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filled w i t h  t he  f ine col lagen fibrils.  Th i s  f ine col lagenous  
m a t e r i a l  is also in t e rposed  b e t w e e n  these  cells a n d  t h e  
l in ing  layer ,  a n d  i t  c o n t r a s t s  s h a r p l y  w i t h  t he  f ibrous  
b u n d l e s  of t he  s u r r o u n d i n g  s t roma .  F e n e s t r a t e d  capi l lar ies  
are o f t en  obse rved  n e a r  these  dense  g r a n u l e - c o n t a i n i n g  
cells. 
These  cells, wh ich  co r re spond  in pos i t ion  to  t he  B cells 
descr ibed  in o the r  species, show, in t h e  mouse ,  ev idence  
of ac t ive  sec re to ry  func t ion .  The i r  r o u g h  endop lasmic  
r e t i c u l u m  is well  developed,  as is t h e  Golgi a p p a r a t u s ,  

w h i c h  shows classic images  of e l ab o ra t i o n  of secre t ion  
g ranu le s :  b u d d i n g  off of vesicles wh ich  t h e n  increase  in 
d e n s i t y  to  give rise to  dense  sec re to ry  granules ,  w i t h  a 
m e a n  d i a m e t e r  of 200 n m  (max.  220 nm)  (figures 1 a n d  2). 
I t  h a s  n o t  ye t  b e e n  possible  c lear ly  to  v isual ize  t h e  se- 
c r e t o ry  m a t e r i a l  on  h is to logica l  sect ions.  A t  bes t ,  can  one  
de t ec t  a f ine i n t r a c y t o p l a s m i c  g r a n u l a r i t y  w e a k l y  colored 
w i t h  P A S  on s e m i - t h i n  sect ions.  A n  absence  of m e t a -  
c h r o m a s y  w i t h  to lu id ine  b lue  a n d  a nega t i ve  r eac t ion  w i t h  
a lc ian  b lue  p H  2.4 c lear ly  d i s t ingu i shes  these  ceils f r om 
mas t o cy t e s ,  w h i c h  are s t rong ly  colored b y  these  2 t ech-  
niques .  
Besides  t h e  e l ab o ra t i o n  of sec re to ry  granules ,  p r e s u m a b l y  
pro te ins ,  these  cells a p p e a r  to  h a v e  a f ib rob las t i c  ac t iv i ty ,  
as ev idenced  b y  t h e  a b u n d a n c e  of f ine col lagen f ibr i ls  
wh ich  lie a r o u n d  t h e m  a n d  even  w i t h i n  surface  invag i -  
na t ions .  T h e  specific sec re to ry  a c t i v i t y  of these  c o n n e c t i v e  
t i ssue  cells is p r o b a b l y  respons ib le  for  t h e  mod i f i ca t ion  of 
t h e i r  s u r r o u n d i n g  s t roma .  One can  on ly  c o n j u n c t u r e  re- 
g a rd i n g  t h e  role of t h e  e l a b o r a t e d  mate r ia l .  I t  shou ld  be  
r e m e m b e r e d ,  for example ,  t h a t  h y a l u r o n i c  acid in synov ia l  
f luid is b o u n d  to a special  p ro te in ,  whose  origin is ye t  un -  
d e t e r m i n e d  9,10 Also a ' connec t ive  t i ssue  a c t i v a t i n g  
pep t ide '  h a s  r ecen t ly  been  i so la ted  f rom synov ia l  t i s sue  11. 
I n  add i t ion ,  the  poss ib i l i ty  t h a t  these  ceils are i nvo lved  in 
a h o r m o n a l  r e g u l a t o r y  m e c h a n i s m  shou ld  be  k e p t  open,  
cons ider ing  the  f r e q u e n t  p r o x i m i t y  of B cells a n d  u n d e r -  
ly ing  f e n e s t r a t e d  capil lar ies .  In  a n y  case, i t  is obv ious  
t h a t  these  cells p l a y  an  i m p o r t a n t  an d  p r o b a b l y  specific 
role in  t h e  m e t a b o l i s m  of t h e  connec t ive  t i ssue  assoc ia ted  
w i t h  t h e  synov ia l  cav i ty .  T h e  synov ia l  m e m b r a n e  of t he  
mouse  p rov ides  a p a r t i c u l a r l y  useful  model  for  f u r t h e r  in- 
v e s t i g a t i o n s  of f unc t i on  of j o i n t  c o n n e c t i v e  t issues,  ut i l iz-  
ing h i s t o c h e m i c  a n d  r a d i o a u t o g r a p h i c  t echn iques .  

