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e lect rodes  h a d  res i s tances  in t he  r ange  of 50-100 Mr2 a n d  
recorded  larger  r e s t ing  a n d  sec re to ry  p o t e n t i a l s  t h a n  the  
o ther .  The  m e t h o d s  of r ecord ing  m e m b r a n e  p o t e n t i a l  h a v e  
been  descr ibed  p rev ious ly  3, 9. 

The  e x p e r i m e n t s  were pe r fo rmed  in t he  fol lowing 
m a n n e r .  An  ac inus  was i m pa l ed  w i t h  a P roc ion  e lec t rode  
and,  p rov ided  t he  r e s t ing  p o t e n t i a l  d id  n o t  decline,  t he  
s a l iva ry  d u c t  ne rves  were s t i m u l a t e d  to  el ici t  a sec re to ry  
po ten t i a l .  P roc ion  was in j ec t ed  in to  t he  ac inus  b y  pass ing  
hype rpo l a r i z i ng  c u r r e n t  pulses  (10-20 nA,  100 msec) a t  
5 H z  t h r o u g h  t he  microe lec t rode .  P roc ion  in jec t ion  was 
c o n t i n u e d  for per iods  of 5 min ,  i n t e r r u p t e d  for a b o u t  1 
m i n  solely to  m o n i t o r  r e s t ing  and  sec re to ry  poten t ia l s .  
The  mic roe lec t rode  r e m a i n e d  inside t he  cell for up  to 30 
m i n  as j udged  b y  these  cr i ter ia .  The  sa l iva ry  g land  was 
r e m o v e d  f rom t h e  c h a m b e r  a b o u t  30 m i n  a f t e r  t he  end  
of t he  e x p e r i m e n t  a n d  f ixed in  10% formal in .  Af te r  wax  
embedd ing ,  10 ~ m  sec t ions  were p r e p a r e d  and  m o u n t e d  in 
G u r r ' s  U v i n e r t  m o u n t a n t  for e x a m i n a t i o n  b y  f luorescence 
mic roscopy  and  t h e n  p h o t o g r a p h e d .  The  cover  slips were 
f loa ted  off t he  slides b y  p r o l o n g e d  immers ion  in xy lene  
a n d  t he  t i ssue  sect ions  s t a ined  w i t h  E h r l i c h ' s  H a e m a t o x y -  
l in a n d  Eos in  a n d  f ina l ly  m o u n t e d  in Gur r ' s  X A M  for 
e x a m i n a t i o n  b y  l igh t  microscopy.  

Results and discussion. I n  11 e x p e r i m e n t s  i t  was dem-  
o n s t r a t e d  t h a t  the  si te  of mic roe lec t rode  record ing  of 
sec re to ry  p o t e n t i a l s  was  t he  in te r io r  of g land  cells. The  
F igure  shows r e p r e s e n t a t i v e  resul t s  f rom 2 e x p e r i m e n t s  
where  responses  were o b t a i n e d  f rom each  of t he  two  cell 
t ypes  p r e sen t  in  t he  acinus.  E x a m i n a t i o n  w i t h  l igh t  
mic roscopy  (d) e s t ab l i shed  t h a t  t h e  cells s t a ined  w i th  
P roc ion  Under f luorescence mic roscopy  (a) were pe r iphe ra l  
a n d  cen t r a l  cells. I n  sect ions  s t a ined  w i t h  H a e m a t o x y l i n  
a n d  Eos in  t he  pe r iphe ra l  cells a p p e a r  pink,  are genera l ly  
p y r a m i d a l  in shape  a n d  show a p r o m i n e n t  b r u s h  b o r d e r  
l in ing t he  l u m e n  of an  in t r ace l lu l a r  ductu le .  I n  F igure  a) 
(per iphera l  cell) t he  l u m e n  of th i s  duc tu le  can  be seen to 
be  d i s t ended  and  free of P roc ion  Yellow. Some of the  dye 
appea r s  to  h a v e  sp read  f rom t he  pe r iphe ra l  cell across i ts  
ap ica l  ma rg in s  to  n e i g h b o u r i n g  cen t r a l  ceils. T he  cen t r a l  
cells s t a in  p u r p l e  to  v a r y i n g  degrees, show t h e  presence  
of large granules  a n d  do n o t  c o n t a i n  an  in t r ace l lu la r  

duc tu le  since t h e y  d ischarge  t h e i r  secre t ion  in to  t he  
cen t r a l  l u m e n  of t he  ac inus  s. I t  can  be  seen in  F igure  a) 
(cent ra l  cell) t h a t  P roc ion  Yel low has  been  depos i t ed  
p re fe ren t i a l l y  in t he  nucleus ,  a l t h o u g h  th i s  m a y  be for- 
tu i tous .  

