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t i on  aga in s t  t h e  two  n e u r o p h a r m a c a  b u t  n o t  aga ins t  t h e  
de te rgen t .  A t  t he  same  t ime,  monos ia lo-gangl ios ide  a n d  
monos ia lo-gangl ios ide- l ike  f r ac t ions  f rom t h e  b l a s tu l ae  
were no t  ac t ive  aga ins t  n e u r o p h a r m a c a ,  b u t  showed  
p r o t e c t i v e  ac t ion  aga ins t  t h e  d e t e r g e n t  OP-10. The  
effect ive  p r o t e c t i v e  c o n c e n t r a t i o n s  of t he  gangl iosides  are  
g iven  in  t h e  Table .  These  c o n c e n t r a t i o n s  are  f rom 20 to  
1000 t i m e s  lower t h a n  t he  tox ic  c o n c e n t r a t i o n s  of  t h e  
n e u r o p h a r m a c a  a n d  10-20 t i m e s  lower t h a n  t he  concen t r a -  
t ions  of t h e  de te rgen t .  A t  t h e  same  t ime ,  t h e  di- a n d  
t r i s ia logangl ios ide- l ike  f rac t ions  i so la ted  f rom sea u r c h i n  
e m b r y o s  were no t  effect ive  e i the r  aga ins t  n e u r o p h a r m a c a  
or aga ins t  t he  d e t e r g e n t  OP-10. 

The  f ac to r  dec reas ing  t he  sens i t i v i ty  of e m b r y o s  to  
n e u r o p h a r m a c a  was  s h o w n  also to  be  p r e s e n t  in  t h e  
c h l o r o f o r m - m e t h a n o l  e x t r a c t  of cond i t ioned  sea w a t e r  
(CSW), i.e. sea water ,  i n  wh ich  dense  suspens ions  ( abou t  
30,000 embryos /ml )  of S. intermedius e m b r y o s  were  
i ncuba t ed .  

TLC of t h e  C S W  c h l o r o f o r m - m e t h a n o l  e x t r a c t  revea led  
t h e  p resence  of resorc ine-pos i t ive  subs t ances  coinciding,  
b y  t h e i r  Rf-va lues ,  w i t h  t he  hematos ide - l ike  f r ac t ion  
of sea u r c h i n  e m b r y o s  a n d  w i t h  r a t  l iver  h e m a t o s i d e  
(Figure).  W e  f o u n d  t h a t  t he  sialic acid c o n c e n t r a t i o n  in 
C S W  was a b o u t  1 •  .5 M.  N e i t he r  t h e  gangl ios ides  
f rom the  sea u r c h i n  e m b r y o s  or f rom r a t  l iver  nor  t h e  
c h l o r o f o r m - m e t h a n o l  e x t r a c t  of the  C S W  or C S W  itself  
a f fec ted  t he  s ens i t i v i t y  of t he  e m b r y o s  to  p u r o m y c i n .  I n  
p rev ious  e x p e r i m e n t s  ~, i t  was  shown t h a t  t he  s ens i t i v i t y  
of t h e  e m b r y o s  to  t h i s  an t ib io t i c  d id  no t  d e p e n d  on  t h e i r  
c o n c e n t r a t i o n  (in t h e  c o n c e n t r a t i o n  i n t e r v a l  f rom 10 * to  
104 e m b r y o s / m l ) ;  c o n s e q u e n t l y  the  An~- a n d  A, - fac to r s  
were n o t  e f fec t ive  in t h i s  case. 

As can  be  seen f rom these  resul ts ,  t h e  A n - f a c t o r s  m a y  
compr i se  e i the r  t h e  gangl ios ides  t h e m s e l v e s  (i.e. A n  1- 

hema tos ide ,  An2-monosia logangl ios ide  ) or  m i x t u r e s  con-  
t a i n i n g  these  gangliosides.  To solve th i s  p rob l em i t  will  
be  necessa ry  to  e s t i m a t e  t h e  c o n c e n t r a t i o n  of t he  gangl io-  
sides in  CSW. Such  e x p e r i m e n t s  m a y  be  of i n t e r e s t  in  
s tud ies  of t h e  biological  role of gangl iosides .  T h e y  also 
could be  he lpfu l  for u n d e r s t a n d i n g  t he  i n t r ace l lu l a r  
r e g u l a t o r y  func t ions  of ace ty lcho l ine  a n d  m o n o a m i n e s  ~a. 
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Intracellular Recording of Secretory Potentials  in a 'Mixed' Salivary Gland 

Secre to ry  p o t e n t i a l s  evoked  b y  ne rve  s t i m u l a t i o n  h a v e  
been  recorded  in m a m m a l i a n 1 ,  ~ a n d  insec t  s s a l i va ry  
glands.  These  responses ,  w h i c h  can  also be  el ic i ted b y  
app l i ca t ions  of n e u r o t r a n s m i t t e r s  4,5, are a p p a r e n t l y  
h y p e r p o l a r i z a t i o n s  of t h e  basa l  cell m e m b r a n e  Of a c i n a r  
cells. R e c e n t l y  b iphas i e  responses  (depola r iza t ion  fol lowed 
b y  h y p e r p o l a r i z a t i o n )  h a v e  been  n o t e d  in  c a t  a n d  r a b b i t  
s u b m a x i l l a r y  g lands  s. 