Fig. 2. Detail of a B cell showing the well developed rough endo- 
plasmie reticulum, dense secretory granules and formation of granules 
by the Golgi complex. • 14,300. 
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Summary. The  effects  of c o n c a n a v a l i n - A  on t he  r eaggrega t ion  a n d  so r t ing  of ceils f rom X e n o p u s  laevis  ea r ly  e m b r y o s  
h a v e  been  s tud ied .  The  resu l t s  sugges t  t h a t  a t  h i g h  concen t r a t i ons ,  c o n c a n a v a l i n - A  can  p r e v e n t  reaggrega t ion .  

C o n c a n a v a l i n - A  (Con-A) is a p l a n t  lec t in  wh ich  b inds  
p re fe ren t i a l l y  to  e - m e t h y l - m a n n o s i d e  a n d  e - m e t h y l - D -  
g lucopyranos ide  c a r b o h y d r a t e  res idues  1, a n d  t h u s  i t  can  
be  used to  b lock  these  g roups  on  cell surfaces.  Such  
groups  could  p l a y  a p a r t  in  t he  con t ro l  of morphogenes i s ,  
s ince Con-A has  b e e n  s h o w n  to  af fec t  a n u m b e r  of em- 
b r y o n i c  sys t ems  such  as sea u r c h i n  e m b r y o s  2 a n d  ch ick  
r e t i n a l  cells 3. The  resu l t s  of a n u m b e r  of r e c e n t  exper i -  
m e n t s  sugges t  t h a t  Con-A b i n d i n g  res idues  m i g h t  h a v e  a 
role in  a m p h i b i a n  ear ly  morphogenes i s  too.  E m b r y o s  of 
A m b l y s t o m a  m a c u l a t u m  c u l t u r e d  in  Con-A show a 
s lower  r a t e  of d e v e l o p m e n t  t h a n  no rma l ,  a n d  are  b locked  
a t  g a s t r u l a t i o n  4. I f  e m b r y o s  of X e n o p u s  laevis  are  ex- 
posed  to  fluoreseein-isothiocyanate-labelled Con-A to  
localize t h e  b i n d i n g  sites, c o n c e n t r a t i o n s  of labe l  are seen 

a t  t h e  dorsa l  lip of t h e  b l a s topore  of t h e  gas t ru l a  a n d  on  
t h e  n e u r a l  folds of t h e  n e u r u l a  5, b o t h  regions  assoc ia ted  
w i t h  ac t ive  m o r p h o g e n e t i c  m o v e m e n t s .  F luoresce in-  
label led  Con-A h as  also been  used to  d e m o n s t r a t e  a change  
in m e m b r a n e  p rope r t i e s  of a m p h i b i a n  ceils a t  gas t ru la -  
t i o n :  i so la ted  R a n a  p ip iens  b l a s t u l a  cells b i n d  Con-A 
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u n i f o r m l y  over  t h e i r  surface,  whereas  i so la ted  ga s t ru l a  
ceils f o rm  a cap  of b i n d i n g  s i tes  a t  one end  of t h e  cell, 
sugges t ing  t h a t  these  cells h a v e  a more  f luid m e m b r a n e  6. 
I t  is well  e s t ab l i shed  t h a t  ceils d i ssoc ia ted  f rom a m p h i b i a n  
ear ly  e m b r y o s  can  reaggrega te  a n d  sor t  ou t  accord ing  to 
t i ssue  t y p e  7. Since t h e  cells of h y b r i d  a m p h i b i a n  e m b r y o s  
wh ich  a r r e s t  a t  g a s t r u l a t i o n  h a v e  a r educed  adhes ion  8, i t  
is poss ible  t h a t  t he  fac tors  wh ich  con t ro l  r eaggrega t ion  
and  so r t i ng  are  t he  same  as those  wh ich  con t ro l  n o r m a l  
morphogenes i s .  There fore  one w a y  of t e s t i ng  t he  possible  
i m p o r t a n c e  of Con-A b i n d i n g  groups  in t he  con t ro l  of 
a m p h i b i a n  morphogenes i s  m i g h t  be  to t e s t  t h e  effect  of 
Con-A on r eaggrega t ion  and  sor t ing.  Here  we descr ibe  the  
p r e l i m i n a r y  resu l t s  of some such  expe r imen t s .  

