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Alteration of cell shape in the early chick embryo mesoderm by neuraminidase 
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Summary. Liv ing  ch ick  e m b r y o  m e s o d e r m  cells ( s tages  3 to  5) we re  e x p o s e d  to  n e u r a m i n i d a s e .  T h e  m e s o d e r m  ceils 
c h a n g e d  s h a p e  los ing  t he i r  long  t h i n  p roces se s  a n d  b e c o m e  like p r i m i t i v e  s t r e a k  ceils, w i t h  s h o r t  f la t  p rocesses .  R u t h e -  
n i u m  red  s t a i n i n g  of s u c h  t r e a t e d  e m b r y o s  s h o w s  t h a t  t he  su r f ace  c o a t  on  t h e  m e s o d e r m  ceils is r educed  in t h i cknes s .  
T h e s e  resu l t s  s h o w  t h a t  cell s h a p e  in t h e  ch ick  e m b r y o  m e s o d e r m  is a t  l eas t  p a r t l y  d e t e r m i n e d  b y  t h e  t h i c k n e s s  a n d  
the  c o m p o s i t i o n  of t h e  su r face  coat .  

E v i d e n c e  f r o m  a v a r i e t y  of cell s y s t e m  sugges t s  t h a t  t he  
s h a p e  of a cell a n d  t h e  cha r ac t e r i s t i c s  of i ts  su r f ace  coa t  
are  i n t e r d e p e n d e n t 2  0. I n  t he  ch ick  e m b r y o  for  e x a m p l e  
t h e  m e s o d e r m  cells a d j a c e n t  to  t he  p r i m i t i v e  s t r e a k  are 
f la t  w i t h  long  t h i n  p rocesses  a n d  h a v e  a r ich  su r face  
coat ,  wh i l s t  t h o s e  in t he  s t r e a k  i tself  h a v e  s h o r t  f la t  
p roces se s  a n d  are  dep l e t ed  in su r f ace  coa t  *~ The  
i n v e s t i g a t i o n s  desc r ibed  in t h i s  p a p e r  were  t h e r e f o r e  
u n d e r t a k e n  to  see w h e t h e r  t he  c h a n g e  in cell s h a p e  as  
cells lef t  t he  p r i m i t i v e  s t r e a k  w a s  assoc ia ted  w i t h  t h e  
inc reased  t h i c k n e s s  of su r face  coa t  w h i c h  t h e y  a p p e a r  to  
s y n t h e s i s e  a t  t h i s  t ime.  N e u r a m i n i d a s e  was  also u sed  
in v ivo  to  a l t e r  su r f ace  coa t  a n d  the  effects  on  cell s h a p e  
were  e x a m i n e d  b y  s c a n n i n g  e lec t ron  m i c r o s c o p y  (SEM) 
a n d  t r a n s m i s s i o n  e l ec t ron  m i c r o s c o p y  (TEM).  
Materials and methods. Fer t i l e  W h i t e  L e g h o r n  eggs  were  
i n c u b a t e d  a t  37.5~ to  H a m b u r g e r  a n d  H a m i l t o n  s t ages  
3 to  512. T h e y  were  t h e n  m o u n t e d  b y  N e w  Cu l tu re  la 
and  t h e  a rea  pe l luc ida  m e s o d e r m  e x p o s e d  b y  r e m o v i n g  
the  e n d o d e r m ,  Af t e r  d i s sec t ion  e x p e r i m e n t a l  e m b r y o s  
were  r e - i n c u b a t e d  for 2,3 or  4 h w i t h  the  a rea  pe l luc ida  
f looded  w i t h  a so lu t i on  of 10 btg n e u r a m i n i d a s e  (S igma)  14 
in 100 ml  P a n n e r  a n d  C o m p t o n  sal ine 15. Con t ro l  e m b r y o s  
were  p r e p a r e d  s imi l a r ly  a n d  i n c u b a t e d  u n d e r  sal ine a lone  
or  f ixed i m m e d i a t e l y .  Af te r  r e - i n c u b a t i o n  e m b r y o s  were  
f ixed in K a r n o v s k y ' s  so lu t i on  16 and  p r e p a r e d  for  S E M  
or  T E M  b y  s t a n d a r d  m e t h o d s .  Ha l f  t he  e m b r y o s  for  
T E M  were  f ixed w i t h  0.5 1.0% R u t h e n i u m  red a d d e d  
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Fig. 1. Cells from the priinitive streak of a normal stage 4 chick 
embryo, viewed front the ventral surface after removing the endo- 
dernl. Flat leaflike processes predominate, x 2l)00. 

