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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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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. 

P.  E .  LINDAHL a n d  K.  H.  KIESSLING 

I n s t i t u t e  of Zoophys io logy ,  U n i v e r s i t y  of U p p s a l a ,  
J u n e  1, 1950. 

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. 

z P.E. LI~I)AnL, Nature I61~ 648 (19t8). 

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  

1 F. SEIOEL, Arch. Entw. Mech. Org. 2, 322 (1929). - M.TIRELLI. 
Zool. Jb. 49, 59 (1931).- E.H. SLIFER, Biol. Zbl. 52, 223 (1932). 
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rota t ing to its right, around a central  transverse axis, 
the embryo  moves in an antielockwise direction on the 
vent ra l  surface of the egg (Fig. 1,A ). The original orienta- 
t ion of the embryo is thus changed by 180 ° , the originally 
cephalic end now being directed towards the posterior 
pole of the egg. This first  phase of blastokinesis lasts for 
4 to 5 days and is accompanied by marked growth and 
differentiation. Six days la ter  the second phase begins, 
which consists of a meridional movement  around the 
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A Semi-schematic representation of the ventral surface of egg with 
germ-disc, before the beginning of Nastokinesis; I direction of first 

phase movement; M micropyle. 
B Side-view of egg and embryo at the end Of first stage nlovemen¢; 
I[ directiou of second-stage movement; 'III direction of third-stage 

movement. 
C Side-view of normally situated, fully developed embryo. 

D, E Position of fully inverted embryo due to suppression of the 
second phase {D), and of partly inverted embryo due to suppression 

of the first phase of blastokinesis (E). 

posterior pole, shifting the embryo from the vent~ttl 
towards the dorsal surface of the egg; its head is now 
again directed towards the anter ior  pole (Fig. l ,B).  This 
phase lasts for about  25 to 30 hours, during which there 
is only slight addit ional  growth. The third phase, which 
begins 1 to 3 days after the terminat ion of the second, is 
marked by accelerated growth and consequently by 
increased absorption of the eXtraembryonal yolk. Facing 
the dorsal surface of the egg the embryo  moves anter- 
iorly unti l  its head reaches the opercular cap (Fig. 1, C). 
In this final position its development  is completed and 
the embryo  enters into diapause te rminated  by hatching. 

The third phase movements  apparent ly  result from the 
growth and elongation of the embryo and the decrease 
of the ex t raembryonal  yolk. At the anter ior  part  of the 
egg the yolk is used up most  rapidly and the growing 
embryo passively expands in this direction. 

The second phase movements  were studied through 
direct observation of living embryos.  This was carried 
out by stripping eggs a t  this stage of their  opaque 
exoch, orions and keeping them in a moist chamber. This 
procedure caused no immedia te  serious damage as the 
remaining t ransparent  envelopes mainta ined the egg in 
a condition enabling the embryo  to continue its develop- 
ment  for some time. The movements  of the  embryo thus 
observed consisted of a l ternat ing periodic jerks to its 
left  and right, each motion advancing i t  slightly for- 
wards along a zigzag line. The second phase movement  

is thus actually a summat ion of several separate motions 
of the embryo.  SLIFER 1, who observed a similar process 
in Melanoplus, tr ied to locate the mechanism of these 
movements  in contractions of certain spindle-shaped 
cells, probably precursors of the abdominal  muscles. 
Similar cells are also present a t  this stage in B. libanieus 
and their  position supports SLIFER'S assumption. 

The second phase movements  could be prevented  by 
transferring eggs at  the end of the  first phase to a 
temperature  of l0 ° C for 8 to 10 days. Many eggs t rea ted  
in this way resumed their  development  when returned 
to optimal  conditions and the embryos reached full 
differentiation. But  their  orientation, compared with 
tha t  of normal embryos was found to be fully inverted 
(Fig. ! ,D) ,  which indicates tha t  after resumption of 
development  no further blastokinetic movements  oc- 
curred, and the embryo remained in the pre-second 
phase position. No structural  malformations were 
observed in such embryos,  so that ,  in spite of their  
inverted position, they  apparent ly  developed normally,  
al though they  were, of course, unable to hatch. 

The first phase movements  could not  be prevented  
by low temperatures ;  those of the embryos which re- 
covered from the t reatment ,  rotated.  The early stage at 
which these movements  s tar t  suggested a possible 
association between their mechanism and the s tructural  
organization of the egg. To probe this possibility 
centrifugations of eggs were carried out. I t  was found 
tha t  4-day eggs centrifugated at 1,500,r. p,m. for 10 
minutes (which caused no visible stratification) com- 
pleted their  development  and tha t  in 32 out of 50 such 
eggs no blastokinesis had occurred. This could be judged 
by the orientat ion of tile fully developed embryos which, 
on examination,  was found identical  with tha t  of the 
initial germ disc (Fig. 1,E). As the examinat ion did not  
damage the embryos (they were observed through the 
opercular aperture,  the lid being easily replaceable) many  
of them hatched, thereby demonstra t ing tha t  they  were 
normal. I t  is no tewor thy  tha t  the above condition was 
not found to occur in any of the more than a thousand 
normal untreated eggs examined.  

I t  appears therefore, tha t  in B. libanicus embryonic 
development  may proceed in the absence of the typical  
blastokinetic movements .  The prevent ion of the first 
phase movements  by slight centrifugation of the egg, 
points to its possible relation to changes in the spatial 
organization or orientat ion of the egg components.  The 
temperature  sensi t ivi ty and the nature of the second 
phase movements  support  the assumption tha t  they  
result, a t  least in part,  from contractions of the embryo.  
The third phase movements  are apparent ly  due to  the 
passive expansion of the growing embryo and, as such, 
may  also occur in the absence of the two preceding 
phases. A. MoscoNA 

The t tebrew Universi ty,  Jerusalem, Israel, May 25, 
1950. 

ZusammenJassung 
Die Blastokinese des Embryos  der Stabheuschrecke 

]3. libanicus besteht  aus drei getrennten Bewegungen. 
Hinweise auf den Mechanismus der einzelnen Bewe- 
gungen ergeben sich aus den Resul ta ten der Zentrifu- 
gierung und Kiihlung der Eier  wie auch aus den histolo- 
gischen Untersuchungen der Embryonen  selbst. Es er- 
wies sich als m6glich, die Blastokinese experimentel l  
vol lkommen zu verhindern,  anscheinend ohne jede 
Sch~digung der sich entwickelnden Embryonen,  welche 
ohne St6rung schltipften und sich normal  welter ent- 
wickelten. 

1 E.tt. SLIFER, Biol. Zbl. 5e, ~23 (19~2). 


