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Summary

A zo  d y e  techniques w ere  used  to  in v es tig a te  th e  u ltrastructu ra l localization o f lysosom al acid hy d ro la se s  in 
o v arian  o o c y te s  of th e  com m o n  m arine m ussel M ytilu s edulis. T he enzy m es w ere  a ry lsu lphatase , 
/^-glucuronidase, nonspecific esterase , N -acety l-ß -hexosam in idase  and  acid phosp h a tase . For a ry lsu lpha­
tase, th e  azo  d y e  technique w as com pared  w ith  an  a lte rn a tiv e  m eth o d  using n itrocatecho l su lp h a te  as the 
su b s tra te  and barium  as th e  cap tu rin g  ion. A c tiv ity  o f all th e  enzym es w as found to  be assoc ia ted  w ith  the 
yo lk  g ranu les an d  w ith  p in o cy to tic  p h en o m en a  w hich w ere obse rv ed  a lo n g  th e  basal m em b ran e  of 
dev elo p in g  oocy tes. A c tiv ity  w as also fo u n d  to  be  assoc iated  w ith  re so rp tio n  o f a tre tic  o o cy te s .

Introduction

T h e  cytochemical dem o n s tra t io n  of  lysosom al acid hydrolases, principally  acid 
phospha tase ,  in yolk granules  has been  re p o r ted  for a num ber  of  molluscs (Bluemink, 
1967; Pasteels, 1973; Arni, 1974; Jong-Brink et al., 1983; Pipe, 1985). It appears  tha t  yolk 
utilization is m edia ted  by  lysosom al en zy m es  in fertilized and atretic  o o c y te s  (Pasteels, 
1973; M asu d a  & Dan, 1977; D ecro ly  et a i,  1979). In molluscs tha t  p roduce  e g g  cells 
p ro v id e d  with perivitelline fluid, there  are tw o  popu la tions  of yolk granules, the  first of 
w hich can function as p r im ary  ly sosom es during  em bryonic  deve lopm ent,  fusing with 
p h a g o so m e s  form ed m acrop inocy to tica l ly  from  the  perivitelline fluid. T h e  second 
p opu la t io n  of  granules also contains h y d ro ly t ic  enzym es which are p resum ed  to  be 
invo lved  in the b reakdow n  or transfo rm ation  of the  conten ts  of the  granules  (Favard & 
Carasso, 1958; Bluemink, 1967; Bottke, 1973; Jong-Brink et al., 1976). T he  pe rcen tag e  of 
yo lk  granules reacting posi t ive ly  for h y d ro ly tic  enzym es appears  to  be  variable 
accord ing  to  the  deg ree  of  m a tu ra tion  of  the  o o cy te s  (Arni, 1974; Jong-Brink et a l ,  1983) 
a n d  increases significantly in d eg en e ra t in g  o o cy te s  (Jong-Brink et al., 1 9 76).
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In the  m arine mussel M utilus edulis the  ovarian  o o cy te s  react pos i t ive ly  for hydro ly tic  
enzym es th ro u g h o u t  the reproductive  cycle. T h e  levels o f  activ ity  have  been  show n  to 
v a ry  accord ing  to the  particular enzym e and the  t ime of y ea r  sam pled  (Pipe, 1985). In the  
present s tudy, an azo d y e  technique (Bowen, 1971) has been  modified and used to 
inves tiga te  the  ultrastructural localization of a n um ber of  acid hyd ro lases  in ovarian 
o o cy tes  of M . edulis. T hese  w ere arylsulphatase, ^ -g lucuronidase, nonspecific  esterase, 
N -acety l-ß-hexosam inidase  and acid phosphatase . For arylsulphatase, the  azo dye  
technique has  been  com pared  w ith  an alternative m ethod , using n itrocatechol sulphate as 
the  substra te  and barium  as the capturing ion (H opsu -H avu  et a i ,  1967).