Mater ials  and methods. X e n o p u s  e m b r y o s  were o b t a i n e d  
b y  i n j ec t i ng  a d u l t  frogs w i t h  chor ionic  g o n a d o t r o p h i n  
(Chorulon,  I n t e r v e t  Ltd.)  a n d  t he  je l ly  was r e m o v e d  
chemical ly% The  m e d i u m  used for the  cu l tu re  of ceils was  
S t e a r n ' s  m e d i u m  1~ p H  7.3. B las tu l ae  (s tage 8-911), gas 7 
t r u l a e  (stage 101/211) a n d  neu ru l ae  (stage 18-1911) were 
d issocia ted  w i t h i n  t h e i r  v i te l l ine  m e m b r a n e s  in ca lc ium-  
and  magnes ium- f r ee  m e d i u m  w i t h  4 m M  E D T A  for 2 or 
3 h. The  cu l tu re  c h a m b e r s  were smal l  p l a s t i c  pe t r i  d ishes  
to  wh ich  h a d  b e e n  added  8 ml  of 1% i onaga r  in  m e d i u m  
plus  0.1 m g / m l  of S t r e p t o m y c i n  (Glaxo Labs .  Ltd . )  a n d  
25 I U / m l  of Penic i l l in  (Glaxo Labs .  Ltd . ) .  Smal l  wells 
were m a d e  in t he  aga r  w i t h  a h e a t e d  p y r e x  glass rod, and  
5 ml  of cu l tu re  m e d i u m  were added  to each  dish.  The  
cu l tu re  m e d i u m  was m e d i u m  plus  an t ib io t i c s  p lus  3% 
horse  s e r u m  (Gibco-Biocul t )  to  wh ich  va r ious  concen t r a -  
t ions  of Con-A (Sigma Ltd. )  were added.  
The  d issoc ia ted  e m b r y o s  were t r a n s f e r r e d  to t he  cu l tu re  
wells, a n d  t he  v i te l l ine  m e m b r a n e s  were r e m o v e d  us ing  
w a t c h m a k e r s '  forceps.  The  cells were comple t e ly  sepa- 
r a t e d  b y  carefu l ly  t a k i n g  t h e m  u p  i n to  a mic rop ipe t t e ,  
and  expe l l ing  t h e m  in to  t he  well. T h e y  were cu l t u r ed  a t  
20 + 0.5~ and  con t ro l  cu l tu res  were obse rved  a t  24, 48 
a n d  72 h. The  effects  of Con-A t r e a t m e n t  were scored a t  
24 h, and  some aggrega tes  were f ixed in S m i t h ' s  formal-  
b i c h r o m a t e  f ixa t ive  for r ou t i ne  his to logy.  Scann ing  elec- 
t r o n  microscopica l  o b s e r v a t i o n s  on  X e n o p u s  cell aggre-  
gates  will be  descr ibed  elsewhere ~2. 

Results  and  discussion. Cont ro l  cu l tu res :  Af te r  24 h, 
b l a s t u l a  cells h a d  fo rmed  single large sphero ida l  aggre-  
gates  cons i s t ing  of a core of la rger  n o n - p i g m e n t e d  endo-  
d e r m  cells covered  w i t h  p a t c h e s  of p i g m e n t e d  ec tode rm 
ceils. U n d e r  the  cond i t ions  used, t h e  m a j o r i t y  of ceils in  
each  well  a p p e a r e d  to  be i n c o r p o r a t e d  in to  t he  aggregate .  
Af te r  48 h, t he  ec tode rm h a d  fo rmed  fewer larger  pa tches ,  
and  a f t e r  72 h t he  ec tode rm cells were b e c o m i n g  t r a n s -  
lucent ,  i n d i c a t i n g  t h a t  t h e y  were different iat ingXK Gas-  
t r u l a  cells fo rmed  s imi lar  aggrega tes  b u t  in  t h e  case of 
n e u r u l a  cells on ly  n o n - p i g m e n t e d  cells were i n c o r p o r a t e d  
in to  t i le aggregate .  

