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M i t o s i s  a n d  P o l y p l o i d y  in  N u c l e i  o f  Opalina ranarum 

T h e  p r o b l e m  of nucle i  a n d  mi tos i s  in  Opalina has  b e e n  
s t ud i ed  b y  m a n y  au tho r s .  T h e  m o s t  de ta i l ed  d a t a  were 
g iven  b y  CHEN t-3 for  species of t h e  genus  Zellerietta. 

Thi s  a u t h o r  ha s  e s t ab l i shed  t h a t :  (1) t h e r e  is ev idence  
of a c e n t r i o l a r  m i to t i c  d iv is ions ;  (2) nuclei  of t r o p h o n t s  
are  d ip lo id ;  (3) t h e r e  is c lear  a n d  v is ib le  a t t a c h m e n t  be-  
tween  c h r o m o s o m e s  a n d  nucleoles.  I n  o t h e r  Opa l ina t a ,  
however ,  n o t  all de ta i l s  of mi to t i c  d iv is ions  were ful ly 
desc r ibed  because  of t he  r e l a t ive ly  smal l  size of t h e i r  
nucle i  a n d  ch romosomes ,  a n d  poor  s t a i n i n g  due  to  t h e  
low c o n t e n t  of D N A  (CHEN 1). 

I n  t he  p r e s e n t  p a p e r  t h e  Feu lgen  m e t h o d  was used. 
Some  of t h e  sl ides were  s u b s e q u e n t l y  d r ied  a n d  s t a i ned  
w i t h  t o lu id in  blue.  D o u b l e  s t a i n i n g  gives a n  exce l l en t  
c o n t r a s t  of ch romosomes .  R N A  was  s t a i ned  b y  UNNA'S 
m e t h o d .  Some  sIides t r e a t e d  w i t h  r i bonuc t ea se  were  used 
as  a cont ro l .  

Results. T h e  o b s e r v a t i o n  showed  t h a t  n o r m M  mi tos i s  
occurs  in  t r o p h o n t s  of Opalina ranarum a n d  Cepedea 
dimidiata. An a s y n c h r o n y  of nuc l ea r  d iv is ions  was found  
in  i nd iv idua l s  of b o t h  species. The  prophas ic ,  m e t a p h a s i c ,  
a n a p h a s i c  a n d  t e lophas ic  s tages  were c lear ly  d i s t ingu i sh-  
able.  I n  c o n t r a s t  to  DEVIDE'S resu l t s  4, t h e  a r r a n g e m e n t  of 
c h r o m o s o m e s  in e q u a t o r i a l  region d u r i n g  m e t a p h a s e  was  
o b s e r v e d  in t h i s  work.  T h e  e x a c t  n u m b e r  of c h r o m o s o m e s  
was  n o t  e s t ab l i shed  because  of t h e i r  smal l  size. I n  t h e  
b e s t  p ic tures ,  a b o u t  18 c h r o m o s o m e s  could  be  d i s t in -  
gu i shed  in 0 .  ranarum, b u t ,  because  of t h e i r  r e l a t ive ly  
smal l  size, t h e i r  b i v a l e n t  c h a r a c t e r  a n d  pos i t ion  of k ine to -  
chores  d u r i n g  m e t a p h a s e  were n o t  seen. 

On  t he  o t h e r  h a n d ,  t h e r e  are  c lea r -cu t  d i f ferences  be- 
t w e e n  i n d i v i d u a l  c h r o m o s o m e s  in size a n d  shape  d u r i n g  
t h e  la te  p r o p h a s e  a n d  m e t a p h a s e .  In  2 p o p u l a t i o n s  of 
t r o p h o n t s  of 0.  ranarum f rom Rana  temporaria, large  
nuclei  were c lear ly  visible.  T h e y  o f t en  occur  t o g e t h e r  w i t h  
nucle i  of n o r m a l  size in  t h e  s a m e  t r o p h o n t s .  

T h e s e  p o p u l a t i o n s  t h u s  inc luded :  (1) t r o p h o n t s  w i th  
on ly  large  nuclei ,  (2) t r o p h o n t s  w i t h  b o t h  la rge  a n d  n o r m a l  
nucle i  a n d  (3) t r o p h o n t s  w i t h  on ly  n o r m a l  nuclei .  La rge  
nuclei  in  r e s t i ng  s tage  were  o f t en  e l o n g a t e d  a n d  s o m e w h a t  
i r r egu la r  in shape.  In  t he  case  of large  nuclei ,  t h e i r  n u m b e r  
pe r  i n d i v i d u a l  was  usua l ly  smal l e r  t h a n  in t he  case of 
n o r m a l  nuclei .  I t  was  e v i d e n t  t h a t  these  large  nuclei  
d iv ide  mi to t i c a l l y  a n d  all phases  of mi tos i s  were obse rved  
(see Figures) .  