I t  h a s  b e e n  a s s u m e d  w i t h  some jus t i f i ca t ion  7 t h a t  such  
sec re to ry  p o t e n t i a l s  are  genu ine  m e m b r a n e  responses  a n d  
are  r ecorded  w i t h  t h e  mic roe lec t rode  t ip  inside a g l a n d  
cell. D i rec t  ev idence  is lacking,  however ,  t h a t  u n d e r  
these  c i r cums tances  t he  mic roe lec t rode  is in t race l lu la r .  
Moreover ,  in  m o s t  g l ands  so fa r  e x a m i n e d  e lec t rophys io -  
logical ly  t h e r e  are  a t  l eas t  t w o  cell t y p e s  in  each  ac inus .  
Fo r  example ,  in  t h e  cockroach  s a l i va ry  g land,  w h i c h  
shows sec re to ry  p o t e n t i a l s  p r e s u m a b l y  homologous  w i t h  
those  in  m a m m a l s ,  t h e  ac inus  consis ts  of p e r i p h e r a l  cells 
a n d  cen t r a l  ceils. T h e  m a i n  fea tu res  of these  cells h a v e  
been  descr ibed  8. T he  p e r i p h e r a l  cell is n o t a b l e  for  i t s  
large in t r ace l lu l a r  duc t u l e  (cont iguous  w i t h  t h e  e x c r e t o r y  
duct)  a n d  i t s  n u m e r o u s  m i t o c h o n d r i a  whereas  t h e  c e n t r a l  
cell ha s  large  g ranu les  p r o b a b l y  c o n t a i n i n g  e n z y m e s  
secre ted  b y  t h i s  g land .  

The  a ims  of t h e  p r e s e n t  e x p e r i m e n t s  were to es tab l i sh ,  
f irst ,  w h e t h e r  t h e  t i p  of t h e  e lec t rode  h a d  a n  i n t r ace l l u l a r  
loca t ion  w h e n  a sec re to ry  p o t e n t i a l  was  obse rved  and ,  
secondly,  w h e t h e r  such  responses  could be  recorded  f rom 
b o t h  p e r i p h e r a l  a n d  c e n t r a l  cells. 

Methods. Sa l iva ry  g lands  were  d issected  f rom cock- 
roaches ,  Nauphoeta cinerea, k e p t  u n d e r  cond i t ions  de- 
scr ibed p rev ious ly  s. The  p r e p a r a t i o n  w a s  m o u n t e d  in  a 
c h a m b e r  ~ a n d  per fused  w i t h  a so lu t ion  c o n t a i n i n g  160 m M  
NaC1, 1 m M  KC1, 5 m M  CaCI,, 1 m M  N a H 2 P O  * and  1 m M  
NaHCOa.  The  sa l iva ry  d u c t  ne rves  10 were  d r a w n  in to  a 
suc t ion  electrot le  a n d  s t i m u l a t e d  w i t h  pulses  (0.5 msec,  
10-60 V) f rom a square  pulse  s t imu la to r .  

Mieroe lec t rodes  were filled w i t h  5% Proc ion  Yel low 
(M-41~) b y  2 me thods .  I n  one, t h e  e lec t rodes  were pul led  
conven t iona l ly ,  t h e i r  t ips  were  b r o k e n  b y  gent le  p ressure  
aga in s t  t i ssue  p a p e r  a n d  t h e y  were  t h e n  back-f i l led  f rom 
a syr inge  w i t h  a T o u h y - B o r s t  a d a p t e r  (Becton,  Dick inson  
& Co.). These  e lec t rodes  h a d  res i s tances  in  the  r ange  10 -  
30 MYJ. A l t e r n a t i v e l y  n o r m a l  u n b r o k e n  e lect rodes  were  
filled b y  t he  m e t h o d  desc r ibed  b y  THOMASn; such  
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Secretory poten t ia l s  recorded from per iphera l  and cent ra l  cells, a) and  d) are respec t ive ly  fluorescent and  l igh t  microscope pic tures  of ident ical  
sections showing tha t  each cell type  has  been s ta ined  wi th  Procion. In  d) the borders  of the ceils have  been accen tua ted  by  the i n t e r rup t ed  
whi te  lines, b) and  c) show the secretory poten t ia l s  recorded from these ceils before and  10 rain after  dye inject ion.  To elicit  the  per iphera l  
cell  responses the nerve was s t imu la t ed  wi th  10 pulses a t  100 Hz;  the centra l  cell responses were evoked by  a single s t imulus .  I t  has  been 
demons t r a t ed  1~ t h a t  Procion Yellow ejected from high resis tance (30-100 M ~ )  electrodes usual ly  forms a prec ip i ta te  at  the i r  t ips  whereas  
t h a t  from low resis tance electrodes does not.  These features  of dye in jec t ion  are ev iden t  in a), as the per iphera l  cell was impa led  wi th  a 20 
M,Q electrode and has filled more even ly  than  the cent ra l  cell impaled  wi th  a 80 M~'~ electrode. However ,  the electr ical  records indica te  t h a t  
smal ler  res t ing  and secretory po ten t ia l s  were observed wi th  the broken  t ip  electrodes (per ipheral  cell; b, c) t han  those ob ta ined  wi th  the 
higher  res is tance electrode (central  cell; b, c). I t  is considered t h a t  the difference in  membrane  potent ia l s  is due to the different  type  of 
electrodes r a the r  than  to some p roper ty  of the cell  types.  
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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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