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c y t o p l a s m  n u m e r o u s  m i t o c h o n d r i a  and  granules ,  t hese  
are o f ten  filled w i t h  v e r y  d a r k  inclus ions  (figure 2). I n  t h e  
a rea  where  t he  c i l ium is found  pro jec t ing ,  t he  p l a s m a  
m e m b r a n e  folds in to  12-13 p ro jec t ions  (figure 3) a n d  a 
cy l indr ica l  s t r u c t u r e  s u r r o u n d i n g  a po r t i on  of t he  c i l ium 
outs ide  t he  cell sur face  is obse rved  (figure 4). 
F i l a m e n t s  can  also be  seen on  t he  cell surface,  a n d  these  
a p p e a r  to  p ro j ec t  in  t h e  coelomic space a n d  to be  con-  
t i nuous  w i t h  t h e  ou t e r  leaf le t  of t he  u n i t  m e m b r a n e  
(figure 5). Below a n d  l in ing  t he  ep i the l i a l  l ayer  (figure 6) 
are found  t he  basa l  l a m i n a  1 a n d  a connec t ive  t i ssue  layer  
c o n t a i n i n g  col lagen fibres.  F i b r o b l a s t s  i m m e d i a t e l y  follow 
th i s  basa l  l a m i n a  1 layer .  The  n e x t  layer  is m a d e  u p  of 
muscle  f ibres  and  n e u r o n s  fol lowed b y  a second basa l  
l amina ,  a c o n n e c t i v e  t i ssue  l aye r  a n d  a t h i r d  basa l  l a m i n a  

( the t h i cknes s  of t h e  l a m i n a e  1, 2, a n d  3 are, a p p r o x i m a t e -  
ly  a n d  respec t ive ly ,  300, 200 a n d  400 nm) .  
The  g e r m i n a l  l ayer  t h a t  follows t h e  t h i r d  basa l  l a m i n a  is 
composed  of ceils u n d e r g o i n g  spermiogenesis .  T h e  mi to -  
c h o n d r i a  of ea r ly  s p e r m a t i d s  are r o u n d  an d  qu i t e  t y p i ca l  
a n d  a p p e a r  as a un ique ,  conspicuous ,  m i t o c h o n d r i o n  in 
la te  spe rma t ids .  Also, t h e  d i s ta l  cent r io le  is f ound  in t h e  
a r t i cu l a r  Iossa. T h e  p r o x i m a l  cen t r io le  is also seen a n d  i ts  
open  side faces t h e  nucleus .  I t  is t h u s  a p p a r e n t  f rom these  
o b s e r v a t i o n s  t h a t  t h e  u l t r a s t r u c t u r e  of sea u r c h i n  t e s t e s  
shows no  obv ious ly  i m p o r t a n t  d i f ferences  w i t h  t h e  f ine 
s t r u c t u r e  of t e s tes  r e p o r t e d  for o t h e r  organisms,  a n d  t h a t  
t h e  g l u t a r a l d e h y d e - p a r a f o r m a l d e h y d e  m i x t u r e  a p p e a r s  
to  be  t h e  m o s t  useful  f i xa t ive  for these  p r epa ra t i ons .  

M o r p h o l o g i c a l  e v i d e n c e  of a p o l y p e p t i d e - l i k e  s e c r e t o r y  funct ion  of the B ce l l s  in the m o u s e  s y n o v i a l  
m e m b r a n e  1 

G. Linck,  M. E. Stoeckel ,  A. Pe t rov ic  ~ a n d  A. Po r t e  

Universitd Louis Pasteur, Institut de Physiologie, Section Sciences, F-67000 Strasbourg (France), 6 January J977 

Summary. I n  t he  synov ia l  m e m b r a n e  of t he  mouse,  morpho log ica l  f ea tu res  assoc ia ted  w i t h  ac i tve  secre t ion are  u n u s u a l l y  
well  deve loped  in cells i m m e d i a t e l y  s u b j a c e n t  to  t he  l in ing layer  (in t h e  pos i t ion  of B cells), c o m p a r a b l e  to  those  of cells 
k n o w n  to  e l abora t e  po lypep t ides .  

