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T h e  f i n e  s t r u c t u r e  o f  Strongylocentrotus purpuratus testes1 
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Summary. T h e  f ine  s t r u c t u r e  of  S t r o n g y l o c e n t r o t u s  p u r p u r a t u s  t e s t e s  h a s  b e e n  e x a m i n e d .  N o  o b v i o u s l y  i m p o r t a n t  
d i f f e r e n c e s  a p p e a r  t o  e x i s t  b e t w e e n  t h e  d e s c r i p t i o n  r e p o r t e d  h e r e  a n d  t h e  p u b l i s h e d  f i ne  s t r u c t u r e  o f  t e s t e s  o b t a i n e d  
f r o m  o t h e r  s o u r c e s .  T h e  m o s t  u s e f u l  f i x a t i v e  w a s  f o u n d  t o  be  a m i x t u r e  of  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 u c h  i n f o r m a t i o n  h a s  b e e n  r e p o r t e d  o n  t h e  s t r u c t u r a l  
o r g a n i z a t i o n  of  s e a  u r c h i n  g o n a d s  a t  t h e  l i g h t  m i c r o s c o p y  
l eve l  2- ,  a n d  s o m e  w o r k  h a s  b e e n  d o n e  o n  t h e  f i ne  s t r u c t u r e  
of  s e a  u r c h i n  e g g s  ~. I n  s p i t e  o f  t h e  d a t a  a c c u m u l a t e d  b y  
c y t o l o g i s t s  a n d  b i o c h e m i s t s  o n  m a t u r e  s e a  u r c h i n  g a m e t e s  
n o  one ,  t o  o u r  k n o w l e d g e ,  h a s  y e t  i n v e s t i g a t e d  t h e  f ine  
s t r u c t u r e  of  s e a  u r c h i n  t e s t e s .  T h e  p u r p o s e  of  t h i s  c o m -  
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Fig. 1. Upper section of an acinus. 
Photomicrograph showing the cili- 
ated epithelial layer. Cilium at 
arrow. • 1800. 

Fig. 2. Electron micrograph of cili- 
ated epithelial layer. Mitochondri- 
on (m) ; granule (g) filled with dark 
inclusions. • 8700. 

Fig. 3. Lower portion of a cilium 
in tangential section showing plas- 
ma membrane projections (large 

�9 arrows) and a cylindrical sheath 
around the cil ium' (fine arrows). 
• 30,000. 

Fig. 4. Lower portion of a cilium 
in longitudinal section showing the 
cylindrical sheath  (arrows) tha t  
surrounds the cilium outside the 
cell surface. • 21,000. 

Fig. 5. Base of a cilium in cross 
section showin~ ~he plasma mem- 
brane projection. Arrows indicate 
the fine filaments, x 21,000. 
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munica t ion  is to repor t  wha t  appears  to  us to  be a good 
preserva t ion  t echn ique  for the  u l t ras t ruc tura l  observa t ion  
of the  testes  ob ta ined  f rom the  sea urchin Strongylo-  
cent ro tus  pu rpu ra tus .  
Methodology. The  sea urchins were Obtained f rom the  
Pacific t3iomarine Supply  Company,  Venice ,  California. 
The  animals  were rou t ine ly  kep t  in our  l abora to ry  aquar ia  
a t  15~ in na tu ra l  f i l tered sea water .  The animals  were 
kep t  in the  aquar ia  for the  shor tes t  t ime  possible, and 
appeared  to be in good  condit ion.  Small  por t ions  of the  
externa l  pa r t  of a testis, including 2 or 3 acini, were ex- 
cised under  a low power  microscope and placed in a pet r i  
dish conta in ing one of the  following sea water -prepared  
mix tures  (pH 7.4): 4% for /5% glu;  6.4% glu /2% ac;  
2.25% for /2% ac;  2% for /2 .5% glu; 3.2% glu/  
1% ac; 1.1% for /1% ac;  g lu /parafor  (50%). The  ab- 

brevia t ions  used are the  following: g lu ta ra ldehyde  (glu); 
fo rmaldehyde  (for); acrolein (ac) and para formaldehyde  

(parafor ) .  5 min af ter  f ixa t ion  a t  23 ~ the  mater ia l  was 
p l a c e d  in a 1% sea water-O5 04 solut ion a t  4 ~ for i h. The  
specimens were dehydra ted  and embedded  in E p o n  812 
af ter  propylene  oxide infi l t rat ion.  The  sections ob ta ined  
were double-s ta ined wi th  u rany l  ace ta te  and lead ci trate.  
The  prepara t ions  were examined  wi th  a J E M  7A electron 
microscope. 
Results and discussion. Figure  1 is a section th rough  an 
acinus (this figure represents  the  only opt ical  micrograph  
repor ted  here, all the  o ther  figures are electron micro-  
graphs) and reveals  a single layer  of ci l iated epi thel ial  
cells a t  the  per iphery  which have  v e r y  conspicuous nuclei  
and p rominen t  cilia t h a t  possess a s ta lk  measur ing  6 ~m 
long and 250 nm in d iameter .  These cells conta in  in the i r  

Fig. 6. Low power electron micro- 
graph of an acinus showing the 
different cell layers. Epithelial 
layer (e); first basal lamina (bl0; 
connective tissue (ct) ; muscle fibre 
(mI); neuron (n); second basal 
lamina (bl~); third basal lamina 
(b13) ; germinal layer (gl). Fine 
arrows indicate collagen fibres. 
x 8700. 

Fig. 7. Magnified view of collagen 
fibre, x 108,000. 
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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 
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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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