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U l t r a s t r u c t u r e  of a M u c o u s  Gland Cell Found in 
the Tube  Feet  of the Starf i sh  

Asterina stellifera 

In  ear ly  s tudies  by  l ight  microscopy 1, i t  has  been  
recognized t h a t  more  t h a n  one t y p e  of gland cell could be 
found  in the  tube  feet  of s tarf ishes.  HYMAN 2 descr ibed the  
ep idermal  cells as in te rspersed  wi th  2 types  O f gland cells : 
mucous  gland cells or goblets,  wi th  a f inely granular  con- 
ten t ,  and  mur i fo rm cells, filled wi th  coarse spherules.  
CtIAET and  PHILPOTT repor ted ,  in electron microscopic 
studies,  t h a t  the  t ube  feet  of the  s tar f ish  Aster ias /orbes i  
conta in  a t  least  2 t ypes  of secre tory  glands a; present ing ,  
however ,  e lectron micrographs  of only one of t h e m  4. In  
preceding  papers  5-~ descr ip t ions  of one t y p e  of mucous  
secret ing cells, found  in t he  tube  feet  of the  s ta r f i sh  
Aster ina  stelli[era, was offered;  one of t h e m  giving par t i -  
cular a t t en t i on  to  the  u l t r a s t ruc tu re  of its mucous  
granules v 

The p re sen t  pape r  descr ibes  a second type  of secre tory  
mucous  gland cell found in the  tube  feet  of the  s ta r f i sh  
A.  stelli/era. 

Mater ia l  and methods. Star f i sh  tube  feet  were f ixed in a 
solut ion of 1.5% of po tas s ium p e r m a n g a n a t e  in f i l tered 
sea wa te r  for abou t  1 h a t  5 ~ Af te r  dehyd ra t i on  in a 
series of cold alcohols followed by  propylene  oxide, the  
mater ia l  was e m b e d d e d  in a ca ta lysed  epoxy  resin mix-  
ture,  E p o n  812, b y  a m e t h o d  similar to LUFT'S s. Th in  
sect ions were cut  on a P o r t e r - B l u m  micro tome equ ipped  
wi th  glass knives.  The sect ions  were doubly  s ta ined,  f i rs t  

w i th  uranyl  ace ta te  9 t hen  wi th  lead c i t ra te  10 aqueous 
solutions,  and were examined  in a Siemens E lmiskop  I 
e lectron microscope,  opera t ing  at  80 kV wi th  a double  
condenser  and a 50 ~ object ive  aper ture .  

Results  and conclusions. The tube  feet  of the  s tar f ish  
A .  stellifera have  the  shape  of a hol low tube,  which  ex- 
p a n d s  dis ta l ly  to  form a sucker. The second type  of 
mucous  gland cell, a l though  also p resen t  in the  stem, was 
main ly  found concen t r a t ed  a t  the  sucker,  somet imes  
ne ighbour ing  the  first  t y p e  of gland cells a l ready de- 
scr ibed 7. They  are large, ve ry  long cells, present ing,  in 
t h in  section, an e longated  oval  shape.  The fine s t ruc ture  
of these  ceils is i l lus t ra ted  in the  e lec t ron micrographs  in 
Figures  1 and  2. 

A smoo th  double- layered  cell m e m b r a n e  (cm) sur- 
rounds  the  ent i re  cell. The nucleus (N) has  a shape  vary-  
ing f rom round  to  lobated.  The nuclear  con ten t s  are 
fo rmed by  small  part icles,  a b u n d a n t l y  d i s t r ibu ted  uni- 
fo rmly  all over  the  nucleus. A few mi tochondr i a  (m) are 
observed  a t  the  sides of the  cells ; t h e y  are rounded  bodies  
conta in ing  a few, r a the r  i rregularly disposed inner  mem-  
branes.  The endoplasmic  re t icu lum (er), well developed,  

Fig. 2. Portion of a gland cell of the same type. One can see the 
nucleus (N), mitochondria (m) and the expanded Golgi complex 
(Gm, Gv, Gg). The ultrastructnre of the secretory granules (SG) is 

also evident, x 14,000. 

Fig. 1. Electron micrograph showing the second type of mucous 
gland cell found in the tube feet of A. stelli]era. The nucleus (N), 
mitochondria (m) and a very remarkable Golgi complex (Gv, Gg) 
can be seen. The secretory granules (SG) present in its interior, 
structures shaped as small dense points or tiny threads. A very 
prominent endoplasmie reticulum (er) consists of long interconnected 

tubules, x 12,500. 
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consis ts  of long tubu les ,  devoid  of r ibosomes,  in t e rcon-  
nec t ed  a m o n g  themselves ,  The  m o s t  r e m a r k a b l e  f ea tu re  
of th i s  cell is a s izeable Golgi complex,  a lways  s u r r o u n d e d  
by  t he  secre tory  g ranu les ;  i t  consis ts  of severa l  para l le l  
pa i red  m e m b r a n e s  (Gm), n u m e r o u s  vacuoles  (Gv) a n d  
smal le r  vesicles (Gg); o f ten  t he  m e m b r a n e s  e x p a n d  to 
form fus i form d i l a t a t i ons  (Figure 2); t he  c o n t e n t s  of the  
vacuoles  are of t he  same  dens i ty  as the  e m b e d d i n g  me- 
d ium,  b u t  somet imes ,  w h e n  enlarged,  t h e y  d i sp lay  con-  
t e n t s  s imilar  in  dens i ty  to  the  larger  secre t ing granules ,  
and  a p p a r e n t l y  r ep re sen t  f o r m a t i v e  s tages  in t he  evolu-  
t ion  of the  secre tory  p roduc t .  As a l r eady  po in t ed  out ,  