Con-A t r e a t e d  cu l t u r e s :  P r e l i m i n a r y  e x p e r i m e n t s  were 
c o n d u c t e d  w i t h  b l a s t u l a  ceils, s ince t he  mixed  aggrega tes  
fo rmed  al lowed t h e  effects  of Con-A on  cell sor t ing ,  as 
well  as aggrega t ion ,  to  be  s tud ied .  The  resu l t s  of these  
e x p e r i m e n t s  sugges ted  t h a t  low c o n c e n t r a t i o n s  of Con-A 
(25 vg /ml  a n d  50 vg/ml)  h a d  no  effect  on  e i t he r  cell 
agg rega t ion  or cell sor t ing,  despi te  t he  fac t  t h a t  a t  these  
c o n c e n t r a t i o n s  Con-A b inds  a t  d e t e c t a b l e  levels to  dis- 
soc ia ted  a m p h i b i a n  cells 6. Fol lowing th i s  f inding,  a r ange  
of h i g h e r  c o n c e n t r a t i o n s  (125 ~g/ml,  250 bg /ml  and  
500 ~xg/ml), a t  wh ich  Con-A is k n o w n  to  af fec t  a m p h i b i a n  
d e v e l o p m e n t  4, were  used.  
A t  each  of these  h i g h e r  concen t r a t i ons ,  Con-A caused  a 
loose a g g l u t i n a t i o n  of cells. W h e r e  r eaggrega t ion  was 
inh ib i t ed ,  the  ceils in t he  well  a p p e a r e d  loosely a d h e r e n t ,  
in  c o n t r a s t  to  t h e i r  a p p e a r a n c e  i m m e d i a t e l y  a f t e r  disso- 
c ia t ion  : w h e n  aggrega tes  were p r e sen t  t h e y  were covered  
w i t h  loosely a d h e r e n t  cel ls  w h i c h  were r e m o v e d  b y  
hand l ing .  This  loose a g g l u t i n a t i o n  of cells was p r e v e n t e d  
b y  t he  inc lus ion  of the  a p p r o p r i a t e  hap t en ,  0.1 M 
a - m e t h y l - m a n n o s i d e  (Sigma Ltd.) ,  in t h e  cu l tu re  med ium,  
e x c e p t  a t  t he  h i g h e s t  c o n c e n t r a t i o n  of Con-A (500 ~g/ml) 
where  some a g g l u t i n a t i o n  was observed .  The  agg lu t ina -  
t i on  of cells b y  Con-A is c o n s i s t e n t  w i t h  the  o b s e r v a t i o n  
t h a t  Con-A a g g l u t i n a t e s  sea u rch in  e m b r y o n i c  cells 14. 
A l t h o u g h  n o t  all  cells of a m p h i b i a n  i n t a c t  e m b r y o s  b ind  
Con-A 5, Con-A b i n d i n g  si tes are exposed  b y  E D T A  t r e a t -  
men t% The  Con-A used in the  p r e sen t  e x p e r i m e n t s  was  
d iva l en t ,  a n d  p r e s u m a b l y  caused a g g l u t i n a t i o n  b y  l ink ing  
si tes on  a d j a c e n t  ceils. 
A t  h ighe r  c o n c e n t r a t i o n s  Con-A appea red  to i n h i b i t  
a m p h i b i a n  cell agg rega t ion  (table),  as i t  can  i n h i b i t  reag-  
g rega t ion  of sea u r c h i n  embryon ic  cells 2. Some v a r i a b i l i t y  
be tween  d i f fe ren t  ba t ches  of e m b r y o s  was e v i d e n t :  for 
example ,  in  2 e x p e r i m e n t s  250 ~g /ml  Con-A i n h i b i t e d  
r eaggrega t ion  of b l a s t u l a  cells, in i e x p e r i m e n t  i t  d id  not .  
W h e n  b l a s t u l a  a n d  gas t ru l a  aggrega tes  did  fo rm in t he  
presence  of Con-A, cell so r t ing  occur red  in t he  m a j o r i t y  
of cases. Un l ike  t he  effects of h i g h  c o n c e n t r a t i o n s  on 
whole  e m b r y o s  4, t h e  i n h i b i t i o n  of aggrega t ion  of ga s t ru l a  
cells b y  500 ~g/ml  was p r e v e n t e d  b y  0.1 M e - m e t h y l -  
mannos ide .  However ,  a t  h ighe r  c o n c e n t r a t i o n s  some pre-  
c ip i t a t i on  of Con-A occur red  a f t e r  24 h, and  a l t h o u g h  
o b s e r v a t i o n s  showed  t h a t  r eaggrega t ion  had  s t a r t e d  
w i t h i n  3 h of cu l ture ,  i t  is possible  t h a t  some inh ib i t i on  of 
aggrega t ion  could be  due  to m e c h a n i c a l  d i s rup t ion .  The  
resu l t s  ( table) m i g h t  also sugges t  t h a t  t h e r e  is a di f ference 
in t h e  effect  of Con-A a t  d i f fe ren t  s tages  of d e v e l o p m e n t ,  
a n d  f u r t h e r  e x p e r i m e n t s  w i t h  e m b r y o s  f rom t h e  same  
b a t c h  are  be ing  u n d e r t a k e n  in a n  a t t e m p t  to  t e s t  th is .  
T h e  cell surface  appea r s  to  p l ay  a role in t h e  con t ro l  
morphogenes i s  a n d  in cell r ecogn i t ion  7, a n d  a n y  tool  such  
as Con-A which  b i n d s  to specific surface  res idues  can  be  
of v a l u e  in t he  ana lys i s  of the  molecu la r  m e c h a n i s m s  of 
such  p h e n o m e n a .  

Effect of concanavalin-A on the reaggregation of cells dissociated 
from early embryos of Xenopus ]aevis 

Stage 

Concentration 
Con-A 
(p~g/ml) 

Blastula Gastrula Neurula 

50 + 
125 • + 4- 
250 4-/- + 
500 -- --  

+ ,  normal aggregation; =k, fewer aggregates; -, no aggregates. 
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