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Summary. L a te n t ^ -g lu cu ro n id ase  and  g lucosam in idase  ac tiv ities have been 
d em o n s tra te d  in  sm all cy top lasm ic partic les, w h ich  m ay possib ly  be p rim a ry  
lysosom es, as well a s  som e la rger g ranules o f th e  d igestive cells o f  the  com m on  
m ussel. L a ten cy  was in d ica ted  by increased s ta in in g  o f  these  s tru c tu re s  fo llow ­
ing  in c u b a tio n  in  bu ffe r a t  p H  4.5 a t 37 C. T h e  exposu re  o f  m ussels to  tem p e­
ra tu re s  o f  25-28° C over a  p e rio d  o f  fou r days in d u ced  a  sign ifican t decrease 
in  the  la tency  o f  lysosom al g lucosam inidase. T h e rm a l d e a th  p ro d u ce d  labili- 
z a tio n  o f  lysosom es a lth o u g h  selective release o f  hyd ro lase  activ ity  w as in d i­
ca ted  by  the  d iffe ren tia l la tency  o f  g lucosam in idase  an d  g lucuron idase . The 
in jec tion  o f  h y d ro co rtiso n e  induced  a sign ifican t increase in  la tency  in  stressed 
an im als , ind ica ting  th a t  th e  stress response involved  changes in  s tru c tu re  and  
fu n c tio n  o f  m em branes.
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Introduction

R educed  s tab ility  o f  lysosom es has been associa ted  w ith  in flam m ato ry  responses 
(C hayen  a n d  B itensky, 1971), p a rticu la rly  in  rh e u m a to id  a rth ritis . In  ad d itio n  
m an y  o th e r  co n d itio n s such  as lysosom al seq u estra tio n  o f  m etal ions (G old fischer, 
1965) a n d  v ario u s  fo rm s o f  stress (G abrielescu , 1970) have been fo u n d  to  labilise 
lysosom es, th u s  increasing  the  levels o f  free hydrolases.
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L y so so m al acid  hydro lases have been d e m o n s tra te d  in  the  digestive cells o f 
several m olluscs (R osenbaum  an d  D itz ion , 1963; S um ner, 1969; M oore , 1971; 
M o o re  a n d  H alto n , 1973). U sing  an  e lec tron  cy to ch em ica l techn ique , O w en (1970) 
detec ted  ac id  p h o sp h a tase  w ith in  the  ly so so m al co m p o n en ts  o f  the  digestive cells 
o f  the  cock le , Cardium edule. T h e  u ltra s tru c tu re  o f  the  digestive cells o f  M ytilu s  
edulis h a s  been show n to  be sim ilar to  th a t o f  C ard ium  by O w en (1972) an d  T h o m p ­
son, R a tc liffe  an d  Bayne (1974).

L a ten cy  o f  lysosom al hyd ro lase  activ ity  h a s  been d em o n stra te d  in  hom o- 
genates o f  the sterile sep ta  o f  Cerianthus llo y d i  by  T iffon (1973). B iochem ical 
d e te rm in a tio n s  o f  la ten t activ ity  m ay  be m is lea d in g  because o f  hom ogen iza tion  
tra u m a  a n d  tissue heterogeneity . T his la tte r  fa c to r  is p a rticu la rly  relevant to  
m any  in v e rteb ra te  tissues w here ce llu lar h e te ro g en e ity  is o ften  very  m arked . By 
em ploy ing  a cytochem ical techn ique it w as h o p e d  to  overcom e th is  p rob lem  and  
to  exam ine la tency in the  lysosom es o f  d igestive  cells only, a n d  n o t in  the  o th e r 
cell types p resen t. T h e  lysosom es o f  som e o f  th e se  o th e r  cell types m ay well have 
d iffe ren t la tency  p ropertie s  w hich cou ld  lead  to  a n  erro n eo u s b iochem ical d e ­
te rm in a tio n  w hen  they are considered  as a  w ho le .

C y tochem ica l m ethods o f s tudy ing  la te n c y  in m am m alian  cells have been 
deve loped  fo r n aph thy lam idase  (M cC abe a n d  C hayen , 1965), ac id  p h o sp h a tase  
(E .C . 3 .1.3.2) a n d  ß -g lucu ron idase  (E .C. 3 .2 .1 .31) (B itensky, B u tcher a n d  C hayen, 
1973). T hese  techn iques p e rm it q u an tita tiv e  cy to ch em ica l investiga tion  o f  sm all 
n u m b ers  o f  cells an d  the  a lte ra tio n  o f  ly so so m al fu n ctio n  induced  by env iron ­
m en ta l an d  disease cond itions.