The  i n t i m a l  l in ing  of t he  synov ia l  m e m b r a n e  is usua l ly  
descr ibed  as compr i s ing  2 cell types ,  de s igna t ed  A a n d  B 
ceils, a l t h o u g h  d i s t i nc t i ve  morpho log ica l  cha rac t e r i s t i c s  
of these  2 t ypes  are n o t  well  def ined  ~-8. The  A cells fo rm 
the  l in ing  layer  of t he  synov ia l  cav i ty .  B ceils, wh ich  lie 
u n d e r  t h e  A cells, h a v e  a more  h igh ly  deve loped  r o u g h  
endop la smic  r e t i cu lum,  wh ich  suggests  t h a t  t h e y  m a y  
secrete  p ro t e in s  4. Our  e lec t ronmicroscopic  obse rva t i o n s  

of synov ia l  m e m b r a n e s  in t h e  mouse  h a v e  revea led  t h a t ,  
in  t h i s  species, u l t r a s t r u c t u r a l  ev idence  of p o l y p e p t i d e  
syn thes i s  is s t r i k ing  in cells occupy ing  t h e  pos i t ion  of B 
cells. Cells wh ich  show such  morpholog ica l  spec ia l iza t ion  
cha rac t e r i s t i c  of cells p r i m a r i l y  i nvo lved  in p o l y p e p t i d e  
secre t ion  h a v e  not ,  to  our  knowledge,  been  descr ibed  in 
a n y  o t h e r  t y p e  of connec t ive  t issue.  
Methods. T h e  pha langea l ,  m e t a t a r s o - p h a l a n g e a l  a n d  knee  
jo in t s  were t a k e n  f rom female  a n d  male  mice a f t e r  i n t r a -  
ca rd iac  pe r fus ion  w i t h  5% g l u t a r a l d e h y d e  so lu t ion  
( p h o s p h a t e  buf fe r  0.1 M, p H  7.4). Af t e r  24 h in t h e  s ame  
f ixa t ive ,  fol lowed b y  5-8 days  deca lc i f ica t ion  in  f i xa t i ve  
w i t h  0.1 M E D T A ,  t h e y  were d iv ided  in to  s ag i t t a l  sec- 
t ions ,  pos t - f ixed  in  2% osmic acid a n d  e m b e d d e d  in arM- 
d i te -epon.  S e m i - t h i n  sect ions  (1 ~xm) were colored us ing  
severa l  t e c h n i q u e s  for h is to logica l  s tudies .  T h i n  sec t ions  
were c o n t r a s t e d  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t ra te .  
Results and Discussion. U n d e r  t h e  l ayer  of i n t e r d i g i t a t e d  
processes  of A cells wh ich  forms  t h e  l in ing  of t h e  synov ia l  
cav i ty ,  t h e r e  are m a n y  cells, c lus te red  in islets  or dis- 
persed,  w h i c h  are cha rac t e r i zed  b y  a n  a b u n d a n c e  of small ,  
dense  cy top l a smic  granules .  These  cells were n e v e r  ob-  
se rved  in d i rec t  c o n t a c t  w i t h  t h e  synov ia l  cav i ty .  Tt ley  
are s e p a r a t e d  f rom t h e  f ibrous  s t r o m a  b y  a basa l  l a m i n a  
w h i c h  does n o t  e x t e n d  in to  t h e  islets. Although~ t h e y  
s o m e t i m e s  p r e s en t  a n  ep i the l io id  a r r a n g e m e n t ,  i n d i v i d u a l  
cells are  a lways  s e p a r a t e d  b y  a n a r r o w  connec t ive  space  

Fig. 1. Cluster of B cells with dense secretion granules under the 
epithelioid layer lining the synovial cavity. • 6000. 
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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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