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were quan t i t a t i ve ly  reproducible .  Lower  concen t ra t ions  
of VCN are ineffective,  pe rhaps  because of the i r  inabi l i ty  
to release the  o p t i m u m  a m o u n t  of sialic acid to br ing 
abou t  cellular deformabil iy .  Thus  i t  appears  t h a t  the  
observed effect  as depic ted  in the  Figure is due to the  ac- 
t ion of VCN on the  cell m e m b r a n e  s t ruc ture  of amoebae.  

The exac t  mechan i sm as to  how VCN leads to the  
d is in tegra t ion  of the  m e m b r a n e  s t ruc tu re  followed by  the  
lysis of the  cell b o d y  of amoeba  is no t  known.  Remova l  of 
sialic acid migh t  be associated wi th  the  loss of the  r igidi ty  
of the  cell m e m b r a n e  s t ruc tu res  leading to  deformat ion6 
of the  surface s t ruc tu re  of t he  cell. These  p h e n o m e n a  
migh t  change the  modes  of normal  t r a n s p o r t  across cell 
m e m b r a n e s  13-15, thus  crea t ing  an imbalance  in the  
osmotic  po ten t ia l  inside and outside the  membrane .  In  
th is  s i tuat ion,  a t  some points ,  any  two pa r t s  of the  mem-  
brane  s t ruc ture  m a y  fall apa r t  leading to the  consequence  
detai led above.  

I t  m igh t  be re levant  to po in t  out  t h a t  th is  could be an 
isolated example  of the  observed  effects because of the  
unique  surface conf igura t ion  of amoeba.  In  the  case of 
m a m m a l i a n  cells, this  kind of s i tua t ion  is no t  normal ly  

observed in vi t ro ,  even if incuba t ion  is ex t en d ed  for 
longer periods and  higher  concen t ra t ions  of VCN are 
used 10,11 

Summary .  Remo v a l  of cell surface sialic acid wi th  
neuramin idase  br ings  abou t  cell de fo rma t ion  in amoeba.  
The m e m b r a n e s  of these  de fo rmed  cells are even tua l ly  
r u p t u r ed  leading to the  l iberat ion of the  cell mass. 
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T w o  Types  of Bipolar  Cells in the Chick Retinal  

Bipolar  cells comprise  the  bulk of the  inner  nuclear  
layer  o f  the  ret ina.  These ceils are i m p o r t a n t  inter-  
media tes  of the  re t inal  p a t h w a y s  because t h e y  form 
synap t ic  contac ts  w i th  b o t h  pho to recep to r  terminals ,  
processes of amacr ine  cells and ganglion cells 2-5. Ex tens ive  
s tudies  by  RAM6N u CAJAL 6-s indicated tha t ,  for example  
in the  chicken, there  are 2 types  of bipolar  cells. However ,  
there  appears  to be li t t le exis t ing da ta  on when  these  two 
types  of bipolar  cells arise and wha t  the i r  morphological  
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character is t ics  are. This s t u d y  is an a t t e m p t  to  shed  
some ins ight  on th is  problem.  

Mater ials  and method. Fert i le  whi te  leghorn chicken 
eggs were incuba ted  in s t an d a rd  condi t ions  and  s taged  
according to HAMBURGER and  HAMILTON ~ Chick em- 
bryonic  eyes f rom stages 36 to ha t ch ing  were t aken  out  
and bisected into halves.  Then the  pos ter ior  halves  were 
pref ixed  wi th  6% buffered g lu ta ra ldehyde  and pos t f ixed  
wi th  1% buffered  osmium te t roxide ,  d e h y d r a t e d  in 
e thanol ,  cleared in p ropylene  oxide and  e m b e d d e d  in 
Epon.  Sections were cut  wi th  a P o r t e r - B l u m  MT 2 
mic ro tome  and  s ta ined wi th  uranyl  ace ta te  and  lead 
ci t rate ,  and then  examined  wi th  a Zeiss EM 9S2 electron-  
microscope.  