T h e  p resen t s tudy  involved the d ev e lo p m en t o f  a  cy tochem ical te s t fo r latency 
a n d  its ap p lica tio n  to  o u r u n d e rstan d in g  o f  c e llu la r  stress responses an d  p a th o ­
logical changes in  the  co m m o n  m ussel, M y tilu s .  M o d u la tio n  o f  lysosom al m em ­
b ran e  stab ility  was investigated  using h y d ro c o rtiso n e  w hich is k n o w n  to  stabilise 
lysosom es in  stressed o rgan ism s th u s  red u c in g  th e  free hydro lase  activ ity  (W eiss- 
m an n , 1969).

M aterials and M ethods

M y tilu s  edu lis  (she ll le n g th  6 0 -6 5  m m ) w ere  co lle c ted  fro m  t h e  L y n h e r  R iv e r (T a m a r  E s tu a ry , P ly m o u th ). 
E x p e r im e n ta l a n im a ls  w ere  a cc lim a te d  in  a  sy stem  o f  re c irc u la t in g  s e a w a te r  fo r  a t  le a st fo u r tee n  days. 
M u sse ls  w e re  fed  w ith  P haeo d a c ty lu m  tr icornu tum  (51 o f  a lg a l c u l tu re /2 0 1 ta n k /2 4  h ) b y  c o n tin u o u s  
a d m in is tra tio n .

A n im a ls  a cc lim a te d  a t  15 C  (S u m m e r, 1975) w ere  s u b je c te d  to  a  te m p e ra tu re  o f  2 8 ' C  fo r  72 h 
in  o n e  e x p e r im e n t, 96  h  in  a n o th e r .  S am p les  o f  five a n im a ls  w e re  ta k e n  a t 24 h  in te rv a ls  a n d  th e  digestive 
g la n d s  ex cised  fo r  cy to c h em is try  a n d  cy to lo g y . A  f u r th e r  s e t o f  e x p erim e n ts  o n  th e rm a l s tre ss  was 
c o n d u c te d  o n  a n im a ls  a cc lim a te d  a t  I T C  (W in te r, 1976) a n d  su b jec ted  to  25 C  fo r  7 2 h. Sam ples 
o f  five a n im a ls  w e re  ta k e n  a t  3, 6, 24, 48 a n d  72 h . In  th is  s ec o n d  set o f  ex p e r im e n ts , g ro u p s  o f  five 
a n im a ls  (c o n tro ls  a t  11 C a n d  e x p e r im e n ta l a t  25 C) re c e iv e d  in jec tio n s  in to  th e  a d d u c to r  m uscle  o f  
0.25 m l o f  s te r ile  sa lin e  (N a C l -  33.7 g, KC1 -  0 .938  g, C a C l2 • 6 H 20  -  2.83 g, M g C l2 • 6 H 20  -  5 .386 g, 
N a 2H P 0 4 • 1 2 H ,0  -  0 .193 g, T r is  -  6 .06 g , 1 M  H C l 42.5 m l ,  d is tille d  w a te r  to  1 litre  a n d  p H  a d ju sted  
to  7 .4 ) c o n ta in in g  0.1 m g /m l o f  h y d ro c o rtiso n e  h e m is u c c in a te  (S igm a). S e p a ra te  g ro u p s  o f  five 
a n im a ls  w ere  in je c te d  w ith  s te r ile  sa lin e  on ly . S p ec im en s w e re  in je c te d  a t 45.5 h  a n d  69.5 h  a n d  sam p led  
a f te r  2 .5  h  (ie. 48 h  a n d  72  h  a f te r  th e  s ta r t  o f  th e  e x p e r im e n t) . A  g ro u p  o f  five  m u sse ls  su b jec ted  to  
25° C  fo r  72  h  w as re tu rn e d  to  th e  c o n tro l  te m p e ra tu re  o f  1 1UC  fo r  2  h p r io r  to  sam p lin g .
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T o  e x am in e  th e  ev en ts  fo llo w in g  th e rm a l d e a th , m usse ls  (a c c lim a te d  a t  10° C ) w ere  e x p o se d  to  
a  te m p e ra tu re  o f  30° C  a n d  sam p led  w h e n  th e y  s ta r te d  to  g ap e  (d e a d ) .  G a p in g  sp ec im en s  (five in  e ac h  
sam p le) w ere  re m o v e d  a fte r  23, 47 a n d  70 h.

