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ABSTRACT

Preliminary h isto- and cytochem ical stu d ies on the mantle of 
Mercenaria mercenaria L. revealed a fourth fold of the mantle edge which 
produces a copious supply of mucus and may have a m antle-cleansing  
function. Transverse se c tio n s  of the mantle were treated with toluidine 
blue 0  and periodic acid-Schiff reagent. The G-Nadi reaction for cytochrome 
oxidase activ ity  and the triphenyl tétrazolium chloride method for su cc in ic  
dehydrogenase activ ity  were carried out on whole fresh m antles. With to lu i­
dine blue 0 ,  the epithelium of the mantle edge stained  considerably darker 
than the epithelium  of other areas of the mantle. Schiff-positive material 
was loca lized  primarily in the connective t is su e  and around the groove 
between the sensory and muscular fo lds. Cytochrome oxid ase activ ity  was 
most marked in the central area en closed  by the p allia i lin e and in the outer 
edges of the mantle fo lds. Succinic dehydrogrenase activ ity  was most 
marked in the central region of the mantle and in the groove between the 
sensory and muscular folds.

INTRODUCTION

The lam e l l ib ranch  mantle  edge  g en e ra l ly  c o n s i s t s  of th ree  folds 
w h ich  a re  u s u a l l y  d e s c r ib e d  acco rd ing  to the i r  p o s i t io n  and  func t ion  a s  
an  ou te r  s ec re to ry  fo ld ,  a middle s en so ry  fo ld ,  and an  inner m uscu lar  
fo ld .  In the  nor thern  qu ah o g .  M ercenar ia  mercenar ia  L . ,  the re  i s  a 
fourth fo ld ,  bordered by a prominent r idge ,  a long  the  inner su r face  of 
the mantle  edge  (Fig.  1).

W e have  been  in v e s t ig a t in g  the  h i s t o -  and cy to ch em is t ry  of 
the  mantle  edge and  of  the  mantle  in ju x ta p o s i t io n  w i th  the  s h e l l  and 
l igament  a s  part  of a s tudy  upon e co lo g ica l  a s p e c t s  of s h e l l  d e p o s i t i o n .  
The purpose  of th is  paper  i s  to report  some preliminary  h i s to lo g ic a l  and 
h i s to c h em ic a l  o b s e r v a t io n s  made on the  mantle  of M_. mercenar ia  .
There is  su f f ic ien t  p rev ious  work ( e . g .  R a w i t z , 1888, 189 0; Moynier  de 
Vil lepoix,  1892; Bevelander and Benzer,  1948; Kado, 1953, 1954;

1 Contr ibu t ion  N o .  20, U n ive rs i ty  of D e law are  Mar ine  L a b o ra to r i e s .  
This r e s e a r c h  w a s  cond u c ted  under N a t iona l  S c ien ce  Foundation Grant 
G -6 1 5 4 .
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R osso ,  1954; G e n e s i ,  1955; Beedham,  1958) to in d ic a te  th a t  the  h i s ­
to logy and h i s to c h e m is t ry  cf the  b iva lve  mantle  ep i the l ium  v a r i e s  
a cco rd in g  to l o c a t io n  a n d , p re sum ab ly ,  f u n c t io n .  For ex am p le ,  Beed­
ham (1958), work ing w i th  the  mantle  of Anodonta c y g n e a , s u g g e s t e d  
tha t  the  v a r ia t io n  in h i s to lo g ic a l  a p p e a r a n c e  in d i f feren t  reg ions  of the  
mantle  is  due  in part  to the  r e l a t iv e  amounts  of c o n ch io l in  p roduced ,  
and  the  sec re to ry  ra te  of the c e l l s  .

Although M_. mercenar ia  is common a long  the  e a s t  c o a s t  of 
North America,  the re  is  v i r tu a l ly  noth ing  known of the  mant le  h i s to lo g y  
or h i s to c h e m is t r y ,  e x c e p t  for work by Beve lander  and  Benzer (1948).
The t e c h n iq u e s  re ferred  to in our paper  were  s e l e c t e d  to provide  a 
background  of in format ion on the sy n th e t i c  a r e a s  and the  energy  so u rc e s  
for s y n t h e s i s  and  s e c r e t i o n s  in the  mant le  of M_. m e r c e n a r i a , so th a t  
more sp ec i f i c  work c a n  be  ca r r ied  on in the  future . The repor ted  r e s u l t s  
a re  by no means  d e f in i t iv e  .