Results. Bipolar  cells canno t  be d is t inguished  unt i l  
s tage 36 when  b o t h  p lexi form layers are fo rmed and the  
p re sumpt ive  bipolar  nuclei become dis t inguishable  by  
the i r  ellipsoidal shape.  The cy top la sm of these  cells a t  
s tage 36 have  a few mi tochondr ia ,  some rough endo-  
p lasmic  re t icu lum and few r ibosomes.  Some bipolar  cells 
of ten lie close toge the r  resembl ing a t e lophase  p h en ome-  
non, indica t ing  t h a t  t h e y  have  jus t  comple ted  a mi to t ic  
division. At  s tage 40, dendr i t ic  pro jec t ions  can be seen 
arizing f rom the  bipolar  cell bodies towards  t he  outer  
p lexi form layer  (Figure 1) and  at  th is  t ime  2 types  of 
bipolar  cells can be dis t inguished.  The u l t ras t ruc tura l  
detai ls  of these  2 types  of bipolars  are out l ined in t h e  

Fig. 1. Type I and II bipolar cells are distinguished at stage 40 of 
chick embryonic retina. Note a centriole (Ce) in one of the type If 
cells and external projections (arrows) in the other. • 28,800. 
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Comparison of the two bipolar cell types at stage 40 

Type I Type II 

Nuclear Close to outer 
position plexiform layer 

Nuclear Large (2 [xln wide 
morphology differ from horizontal 

cell nuclei which are 
spherical) 

Cytoplasm Scanty 

Cytoplasmic Mitochondria, more 
organelles, rough endoplasmic 

reticulum, free 
ribosomes, some 
neurotubules 

Morphology of Short branches of 
dendritic dendritic processes 
processes from cell body 

Close to inner 
layers 

Smaller (1.5 [xm 
wide) 

Scanty 

Long mitochondria 
less rough 
endoplasmic reticulum 
free ribosomes, 
prominent long 
golgi, more 
neurotnbules 

Long main dendrite 
leading from body, 
then giving out 
branches 

Fig. 2. Type I and II bipolar cells at the same stage. The nucleus of 
the type I bipolar is large and located more externally. Note the 
presence of some rough endoplasmic reticulum near the nucleus. 
On the other hand, the long dendritic trunk in the type II bipolar 
contains a golgi apparatus, mitochondria and neurotubules. • 28,800. 

Tab le  (Figures  1 and  2). In  ra re  ins tances ,  a cent r io le  m a y  
be  p r e sen t  in  t he  m a i n  d e n d r i t e  of t h e  t y p e  I I  b ipo la r  
cells (Figure 2) a t  t h i s  stage.  

Discussion. Bipola r  cells are  der ived  embryo log ica l ly  
f r o m  the  ou t e r  neu rob l a s t i c  l ayer  1~ n a n d  in i t i a l ly  t h e y  
a p p e a r  sp ind le - shaped  a n d  c a n n o t  be  easi ly  d i f f e ren t i a t ed  
f rom the  o t h e r  r e t i na l  ceils. B y  s tage 36, w h e n  t he  ou te r  
p lex i fo rm layer  appea r s  a n d  sepa ra tes  t he  p h o t o r e c e p t o r  
ceils f r om t h e  inne r  nuc lea r  layer ,  b ipo l a r  cells can  be  
c lear ly  ident i f ied.  Our  e lec t ronmicroscopic  d a t a  on these  
2 t ypes  of ch ick  b ipo la r  cells a p p e a r  to  con f i rm  RAM6~ 
v CAJAL'S studies .  Type  I b ipo la r  cells (RAM65! Y 
CAJAL'S ou te r  bipolars)  w i t h  large nucle i  a n d  sho r t  
dend r i t i c  b r a n c h e s  can  be  d i s t ingu i shed  f rom the  t y p e  I I  
b ipo la r  cells (RAM6N Y CAJAL'S inne r  bipolars)  each  of 

t h e m  h a s  a smal le r  nuc leus  an d  a single long m a i n  den-  
dr i t ic  t runk .  F u r t h e r m o r e ,  our  resul t s  also ind ica te  t h a t  
the re  are differences b e t w een  cy t o p l a s mi c  organel les  in  
t h e  2 types  of b ipo la r  cells. 