Fig. 2. Mesoderm cells from a normal stage 4 chick embryo viewed 
frotn the ventral surface after removing the endoderm. Note the 
rarity of flat leaflike processes: fine processes predominate, x 1150. 



244 Specialia EXPERIENTIA 34/2 

t o  t h e  f i x a t i v e l ~ .  S E M  m a t e r i a l  w a s  e x a m i n e d  f r o m  t h e  
v e n t r a l  s u r f a c e  in a n  I n t e r n a t i o n a l  Sc ien t i f i c  i n s t r u m e n t s  
I S 1 6 0 .  T E M  s p e c i m e n s  we re  s e c t i o n e d  a t  r i g h t  a n g l e s  
to  t h e  b l a s t o d e r m  on  C a m b r i d g e  o r  R e i c h e r t  u l t r a m i c r o -  
t o m e s  a n d  e x a m i n e d  in a J E O L J  100 S. 
Results.  1 .  S c a n n i n g  E l e c t r o n  M i c r o s c o p y .  a) N o r m a l  
E m b r y o s .  I n  t h e  p r i m i t i v e  s t r e a k  t h e  cel ls  were" c l o s e l y  
p a c k e d ,  w i t h  t h e i r  l o n g  a x e s  p r e d o m i n a n t l y  a t  r i g h t  
a n g l e s  t o  t h e  u n d e r l y i n g  e c t o d e r m  a n d  m o s t  t y p i c a l l y  
h a d  s h o r t ,  f l a t  l ea f - l ike  p r o c e s s e s  ( f igure  1). A t  t h e  
b o u n d a r i e s  of  t h e  s t r e a k  t h e r e  w a s  a s u d d e n  t r a n s i t i o n  
t o  t h e  cel ls  of  t h e  m e s o d e r m  l aye r ,  i n c l u d i n g  i t s  p o s s i b l e  

e n d o d e r m a l  c o m p o n e n t .  T h e s e  cel ls  w e r e  f l a t t e n e d  i n  
t h e  p l a c e  of  t h e  e c t o d e r m .  L e a f - l i k e  p r o c e s s e s  we re  r a r e  
a n d  t h e  t y p i c a l  cel l  p r o c e s s e s  were  l o n g  t h i n  f i l o p o d i a  
( f igure  2). T h e  cel ls  a t  t h e  e d g e s  of  t h e  m e s o d e r m  s h e e t  
were  f l a t t e n e d  o n t o  t h e  e c t o d e r m  a n d  h a d  l o n g  t h i n  
a n t e r i o r  p r o c e s s e s  ( f igure  3). 
b) N e u r a m i n i d a s e - t r e a t e d  e m b r y o s .  T h e  p r i m i t i v e  s t r e a k  
c o u l d  s t i l l  be  d i s t i n g u i s h e d  f r o m  t h e  r e s t  of  t h e  m e s o d e r m  
l a y e r  b y  i t s  m i d l i n e  p o s i t i o n  a n d  g r e a t e r  cel l  d e n s i t y  
b u t  t h e  m o r p h o l o g i c a l  d i f f e r e n c e  b e t w e e n  s t r e a k  a n d  
n o n s t r e a k  cel ls  w a s  los t .  B o t h  in t h e  m i d d l e  ( f igure  4) 
a n d  on  t h e  e d g e s  ( f igure  5) of  t h e  m e s o d e r m  l a y e r  t h e  

Fig. 3. Part  of the leading edge of the mesoderm layer in a normal 
stage 3 embryo (M = mesoderm, E = ectoderm, arrow shows 
direction of mesoderm spread). Most of the cell processes are long and 
thin and anteriorly make contact with the ectoderm. Flat processes 
are rare. • 2300. 

Fig. 5. Part  of the leading edge of the mesoderm layer in a stage 4 
embryo neuraminidase treated 4 h. Many of the cells have flat 
processes and long thin processes are rare. • 5000. 