I n  9 o t h e r  e x p e r i m e n t s  i t  was  found  t h a t  3 of t he  cells 
were pe r iphe ra l  and  6 were cent ra l .  Thus  i t  seems t h a t  
responses  c an  be  r e c o r d e d  f rom e i t h e r  k i n d  of cell a n d  
therefore ,  in  t he  l igh t  of t h e  p rev ious  ev idence  3, f rom a n y  
cell in  an  acinus.  I t  seems un l ike ly  t h a t  each  cell h a s  i ts  
own  i n n e r v a t i o n  in  v iew of t h e  sparse  n u m b e r  of ne rve  
f ibres  r u n n i n g  to acini  10. A l t h o u g h  th i s  poss ib i l i ty  c a n n o t  
be  exc luded  b y  t he  p r e s e n t  expe r imen t s ,  i t  seems more  
p r o b a b l e  t h a t  ac ina r  cells, even  of d i f fe ren t  kinds,  are 
coupled  electr ical ly.  I t  m i g h t  be  t h a t  a sec re to ry  p o t e n t i a l  
is evoked  in a single cell, or p e r h a p s  a few cells, a n d  
spreads  e l e c t r o t o n i c a l l y .  E lec t rophys io log ica l  ev idence  
for  e lec t r ica l  coupl ing  in t h i s  g l and  has  a l r eady  been  
r epor t ed9  a n d  is c o n s i s t e n t  w i t h  t he  presence  of s ep t a t e  
desmosomes  s b e t w e e n  ac ina r  cells. Also cons i s t en t  w i t h  
t h i s  sugges t ion  is t h e  o b s e r v a t i o n  t h a t  in  t he  e x p e r i m e n t s  
descr ibed  a b o v e  (per iphera l  cell, a), P roc ion  Yellow 
appea r s  able  to  sp read  f rom one cell to  a n o t h e r ;  however ,  
f u r t h e r  e x p e r i m e n t s  are  requ i red  to  i nves t i ga t e  th i s  poin t .  

Summary. Secre to ry  p o t e n t i a l s  evoked  b y  n e r v e  s t imu-  
l a t i o n  h a v e  been  recorded  f rom b o t h  types  of cell (pe- 
r i phe ra l  a n d  cent ra l )  p r e sen t  in t h e  acini  of cockroach  
sa l iva ry  glands.  
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A P r e l i m i n a r y  R e p o r t  o n  the  F i n e  S t r u c t u r e  o f  Tripneustes esculentus E g g s  1 

The  pas t  decade  ha s  g iven  us m u c h  i n f o r m a t i o n  a b o u t  
t he  s t r u c t u r a l  o rgan iza t i on  of unfer t i l ized,  fer t i l ized a n d  
cen t r i fuged  sea u rch in  eggs 2-4, b u t  t he  m e t h o d s  of f ixa t ion  
emp loyed  in those  s tud ies  resu l ted  m o s t l y  in genera l  
coarse  p r e s e r v a t i o n  of cy top la smic  organelles.  

I t  is essen t ia l ly  because  of the  i m p o r t a n c e  of t he  sea 
u rch in  egg in t he  s t u d y  of e m b r y o l o g y  t h a t  work  invo lv ing  
m o d e r n  f ixa t ion  m e t h o d s  of th i s  m a t e r i a l  for e lec t ron  
mic roscopy  obse rva t i on  ha s  been  in progress  in our  
l a b o r a t o r y  for some t ime.  Our  a i m  was to  a r r i v e  a t  a 
su i t ab le  f ixa t ion  p rocedure  t h a t  enab le  us to  m a k e  more  
m e a n i n g f u l  i n t e r p r e t a t i o n s  of the  u l t r a s t r u c t u r e  of the  
eggs in n o r m a l  or e x p e r i m e n t a l  deve l opm en t .  