F o r  c y to c h e m ic a l e x a m in a tio n , sm all p ieces ( 3 - 4  m m 3) o f  fre sh ly  excised  d ig e stiv e  g la n d  w ere  
d ro p p e d  in to  A n a la r  h e x a n e  a t  — 70  C  fo r  45 s a n d  s to re d  sealed  a t  — 70° C  u n til  r e q u ire d  fo r sec tio n in g . 
C ry o s ta t  s ec tio n s  (10 p m ) w ere  c u t  a t  a  c a b in e t te m p e ra tu re  o f  — 26° C  in  a  B rig h t’s C ry o s ta t . T h e  
h a f t  o f  th e  k n ife  w as p a c k e d  w ith  c ru sh ed  ‘d ry  ice’ a n d  the  s e c tio n s  w ere  co lle c ted  o n  g lass  s lides a t 
ro o m  te m p e ra tu re . T h e  sec tio n s  w ere  s to re d  in  th e  c ry o s ta t fo r  3 0  m in -2  h b e fo re  s ta in in g .

T h e  ac tiv itie s  o f  /3 -g lu cu ro n id ase  (E .C . 3 .2 .1 .31) a n d  g lu c o sa m in id a se  (E .C .3 .2 .1 .29) w ere  d e m o n ­
s tra te d  in  u n fix ed  fro zen  sec tio n s  u s in g  n a p h th o l A S -B I g lu c u ro n id e  (P ea rse , 1972) a n d  n a p h th o l 
A S -B I g lu c o sa m in id e  (P ea rse , 1972) a s  su b s tra te s  a n d  fas t re d  v io le t  L B  as  s im u lta n e o u s  d ia z o n iu m  
co u p le r . F o r  th e  e x a m in a tio n  o f  la te n c y  o f  these  enzym es, p o s t-c o u p lin g  m e th o d s  w e re  em p lo y ed  to  
p re v e n t en zy m e  in h ib it io n  b y  th e  d ia z o n iu m  co u p le r . F o r  /3 -g lu cu ro n id ase  th e  in c u b a tio n  m ed iu m  
c o n ta in e d  1 4 m g  n a p h th o l  A S -B I g lu c u ro n id e  (S igm a) d isso lv e d  in  0 .6 m l 50 m M  N a  H C 0 3 w h ich  
w a s  m ad e  u p  to  50 m l w ith  0.1 M  a c e ta te  b u ffe r  p H  4 .5  c o n ta in in g  2 .5 %  N aC l (w :v). T o  th is  m e d iu m  
w a s  a d d e d  5 g  o f  a low -v iscosity  co lla g en -d er iv ed  p o ly p e p tid e  (S igm a P5115) to  a c t  a s  a  co llo id  
s tab ilise r (B iten sk y , B u tc h e r  a n d  C h ay e n , 1973). In c u b a tio n  t im e  fo r  sec tio n s  in  th is  m ed iu m  w as 
2 0 m in  a t  37 C  in  a  s h a k in g  w a te r  b a th . S lides  w ere  th e n  rin se d  in  sa lin e  (2 .5 %  N a C l)  fo r 2 m in  a t 
37'' C  b e fo re  b e in g  tra n s fe rre d  to  0.1 M  p h o s p h a te  b u ffer p H  7 .4  ( +  2 .5 %  N a C l)  a t  15' C  c o n ta in in g  
fa s t red  \ io le t  L B  (1 m g /m l) (S ig m a) as  d ia z o n iu m  c o u p le r  fo r  10 m in . S ec tio n s  w e re  th e n  fixed  fo r 
10m  in B a k e r’s fo rm o l c a lc iu m  ( +  2 .5 %  N a C l) , r in se d  in  d is tille d  w a te r  a n d  m o u n te d  in  g lycero l 
g e la tin .