Fig. 4. Mesoderm cells of a stage 4 embryo neuraminidase treated Fig. 6. Mesoderm cells of a stage 5 embryo incubated 4 h under saline. 
4 h. Note the large number  of short flat processes. • 5000. The cells have long thin processes and are very flat. • 5000. 
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cells showed  s h o r t  f la t  leaf-like or c u p - s h a p e d  processes  
closely r e sem b l in g  those  on the  n o r m a l  s t r e a k  a n d  t he  
long t h i n  processes  were rare  or miss ing .  T h e  m e s o d e r m  
cells in some sp ec imens  r e t a ined  the i r  f l a t t ened  cell bodies,  
as in f igure  4, in o the r s  t h e y  were rounded .  L e n g t h e n i n g  or 
s h o r t e n i n g  the  i n c u b a t i o n  t ime  in the  e n z y m e  did no t  
n o t i c e a b l y  a l te r  i ts  effects  on cell shape .  
c) Cont ro l  e m b i y o s  i n c u b a t e d  wi th  and  w i t h o u t  sal ine.  
T h e  SEM a p p e a r a n c e  of cont ro l  e m b r y o s  was  more  
var iab le  t h a n  t h a t  of t he  n e u r a m i n i d a s e - t r e a t e d  speci-  
mens .  Th e  v a r i a t i o n s  could  no t  be a t t r i b u t e d  to e i ther  
i n c u b a t i o n  t im e  a f te r  e n d o d e r m  r e m o v a l  or to the  
p resence  or absence  of sal ine on the  exposed  m e s o d e r m  
du r in g  the  r e i n c u b a t i o n  period.  Resu l t s  ob t a ined  r a n g e d  
f rom e m b r y o s  in wh ich  the  m e s o d e r m  cells were n o r m a l  

Fig. 7. Transnlission electron micrograph of a group of normal meso- 
derm cells after removing the endoderm. Note the cytoplasmic pro- 
cesses. • 6000. 

in a p p e a r a n c e  (figure 6) to those  in wh ich  the re  was  some  
f o r m a t i o n  of f la t  leaf-l ike processes  as in the  n e u r a m i n i -  
d a s e - t r e a t e d  s p e c i m e n s  a long  w i th  the  n o r m a l  m e s o d e r m a l  
f i lopodia.  Th i s  was  m o s t  o f ten  seen close to the  m a r g i n s  
of the  p r im i t i ve  s t reak .  
A s s e s s m e n t  of b o t h  con t ro l  a n d  e n z y m e  t r e a t e d  e m b r y o s ,  
especia l ly  those  i n c u b a t e d  for 4 h was  f r e q u e n t l y  c om-  
p l ica ted  by  t h e  s i m u l t a n e o u s  occur rence  of e n d o d e r m  
regenera t ion .  R e g e n e r a t e d  e n d o d e r m  var ied  in a ppea r -  
ance  f rom a comple t e  f e n e s t r a t e d  e p i t h e l i u m  cover ing  
t he  m e s o d e r m  layer  so t h a t  it  was  possible  to see the  
m e s o d e r m  on ly  t h r o u g h  t he  holes  in th i s  layer,  to p l a q u e s  
of f l a t t e ne d  cells over  a n d  nea r  the  p r im i t i ve  s t reak .  
2. T r a n s m i s s i o n  E lec t ron  Microscopy.  E x a m i n a t i o n  of a 
con t ro l  spe c ime n  by  T E M  showed  no ev idence  of cell 
d a m a g e  due  e i ther  to the  r e m o v a l  of the  e n d o d e r m  or 
to the  r e incuba t ion .  Processes  of va r ious  t y p e s  were seen 
on all p a r t s  of t he  m e s o d e r m  cells (figure 7). I n  con t ro l  
spe c ime ns  s t a i n e d  wi th  R u t h e n i u m  Re d  t he  sur face  of 
the  m e s o d e r m  cells exposed  by  e n d o d e r m  r e m o v a l  was  
ve ry  he a v i l y  s t a i ne d  (figure 8) d e m o n s t r a t i n g  a well 
deve loped  sur face  coat .  N e u r a m i n i d a s e  t r e a t m e n t  r e su l t ed  
in sparse  s t a i n i n g  of the  exposed  surface,  t h o u g h  whel:e 
s t a in  h a d  p e n e t r a t e d  su f f i c ien t ly  the  deep sur faces  of t he  
m e s o d e r m  cells were he a v i l y  s t a ined  (figure 9). 
Discussion. Our  resu l t s  show t h a t  cell sha pe  in t he  ch ick  
e m b r y o  m e s o d e r m  is a l te red  b y  t r e a t m e n t  w i th  n e u r a m i n i -  
dase.  Because  of the  low speci f ic i ty  of c omme rc i a l  n e u r a -  
m in ida se  tS, however ,  we c a n n o t  c la im t h a t  the  c h a n g e  
which  we h a v e  seen is due  to t he  r e m o v a l  of sialic acid 
alone f rom the  cell surfaces .  However ,  the  loss of R u t h e -  
n i u m  red s t a i n ing  f rom the  t r e a t e d  s a mp le s  does d e m o n -  
s t r a t e  t h a t  we h a v e  e l i m i n a t e d  a s ign i f ican t  a m o u n t  of 
the  sur face  coa t  c a r b o h y d r a t e s .  The  c h a n g e s  obse rved  
are the  reverse  of those  n o r m a l l y  seen a t  the  b o u n d a r i e s  
of the  p r imi t i ve  s t r eak ;  n o r m a l l y  the  cells w i th in  the  
s t r e a k  cells h a v e  b road  f la t  sho r t  processes  a nd  those  
ou ts ide  ha ve  long t h i n  processes  TM. W h i l s t  a f t e r  ne u ra -  
min idase  t r e a t m e n t  all t he  m e s o d e r m  cells t ake  on an  
a p p e a r a n c e  more  like t h a t  of s t r e a k  cells. 