MATERIALS AND METHODS

T r a n s v e r se  s e c t i o n s  of the  mant le  w ere  s t a i n e d  e i th e r  w i th  
t o lu id in e  b lue  O or pe r iod ic  a c id - S c h i f f  r e a g e n t .  Fresh  mant le  t i s s u e  
w a s  t r e a te d  with  the  G -N a d i  r e a g e n t  for cy tochrom e o x i d a s e  a c t i v i t y  or 
with  2 - 3 - 5  t r ipheny l  té t r azo l iu m  ch lo r ide  for s u c c in i c  d e h y d ro g e n a s e  
a c t i v i t y .  All m a te r ia l  to  be  s e c t io n e d  w a s  f i r s t  embedded  in p a ra f f in .  
S ta ined  s e c t i o n s  were  dehydra ted  through a s e r i e s  of  e t h a n o l s ,  c l e a r e d  
in x y l e n e ,  and  mounted in P e rm o u n t .

The fo l lowing methods  a re  re fe r red  to in th i s  paper :

a . To lu id ine  b lue  O . M an t le  t i s s u e  w a s  f ixed in C a r n o y ' s  
f ixa t ive  and s to red  in 70 per c e n t  e thano l  un t i l  u s e d .  S e c t io n s  w ere  
hydra ted  and  s t a i n e d  for f ive  minu tes  in a 0 .1  per c e n t  a q u e o u s  so lu t io n  
of to lu id in e  b lue  O .  This s t a in  w a s  u s e d  by Ronkin (1952) in s t u d i e s  on 
mucus  format ion and  s e c r e t i o n  in the  la rge  marine  s n a i l ,  Busycon c a n a l i ­
cu la tu m  .

b .  Periodic  a c id - S c h i f f  r e a c t i o n .  This r e a c t i o n  (after H o t c h k i s s ,  
1948; c i t e d  by P e a r s e ,  1954) is employed  for the  l o c a l i z a t i o n  of v a r io u s  
s u b s t a n c e s  .

S ec t io n s  f ixed in 10 per c e n t  n eu t ra l  formal in  and embedded in 
paraff in  w ere  hyd ra ted  and  t r e a ted  with  pe r iod ic  a c id  so lu t io n  for 5 
m in u te s ,  r in s e d  in 70 per c e n t  e th a n o l ,  immersed  in a red u c in g  b a th  for 
1 m inu te ,  a g a in  w a s h e d  in 7 0 per c e n t  e th an o l  and  then  s t a i n e d  in
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S c h i f f s  so lu t io n  for 2 0 minu tes  . They w ere  then  w a s h e d  in running 
w a te r  for 10 m in u te s ,  s t a i n e d  in D e l a f i e l d ' s  hem atoxy l in  for 3 m in u te s ,  
d i f f e r en t i a t e d  in 1 per c e n t  a c id  a l c o h o l  and  w a s h e d  in runn ing  w a te r  
fo r  3 0 more m inu tes  . They were  then  c o u n te r s t a in e d  w i th  O range  G for 
10 s e c o n d s  and  r e w a s h e d  in running  w a te r  for 3 0 s ec o n d s ,  deh y d ra ted  
in e th an o l  and  c l e a r e d  in x y l e n e .  Permount w a s  u s e d  a s  th e  mounting 
m e d iu m .

c .  G -N a d i  r e a c t i o n .  This method employed for cy toch rom e  
o x i d a s e  a c t i v i t y  w a s  a f t e r  Moog (1943; c i t e d  by P e a r s e ,  1954).  A 
w ho le  f r e sh  m ant le  w a s  in cu b a ted  in "N ad i  reag en t"  a t  37 C .  Two 
con t ro l  s e c t i o n s  w e re  w a s h e d  in sodium a z i d e  and p h e n y lu re th an e  s o l u ­
t io n s  r e s p e c t i v e l y .  O ne  s e c t io n  w a s  in c u b a te d  in "N ad i  r e a g e n t " /  
p h e n y lu re th an e  for 5 minu tes  and  the  o the r  s e c t i o n  in "N ad i  r e a g e n t " /  
sod ium a z i d e  for the  sam e  t im e .  All s e c t i o n s  w e re  w a s h e d  in 0 .7  per 
c e n t  NaCl  and  mounted  in 5 per c e n t  p o t a s s iu m  a c e t a t e .  Permanent  
s e c t i o n s  were  not m a d e .

d . Tr iphenyl  t é t r a zo l iu m  ch lo r id e  method . This  method (after 
S t raus  et  a_l; c i t e d  by P e a r s e ,  19 54) i s  u s e d  to l o c a l i z e  s u c c in i c  
d e h y d r o g e n a s e  a c t i v i t y .  Fresh  w ho le  m an t le  w a s  w a s h e d  in p h o s p h a te  
buffer  a t  pH 7 . 2 ,  and  then  in c u b a t e d  in TTC a t  room tem p era tu re  for 3 0 
m inu tes  . After i n c u b a t io n  th e  s e c t i o n  w a s  a g a i n  w a s h e d  in the  buffer 
s o lu t io n  and  f ixed  in n e u t ra l  fo rmal in  for 2 hours  .