The  purpose  of th i s  c o m m u n i c a t i o n  is to  r epo r t  t he  
be s t  p r e s e r v a t i o n  for eggs of the  sea u r c h i n  Tripneustes 
esculentus so far  o b t a i n e d  t h r o u g h  ex tens ive  screening and  
modi f i ca t ion  of va r ious  me thods .  

Methodology. Sea u rch ins  of t he  species Tripneustes 
esculentus a n d  sea w a t e r  were o b t a i n e d  f rom t he  Car r ibean  
Resea rch  Centre ,  Mar t in ique ,  and  k e p t  a t  22 ~ for a few 
hours .  The  eggs, o b t a i n e d  b y  in jec t ion  of 0.53 M KC1 in 
t he  v ic in i ty  of t he  oral  region,  were gen t ly  f i l tered t h r o u g h  

cheese-c lo th  a n d  r e p e a t e d l y  w a s h e d  w i t h  mil l ipore-  
f i l tered sea water .  The  eggs were t h e n  fixed in t he  following 
p H  7.4 m i x t u r 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  (50%), 
p r e p a r e d  in M a r t i n i q u e  sea water .  The  chemica ls  were 
mixed  p rev ious  to use, and  t h e  washed  cells were suspended  
in th i s  so lu t ion  for on ly  5 m i n  a t  r oom t e m p e r a t u r e  approx-  
ima t e ly  (23 ~ 

Since longer  f ixa t ion  per iods  can  resu l t  in  l each ing  ou t  
of t he  p i g m e n t  granules ,  t he  f ixa t ion  t i m e  was  k e p t  a t  a 
m i n i m u m ,  a n d  5 mill  was  found  to be  mos t  appropr ia t e .  
This  was fo l lowed  b y  t r e a t m e n t  of t he  eggs w i t h  a 1% 
solu t ion  of o s m i u m  t e t r o x i d e  (OsO4) in sea w a t e r  a t  4~ 
The  eggs were t h e n  d e h y d r a t e d  in E p o n  us ing  s t a n d a r d  
techniques .  To improve  con t ras t ,  t h e  sect ions  were double-  
s t a ined  w i t h  u r a n y l  n i t r a t e  and  c i t ra te .  The  p r e p a r a t i o n s  
were e x a m i n e d  w i t h  a J E M  7-A e lec t ron  microscope.  
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Fig.  1. Low p o w e r  view of a n  
unfer t i l ized  sea u r ch in  egg  (Trip- 
neustes esculentus) f ixed for  5 min  
in  a m i x t u r e  of p a r a f o r m a l d e h y d e -  
g l u t a r a l d e h y d e  a n d  sea w a t e r  a t  
p H  7.4. Y, Yolk  g ranu le ;  P, 
p i g m e n t  g ranu le  a n d  CG, cor t ica l  
g ranule .  • 10,000. F u r t h e r  deta i ls  
in text .  

Fig.  2. I n t e r n a l  region  of a sea 
u r ch in  egg f ixed as for  F igure  1 a n d  
showing  a rose t te- l ike  s t r u c t u r e  
c o m p o s e d  of m i t o e h o n d r i a  (M) 
s u r r o u n d i n g  a l ip id  g ranu le  (L). 
• 24,000. 
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Fig. 3. Enlarged view of mito- 
chondria (M) and endoplasmic 
reticulum (ER). • 

Results. Figure  1 r ep resen t s  a low power  v iew of t h e  
egg a n d  con t a in s  a po r t i on  of t he  nuc leus  a n d  va r ious  
cy top l a smic  organelles .  The  debr is  seen a t  t he  ou t e r  
surface  of t he  m e m b r a n e  p r o b a b l y  r ep resen t s  r e m n a n t s  of 
t h e  je l ly  coat .  The  overa l l  s m o o t h n e s s  of f i xa t ion  is well  
d e m o n s t r a t e d  in t he  m i c r o g r a p h  as ev idenced  b y  a reduc-  
t ion  of cel lular  c o n t r a c t i o n  fol lowing f ixat ion.  A l t h o u g h  
t he  p r e p a r a t i o n s  show some u n d u l a t i o n s  a t  t he  egg surface 
these  are n o t  as p r o n o u n c e d  as t he  classical  microvi l l i -  
l ike pro jec t ions .  The  sec t ion  of t he  m e m b r a n e  measures  
a b o u t  2 0 0 / k  in th ickness .  The  p i g m e n t  g ranu les  are well  
s ca t t e r ed  all over  t he  cy top lasm,  some ly ing  b e t w e e n  
cor t ica l  g ranu les  in  t h e  p e r i p h e r y  of t he  egg. T h e y  can  
be  d i s t ingu i shed  f rom the  yo lk  granules  b y  t h e i r  d a r k  
a p p e a r a n c e  and  genera l ly  smal le r  size. The  yo lk  granules  
are  cha rac t e r i zed  b y  a g r a n u l a r  sub - s t ruc tu re ,  a n d  of ten  
con t a in  s o m e w h a t  e lec t ron  opaque  areas  of 130-150 /k 
in d iamete r .  

