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Cooling a culture of Chinese hamste r  cells  to 21~ for 2 h r eve r s ib ly  blocks the cells in p ro -  
metaphase.  The stathmokinetic effect  of cooling is connected with disappearance of the m i c r o -  
tubules. The kinetochore in the blocked cells  consis ts  of a th ree - l aye red  s t ructure  measu r -  
ing 300-350 nm and 30-35 nm in thickness. Bundles of microtubules  appeared in the dividing 
cel ls  10 rain after  warming,  and at the same time the u l t ras t ruc ture  of the kinetochore changed 
f rom a laminar  organizat ion into a spherical .  These resul ts  conf i rm the view that the change 
f rom the laminar  organizat ion of the kinetochore into f ib r i l l a ry -spher ica l  is connected with 
its functional activation and is s imi la r  to the changes taking place in the kinetechore during 
the prometaphase  of normal  mitosis .  
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E lec t ron -mic roscop ic  study of the ch romosomes  during metaphase block and its removal  has shown 
that the res to ra t ion  of the function of the kinetechore is accompanied by changes in its u l t r as t ruc tu ra l  o r -  
ganization [1]. However, different stathmokinetie agents (colchicine, colcemid,  vinblastin, chloral  hydrate,  
etc.) m a y  themselves  effect  the s t ruc ture  of the kinetochore and modify the degree of coiling of the c h r o m o -  

somes [4, 6, 7]. 

To rule out a d i rec t  effect  of stathmokinetic agents on the kinetechore,  changes in its s t ructure  must  
be examined during blocking and res to ra t ion  of mitosis  produced by a factor  with no di rec t  effect on coiling. 
One such factor is cooling which, while blocking mitosis  in prometaphase,  does not induce supercoil ing of 
the ch romosomes  [2, 8]. The change in kinetochore s t ructure  on subsequent r ewarming  and removal  of the 
block could be ent i re ly attributed to the res to ra t ion  of kinetochore function. 

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

A culture of Chinese hamste r  cel ls  (clone 237) was used as the tes t  object. Flasks with the culture 
were incubated for 2 h at 21~ then t r ans fe r r ed  to a thermos ta t  at 37~ and fixed at intervals  of 10 min. 
The method of obtaining prepara t ions  for e l ec t ron -mic roscop ic  investigation was descr ibed previously [3]. 

RESULTS 

It was shown with the light microscope that Chinese hamster cells in culture are reversibly blocked 
in mitosis at a temperature of 21~ At this temperature an accumulation of metaphases (mainly c-meta- 
phases with dispersion of the chromosomes) and disappearance of anaphases and telophases were observed 
in the culture. In the blocked cells microtubules were absent, so that the Chromosomes were irregularly 
arranged. The kinetochores consisted of three-layered laminar structures measuring 300-350 nm and 30- 
35 nm in thickness. Each lamina was formed of two electron-dense layers (8-10 nm) separated by a less 
dense space (15-20 nm; Fig. la). The ultrastructural organization of the kinetochores during cooling was 
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Fig. 1. U l t r a s t ruc tu r e  of the kinetochore  dur ing cooling (21 ~ 
and subsequent  r ewarming :  a) cooling; s i s t e r  k ine tochores  (K 1 
and R2) cons is t ing  of laminae ,  mic ro tubu les  absent;  b) beginning 
of r e m o v a l  of block on heating: l amina  (L) of the k inetochore  
b r eaks  up and the cen t ra l  nucleus (CN) of the kinetochore  can be 
seen beneath it; c) cooling; spher i ca l  k inetochore  (K) and f r a g -  
mented micro tubules ;  d) r ewarming :  spher ica l  cen t ra l  nucleus 
(CN) of k inetochore  e m e r g e s  on su r face  of c h r o m o s o m e .  Rine to-  
chore  connected with micro tubules ;  a, c, d) 50,000 • b) 70,000 • 

s i m i l a r  with the organiza t ion  of the k inetochore  in late p rophase  and ea r ly  p r o m e t a p h a s e ,  and also in ce l l s  
blocked by ch lora l  hydrate .  Cooling to 21~ like ch lora l  hydra te ,  probably  blocks the ce l l s  at the beginning 
of p rome taphase .  

During the p r o m e t a p h a s e  block,  spher i ca l  k ine tochore ,  c h a r a c t e r i s t i c  of the l a t e r  s t ages  of mi to s i s  
(metaphase and anaphase) ,  was  found in only" a few cel ls .  In these ce l l s  the mic ro tubu le s  were  f ragmented  
in segments  about 200 nm long (Fig. lc) .  The d i a m e t e r  of the mic ro tubu les  (330-360 A) was g r e a t e r  than 
the d i a m e t e r  of the mic ro tubu les  (190-260 A). On the one hand, cooling evident ly  p reven t s  po lymer iza t ion  
of the mic ro tubu les ,  and on the o ther  hand it r u p t u r e s  the connect ions between the s egmen t s  a l ready  fo rmed  
by the t ime of cooling of the micro tubules .  

After  the t r a n s f e r  of the cooled cu l tu res  to an incubator  at 37~ the ce l l s  e scaped  f r o m  the block. 
Bundles of mic ro tubu les  appeared  in the dividing ce l l s  10 rain a f te r  r e w a r m i n g ,  and at the s ame  t ime  the 
u l t r a s t r u c t u r e  of the k ine tochore  changed f rom a l a m e l l a r  to a sphe r i ca l  organiza t ion .  As in the case  of 
washing with ch lora l  hydra te ,  the l amina  gradual ly  broke  up and "c l imbed"  on to the su r face  of the c h r o m o -  
some of the cen t ra l  k inetochore  nucleus (Fig. lb,  d). During these s t ruc tu r a l  changes  in the k inetochore  the 
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angle between the axis of the c h r o m o s o m e  and the micro tubules  increased.  Growth of the micro tubu les  was 
obse rved  both f rom the region of the cen t r io l e s  and f rom the kinetochores .  It is postulated that continuous 
mic ro tubu les  connecting the poles  of divis ion a re  fo rmed at the cen t r io les ,  whereas  kinetochore (or c h r o -  
mosomal )  mic ro tubu les  connecting the k ine tochores  with the poles a r e  fo rmed at the k ine tochores  [5]. Dur -  
ing r e m o v a l  of the block no c -m i c ro t ubu l e s ,  as descr ibed  by some  w o r k e r s  as in te rmedia te  f o r m s  dur ing 
the format ion  of o -m i c ro t ubu l e s  [9l, were  observed.  

The r e su l t s  thus conf i rm the hypothesis  that the change f rom a l amina r  to a f i b r i l l a r y - s p h e r i c a l  o r -  
ganizat ion of the kinet0chore  is connected with its functional activation. The detect ion of k ine tochores  in 
the ea r ly  s tages  of uncoiling of the l amina  and the c l imbing of the spher ica l  cen t ra l  nucleus in intact  dividing 
ce l l s  is evidence of the s imi l a r i t y  between the changes  in the kinetochore during r e m o v a l  of the block and 
changes  taking place during p rome taphase  of the no rma l  mi tos is .  
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