M aterials and m ethods

M an tle  tissue w as d issected  from  m ussels collected  in A pril and June from  Sharrow  Po in t, W h itsan d  Bay, 
C ornw all. T issue  co n ta in in g  o o cy te s  w as cut in to  app ro x im ate ly  1 m m  cubes and  fixed fo r 3 0  m in a t 4 C 
in a 0.1 M PIPES-buffered m ix tu re  of parafo rm aldehyde  (2%) and g lu ta ra ld eh y d e  (2.5%), pH  7.2, con ta in ing  
2.5% N aC l and  2 mM C aC l2- T issues w ere  rinsed o v e rn ig h t in 0.1 M PIPES-buffered sucrose (0.75 M), 
pH  7.2, and  cut in to  th in n e r slices, transferred  to  th e  incubation  buffer fo r 30  m in and  then  reacted  for acid 
h y d ro lases as o u tlined  in T able  1. T issues fo r reaction  co n tro ls  w e re  incubated  w ith o u t substra te . T he 
sam ples w ere  th en  rinsed in 0.1 M p h o sp h a te  buffer, pH  ".4, and  postfixed  in 1% osm ium  te tro x id e  in 
p h o sp h a te  buffer, for 1 h, fo llow ed  b y  an  o v e rn ig h t rinse in 0.1 M p h o sp h a te  buffer, d eh y d ra tio n  to  "0%  
e th an o l an d  o v e rn ig h t infiltration in several changes o f LR w h ite  resin  (L ondon R esin Co. Ltd). 
Po l> m eriza tion  w as carried  o u t in g e la tin  capsules at 60  C for 24 h. U ltra th in  sections w ere  cut on  a 
Reichert U ltracu t E u ltram icro tom e, collected  on  carb o n -co ated  g rid s and  exam ined, w ith o u t counter- 
staining, in a Philips 30 0  e lectron  m icroscope w ith  an accelerating  v o lta g e  of 60 kV.

R esults

Reaction product, which takes the  form of ve ry  fine, e lectron dense  particles, was found 
for all the  enzym es  tested, a l th o u g h  no t all yolk granules  stained positive ly  (Figs. 1-6). 
There  was no apparen t  difference in localization of the reaction p roduc ts  for the different 
enzymes, a l th o u g h  the  density  did va ry  slightly. Reaction p roduc t  was genera lly  found 
around  the  per iphery  o f  the  yolk granules  with ve ry  finely scattered particulate  deposits  
th ro u g h o u t  the  matrix.

Tissues reacted  for arylsulphatase  using nitrocatechol su lphate  as the substra te  and

Fig. 1. Y olk gran u les from  M . edulis ovarian  o o cy te  reacted  for a ry lsu lphatase  using  n itrocatecho l su lphate 
as the su b stra te  and barium  as the cap tu rin g  ion. Scale bar, 0.5 /an .

F ig . 2 . Yolk g ran u les from  M . edulis ovarian  o o cy te  reac ted  for a ry lsu lpha tase  using  naphthol-A S-B I- 
su lphate  as th e  su b stra te  and  p -n itro b en zen e  d iazonium  te tra flu o ro b o ra te  as the coupling  ag en t. Scale bar, 
0.5 /<m.

Fig. 3. Y olk granu les from  M . edulis ovarian  o o c y te  reacted  for N -acety l-/i-hexosam inidase . Scale bar, 
0.5 /im.

Fig. 4 . Y olk g ranu les from  ,VL edulis ovarian  ooc> te  reacted  for /i-g lucuronidase. Scale bar, 0.5 /an. 

F ig . 5 . Y olk g ranu les from  M . edulis ovarian  o o cy te  reacted  for acid p h osphatase . Scale bar, 0.5 um. 

F ig . 6 . Yolk g ran u les from  M . edulis ovarian  o o c y te  reacted  for nonspecific  esterase. Scale bar, 0.5 /<m. 
A rro w s ind icate  reac tion  p roduct.
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T a b le  1. D etails of p ro ced u res for reac tin g  fo r lysosom al acid  hydro lases.

Enzyme Schedule

Acid p h ospha tase  Incubate  a t 37 C for 1 h in: 4 m g  naphthoI-A S-B I-
p h o sp h a te  (Sigma) d isso lved  in 0.5 ml d im ethy lform am ide, 
m ade up to  25 ml w ith  0.1 M aceta te  buffer ( +  2.5%
NaCl), p H  4.5. Rinse in saline and  p o stco u p le  in 
p -n itro b en zen e  d iazonium  te tra flu o ro b o ra te  (Kodak) for 
30  m in at ro o m  tem pera tu re .

N onspecific esterase  Incubate  a t 3 7 ' C for 1 h in: 10 m g naphthol-A S-D -
ace ta te  (Sigma) d isso lved  in 0.5 ml d im ethy lform am ide, 
m ade  up  to  25 ml w ith  0.1 M  citrate  buffer ( +  2.5%  NaCl), 
p H  5.0. R inse and  p o stco u p le  as for acid p hosphatase .