The  lack of microvi l l i - l ike  p ro jec t ions  a n d  t h e  spac ing  
of t he  cor t ica l  g ranu les  t h u s  sugges t  t h a t  t h e r e  has  been  
v e r y  l i t t le  sh r inkage  d u r i n g  f ixat ion,  and  t he  inne r  mor-  
pho logy  of t he  cor t ica l  g ranules  seems to h a v e  been  well  
preserved .  

M i t o c h o n d r i a  are  o f ten  found  in t he  fo rm of a rose t t e  
s u r r o u n d i n g  a l ipid g ranu le  (Figure 2) a n d  d i sp lay  a 
pecul ia r  o r i e n t a t i o n  of cristae.  Rose t t e s  h a v e  also been  
r e p o r t e d  b y  PASTEELS 4 in sea u rch in  eggs, a n d  t he  appea r -  
ance  of t he  l ipid granules ,  w h e n  compared  w i t h  o smium-  
fixed cells, i nd ica te  some so lubi l iza t ion  of l ipids 3. 

O t h e r  s t r u c t u r e s  of t he  c y t o p l a s m  are neve r the l e s s  
qu i te  well  preserved ,  e.g., endop lasmic  re t icula ,  Golgi  
a p p a r a t u s ,  a n n u l a t e d  lamel lae  and  m a n y  smal l  vesicles 
(Figure  3). The  cy top l a smic  m a t r i x  is loaded  w i t h  r ibo-  

some-l ike par t ic les  230-290 /k  in d iamete r .  However ,  some 
of these  could r e p r e s e n t  t h e  fl-type glycogen granules.  
T h e  nuc lea r  m e m b r a n e  shows its cha rac t e r i s t i c  porous  
n a t u r e  a n d  t h e  nuc leus  is filled w i t h  a f ine f ibri l lar  ma te r i a l  
a b o u t  4 0 / k  in th ickness .  No c h r o m o s o m a l  d i f f e ren t i a t ion  
is a p p a r e n t  in t h i  s s tage.  In  all cases observed ,  Tripneustes 
esculentus egg f ine s t r u c t u r e  ap p ea r s  to  be  qu i t e  s imi lar  
to  eggs o b t a i n e d  f r o m  the  sea u rch in  Arbacia punctulata. 
A l t h o u g h  we are s t i l l  far  f rom t h e  ideal  sea u rch in  egg 
f ixat ives ,  i t  ap p ea r s  ev ident ,  f rom th i s  work,  t h a t  t he  
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  (when th i s  is 
used for a short per iod  of t ime) shows t h e  g rea t e s t  p romise  
for a n  e lec t ron  microscope  s t u d y  of Tripneustes esculentus. 

Summary. T h e  f ine s t r u c t u r e  of Tripneustes esculentus 
eggs was s tud ied  w i t h  the  a id  of an  e lec t ron  microscope.  
Cells o b t a i n e d  f r o m t h i s  W e s t  Indies  sea u rch in  showed 
cor t ical  granules ,  m i t o c h o n d r i a  fo rming  a ro se t t e  a r o u n d  
l ipid granules ,  endop la smic  re t icula ,  Golgi  a p p a r a t u s  and  
a n n u l a t e d  lamellae .  These  s t r u c t u r e s  a p p e a r  iden t ica l  to  
those  seen in eggs of the  A t l a n t i c  sea u r c h i n :  A rbacia 
punctulata. 
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