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S e p a r a t i o n  of  M i c r o m e r e s  of  the 16-Cel l  S t a g e  
of  the Sea  U r c h i n  Paraeentrotus l i v i dus  

A c o m p r e h e n s i v e  s t u d y  of t h e  c h e m i c a l  a n d  phys io log -  
ical  p r o p e r t i e s  of cells o c c u r r i n g  n a t u r a l l y  in  s u s p e n s i o n s  
t o g e t h e r  w i t h  o t h e r  cells, or  c o n n e c t e d  to  o t h e r  cells, is 
poss ib le  o n l y  a f t e r  t h e i r  s e p a r a t i o n  in s u f f i c i e n t l y  g r e a t  
a m o u n t s .  As a f i r s t  s t e p  t o w a r d s  s u c h  a s t u d y  of t h e  
t h r e e  k i n d s  of b l a s t o m e r e s  in  t h e  sea  u r c h i n  16-cell 
s t age ,  t h e  mac ro - ,  rneso-  u n d  m i c r o m e r e s ,  we h a v e  
w o r k e d  o u t  t h e  i so l a t i on  of m i c r o m e r e s  Using a c o u n t e r -  
s t r e a m i n g  cen t r i fuge ,  t h e  p r inc ip l e  of w h i c h  was  s k e t c h e d  
b y  LINDAHLL A m o n g  t h e  t h r e e  k i n d s  of b l a s t o m e r e s  of 
t h i s  s tage ,  t h e  m i c r o m e r e s  de s e r ve  spec ia l  i n t e r e s t .  T h e y  
r e p r e s e n t  t h e  m o s t  v e g e t a l  m a t e r i a l  of t h e  egg a n d  
exerc i se  a dec i s ive  i n f l uence  u p o n  t h e  d e v e l o p m e n t  of 
o t h e r  p a r t s  oI t h e  e m b r y o  ~. Bes ides ,  t h e y  s h o w  s eve r a l  
p r o p e r t i e s  i n d i c a t i n g  a s t a t e  of  c y t o p l a s m  d i f f e r e n t  f rom 
t h a t  of t h e  o t h e r  b t a s t o m e r e s  s, * 

T h e  c e n t r i f u g e  in q u e s t i o n  m a k e s  poss ib le  t h e  s epa r a -  
t i on  of d i f f e r e n t l y  s ized pa r t i c l e s  h a v i n g  e q u a l  d e n s i t y .  
A h i g h e r  d e n s i t y  of t h e  l a r g e r  pa r t i c l e s  t h a n  of t h e  
sma l l e r  ones  f a v o u r s  t h e  s e p a r a t i o n ,  w h e r e a s  t h e  r eve r se  
c o u n t e r a c t s  it. H o w e v e r ,  t h e  t h r e e  k i n d s  of  b l a s t o m e r e s  
of  t h e  16-cell s t age  of  Paracentrotus l iv idus do n o t  d i f fe r  
s i g n i f i c a n t l y  as  t o  t h e i r  d e n s i t y L  

T h e  egg suspens ions ,  p r e p a r e d  in t h e  usua l  way ,  were  
fer t i l ized ,  a n d  t h e  eggs f reed  f rom t h e  f e r t i l i za t ion  
m e m b r a n e s  b y  s u c k i n g  t h e m  t h r o u g h  b o l t i n g  si lk a t  a 
s u i t a b l e  r a t e  6, T h e n  t h e  m e m b r a n e s  a n d  t h e  je l ly  coa t s  
were  w a s h e d  a w a y  in a h a n d - d r i v e n  c e n t r i f u g e  a n d  t h e  
d i l u t e d  s u s p e n s i o n s  g e n t l y  s h a k e n  in  r e c t a n g u l a r  t r o u g h s  
p l a c e d  on  a s h a k i n g  m a c h i n e L  W h e n  t h e  f i r s t  s i x t e e n  
cell  s t ages  a p p e a r e d ,  t h e  eggs were  twice  w a s h e d  w i t h  
Ca++-free s e a - w a t e r  a n d  f ina l ly  s u s p e n d e d  in t h i s  m e d i u m  
c o n t a i n i n g  2 . 1 0  ~a M of co lch ic ine  (cf. BEAMS a n d  
EVANS 7) to  s top  f u r t h e r  c l e a v a g e  a n d  losen  t h e  b l a s t o -  
meres  f rom e a c h  o the r .  T h e  l a t t e r  p u r p o s e  was  for-  
w a r d e d  b y  r e p e a t e d l y  p o u r i n g  t h e  s u s p e n s i o n  s lowly  
f r o m  one  vessel  i n t o  a n o t h e r .  Ceils s t i l l  s t i c k i n g  t o g e t h e r  
were  c a u t i o u s l y  c e n t r i f u g e d  d o w n  in t h e  h a n d - d r i v e n  
cen t r i fuge ,  a n d  t h e  s u p e r n a t a n t  s u s p e n s i o n  was  i n t r o -  
duced  in  t h e  c o u n t e r - s t r e a m i n g  cen t r i fuge ,  in w h i c h  sea- 
w a t e r  was  u sed  as a m e d i u m .  T h e  s e p a r a t i o n  was  ca r r i ed  
on  for  56 m i n u t e s  8 w i t h  900 R .P .M.  (n) 9 a n d  a s t r e a m i n g  
ve loc i t y  (V) of 0.22 ml/sec.  T h e  g r e a t e s t  d i a m e t e r  (R) 
of t h e  s e p a r a t i o n  c h a m b e r  was  2.4 cm,  a n d  t h e  d i s t a n c e  
(L) b e t w e e n  t h i s  a n d  t h e  t h e o r e t i c a I  p o i n t  of t h e  
c h a m b e r  cone  was  18.0 cm.  T h e  c h a m b e r  was  m o u n t e d  
so, t h a t  t h i s  t h e o r e t i c a l  p o i n t  was  24-0 (Z) c m  f r o m  t h e  
c e n t r e  of r o t a t i o n .  