These  large  nuclei  h a v e  a h ighe r  n u m b e r  of c h r o m o s o m e s  
t h a n  n o r m a l  ones. B o t h  t he  size a n d  shape  of ch romo-  
somes  in al l  nuc le i  is t h e  s ame  a n d  d e p e n d s  on ly  on  t h e  
s tage  of mi tos is .  I n  F igu re  1 are  s h o w n  2 a d j a c e n t  nuc le i  
of t h e  s a m e  i n d i v i d u M ;  a n o r m a I  one  (a) a n d  a large  
one  (b). T h e  po typ lo id  c h a r a c t e r  of nuc l eus  (b) is visible.  
A b o u t  60 c h r o m o s o m e s  c a n  be  d i s t ingu i shed ,  b u t  t h e  
a c t u a l  n u m b e r  of c h r o m o s o m e s  m a y  differ  f rom th i s  esti- 
ma t ion .  Th ree  d i f fe ren t  nuclei  d u r i n g  m e t a p h a s e  are  
s h o w n  in F igures  2, 3 a n d  4 (Figures  3 a n d  4 show nucle i  
p r e s u m a b l y  d u r i n g  p r o m e t a p h a s e ) .  The  nuc leus  in  F igu re  2 
is no rmal ,  t h e  2 o the r s  h a v e  d i f fe ren t  levels  of po lyp lo idy  
because  t h e  d i s t ances  b e t w e e n  c h r o m o s o m e s  are  s imi la r  
in  t he se  nuclei ,  w h i c h  differ  on ly  in size. T h e  degree  of 
po lyp lo idy ,  however ,  ha s  n o t  b e e n  es tab l i shed .  F igures  5 
a n d  6 give a c o m p a r i s o n  of n o r m a l  a n d  large nuclei  
d u r i n g  a n a p h a s e .  

I n  n o r m a l  nuclei  a few nucleoles  lie close u n d e r  t h e  
nuc l ea r  enve lope  (NOIROT-THIMOTtlI~E 5'6, SUKHANOVAT). 
On t h e  o t h e r  h a n d ,  in  a large  nuc leus  v e r y  large  nucleoles  
of d i f fe ren t  size are  p r e s e n t  (Figure  7). Assoc ia t ions  ot 
nucleoles  a n d  c h r o m o s o m e s  were no t  obse rved .  CHEN 2 
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Fig. 7. (a) Nueleoles in normal nuclei; (b) nucleoles ill large nuclei. 
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p rev ious ly  by  some a u t h o r s  (DEVIDE 4, NERESHEIMERS). 
DEVIDE 4 bel ieved t h a t  such  nuclei  do  n o t  possess  a h ighe r  
n u m b e r  of ch romosomes ,  b u t  on ly  t h a t  t h e i r  d i s t r i b u t i o n  
is looser, a n d  his  d rawings  sugges t  t h a t  nucleoles  are 
la rger  in  such  nuclei.  

T h e  fac t  t h a t  po lyplo id  nuclei  h a v e  been  found  in 
t r o p h o n t s  of Opalinata m a y  be  i m p o r t a n t  for f u r t h e r  com-  
pa r i sons  of Opalinata a n d  Ciliata. T h e  p o p u l a t i o n s  de- 
scr ibed are  on ly  r a n d o m .  T h e  f r equency  of such  popu la -  
t ions  h a s  n o t  been  es tab l i shed .  T h e  m e c h a n i s m  of poly-  
p lo id iza t ion  in th i s  case is n o t  known.  On  t h e  o t h e r  h a n d ,  
i t  is i n t e r e s t i n g  t h a t  nuclei  of p o l y n u c l e a r  Opalinata can  
b e c o m e  polyplo id  u n d e r  some c i r cums tances .  Espec ia l ly  
i n t e r e s t i n g  is t h e  fac t  t h a t  t h e  nuclei  in t h e  same  t r o p h o n t  
m a y  di f fer  as r ega rds  t h e i r  c h r o m o s o m a l  c o n t e n t  a n d  size 
l ike t h e  mic ronuc le i  a n d  mac ro n u c l e i  in  Citiata. 

I t  m e a n s  also t h a t  t h e  p r inc ipa l  d i f ference b e t w e e n  
these  2 g roups  of p r o t o z o a n s  is n o t  neces sa r i l y , connec ted  
w i t h  d i sab i l i t y  of nuclei  of Opalinata to  po lyp lo id iza t ion  
a n d  d i m o r p h i s m .  

T h e  p r inc ipa l  d i f ference  b e t w e e n  these  m a j o r  p r o t o z o a n  
groups  is p r e s u m a b l y  c o n n e c t e d  w i t h  the  m e c h a n i s m  of 
gene t ica l  c o n t i n u i t y  a n d  d i f fe ren t  r egu la t ion  of t h e  func-  
t ion  of t h e  2 k inds  of nuclei  in Ciliata. 

Such  m e c h a n i s m s  are  assoc ia ted  w i t h  c o n j u g a t i o n  in 
Ciliata a n d  are a b s e n t  in Opalinata. 

Rdsumd. Dans  ce r t a ines  p o p u l a t i o n s  de  Opalina ranarum 
nous  a v o n s  t r o u v 6  d ' i m p o r t a n t e s  di f f6rences  d a n s  la  g ran-  
d e u r  des  n o y au x .  Ces diff6rences t i e n n e n t  au  degr6 de 
po lyp lo id i sa t ion .  Les g r a n d s  po lyp lo ides  c o n s e r v e n t  la 
facul t6  de se d iv iser  p a r  mitose.  

Figs. 1-6. x 1500. 
Fig. 6 

desc r ibed  v e r y  close r e l a t ions  b e t w e e n  c h r o m o s o m e s  a n d  
nucleoles  in  Zelleriella. On the  o t h e r  h a n d ,  he  obse rved  
r a n d o m  fus ing  of nucleoles  wh ich  are  c o n n e c t e d  w i t h  
d i f f e ren t  ch romosomes .  P r e s u m a b l y  large  i r r egu la r  nucle-  
oles a re  f o r m e d  in  large  nucle i  in  a s imi la r  way .  T h e  
p resence  of large nuclei  in  Opalina h a s  b e e n  desc r ibed  
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