OBSERVATIONS 

H is to lo g y  of M an t l e  Epi thelium

The s h e l l - d e p o s i t i n g ,  ou te r  ep i th e l iu m  of th e  m an t le  c o n s i s t s  
la rg e ly  of co lum nar  e p i t h e l i a l  c e l l s  w i th  a sm al l  c e n t r a l  n u c l e u s  .
M o s t  of t h e s e  c e l l s  m e a s u r e  ab o u t  7 m ic rons  w id e  by  41 high; the  
n u c l e u s  h a s  a d ia m e te r  of 6 m ic r o n s .  In t h e  reg ion  of t h e  m ant le  e d g e ,  
h o w e v e r ,  t h e s e  c e l l s  a re  4 . 5  microns  w id e  by  5 0 h i g h .  Near  the  
p a l l i a i  l in e  the re  a re  a l a rg e  number of mucous  g land  c e l l s  but t h e s e  
d e c r e a s e  in number toward  the  umbo of th e  s h e l l . The inne r  ep i th e l iu m  
of  the  m a n t l e ,  w h ich  l i n e s  the  m an t le  c a v i t y ,  is  made up  of cubo  idai  
c e l l s  (11 m ic rons  w id e  by  15 high) with  a r e l a t i v e l y  l a rg e  c e n t r a l  
n u c l e u s  (d iam ete r ,  7 . 5  m ic ro n s ) .  The t i s s u e s  in most  of  th e  m a n t l e ,  
t h a t  a rea  b e t w e e n  the  p a l l i a i  l ine  and  the  umbo r e g io n ,  c o n s i s t  c h ie f ly  
of c o n n e c t i v e  and  v a s c u l a r  t i s s u e  b e tw e e n  the  two e p i t h e l i a l  l a y e r s .  
D i s t a l  to the  p a l l i a i  l in e  the  m an t le  t h i c k e n s  . This  d i s t a l  por tion  of 
the  m a n t l e ,  the  p a l l i a i  b o rde r ,  in c lu d e s  a d d i t i o n a l  t i s s u e .  M u s c u la r  
e l e m e n t s  of the  bo rd e r ,  mucous  c e l l s  and  o th e r  s e c r e to r y  c e l l s  a re
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c o n s p ic u o u s  . Ep i the l ia l  c e l l s  of the  mantle  edge  s t a i n  darker  with t o lu i ­
d ine  blue O than  do th o s e  c e l l s  proximal to the  pa l l i a i  l i n e .

There  a re  two ty p e s  of mucous c e l l s .  One is c u b o id a l ,  occurr ing  
in the  c u b o id a l  ep i the l ium  and  in the c o n n e c t iv e  t i s s u e  b e n ea th  both  
cubo id a l  and co lumnar  ep i th e l iu m .  The o ther  type  of c e l l  is narrow and 
f l a s k - s h a p e d  with a l o n g  a p i c a l  reg ion  te rm ina t ing  in a sm al l  b u l b - s h a p e d  
t i p .  This mucous c e l l  type  is  found most often  in the co lum nar  e p i th e l iu m .

The per iod ic  a c id - S c h i f f  r e a c t io n  shows c o n c e n t r a t i o n s  of Sch i f f -  
p o s i t iv e  m ate r ia l  a round the  groove b e tw ee n  the  s en so ry  and  muscu lar  
fo lds  and in the  p a l l i a i  m usc le  f ibe rs  . The l o o s e  c o n n e c t iv e  t i s s u e  a l s o  
show s  a p p re c ia b le  am ounts  of S c h i f f -p o s i t iv e  m a te r i a l .

The ep i the l ium  of the oute r su r face  of the  mant le  a long  the  d i s t a l  
border forms a ve ry  i r regu la r ,  a lm o s t  co r ruga ted  su r fa ce  in h i s to lo g i c a l  
s e c t io n s  . The proximal port ion of the  ou te r  su r fa ce  of th e  sec re to ry  fold 
is  a l s o  " c o r r u g a t e d , "  w h i le  the  d i s t a l  ou te r  su r fa ce  a p p e a r s  sm o o th .

