ime  to the per iod  of fo rmat ion  of miero tubules  of the division spindle and r econ -  
s t ruct ion of the mitotic appara tus .  It was not made c l ea r  whether  the format ion  of new micro tubules  is the uni- 
v e r s a l  mechan i sm of r eve r s ib i l i t y  of the C mi tos is  or  whether  this p r o c e s s  can a lso  take place through the 
repo lymer iza t ion  of micro tubules  f rom the tubulia pool [3, 8, 12, 13]. 
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Fig. 1. Indices of mitotic regime during revers ib i l i ty  of 
C mitosis induced by colcemid (continuous lines) and af-  
t e r  additional exposure to Cu 2+ ions (broken lines). Lines 
with c r o s s e s  - metaphases;  lines with dots - anaphases + 
telophases;  C) addit'ion of colcemid (control - background) ; 
O) r insing out colcemid and adding Cu 2+. Ordinate, r e l a -  
tive number of metaphases,  anaphases,  and telophases (in 
%); Abscissa ,  t ime (in h). 

To tes t  this hypothesis the revers ib i l i ty  of the stathmokinetic react ion induced by other fac tors  blocking 
mitosis  in metaphase was studied. In the present  investigation the mechanisms of revers ib i l i ty  of the C mitosis  
induced by a colehicine derivative, Cocemid (N-diaeetyl-N-methylcolchicine) ,  were studied. 

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

Exper iments  were ca r r i ed  out on a montayer  culture of f ibroblast- l ike cells  of the Chinese hamster ,  
s train 237. The cells were grown in Eagle ' s  medium with 10% bovine serum. The seeding density was about 
t00,000 cells/mlo After  growth of the cells for 48 h colcemtd (0.03/zg/ml) was added to the medium. After 
exposure to the alkaloid for 2 h, covers l ips  with the cul tures were washed three t imes with Hacks '  solution 
and t r ans f e r r ed  to fresh medium. Immediately af ter  r insing off the colcemid or 30 rain later ,  puromycin 
(10/~g/ml) was added to the culture medium in the vesse l s  containing the cultures.  At var ious  t imes after 
r insing out the colcemid the indices of the mitotic regime (mitotic index, relative percentage of cells in the 
var ious  stages of mitosis) were determined in the control (cells af ter  t reatment  with colcemtd only) and exper t -  
mental se r ies  (treatment with colcemid af ter  blocking protein synthesis with puromycin)o The,~e experiments 
were ca r r i ed  out in five repeti t ions.  In another ser ies  of experiments  (four repetitions),  af ter  r insing off the 
the coleemid, Cu 2+ ions (anhydrous CuSO 4 in a final concentrat ion of 10 -5 M), which are known !:8, 11] to inhibit 
tubulin repolymerizat ion,  were added to the culture medium. 

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

After  exposure to colcemid for 2 h the percentage of cells at the metaphase stage increased by 1.7-2 
t imes,  with the resul t  that the mitotic index almost  doubled. The final stages of mitosis  (anaphase and telo-  
phase) were completely absent until the alkaloid was r insed out. Metaphases continued to accumulate for 1 h 
af ter  r insing out (the aftereffect),  but then the mitotic regime began to return to normal:  the number of meta-  
phases decreased  and the number of anaphases and telophases increased. Normalizat ion of the mitotic regime 
was complete 2-2.5 h after  r insing out the alkaloid. Blocking protein synthesis with puromycin had hardly any 
effect on the rate of res tora t ion  of the normal mitotic regime,  by contrast  with the revers ib i l i ty  of the C mitosis 
induced by colchicine, when puromycin delayed the normalizat ion of the mitotic regime as a rule by 14 h (in 
some experiments  the stathmokinetic effect lasted for 20-22 h). Statistically significant differences between the 
control  and experimental  se r i e s  dotting revers ib i l i ty  of C mitosis  induced by colcemid (slight delay in the rate 
of recovery)  was observed in only one of five experiments .  In paral lel  exper iments  involving incorporation of 
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leueine-3H (Vo V. Kazan'ev) no additional peak of intensity of label uptake was obse rved  during r e s to ra t ion  of 
co lcemid mi tos i s ,  by cont ras t  with that obse rved  in colchic ine- induced C mi tos i s .  

The r e su l t s  suggested tha t the  format ion  of new micro tubules  occupies  an unimportant  place in the r e v e r s -  
ibility of the colcemid- induced C mitos is .  P r e s u m a b l y  the r eve r s ib i l i t y  of the s ta thmokinet ic  react ion in those 
exper imen t s  was due chiefly to r epo lymer iza t ion  of micro tubules  f r o m  tubulins of the p r e c u r s o r  pool. E x p e r i -  
ments  in which copper  ions were  added conf i rmed  this possibi l i ty .  In the p re sence  of Cu 2+ normal iza t ion  of the 
mitotic r eg ime  af te r  the blocking of mi tos i s  by colcemid was delayed by 30-80 rain (Fig. 1). 

