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F u r t h e r  E v i d e n c e  for  M i t o s i s  in Y e a s t s  
T h e  m i t o t i c  b e h a v i o u r  of  o u r  t w o - c h r o m o s o m e  c o n t r o l  

s t r a i n  h a s  b e e n  u n d e r  c o n s t a n t  o b s e r v a t i o n  for  t h e  p a s t  
s ix  years .  T h e  cy to log i ca l  p i c t u r e s  o b s e r v e d  d e p e n d  
u p o n  t h e  phys io log ica l  c o n d i t i o n  of t h e  cells. D iv i s ion  is 
m i t o t i c  in  ae rob ic  l iqu id  c u l t u r e s  1 whi le  d u r i n g  f e r m e n t a -  
t i on  t h e  m a j o r i t y  b e c o m e  e n d o p o l y p l o i d  2. F o r  t h e  p a s t  
one  y e a r  a t t e n t i o n  h a s  b e e n  d i r e c t e d  t o w a r d s  dev i s ing  
a t e c h n i q u e  w h e r e b y  t h e  p r e s e n c e  of f e r m e n t i n g  en-  
d o p o l y p l o i d  cells cou ld  be  e n t i r e l y  avo ided .  I t  is k n o w n  
t h a t  m a n y  y e a s t  s t r a i n s  r equ i r e  a long  p e r i o d  of a d a p t a -  
t i o n  to  ga l ac to se  before  f e r m e n t a t i o n  c a n  occur .  T h i s  
c h a r a c t e r i s t i c ,  w h i c h  is s h o w n  b y  ou r  c o n t r o l  s t r a i n  also, 
was  e m p l o y e d  t o  o b t a i n  p i c t u r e s  of m i t o t i c  s t ages  u n -  
c o m p l i c a t e d  b y  o t h e r  p h e n o m e n a .  T h e  m a t e r i a l  was  
s m e a r e d  as usua l ,  f ixed  for  20 ra in  in  o smic  v a p o u r ,  
h y d r o l y s e d  for  6 m i n  a t  60°C a n d  s t a i n e d  a c c o r d i n g  t o  
t h e  F e u l g e n  m e t h o d  s. 

T h e  c ruc ia l  s t ages  p r e s e n t e d  as c a m e r a  luc ida  d r a w -  
ings  b y  SUBRAMANIAM 1 can  be  seen  in t h e  p h o t o m i c r o -  
g raph .  A t  a a n d  b a re  cells s h o w i n g  a s ingle  c h r o m a t i n  
mass ,  d e l i m i t e d  f r o m  t h e  s u r r o u n d i n g  c y t o p l a s m  b y  a 
h y a l i n e  area .  T h i s  is t h e  ea r ly  p r o p h a s e  s t age  w h e n  t h e  
c h r o m a t i n  mass  ( c h r o m o c e n t r e )  b e c o m e s  vis ib le .  A t  c, 
t h i s  c h r o m a t i n  m a s s  is seen  d i v i d i n g  i n t o  t w o  c h r o m o -  
somes .  S e p a r a t i o n  of t h e s e  d i sc re te  c h r o m o s o m e s  a n d  
t h e i r  c h a r a c t e r i s t i c  a r r a n g e m e n t  a t  e a r l y  m e t a p h a s e  
a p p e a r s  in  t h e  celt  a t  d. T h e  s p l i t t i n g  of t h e  t w o  c h r o m o -  
somes  to  f o r m  four  c h r o m a t i d s  b e c o m e s  o b v i o u s  a t  
e a r ly  a n a p h a s e  (e,/). T h e  pa i r s  of  c h r o m o s o m e s  s e p a r a t i n g  
is seen  in  t h e  cell a t  g in  w h i c h  one  of t h e  c h r o m o s o m e s  
is in  a d i f f e r en t  op t i ca l  p l ane .  T h a t  c y t o k i n e s i s  does  n o t  
pa ra l l e l  k a r y o k i n e s i s  wou ld  be  e v i d e n t  f r o m  t h e  p r e s e n c e  
of d i sc re te  c h r o m o s o m e s  in  t h e  b u d  (h) whi le  t h e  m o t h e r  
cell h a s  a r e c o n s t i t u t e d  nuc leus .  T h i s  l ack  of c o r r e l a t i o n  
is f u r t h e r  e x e m p l i f i e d  b y  t h e  cells  a t  i a n d  j, w h e r e  t h e  
m o t h e r  cells h a v e  r e v e r t e d  t o  t h e  c o m p l e t e  r e s t i n g  con-  
d i t i o n  w h e r e a s  t h e  b u d s  s t i l l  s h o w  t w o  d i sc re t e  c h r o m o -  
somes .  A t  l a n d  m a re  cells w i t h  b u d s  wh ich ,  b e c a u s e  
t h e y  do  n o t  show a n y  c h r o m a t i n ,  m u s t  be  p r e s u m e d  to  
be  in t h e  r e s t i n g  c o n d i t i o n .  

