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Chinese hamste r  cells  in culture were blocked in prometaphase by the addition of chloral  hy-  
drate.  After 2 h the chloral  hydrate was removed and the u l t ras t ruc tura l  changes in the kine- 
tochore studied during recovery  of mitosis.  The kinetochore in the blocked cells  is a disc 
measur ing 300-350 nm in d iameter  and 30-35 nm in thickness. Immediately af ter  recovery  
of mitosis  the disc begins to break up and fuse with the inner nucleus of the kinetochore, when 
it acquires  a spherical  organization. On combined t reatment  with chloral  hydrate and cobalt 
nitrate,  inducing despiral izat ion of the chromosomal  fibrils,  the kinetochore in the blocked 
cells  becomes spherical.  It is concluded that activation of the kinetochore in prometaphase 
probably involves despiral izat ion of the fibrils composing the disc. 
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The chief functions of the kinetochore are  the production of microtubules  [6] and participation in the 
movement of the ch romosomes  in mitosis  [4]. In many cells,  however,  a kinetoehore can be found as ear ly  
as in prophase and the beginning o[ prometaphase,  i. e., before the appearance of the microtubules of the 
mitotic apparatus and visible movements  of the chromosomes  [3, 5], A study o[ changes in the u l t r a s t ruc -  
ture of the kinetochore during mitotic division of Chinese hamster  cells  has shown that the organizat ion of 
the kinetochore at the beginning of prometaphase is laminar  but in metaphase and anaphase it is spherical  
[1]. These observat ions suggested that differences in the u l t ras t ruc tura l  organizat ion of the kinetochore 
depend on its functional activity. 

To test  this hypothesis experiments  were ca r r i ed  out to study the u l t ras t ruc ture  of the kinetochore 
during inactivation (blocking the cells in prometaphase by t reatment  with chloral  hydrate) and recovery  of 
its functional activity. 

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

Chloral hydrate was added to cul tures of Chinese hams te r  cel ls  (clone 237) up to a concentrat ion of 
1 mg/ml .  After  2 h the chloral  hydrate was rinsed out and the cells  incubated in conditioned medium. The 
dividing cells  were fixed during prometaphase block and every  10 min af ter  recovery  from it. Chloral hy-  
drate (1 mg/ml)  together with cobalt  nitrate (0~1 mg/ml)  was added to some of the cul tures for 2 h. The 
method of preparing the specimens for e lec t ron-microscop ic  investigation was descr ibed ea r l i e r  [1]. 

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

Chloral hydrate blocks migrat ion of the centr ioles  concentrated in the center  of the cell together with 
the per icent r io lar  satel l i tes and remnants  of the microtubules,  The ch romosomes  lie at the periphery of 
the cell, forming a sphere. The kinetochores appeared as c lear ly  defined e lec t ron-dense  discs  300-350 nm 
in d iameter  and 30-35 nm in thickness (Fig. la). The kinetochore disc consisted of 2 e lec t ron-dense  layers  
(8-10 nm) separated by a less dense interval (15-20 rim). The disc was separated from the chromosome 
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Fig. 1. Ul t ras t ruc tura l  organization of the kinetoehore during 
promethaphaseblock  and r e c o v e r y f r o m  it: a) cells  blocked in 
prometaplmse by chloral  hydrate:  s i s te r  kinetochores (K 1 and 
K2) resembl ing  discs ,  microtubules  absent (100,000• b) begin- 
ning of r ecovery  of mitosis :  growth of microtubules f rom be-  
neath the disc (D) of the kinetochore (33,000 • c) asynchronous 
changes in s t ruc ture  of s i s t e r  kinetochores (K s and K2) during 
r ecove ry  of mitosis :  K 1 is spherical  and is joined to mic ro tu -  
bules ,  K 2 is d isc-shaped (56,000• d) combined action of chloral  
hydrate and cobalt  ni t rate:  kinetoehores have a loose spherical  
organizat ion and are  joined to microtubules  (30,000 • 

proper  by an e lec t ron- t rans lucen t  zone up to 60 nm in thickness- On the outer  side the disc was in contact 
with a region of thin f ibr i l lary material .  Often the kinetoehore discs  were curved, reproducing the con- 
tours of the chromosome.  In some cases  the kinetochore was joined to the microtubules,  Similari ty be-  
tween the s t ruc ture  of the kinetochore of the blocked cel ls  and the kinetochores of the intact prometaphase 
cells  was noted. The only difference was the g rea t e r  e lectron density of the kinetochore of the blocked cel ls  
result ing from supercoi l ing of the fibrils under the influence of chloral  hydrate. In the light of these ob-  
servat ions  it is evidently bettor  to speak of blocking the cells  at the beginning of prometaphase in the stage 
of the laminar  kinetochore ra ther  than of the appearance of laminar  kinetoehores under the influence of 
stathmokinetic agents [7]. 

Immediately af ter  the r ecove ry  of mitosis  success ive  changes were observed in the u l t ras t ruc ture  of 
the kinetochore (Fig, 2). The kinetochore disc gradual ly broke up and mierotubules growing in the d i r ec -  
tion of the centr io les  were observed to be formed in these a reas  (Fig. lb). During loosening o~ the s t ruc -  
ture of the disc the angle between the microtubules and the chromosome axis increased, Meanwhile a 
spherical  f ibr i l lary  s t ructure  (the inner nucleus of the kinetochore) could be detected under the disc. The 
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Fig. 2. Scheme of changes in kinetochore m o r -  
phology during recovery  from prometaphase  
block. 

p rocess  of s t ructura l  reorganizat ion of the kinetoehore took place in such a way that the loose disc mater ia l  
fused with the inner nucleus, as a resul t  of which an active kinetochore - a spherical  f ibr i l lary particle 
(450 • nm) - w a s  formed in metaphase on the surface of the chromosome (Fig. lc). The electron density 
of the kinetochore in metaphase and anaphase was lower than that of the chromosome arm.  Microtubules 
penetrated into the inter ior  of the kinetochore and formed a right angle with the chromosome axis. In telo- 
phase, with the formation of the nuclear  membrane,  the electron density of the kinetochore increased and 
it sank into the substance of the chromosome.  

Structural  changes in the kinetochore during mitosis  can be conjectural ly  linked with despiral ization 
of the fibrils of the disc: Cobalt ions are  known to induce despiral izat ion of chromosome fibrils [2]. Dur-  
ing the combined action of chloral  hydrate and cobalt  nitrate the kinetochore had a spherical  and not a la-  
mella organization,  although the cells were in prometaphase block with unseparated centr ioles  (Fig. ld). 
The bet ter  preservat ion  of the chromosomal  microtubules in these cells  will be noted. The addition Of co-  
balt ni trate thus converted the lamella organization of the kinetochore into spherical  and evidently s t imu-  
lated the formation of microtubules  by the kinetoct~ore. 

The resul ts  conf i rm the wr i t e r s '  hypothesis that the active kinetochore has a loose spherical  o rgani -  
zation and the inactive kinetochore a lamel la r  organization. Activation of the kinetochore in prometaphase 
probably involves despiral izat ion of the fibrils composing the disc. Since the kinetochore contains DNA [8], 
despiral izat ion of the fibrils of the kinetochore during its activation in prometaphase cor responds  closely 
to the behavior  of the nuclear  chromatin,  but at the same time it points to the existence of differences in 
the spiral izat ion cycles  of the kinetochore and chromosome.  
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