T h e  g r e a t e s t  v o l u m e  of dens e l y  p a c k e d  m i c r o m e r e s  
o b t a i n e d  in  a n  e x p e r i m e n t  was  a b o u t  0.07 nil, b u t  t h i s  
v o l u m e  could  eas i ly  h a v e  b e e n  m u l t i p l i e d  s eve r a l  t i m e s  
b y  i n j e c t i n g  a g r e a t e r  a m o u n t  of cell  s u s p e n s i o n  i n t o  
t h e  c o u n t e r - s t r e a m i n g  cen t r i f uge .  H o w e v e r ,  t h e  y ie ld  
of m i c r o m e r e s  was  n o t  1 0 0 % ,  s ingle  ones  r e m a i n i n g  in  
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for the calculation of train, the critical radius diameter separating 
two fractions of particles. 

t h e  f r a c t i o n  c o m p o s e d  of m a c r o -  a n d  m e s o m e r e s .  T h i s  
will  be  o v e r c o m e  b y  c a r r y i n g  on  t h e  s e p a r a t i o n  for  a 
longer  t i m e  a n d  us ing  h i g h e r  s t r e a m i n g  veloci t ies .  
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Fig. 1. - Ordinate: Numbers of blastomeres. Abscissa: Diameters of 
blastomeres in Ca++-free sea water measured by the aid of an ocular 
screw micrometer (a scale unity equal to 0.38/z at the magnification 
used), a mixed 16-celt stage blastomeres, b separated micromeres. 

I n  t h e  a b o v e - m e n t i o n e d  e x p e r i m e n t  g i v i n g  t h e  m a x i -  
m u m  v o l u m e  of  p a c k e d  m i c r o m e r e s ,  t h e  d i a m e t e r s  of 50 
s e p a r a t e d  m i c r o m e r e s  were  m e a s u r e d  a n d  c o m p a r e d  
w i t h  t h e  d i a m e t e r s  of s i x t e e n  ce l l - s tage  b l a s t o m e r e s  
(Fig. 1). O b v i o u s l y  t h e r e  a re  o n l y  m i c r o m e r e s  a m o n g  
these  m e a s u r e d  50 cells, a n d  t h e  e x a m i n a t i o n  of s eve ra l  
h u n d r e d s  of s e p a r a t e d  cells d id  n o t  r evea l  a n y  cell  l a r g e r  
t h a n  t h e  l a r g e s t  m i c r o m e r e s  1. 
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Zusammen /assung  

E s  wi rd  e ine  M e t h o d e  zu r  H e r s t e l l u n g  y o n  r e i n e n  
S u s p e n s i o n e n  de r  M i k r o m e r e n  des  1 6 - Z e l l e n - S t a d i u m s  
yon  Paracentrotus l ividus (Seeigel) a u s g e a r b e i t e t ,  wobe i  
die y o n  LINDAHL 2 k o n s t r u i e r t e  G e g e n s t r o m z e n t r i f u g e  
V e r w e n d u n g  f inde t .  

1 These experiments were carried out at the Zoological Station at 
Naples. We express our hearty thanks to Prof. R. DouRN, the 
director of the station, and his staff, for their kind support of our 
work. 
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B l a s t o k i n e s i s  and  E m b r y o n i c  D e v e l o p m e n t  
in a P h a s m i d  

No conc lus ive  i n f o r m a t i o n  is as  y e t  a v a i l a b l e  on  t h e  
m e c h a n i s m  a n d  f u n c t i o n  of b l a s t o k i n e t i c  m o v e m e n t s  of 
i n s e c t  e m b r y o s .  O p i n i o n s  d i f fe r  e v e n  r e g a r d i n g  t h e  
n e c e s s i t y  of t h e s e  r e v o l u t i o n s  for  t h e  c o m p l e t i o n  of  
n o r m a l  e m b r y o g e n e s i s  1. D u r i n g  a r e c e n t  s t u d y  of t h e  
e m b r y o n i c  d e v e l o p m e u t  of Bacilh~s l ibanicus c e r t a i n  
o b s e r v a t i o n s  c o n c e r n i n g  the se  p r o b l e m s  were  made .  

I n  t h i s  species  b l a s t o k i n e s i s  cons i s t s  of t h r e e  m a i n ,  
s e p a r a t e  m o v e m e n t s .  T h e  f i r s t  m o v e m e n t  b e g i n s  whi le  
t h e  e m b r y o  is s t i l l  i n  t h e  u n s e g m e n t e d  g e r m - d i s c  s tage ,  
s i t u a t e d  o n  t h e  v e n t r a l  su r f ace  of t h e  egg  n e a r  t h e  
p o s t e r i o r  po le ;  t h e  p r o t o c e p h a t i c  r e g i o n  is d i r e c t e d  
t o w a r d s  t he  a n t e r i o r  pole of t h e  egg. B y  g r a d u a l l y  
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