A c o m p a r i s o n  of t h e  above ,  u n r e t o u c h e d  p h o t o -  
m i c r o g r a p h  w i t h  t h o s e  p u b l i s h e d  b y  LEVAN 4, DE LA- 
MATER 5, a n d  WINGE~ wou ld  p r o v e  conc lu s ive ly  t h a t  t h e  
t e c h n i q u e s  p e r f e c t e d  in  t h i s  l a b o r a t o r y  g ive  m u c h  
s u p e r i o r  p ic tu res .  I n  a r e c e n t  c r i t i c i sm of i n v e s t i g a t i o n s  
r e p o r t e d  f rom t h i s  l a b o r a t o r y ,  WINGE ~ c o m m e n t s :  " O n  
t h e  bas i s  of a n u m b e r  of l i m i t e d  o b s e r v a t i o n s  of s u p p o s e d  
c h r o m o s o m e s ,  t h e s e  i n v e s t i g a t o r s  h a v e  b e e n  led t o  
s o m e  v e r y  f a r - r e a c h i n g  conc lus ions  . . ."  (p. 86). I t  is 
r a t h e r  s u r p r i s i n g  t h a t  a n  e x t e n d e d  a n d  c o n n e c t e d  ser ies  
of s t ud i e s  s h o u l d  be  c h a r a c t e r i z e d  as " l i m i t e d  o b s e r v a -  
t i o n s " .  T h e  p h o t o m i c r o g r a p h  p r e s e n t e d  s h o u l d  be  
su f f i c ien t  e v i d e n c e  to  j u s t i f y  o u r  c l a im  t h a t  t h e  c o n t r o l  
t w o - c h r o m o s o m e  s t r a i n  s t i l l  r e t a i n s  t h e  c h r o m o s o m e  
c o n s t i t u t i o n  f i r s t  r e p o r t e d  b y  SUBRAMANIAM a n d  RANGA- 
NATHAN 7 in 1945. 

WlNGE s o b s e r v e s :  " T h e  d r a w i n g s  in t h e i r  v a r i o u s  
p a p e r s  dea l ing  w i t h  c y t o l o g y  l ack  su f f i c i en t  de t a i l  b u t  
n e v e r t h e l e s s  show a few to  s eve ra l  s t a i n e d  bod ie s  w h i c h  
a re  r e g a r d e d  as t h e  c h r o m o s o m e s ,  in  sp i t e  of t h e  f ac t  
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Key to the lettering in the photomicrograph 
a and b, early prophase, c, late prophase, d, early metaphase, e and [, 
early anaphase, g, anaphase, h, i and j, telophase, l and m, resting 

stage. (Magnification ca. 2,500:1.) 

t h a t  t h e y  b e a r  l i t t l e  r e s e m b l a n c e  to  s u c h  s t r u c t u r e s "  
(p. 94). Th i s  s c e p t i c i s m  is a p p a r e n t l y  d u e  to  t h e  fac t  
t h a t  o n l y  c a m e r a  l u c i d a  d r a w i n g s  were  p r e s e n t e d  in 
o u r  ea r l i e r  p u b l i c a t i o n s .  P h o t o g r a p h i c  m a t e r i a l s  a n d  
e q u i p m e n t  were  r a re  c o m m o d i t i e s  as a r e s u l t  of t h e  
d i s loca t ions  c a u s e d  b y  t h e  war .  U n d e r  t h e  c i r c u m s t a n c e s ,  
we h a d  t o  c o n t e n t  ou r se lves  w i t h  p r e s e n t i n g  o n l y  I n d i a n  
i n k  i l l u s t r a t i ons .  *~VINGE'S c r i t i c i s m  of o u r  i den t i f i ca -  
t i o n  of c h r o m o s o m e s  in  y e a s t s  a p p e a r s  t o  be  b a s e d  on  
p r e c o n c e i v e d  ideas  r e g a r d i n g  size a n d  shape .  W e  wou ld  
in  t h i s  c o n n e c t i o n  i n v i t e  a t t e n t i o n  t o  t h e  fo l lowing  com-  
m e n t s  of  SHARP1: " A s  t h e y  a p p e a r  in  t h e  m e t a p h a s e  or  
a n a p h a s e  of s o m a t i c  mi tos i s ,  t h e  c h r o m o s o m e s  of  differ-  
e n t  o r g a n i s m s  s h o w  a g r e a t  r a n g e  in size. I n  s o m e  cases 
t h e y  a re  e x t r a o r d i n a r i l y  m i n u t e ,  b e i n g  less t h a n  1 /~, 
long  whi le  in  o t h e r s  t h e y  m a y  r e a c h  a l e n g t h  of 20 /z  or  
m o r e ;  t h e  b r e a d t h  m a y  v a r y  l ikewise.  Some  n a t u r a l  
g roups ,  such  as fung i  a n d  c e r t a i n  i n sec t  orders ,  h a v e  
s m a l l  c h r o m o s o m e s  as a rule ,  whi le  in  o the r s ,  n o t a b l y  
a m p h i b i a ,  g r a s shoppe r s ,  a n d  l i l i aceous  p l a n t s ,  t h e y  a re  
c h a r a c t e r i s t i c a l l y  l a r g e "  (p. 114). T h a t  t h e r e  is no  
j u s t i f i c a t i o n  for  W'INGE'S a s s u m p t i o n  wou ld  be  o b v i o u s  
t o  i n v e s t i g a t o r s  w h o  h a v e  e x a m i n e d  d i f f e r e n t  g e n e r a  of 
p l a n t s  a n d  a n i m a l s  (cf. DARLINGTON 2, T a b l e  12, p. 85). 
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Z u s a m m e n / a s s u n g  

I n  e ine r  f r f ihe ren  A r b e i t  w u r d e  die Mi tose  e ine r  Bier-  
here  m i t  n u r  zwei  C h r o m o s o m e n  b e s c h r i e b e n .  Dieser  
B e f u n d  k a n n  j e t z t  a u c h  m i k r o p h o t o g r a p h i s c h  be leg t  
`a-erden. Alle P h a s e n  d e r  Mi tose  l assen  s i ch  o h n e  i rgend-  
we lche  S t 6 r u n g  d u r c h  a n d e r e  P h ~ n o m e n e  b e o b a c h t e n ,  
w e n n  die  Here  in  e i n e m  G a l a k t o s e m e d i u m  k u l t i v i e r t  
wird.  
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