The e p i th e l i a l  c e l l s  of the  sec re to ry  fold a re  co lumnar  and c o n ­
t a in  both b a s a l  and  a p i c a l  g r a n u l e s .  At the  t ip of the  fo ld ,  the nuc le i  
of  the  e p i th e l i a l  c e l l s  a re  b a s a l .  C e l l s  of the  inner su r face  of the  
s ec re to ry  fo ld ,  forming the  p e r io s t r a c a l  groove with the  c e l l s  of the  
ou te r  su r fa ce  of the s e n s o r y  fo ld ,  a re  narrow,  abou t  4 . 5  microns wide  
and  20 to 30 h igh ,  with b a s a l  nu c le i  up to 4 microns in d i a m e te r .

Ep i the l ia l  c e l l s  of  the  ou ter  su r fa ce  of the  s e n s o ry  fold a re  
smal l  and  c u b o id a l ,  w h i le  the  c e l l s  of the  inner su r fa ce  tend  to be more 
co lum nar ,  with a b a s a l  n u c l e u s .  H eavy  c o n c e n t r a t i o n s  of mucous c e l l s  
under l ie  the  ep i the l ium  of the  s e n s o r y  fold .

Both inner and outer  su r f a c e s  of the  m uscu la r  fold a re  co m pr ised  
of c u b o id a l  e p i th e l iu m .  Large  numbers of mucous  c e l l s ,  w h ich  d i s ­
charge  mucus to th e  ou ter  su r face  through many narrow c h a n n e l s ,  occur  
in the  b a s a l  por tion of the  e p i th e l iu m .  Under ly ing  the  in n e r - s u r f a c e  
ep i the l ium  the re  is  a no the r  r e l a t iv e ly  heavy  c o n c e n t r a t io n  of mucous 
c e l l s  which  a re  d i s t i n c t  from the  b a s a l l y  occur r ing  c o n c e n t r a t i o n s  .

The four th fold (Fig.  1 ) ,  p o s s ib ly  unique  to M ercen a r ia  m e rc en ­
a r ia  L. and re l a t e d  s p e c i e s ,  is  sm al le r  and  more b lunt  than  the  o ther  
fo lds  . I t s  d i s t a l  edge  is  o r ien ted  o p p o s i t e  to the  d i re c t io n  of the  o ther  
th ree  fo lds  and  o v e r la p s  a prominent r id g e ,  SR, border ing  i t .  The 
fourth fold c o n ta i n s  a la rge  amount  of g ranu lar  mucus  .
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Enzyme Activ ity

Cytochrom e o x i d a s e  a c t i v i t y  w a s  d e m o n s t r a t e d  most markedly  in 
the  c e n t r a l  a r e a  e n c l o s e d  by the  p a l l i a i  l ine  and  in the  ou te r  e d g e s  of 
the  m ant le  fo lds  . I t  w as  r e l a t i v e ly  s p a r s e  or a b s e n t  e l s e w h e r e  in the  
fo lds  .

S u c c in ic  d e h y d r o g e n a s e  a c t i v i t y ,  a s  d e m o n s t r a t ed  by  a red 
c o lo r a t i o n ,  w a s  a l s o  m os t  marked w i th in  the  a r e a  of the  m an t le  e n c lo s e d  
by the  p a l l i a i  l ine  . The groove b e tw e e n  the  s e n s o r y  and m u scu la r  fo lds  
w a s  a l s o  h igh  in s u c c i n i c  d e h y d r o g e n a s e  a c t i v i t y .

DISCUSSION

G e n e r a l ly ,  the  l a m e l l ib ra n c h  m ant le  edge  i s  c o n s id e r e d  to  be 
d iv id e d  in to  th ree  fo lds  (Beedham,1958; M orton ,  1958).  The p r e s e n c e  
of a fourth fold  in  the  m an t le  of M er ce n a r ia  m ercena r ia  L .  i s ,  t h e r e ­
fo re ,  s i g n i f i c a n t  and  i s  r epo r ted  h e r e .

According  to th e  l a t e  D r .  Thurlow C .  N e l s o n  (pe rsona l  c o m ­
m un ica t io n ) ,  the  q u a h o g ,  w hen  e x p o s e d  to  a i r ,  is  a b l e  to void  mud and 
o the r  d e b r i s  w i th o u t  the  u s e  of the  s ip h o n s  . The mud i s  a l w a y s  mixed 
w i th  l a rge  am oun ts  of m u c u s .  D r .  N e l s o n  s u g g e s t e d  th a t  th e  four th  
fold might fun c t io n  in t h i s  p r o c e s s  .