17 N. Ashton and R. Tripathi, Expl Eye Res. 14, 49 (1972). 
18 R.L.  Winzler, Int. Rev. Cytol. 29, 77 (1970). 

Fig. 8. Saline incubated control embryo stained with Ruthenium red. 
The exposed mesoderm surface at the top of the picture shows heavy 
electrondense deposits of Rutheniunl red. The stain has not pene- 
trated further, but appears to be trapped on the outer surface. 
• 11,500. 

Fig. 9. Exposed mesoderm from embryo incubated 4 h with neur- 
aminidase, treated with Ruthenium red. The basal surfaces of the 
cells have stained; the surface exposed to the enzyme (top of picture) 
shows only a little staining. • 22,800. 
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The same change  is seen to  a lesser degree in cont ro l  
embryos  and th is  is poss ib ly  re la ted  to endode rm re- 
genera t ion  since prev ious  studies~9, 20 and our own un- 
publ i shed  observa t ions  show t h a t  endode rm regenera t ion  
begins in the  p r imi t ive  s t reak,  I t  is possible t h a t  before 
the  res t  of the  mesode rm can begin to regenera te  endode rm 
its cells m a y  have  to  lose some of the i r  more  specialised 
mesode rm fea tures  and  reve r t  to a condi t ion  more  like 
t h a t  of the  p r imi t ive  streak.  Neuramin idase  appears  to  
exaggera te  th is  no rma l  response.  R u t h e n i u m  red s ta in ing  
is no t  a suff ic ient ly  sensi t ive me thod  to de tec t  any  loss 
of surface coat  in the  un t r ea t ed  specimens.  In  o the r  cell 
types  the surface coa t  is c o n s t a n t l y  renewed to  replace 
losses dur ing cell act ivi t ies  21, 22. However ,  dur ing  develop-  
m e n t  i t  is possible t h a t  the  ra te  of synthes is  m a y  be 
var ied by  ex te rna l  s t imul i  or in terna l  genetic factors,  
leading to a l tered surface proper t ies  of the  cell concerned.  
These m a y  t h e n  be d e m o n s t r a t e d  h i s tochemica l ly  11 or 
as changes  in cell behav iour  or shape  23. 
Changes in cell shape,  are p roduced  by  the  act ion on the  
cell m e m b r a n e  of an in te rna l  cy toske le ton  of p ro te in  
microf i laments  24-27. These f i laments  have  inser t ions  on 
the  p lasma m e m b r a n e  and  m a y  even a t t a ch  to  the  
in t racy top lasmic  p ro te in  end of surface coat  glycopro-  
teins 4, 27. By cross l inking m e m b r a n e  glycoprote ins  Rees  

et  al. 27 stabi l ised the  shape  of cul tured  cells. Thus  t h e y  
d e m o n s t r a t e d  a funct ional  l ink be tween  the  re la t ionships  
of ad jacen t  g lycoprote ins  in the  surface coat  and  the  
act ivi t ies  of the  cy toske le ton  by  al ter ing the  composi t ion  
of the  surface coat  we m a y  similar ly have  a l tered the  
a r r angemen t  or degree of con t rac t ion  of cy toske le ta l  
f i laments  in the  mes o d e rm cells to one charac ter i s t ic  
of t he  pr imi t ive  streak,  t h e r e b y  changing the  cells' shape  
and revers ing the  normal  deve lopmen ta l  process.  
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Struc tura l  d i f ferences  of cone  'o i l -drop le t s '  in the l ight  and d a r k  adapted  ret ina  of 
Poecilia re t icula ta  P. 