I t  is hoped  t h a t ,  based  on  t h e  u l t r a s t r u c t u r a l  charac-  
te r i s t ics  of these  2 types  of ch ick  b ipo la r  cells, add i t i ona l  
u n d e r s t a n d i n g  of t h e  c o m p l e x  re la t ionsh ips  be tween  the  
b ipo la r s  a n d  t h e  d i f fe ren t  r e t ina l  cell t y p e s  can  t h e n  be  
ob ta ined .  

Summary. Two types  of b ipo la r  cells are ident i f ied  in 
t h e  ch ick  e m b r y o n i c  re t ina .  T h e y  can  be  d i s t ingu i shed  b y  
t h e i r  cy top l a smic  organelles.  
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O v u l a t i o n  in  a n  E c h i n o d e r m  (Comanthus japonica) 
O v u l a t i o n  in severa l  i n v e r t e b r a t e  groups  m a y  be 

def ined as t he  passage  of oocytes  t h r o u g h  a layer  of 
ep i the l ia l  cells. Th i s  p h e n o m e n o n  h a s  been  obse rved  
d i rec t ly  for c t enophores  ~ a n d  has  been  in fe r red  f rom 
compar i sons  of ova r i an  h i s to logy  before  a n d  a f te r  
o v u l a t i o n  for coe len te ra tes  ~, p r i apu l ids  3, p e n t a s t o m i d s  4 
a n d  cepha lochorda tes6 .  The  p r e sen t  r e p o r t  descr ibes  the  
foregoing t y p e  of ovu l a t i on  6 for t he  f i rs t  t i m e  in an  
e c h i n o d e r m  ; moreover ,  t he  oocytes  are i l l u s t r a t ed  d u r i n g  
t h e i r  t r a n s e p i t h e l i a l  passage.  

The  e c h i n o d e r m  s tud ied  was Comanthus japonica, a 
cr inoid  for  wh ich  t he  s p a w n i n g  da te  is p r ed i c t ab l e  f rom 
tile l u n a r  ca l enda r  ~. On t he  p red ic t ed  day,  a l m o s t  all  t h e  

oocytes  in all  t h e  females  beg in  m a t u r a t i o n  w i t h  ge rmina l  
vesicle b r e a k d o w n  s h o r t l y  before noon,  an d  t h e  m a t u r e  
ova  are s p aw n ed  l a t e r  t h a t  af ternoonS,  9. To d e m o n s t r a t e  
o v u l a t i o n  in Comanthus, we r e m o v e d  ovar ies  eve ry  15 
mil l  t h r o u g h o u t  t i le m o r n i n g  a n d  a f t e r n o o n  of t h e  spawn-  
ing day.  These  ovar ies  were f ixed b y  p rev ious ly  pub l i shed  
me thods1~  for l ight -  an d  e lec t ron  microscopy.  

U p  t h r o u g h  11.30 h, eve ry  oocyte  h a d  a ge rmina l  vesicle 
c o n t a i n i n g  a s ingle nucleolus.  E a c h  oocy te  lay  m a i n l y  in 
t h e  i n t e r m e d i a t e  l ayer  of t h e  ovary11;  however ,  t h e  end  
of t h e  o0cyte  n e a r e s t  t h e  ova r i an  l u m e n  was closely asso- 
c ia ted  w i t h  a p l aque  of cubo ida l  somat i c  cells be long ing  to 
t h e  o therwise  s q u a m o u s  ep i the l ium l in ing t h e  ovary.  