The s t a i n in g  t e c h n i q u e s  ( to lu id ine  b lue  O and  PAS) have  
r e v e a l e d  a h e a v y  c o n c e n t r a t i o n  of mucus  in the  four th  fold  and  in the  
r id g e  w h ic h  is  c o v e r e d  by the  fold in f r e sh  m a t e r i a l .  S ince  it h a s  b e en  
o b s e r v e d  in o p e n ed  s p e c i m e n s  th a t  t h e s e  po r t ions  of the  m an t le  edge  
c o p i o u s l y  s e c r e t e  mucus  and  th a t  d e b r i s  c o l l e c t i n g  in th e i r  v i c in i ty  
b e c o m e s  c o a t e d  w i th  m u c u s ,  th i s  mucus  a p p a r e n t ly  a i d s  in c o n s o l i d a t i n g  
d e b r i s  t h a t  c o l l e c t s  a round  the  pe r iphe ry  of th e  m a n t l e .  It is  a s s u m e d  
t h a t  the  m u c u s - c o a t e d  d e b r i s  is  v o id e d  by c i l i a r y  and  m u s c u la r  a c t i o n  
of the  m ant le  e d g e .

The s i g n i f i c a n c e  of the  l o c a l i z a t i o n  of c y to ch ro m e  o x i d a s e  and  
s u c c i n i c  d e h y d r o g e n a s e  a c t i v i t y  is  not c l e a r  a t  t h i s  t im e ,  e x c e p t  tha t  
t h e s e  e n zy m e s  a re  a s s o c i a t e d  with th e  e n e r g y - p r o d u c in g  Krebs c y c l e  
( see  W i lb u r ,  1960, for a r e v ie w  of energy  r e l a t i o n s  in b iv a lv e  m a n t l e s ) .  
The o b s e r v a t i o n s  rep o r ted  he re  a re  only  p re l im ina ry  and much more work 
w i th  the  enzym e s y s t e m s  of M . m e rcen a r ia  h a s  to  be  done . The u l t im a te  
o b j e c t i v e  is  to  d e te rm in e  s e a s o n a l  a c t i v i t y  a s  w e l l  a s  s i t e s  of a c t i v i t y .  
W h e n  th i s  h a s  b e e n  d o n e ,  p e rh a p s  a c l e a r e r  p ic tu re  of th e  ro le  of the  
m an t le  in s u ch  fu n c t io n s  a s  s h e l l  s e c r e t i o n  c a n  be  o b t a i n e d .
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CONCLUSIONS

1 . There is  a fourth fold of the  mantle  edge  of M_. m ercenar ia  . It
is  p o s s ib l e  tha t  th i s  fold a id s  in vo id ing  deb r i s  through co p io u s  
s e c r e t i o n  of mucus  .

2 .  The h i s to lo g y  of the  ep i the l ium  in d i f feren t  re g io n s  of the  mantle
and two ty p e s  of mucous gland  c e l l s ,  a c u b o id a l  type  and  a 
f l a s k - s h a p e d  c e l l ,  a re  d e s c r i b e d ,

3 . T r an s v e r se  s e c t io n s  of mant le  t r e a te d  w i th  to lu id in e  b lue  O
showed d i f f e r en c es  in the  s ta in in g  r e a c t io n s  to th is  s t a i n  in 
d i f fe ren t  r eg io n s  of the  m a n t l e .  Large mucus d e p o s i t s  w ere  
l o c a l i z e d  in the  four th fold and  mucous  gland  c e l l s  were  ev iden t  
in the  e p i t h e l i u m .

4 .  S c h i f f -p o s i t iv e  mater ia l  w a s  found to be  l o c a l i z e d  primarily in 
the  c o n n e c t iv e  t i s s u e  and  p a l l i a i  m u sc le  f i b e r s ,  and  around the  
groove b e tw ee n  the s en so ry  and  m uscu la r  fo lds  .

5.  The G -N ad i  r e a c t io n  for cy tochrom e o x i d a s e  and the  TTC method 
for s u c c in ic  d e h y d ro g e n a s e  a c t i v i t y  w ere  performed on  f resh  
m a n t l e .  Cytochrome o x id a s e  a c t i v i t y  w a s  found to be  most 
marked in the  reg ion  from n e a r  the  h inge  to the  p a l l i a i  l ine  and
in the  d i s t a l  port ion of the  p a l l i a i  border fo lds  . Succ in ic  d e h y d ro ­
g e n a s e  a c t i v i t y  w as  most c l e a r ly  d em o n s t ra ted  in the  a rea  beh ind  
the  p a l l i a i  l ine  and  a t  the  junc tu re  of the  middle  and  inner mantle  
fo lds  .
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