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U l t r a s t r u c t u r a l  and H i s t o c h e m i c a l  S tud ie s  on the M u c o u s  Granule s  in the Tube  Fee t  of the Star f i sh  
Echinaster brasiliensis 

F o r m e r  e lec t ron  microscopic  o b s e r v a t i o n s  on  t h i n  
sec t ion  of t he  s ta r f i sh  As t e r ina  stelli/era t u b e  feet  h a v e  
revea led  t he  presence  of 3 m o r p h o l o g i c a l l y  d i f fe ren t  
sec re to ry  g land  cells in  t h e  ep i the l ia l  layers.  These  
g lands  were  also d i s t ingu i shed  b y  t h e i r  h i s tochemica l  
c o n t e n t s  1, 2. 

One of t he  g land  cells (called t y p e  A) i s ' c h a r a c t e r i z e d  
b y  c o n t a i n i n g  granules  t h a t  p r e sen t  a h igh ly  o rgan ized  
s t r u c t u r e  3. These  granules  are de l imi t ed  b y  a v e r y  
d i s t i nc t  m e m b r a n e  a n d  h a v e  c i rcu la r  or oval  profiles,  a n  
i nd i ca t i on  t h a t  in  3 d imens ions  t h e y  h a v e  a n  el l ipsoidal  
shape,  w i t h  t he  m a j o r  d i a m e t e r  a v e r a g i n g  a b o u t  1.0 ~xm. 
T h e y  p r e sen t  2 d i s t i nc t  regions,  an  e x t e r n a l  one cha rac t e r -  
ized b y  i ts  low opac i ty  to  t he  e lec t ron  b e a m  a n d  of 
va r i ab l e  th ickness ,  a n d  a second cen t r a l  p a r t  showing  a 
r egu la r ly  o rgan ized  e lec t ron  dense  s t ruc tu re .  The  l a t t e r  
reg ion  could be i n t e r p r e t e d  as a b u n d l e  of h e x a g o n a l  
rods,  o rgan ized  in a r egu la r  a r ray ,  wh ich  a p p e a r  in  cross 
sect ions  as h e x a g o n s  a n d  in l ong i t ud ina l  sect ions  as 
para l le l  bars .  

E l e c t r o n  microscopic  s tud ies  on  t he  t u b e  feet  of t h e  
s t a r f i sh  Echinas ter  brasi l iensis  revea led  t h e  presence  of a 
d i f fe ren t  s t r u c t u r e  d i sp l ayed  b y  t h e  g ranu le  c o n t e n t s  of 
t he  t y p e  A secre t ing  g land  cells; as in  A sterina stelli[era 
t hese  cells are  loca ted  in t he  same  posi t ion,  d i rec t ly  above  
t h e  wa lk ing  surface of t he  t u b e  foot.  A morpho log ica l  
a n d  h i s t ochemica l  s t u d y  fol lowed to a sce r t a in  t h e  de ta i l s  
of t h i s  s t ruc tu re ,  as well  as t he  n a t u r e  of i t s  mucous  
con ten t s .  