Yve t t e  W. Kunz  and Chr is t ina  Wise 

Department o/Zoology, University College, Dublin d (Ireland), 7 Ju ly  1977 

Summary.  The vas t  ma jo r i t y  of 'oi l -droplets '  in the  da rk  and  l i gh t - adap ted  re t ina l  twin-cones  of Poecilia reticulata is 
of the  ' m a t r i x - t ype ' .  In  b r igh t  l ight  (day l ight + overhead  s t r ip  light) there  occurs in some regions a very  p ronounced  
numer ica l  change  f rom 'ma t r i x '  to ' c r i s t a te - type ' ,  whereas  o ther  regions remain  unaffec ted .  The funct ional  significance 
of these  differences is discussed. 

Oil-droplets  are a b u n d a n t  in the  re t inal  cones of amphibia ,  
rept i les  and birds.  They  are t h o u g h t  to cons t i tu te  in t ra -  
ocular fi l ters which  m a y  serve to  increase contras t ,  reduce 
glare and  lessen chromat ic  aber ra t ion  1-3. Oil-droplets  
were, for a long t ime,  cons idered  to be absen t  in teleosts ,  
unt i l  Berger  ~ descr ibed globular  s t ructures ,  which  he 
called 'o i l -droplets ' ,  in the  twin-cones  of Poecilia reticu- 
lata (Lebistes reticulatus). Subsequent ly ,  'o i l -droplets '  
were observed in the  cones of o ther  teleosts,  all m e m b e r s  
of the  Cypr inodonto ide i  and  the  closely re la ted  Exo-  
coetoedei  5-7. 
In  teleosts,  w i th  'o i l -droplets ' ,  the  ellipsoidal mi tochondr i a  
ma tu r e  in a v i t reosclera l  direct ion,  and  the  'o i l -droplets '  
are considered modif ied  scleral-end mi tochondr i a  5 8. 
P.  reticulata has  4 t ypes  of cones a r ranged  in tiers, which,  
in accordance wi th  the i r  d is tance  f rom the  m e m b r a n a  
l imi tans  externa ,  are called outer,  middle  and inner  cones. 
The oute r  t ier  is made  up of twin-cones  and the  2 o the r  
t iers  con ta in  single cones". The 'o i l -droplet '  is observed  
only  in the  twin-cones ,  and  only  in the i r  shor ter  accessory 
member .  There  are 2 t ypes  of 'o i l -drople ts ' :  a) 'ma t r ix ' ,  
wi th  the  cristae l imi ted  to  the  pe r iphe ry  and  the  lumen  
filled wi th  a dense ly  s ta in ing  granular  mater ia l ;  b) 
' c r i s ta te ' ,  which  conta ins  vesicular  membranes ,  c lumps  of 
f ibrous mater ia l  and  a m a t r i x  similar to t h a t  of a mi to-  
chondr ion  4, 8. The pr incipal  m e m b e r  of the  twin-cones  
and  the  single middle  cones also show a m a t u r a t i o n  of 
mi tochondr ia ,  following a vi t reo-scleral  g rad ien t  to  be- 

come progress ively  denser  4, s. The single, inner  cones dis- 
p lay  a mi tochondr ia l  size grad ien t  f rom the  pe r iphe ry  to 
the  cent re  s. However ,  none  of these cones develop an 
'oi l -droplet ' .  Various classical h i s tochemica l  tes ts  failed 
to reveal  l ipids in the  lumen of the  'oi l -droplets '  of P. reti- 
culata lo. I t  appears  t h a t  none  of the  'oi l -droplets '  of o the r  
te leosts  have  been t e s t ed  h is tochemical ly .  
Be tween  cr i s ta te  and m a t r i x  t ype  'oi l -droplets ' ,  in ter-  
med ia te  s tages have  been observed.  This  would suggest  
t h a t  ' c r i s ta te '  and 'ma t r ix ' ,  r a the r  t h a n  being 2 d i f ferent  
types  of droplets ,  m a y  in fact  merely  represen t  d i f ferent  
metabol ic  s ta tes  of the  cones. To t es t  th is  hypothes is ,  eyes 
of fish kep t  in the  da rk  and  in the  l ight  were compared .  
Material and methods. Adul t  f ish (eye d iamete r  > 1.6 ram) 
were used. Group 1 was dark  ad ap t ed  for 3 h. Group 2 con- 
s is ted of day l igh t  ad ap t ed  fish taken  f rom stock aquaria .  
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