Fig. 3. Mucous granules (MG) belonging to the first type of mucous 
gland cells found in the same tube feet of A. stelliJera. Their internal, 
highly organized structure Call be recognized, the rods appearing cut. 

both transverse and obliquely. • 80,000. 

s u r r o u n d i n g  t h e  Golgi complex  a v a r y i n g  n u m b e r  of 
closely packed  sec re to ry  g ranu les  (SG) a re  observed .  
These  sec re to ry  granules  h a v e  a r o u n d  or  ova l  shape  
p r e s e n t i n g  a g rea t  i n t e rva l  of v a r i a t i o n  in t h e i r  ave rage  
d iamete r .  Dev ia t i ons  f rom t h e i r  bas ic  shape  occur  w h e n  
t h e  granules  are ly ing so closely packed  t h a t  t h e  neigh-  
b o u r i n g  g rann ies  seem to  compress  one ano the r .  These  
granules ,  c lear ly  de l inea ted  b y  a surface  m e m b r a n e ,  dis- 
p l a y  a t  t h e i r  in t e r io r  a v e r y  f ine t ex tu re ,  c o n s t i t u t e d  b y  
small ,  dense,  d a r k  po in t s  or t i n y  t h r e a d s  w i t h  va r ious  
e lec t ron  densi t ies ,  wh ich  comple t e ly  fills t h e  en t i r e  g ran-  
ule. Th i s  t e x t u r e  lacks, however ,  a n  organized  s t r u c t u r e  
a n d  has  a n  aspec t  comple t e ly  d i f fe ren t  f rom t h e  mucous  
granules  (MG) a l r eady  r e p o r t e d  7 for  t h e  same  s ta r f i sh  
species. T h e  l a t t e r  were descr ibed as granules  w i t h  a cir- 
cu lar  or oval  profile, de l imi ted  b y  ve ry  d i s t i nc t  mem-  
b r a n e s  a n d  p re sen t ing  in t h e i r  i n t e r io r  2 d i s t i nc t  regions;  
an  e x t e r n a l  one cha rac t e r i zed  b y  i ts  low opac i ty  to  t he  
e lec t ron  beam,  an d  a second cen t r a l  p a r t  showing  a pecu-  
l iar  e lec t ron  dense  s t ruc tu re ,  w h i c h  in l o n g i t u d i n a l  sec- 
t ions  ap p ea r s  as a s y s t e m  of e longa ted  para l le l  ba r s  and  
in t r a n s v e r s e  sect ions  as a regu la r  h e x a g o n a l  a r r a y  of 
dense  bodies  (Figure 3); these  s t r u c t u r e s  could be in te r -  
p re t ed  as a b u n d l e  of h e x a g o n a l  rods  organized  in to  a 
regular  h e x a g o n a l  a r ray .  

H i s tochemica l  s tudies  n were able  to  d i f f e ren t i a t e  t he  
secre tory  p r o d u c t s  of these  2 morpho log ica l ly  d i s t i nc t  
types  of glands,  i den t i fy ing  b o t h  of t h e m  as mucous  cells. 
F igure  4 is an  e lec t ron  m i c r o g r a p h  showing  a g roup  of 
i n t a c t  sec re to ry  granules  be ing  d i scha rged  t h r o u g h  t he  
free surface  of t h e  ep i the l ium,  b e t w e e n  gaps  of the  micro-  
villi  (My). 

I t  was sugges ted  in a p reced ing  p a p e r  7 t h a t  t h e  secre- 
t o ry  p r o d u c t  of the  f i rs t  mucous  g land  cell h a d  the  role of 
seal ing lub r i ca t ion  which  would  help to m a k e  good con- 
t a c t  in  t h e  t ube  feet for adhes ion  of the  suckers  in t he  
process  of locomot ion.  The  ex t race l lu la r  m a t e r i a l  d isposed 
in 2 layers,  wh ich  c e m e n t  t o g e t h e r  t h e  microvi l l i  cover ing  
the  ou te r  ep i the l i um 12 (Figure 4), are fo rmed  b y  glyco- 
p ro te ins  n ;  p r o b a b l y  the  sec re to ry  p r o d u c t  of t h e  second 
g land  cell p r e sen t  in t h e  t u b e  feet  of A. stelli/era, b o t h  
in t h e  sucker  a n d  s tem,  c o n t r i b u t e  to  t h e  f o r m a t i o n  of 
these  c e m e n t i n g  layers.  

Resumen. Es descr ib ida  la u l t r a e s t r u t u r a  de u n  segundo  
t ipo  de c61ula g l andu la r  m u c o s a  que  es e n c o n t r a d a  en el 
pi6 a m b u l a c r a r i o  de la es t re l la  del  m a r  Asterina stelliJera. 
Los grs  secre tores  de es ta  c61ula t i enen  en  su in te r io r  
u n a  u l t r a e s t r u t u r a  en fo rma  de pequefios  p u n t o s  densos  y 
del icadas  fibril las,  mas  f a l t ando  u n a  organizacidn,  p r in -  
c i p a l m e n t e  c o m p a r a d a  con la o rgan izac idn  del  o t ro  t ipo  
de g ranu lo  mucoso,  t a m b i 6 n  e n c o n t r a d o  en  el mismo pi6 
ambulac r s  
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Fig. 4. The electron illicrograph presents a group of secreting granules 
(SG) in the process of being secreted through the free surface of the 

epithelial cells between gaps of mierovilli (Mv). • 18,000. 
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