Mat er i a l  and  methods. Spec imens  of Echinas ter  4 were 
f ixed w i t h  t h e i r  t u b e  feet  in  a re laxed  s ta te ,  accompl i shed  
b y  a n e s t h e t i z i n g  t h e m  in  a 4 %  aqueous  so lu t ion  of 
m a g n e s i u m  c h l o r i d e  T h e  f ixa t ives  used were Bo u i n ' s  
(24 h) a n d  Zenker ' s  (16 h) solut ions .  The  pa ra f f i n  embed-  
ded sect ions  were cu t  a t  7 an d  10 ~zm. Severa l  h i s t o c h e m -  
ical t e chn iques  were emp loyed  to  a sce r t a in  t h e  chemica l  
n a t u r e  of t h e  g ranu le  c o n t e n t s :  a) t h e  per iodic  acid- 
Schiff  (PAS) t e c h n i q u e  as descr ibed  b y  MCMANUS 5, 
b locked  b y  ace t y l a t i o n  (McMANus a n d  CASON ~) a n d  
cont ro l led  b y  sa l iva ry  amylase  7; b) t h e  Alc ianb lue  tech-  
n ique  a t  p H  2.5 for  acid mu co p o l y s acch a r i d e s  a f t e r  
LlsoNT; c) t h e  Alc ian-b lue  t e c h n i q u e  a t  p H  0.5 for  
su l fopolysacchar ides ;  d) t h e  col loidal  i ron as descr ibed  
b y  MOLLERS; e) t h e  col loidal  i ron plus  P A S  7, b locked  b y  
m e t h y l a t i o n  an d  fol lowed b y  saponi f ica t ion2;  f) m e t a -  
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Fig. 1 and 2. Comparison of these figures shows that the same location is occupied by the mucous gland cells in the tube feet of both asteroids: 
1. Asterina stelli]era; 2. Echinaster brasiliensis. • 15,000. 
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c h r o m a t i c  s tudies  b y  t r e a t i n g  the  sect ions w i th  0.01% 
to lu id ine  b lue  a t  p H  3.5, 4.2 a n d  5.4. 

E l ec t ron  microscopic  spec imens  were f ixed in 1.5% 
p o t a s s i u m  p e r m a n g a n a t e  in f i l tered sea w a t e r  for a b o u t  
1 h a t  5~ Af te r  d e h y d r a t i o n  in p ropy lene  oxide, t h e  
specimens  were e m b e d d e d  in a ca ta lyzed  epoxy  res in  
mix ture ,  E p o n  812, b y  a m e t h o d  s imi la r  to  LuFT's  ~~ 
T h i n  sec t ions  were cu t  on a P o r t e r - B l u m  m i c r o t o m e  
equ ipped  w i t h  glass knives.  The  sect ions  were m o u n t e d  
on u n c o a t e d  m e t a l  grids, d o u b l y  s t a ined  for e n h a n c i n g  
e lec t ron  con t ras t ,  f i rs t  in  u r a n y l  a ce t a t e  11 and  l a t e r  in  
lead c i t r a t e  x~ aqueous  s o l u t i o n s , - a n d  e x a m i n e d  an d  
p h o t o g r a p h e d  in a S iemens  E l m i s k o p  I e lec t ron  micro-  
scope, ope ra t ing  a t  80 kV. 

Results. Compar i son  of F igure  1 (Asterina) and  F igure  2 
(Echinaster) d e m o n s t r a t e s  t h a t  t he  mucous  g land  cells 
occupy t h e  same pos i t ion  in t he  t u b e  feet  of b o t h  as ter -  
oids. The  con t en t s  of the  mucous  granules  p re sen t  in t h e  

t u b e  feet  of Echinaster, a l t h o u g h  also well  organized,  
h a v e  a d i f fe ren t  a r r a n g e m e n t  c o m p a r e d  w i t h  those  
d i sp layed  b y  Asterina s (Figure 3a). These  c o n t e n t s  a p p e a r  
as concent r ic  circles (Figure 3b a n d  c) or spirals  (Figure  3d) 
in  t h e  mic rographs .  The  c o m p o n e n t s  are rods  (p robab ly  
also h a v i n g  a n  h e x a g o n a l  cross sect ion as in  Asterina) 
a r r a n g e d  in concen t r i c  circles a b o u t  an  axis.  I n  cross 
sect ions  each  b u n d l e  of rods  appea r s  as circles (3c), an d  
in obl ique  cuts,  as ellipsis (3b) or spirals  (3d) depend ing  
on  t h e  inc l ina t ion  of t h e  cut.  The  m a j o r  d i a m e t e r  (aver-  
ag ing  0.4 ~m) of t h e  en t i re  g ranu le  s t r u c t u r e  is a b o u t  hal f  
t h e  size of those  found  in  Asterina (0.8 ~m). 