The mechan i sms  of r e s to ra t ion  of miero tubules  af ter  t r e a t m e n t  even with such c lose ly  r e l a t ed  compounds 
as colchicine and colcemid a re  thus different.  In the f i r s t  case  the micro tubules  were  r e s t o r e d  mainly  through 
new formation,  but in the second mainly through repo lymer iza t ion .  

The difference in the mechan i sms  of r eve r s ib i l i t y  of the s ta thmokinet ie  reac t ion  induced by eolchicine and 
colcemid is probably  at t r ibutable  to d i f ferences  in the action of these alkaloids of tubulins of the r e s e r v e  stock. 
The need for additional prote in  synthesis  and predominance  of the format ion  of new miero tubules  a f t e r  the 
s ta thmokinet ic  act ion of colchieine can be understood [2] on the grounds that this alkaloid binds the tubulins of 
the r e s e r v e  stock. Colchicine, by fo rming  stable bonds with subunits of tubulins, inact ivates  them and the reby  
depletes  the i r  r e s e r v e  stock. The spec ia l  fea tures  of r eve r s i b i l i t y  of the co lcemid  effect  a r e  evidently a t t r ibu-  
table to the fact  that, unlike colchieine,  it binds tubulins much less  s t rongly  and f o r m s  weaker  bonds with them 
[7]. These  resu l t s ,  together  with observa t ion  published prev ious ly  [1, 2] suggest  that r e p a i r  of the micro tubu-  
l a r  s y s t e m s  of the mitotic appara tus ,  when damaged by s ta thmokinet ic  poisons,  can take place in va r ious  ways: 
e i ther  by their  format ion  de novo (binding of the tubulins of the r e s e r v e  s tock by colchieine) or  predominant ly  
through repo lymer iza t ion  of the tubulins of the p r e c u r s o r  pool (colcemid). It can ten ta t ive lybe  suggested that 
these methods of r epa i r  a l so  extend to other s y s t e m s  of microtubules .  For  instance,  r e p a i r  of the micro tubules  
of the ci l ia  of the infusorian Te t r ahymena  a f te r  x - r a y  i r radia t ion take place through r epo lymer iza t ion  [9], where -  
as  the i r  r epa i r  a f te r  t r ea tmen t  with colchicine r equ i r e s  additional pro te in  synthesis  [10]. Af te r  t r ea tmen t  with 
colchicine,  inhibition of pro te in  synthes is  p reven ted  r e p a i r  of the cy toplasmic  micro tubules  in the f lagellate 
Ochromonas ,  but a f t e r  the i r  destruct ion by an inc reased  hydrosta t ic  p r e s s u r e ,  blocking prote in  synthesis  had 
no effect  on r apa i r  of the micro tubules  [4-6]. 

The predominance  of the i r  format ion  de novo or of r epo lymer iza t ion  during r e p a i r  of micro tubules  is 
probably  de te rmined  both by the degree  of the i r  des t ruct ion and by the c h a r a c t e r  of binding of the harmful  agent 
with subunits of the tubular  prote in  pool - the chief  source  for r es to ra t ion  of the microtubules .  

I. 

2. 
3. 
4. 
5. 
6. 

7. 
8. 

9. 
i0.  
i i .  
12. 

13. 

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

I. A. Alov, in: P r o g r e s s  in Science and Technology. Ser ies  "Cytology" [in Russian],  Vol. 2, Moscow 
(1975), p. 173. 
I. A. Alov, M. E. Aspiz,  and N. A. S tarosvetskaya ,  Zh. Obshch. Biol., 35, No. 6, 894 (1974). 
G. G. Bor i sy  and J. B. Olmsted,  Science, 177, 1196 (1972). 
G. Bouck and D. Brown, J. Cell Biol., 4__7, 22 (1970). 
G. Bouck and D. Brown, J. Cell Biol.,  56, 340 (1973). 
G. Bouck and D. Brown, J. Cell Biol., 5_66, 360 (1973). 
M. Flavin and C. Slaughter,  J.  Bact. ,  118, 59 (1974). 
W. McLean and P. Keen, Exp. Cell Res . ,  80__, 345 (1973). 
E. Nelsen, J. Cell Biol., 5_55, 187 (1972). 
J. Rosenbaum and K. Carlson,  J. Cell Biol., 40 ,415  (1969). 
L. Roth and Y. Shigenaka, J. Ul t ras t ruc t .  Res. ,  31, 356 (1970). 
R. Weisenberg,  Science, 177, 1104 (1972). 
R. Weisenberg,  J .  Cell. Biol., 5_4, 2 6 6 1 9 7 2 ) .  

1090 