N -A cetyl-/l-hexosam inidase Incubate  a t 37  C  for 1 h in: 10 m g naphthoI-A S-B I-
g lucosam in ide (Sigma) d isso lved  in 1 ml 
2 -m eth o x y eth an o l, m ade up to  25 ml w ith  0 .1 M c itrate  
buffer ( + 2 .5 %  NaCl), pH  4.5. Rinse and  p o stco u p le  as for 
acid p hosphatase .
Incubate  a t 3 “ C fo r 1 h in: 7 m g  naphthol-A S-B I- 
g lu cu ro n id e  (Sigma) d isso lved  in 0.5 ml 50  mM N a H C 0 3 
m ade up to  25 ml w ith  0.1 M ace ta te  buffer 
(+ 2 .5 %  NaCl), p H  4.5. Rinse and  postco u p le  as fo r acid 
phosp h a tase .
Incubate  a t 37 C for I h in: 30  m g naphthol-A S-B I- 
su lp h a te  (Sigma) d isso lved  in 1 ml 2 -m eth o x y eth an o l, 
m ade up to  25 ml w ith  0.1 M ace ta te  buffer 
(+ 2 .5 %  NaCl), pH  5.5. R inse and postco u p le  as fo r acid 
phosp h a tase .
Incubate  a t 3 T7 C for 45 m in in: 120 m g  p -n itrocatechol 
su lphate  (Sigma) d isso lved  in 4 ml distilled  w a te r plus 
12 ml 0.1 M ace ta te  buffer p H  5.5, plus 4 ml 5%  BaCl? 
so lu tion . R inse in 0.1 M ace ta te  buffer, p H  5.5, for 1 min 
fo llow ed  b y  3%  acetic acid for 2 min an d  a final rinse in 
0.1 M ace ta te  buffer.

barium  as the  capturing ion sh o w ed  considerably  heavier deposition  of  reaction p ro d u c t  
than those  reacted using nap h th o l  AS-BI substra te  and p -n itrobenzene  diazonium  
tetrafluoborate  as the coup ling  ag en t  (compare Figs. 1 and 2).

P inocyto tic  p h e n o m en a  w ere  o b se rv ed  a long  the basal m em brane of deve lop ing  
o o cy te s  and tissues reacted  for arylsu lphatase  using n itrocatechol su lp h a te -b a r iu m  
show ed  reaction p roduc t  associa ted  w ith  the  p inocyto tic  phenom ena  (Figs. 7 and 8). This

Fig . 7. P inocy tosis occurring  a lo n g  the basal m em brane  of a d ev elo p in g  o ocy te  from  M . edulis reac ted  for 
a ry lsu lpha tase  using  n itrocatechol su lp h a te  as the su b stra te  and barium  as the cap tu rin g  ion. Scale bar, 
0.5 /un.

F ig . 8 . P inocy to tic  vesicle in d ev e lo p in g  o o c y te  o f M . edulis reacted  for ary lsu lphatase  using n itrocatechol 
su lphate  as the substra te  and  barium  as th e  cap tu rin g  ion. A rro w s indicate reaction  p ro d u c t. PV, p in o cy to tic  
vesicle. Scale bar, 0.5 /im.

/1-Glucuronidase

A ry lsu lphatase

Ar} lsulphatase
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reaction  p ro d u c t  w as associated w ith  the  basal m em brane , w ith  the  particulate material 
be ing  p inocy tosed , and with the  resultant p in o cy to t ic  vesicle.

R eso rp tion  of  atretic  oocy tes  by  the su rround ing  acinar epithelial cells w as observed. 
H e a v y  deposits  of reaction p roduc t  w ere  associa ted  with the  re so rp tion  (Figs. 9 and 10). 
D ense  reac tion  p roduc t  for all enzym es  was located  w ith in  the  ly sosom es  of the  acinar 
epithelial cells (Fig. 9) and  extracellular deposits  w ere  associated w ith  the microvilli o f  the  
epithelial cells (Fig. 10). T he  yo lk  granules  from  the  d eg enera t ing  o o cy tes  w ere  also 
pos it ive ly  reactive around  their periphery7.

T he  control tissues, incubated w ith o u t  substrate, w ere  found to  be  nega tive  for all 
enzym es.

D iscu ssio n

T h e  results sh o w  positive  reactions for all the  lysosom al enzym es tested. This uniform 
presence  of  a num ber  of lysosomal h y d ro ly t ic  enzym es  associated w ith  the y o lk  granules 
of A4, edulis emphasizes that they  can be considered  as a form  of lysosome.

T he  m ain  draw back to the use o f  the  azo dye  technique for ultrastructural localization 
o f  the ac tiv ity  of acid hydro lases  in o o cy te s  is that, due to  the v e ry  fine na tu re  of the  
d ep o s i ted  reaction product, low  p o w e r  obse rv a t io n s  are no t possible. W h e re  enzym e 
activities are v e ry  high, as in slug d iges t ive  g land  and rat liver (Bowen, 1971), this does 
n o t  appea r  to  be a problem. E xtending  the  incubation times w o u ld  p robab ly  have  
resu lted  in  increased azo dye  depos it ion  (Bowen, 1971).