The  mucous  granule  c o n t e n t s  in  t h e  Echinaster t u b e  
feet  showed a in t ense  pos i t ive  r eac t ion  to P A S  ; exh ib i t ed  
a pos i t ive  m e t a c h r o m a s i a  on ly  w i t h  to lu id ine  blue a t  
p H  5.4 ; were colloidal  i ron-pos i t ive  an d  l igh t ly  a lc ian-b lue  
posi t ive.  W i t h  colloidal  i ron + PAS t h e y  showed in tense  
pos i t ive  r eac t ion  to PAS.  W i t h  t h e  usua l  h i s tochemica l  
cont ro ls  i t  was obse rved  t h a t  a f t e r  a ce t y l a t i o n  blocking,  
t h e  P A S  pos i t i v i ty  was no longer  ob ta ined .  The  speci- 
f ic i ty  of t h e  colloidal  i ron reac t ions  were i nves t i ga t ed  b y  
m e t h y l a t i o n  a n d  the  p rev ious  col loidal  i ron pos i t ive  
m a t e r i a l  was  found  negat ive .  This  is a n  ind ica t ion  t h a t  
the  granules  c o n t e n t s  is a mucopo lysacchar ide .  T h e  
pos i t i v i t y  to  colloidal  i ron a f t e r  m e t h y l a t i o n  plus  saponi-  
f icat ion,  t h e  pos i t i v i ty  of t h e  m e t a c h r o m a s i a  a t  p H  5.4 
an d  t h e  n e g a t i v i t y  of t h e  a l c i anb lue  a t  p H  0.5 exclude  
t h e  poss ib i l i ty  of a su l fa ted  polysacchar ide .  

Discussion. T h e  Echinaster mucous  granules  c o n t e n t s  
c o n t a i n  an  assoc ia t ion  of n e u t r a l  a n d  acid mucopolysac-  
char ides  w i t h  a n e u t r a l  p r edominance ,  whereas  in 
Asterina ~ these  granules  p re sen t  t h e  same assoc ia t ion  b u t  
w i t h  an  acid p redominance .  Th i s  di f ference m a y  be 
respons ib le  for t h e  d i s t i nc t  morpholog ica l  organiza t ion .  

I t  was  sugges ted  3 t h a t  the  secre tory  p r o d u c t  of t h e  
t y p e  A mucous  g land  cell in Asterina acts  as a seal ing 
l u b r i c a n t  t h a t  he lps  in  t h e  locomot ion  process.  The  
loosely packed  a r r a n g e m e n t  d i sp layed  b y  t h e  m u c o u s  
granules  of Echinaster, w h e n  c o m p a r e d  w i t h  t h e  closely 
packed  a r r a n g e m e n t  of Asterina, could ref lect  t h e  l a t t e r ' s  
need  for  a la rger  a m o u n t  of m u c u s  a t  t h e  same wa lk ing  
surface of t h e  t u b e  feet.  

Resumen. Es  e s t u d i a d a  la u l t r a e s t r u c t u r e  y la his to-  
ch imica  de grs  de secrecidn de c61ulas g!andulares  
mucosas  del pi6 a m b u l a c r a r i o  de la es t re l la  de m a r  
Echinaster brasiliensis. Es tos  grs  secretores  t i enen  
u n a  o rgan izac idn  d i s t i nc t a  c o m p a r a d a  con aqueles  
e n c u e n t r a d o s  en la es t re l la  del m a r  Asterina stelli/era 
a n t e r i o r m e n t e  es tud iada .  Asi son o rgan izados  en f o r m s  
de circolos concent r icos  en  t o r n o  de u n  eixo. 

Fig. 3. a) Electron micrograph presenting type A mucous granules 
found in the tube feet of Asterina. The highly organized structure is 
demonstrated, the rods appearing both in transverse and longitudinal 
section, b and e) Mucous granules found in the tube feet of Echinaster. 
The contents of these mucous granules appear in the mierographs as 
concentric circles and ellipsis, d) The mucous granules contents appear 
as spirals in the inicrograph, probably due to the length of the rods 
when cut obliquely. • 35,000. 
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