T he  function  of  acid hydro lases  in yo lk  granules  during  em bryogenesis  has been 
established for some species, in particular those  w ith  perivitelline fluid (see Jong-Brink et 
a i,  1983). T he  role, how ever,  o f  acid hydro lases  in ovarian  o o cy te  yolk granules  has no t 
been  established; the question  has been  posed  as to  w h e th e r  the lysosom al enzym es  in 
y o lk  granu les  are p resen t  th ro u g h o u t  oog en es is  in a latent form  or w h e th e r  their 
p ro d u c t io n  in the cy top lasm  and transfer into yo lk  granules is a part  of the  m atura t ion  
p rocess  (Pasteels, 1973 ; D ohm en , 1983 ; Jong-Brink et a l, 1983). In the presen t s tudy, acid 
hy d ro la se  activity  w as found  to  be  associated  w ith  p inocy to tic  p h en o m en a  observed  in 
dev e lo p in g  oocytes , indicating possib le  hydro lys is  o f  m acrom olecules before and during 
incorpora t ion  into the  p inocy to tic  vesicles. P in ocy to tic  vesicles g ive  rise to  yo lk  granules 
in d ev e lo p in g  o o cy tes  of m osqu itoes  (Roth & Porter, 1964), while in the  toad  Xenopus 
laevis and  som e species of  annelid w o rm  there  is fusion of p inocy to tic  vesicles with yolk 
granu les  during  oogenesis  (Olive & Clark, 1978; W allace et a l, 1983). A  similar situation

Fig. 9 . A cinar epithelial cells from  m antle  tissue of M . edulis reacted  fo r a ry lsu lpha tase  using  n itrocatecho l 
su lpha te  as th e  substra te  and  barium  as th e  cap tu ring  ion. Scale bar, 0.5 ftm.

F ig . 1 0 . R eso rp tio n  of o o cy te  m aterial b y  acinar epithelial cells in m antle  tissue of A4, edulis reacted  for 
ary lsu lp h a tase  using  n itrocatecho l su lpha te  as the  su b s tra te  and  barium  as the cap tu rin g  ion. Scale bar, 
0.5 ftm.
A rro w s indicate reac tion  product. M Y , m icrovilli.
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cannot be ru led  ou t for A4. edulis w ith  the concom itan t  possibility  of  acid hydro lase  
inv o lv em en t  in yo lk  granule  formation.

U npub lished  obse rva tions  (Pipe) indicate that p inocy tos is  a long  the basal m em brane 
on ly  occurs in the  early stages of  oogenes is  and  the re  is ev idence  for au to sy n th e t ic  yo lk  
fo rm ation  during  the  later s tages  of  oogenesis . This leads us to  pos tu la te  ten ta t ive ly  the 
possib ility  th a t  positive ly  reacting yo lk  granules  m a y  be  h e te ro  synthetic , while negative  
granules  m a y  be au tosynthetic .

O o c y te  d eg en e ra t io n  in molluscs is a frequent phen o m en o n ,  o f ten  resu lting  from 
env ironm en ta l  conditions such as extrem es of  tem perature ,  desiccation o r  lo w  levels of 
nu tr it ion  (Joosse et a l, 1968; Lucas, 1971; Jong-Brink, 1973). In Biomphalaria glabrata and 
Lymnaea stagnalis, o o c y te  degenera t ion  appears  to  be  a gradual p rocess  w ith  breakdow n 
of yolk granu le  m em brane, disappearance of  the  oo lem m a and  reduc tion  in size 
concurren t w i th  inges t ion  b y  su rrounding  follicle cells. In A4, edulis there  appears  to  be a 
b re a k d o w n  of the  vitelline mem brane, releasing o o c y te  con ten ts  in to  the acinar lumen 
w here  th e y  are  reso rbed  by  the  surrounding epithelial cells. In the  presen t  study, heav y  
deposits  o f  reaction  p roduc ts  were located w ith in  ly sosom es o f  the  resorb ing  cells 
(Fig. 9). S tro n g  extracellular ac tiv ity  w as also found  associated  w ith  the  microvillous 
bo rd er  of  th e  reso rb ing  cells and the  d eg enera t ing  y o lk  granules  (Fig. 10). These 
obse rv a t io n s  indicate extracellular as well as intracellular b reak d o w n  of the  oocy te  
con ten ts  b y  acid hydro lases  and  suggest this as a n o th e r  possible ro le  for lysosomal 
enzym es  in the  yo lk  granu les  of  ovarian  oocytes.

T hese  findings indicate that there  is a n eed  for further research to  identify the 
functional ro le  of lysosom al hydro lases  in yo lk  granules, b o th  in norm al d ev e lo p m en t  of 
th e  eg g s  and  in d egenera t ive  processes. T he  ev idence  for an  inv o lv em en t  in the  latter is 
particularly  im p o r tan t  in term s of unders tand ing  the  m echanism s o f cell in jury induced by 
the ac tion  of  env ironm enta l stressors, including tox ic  chemical pollutants , which are 
k n o w n  to d am ag e  ly sosom es  in o th e r  m olluscan cell ty p es  (M oore, 1985).
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