F o r  g lu c o sa m in id a se , th e  in c u b a tio n  m e d iu m  c o n ta in e d  15 m g  n a p h th o l A S -B I g lu co sam in id e  
(S igm a) d isso lv e d  in  2 .5  m l 2 -m e th o x y e th a n o l w h ich  w as m a d e  u p  to  50 m l w ith  0.1 M  c itra te  b u ffe r  
p H  4.5 c o n ta in in g  2 .5 %  N a C l, a n d  5 g  p o ly p e p tid e  (M o o re  a n d  S teb b in g , 1976). In c u b a tio n  tim e 
w as 1 5 m in  a n d  p o s t-c o u p lin g  w as  a ch iev e d  b y  th e  m e th o d  d e sc rib e d  a b o v e  fo r  /3 -g lu cu ro n id ase . 
S e ria l sec tio n s  fo r  th e  sam e  a n im a ls  w ere  p re in c u b a te d  in  0.1 M  a c e ta te  b u ffe r  ( +  2 .5 %  N a C l)  p H  4.5 
fo r  /3 -g lucu ron idase  a n d  0.1 M  c i t ra te  b u ffe r  ( +  2 .5 %  N aC l) p H  4 .5  fo r  g lu c o sam in id a se . P re in c u b a tio n  
p e rio d s  o f  0 -3 0  m in  w ere  e x a m in ed . V a rio u s  c o n c e n tra tio n s  o f  p o ly p e p tid e  (0 - 4 0 %  w : v), a n d  d iffe ren t 
in c u b a tio n  tim es  w ith  s u b s tr a te s  (2 - 2 5  m in ) a t tw'O in c u b a tio n  te m p e ra tu re s  (20'" C  a n d  37 C ) w ere  
a lso  ex am in ed .

Q u a n t i ta t i \e  d e n s ito m e tr ic  m e a su re m e n ts  w ere  c a r r ie d  o u t o n  g lu c o sa m in id a se  s ta in in g  u s in g  a 
Z eiss  M ic ro sc o p e  P h o to m e te r  e q u ip p e d  w ith  a  Z eiss  d iff ra c t io n -g ra tin g  m o n o c h ro m a to r  (M o o re  a n d  
S te b b in g , 1976). T h e  tw o  w a v e le n g th  m e th o d  o f  O rn s te in  a n d  P a ta u  (P o llis te r , S w ift a n d  R asc h , 1969) 
w as u sed ; th e  se lec ted  w a v e- len g th s  (o b ta in e d  fro m  a  s p e c tra l- a b s o rp tio n  c u rv e  o f  a  h o m o g e n e o u s  
d is tr ib u tio n  o f  th e  a zo -d y e) b e in g  470 n m  (7,,) a n d  536 n m  (-%). A  m e a su rin g  a p e r tu re  o f  4  pm  d ia m e te r  
w as u sed  a n d  sec tio n  th ic k n e ss  w'as ch eck ed  w ith  th e  m ic ro m e te r  a t ta c h m e n t o n  th e  fine fo cu ssin g  
c o n tro l. T en  a re a s  p e r  a n im a l p e r  p re in c u b a tio n  p e r io d  w ere  r e a d  in  th e  m id -cy to p la sm ic  re g io n  o f  
th e  d ig estiv e  ce lls ; th is  g a v e  s ta n d a rd  d e v ia tio n s  o f  th e  m ean  re la tiv e  a b so rb a n c e  in  th e  ra n g e  3 -1 0 % .

F o r  cy to lo g ica l e x a m in a tio n , sm a ll p ieces  o f  d igestiv  e g la n d  w e re  fixed  in  B a k e r’s  fo rm o l-ca lc iu m  
( +  2 .5 %  N a C l)  fo r  24  h  a t  4 " C , c h a n g e d  to  g u m -su c ro se  a t 0 °C  fo r  24 h  p r io r  to  d e h y d ra tio n  a n d  
e m b e d d in g  in  w ax . S e c tio n s  w ere  s ta in e d  w ith  h aem a to x y lin  a n d  eosin .

Results

T h e digestive cell s ta in in g  reac tio n s fo r /3-glucuronidase and  N-acetyl-/3-glucos- 
am in idase  w ere localised  in  sm all cy top lasm ic granules (0 .3-0 .8  pm  diam eter) 
a n d  la rger g ranu les (2 -5  pm  in d iam eter), an d  it is possib le  th a t these m ay  be 
p rim a ry  an d  seco n d ary  lysosom es respectively (Fig. 1A , B). In  m an y  cells the 
sm all cy top lasm ic g ranu les  w ere co n c en tra ted  a ro u n d  the  periphery  o f  the  la rger 
vesicles and  in  ce rta in  in stances a lso  ap p eared  to  be associa ted  w ith  the  in te rio r 
o f  these vesicles. S im ilar s ta in in g  d is trib u tio n s  w ere o b ta in ed  w ith  s im u ltaneous 
a n d  post-coup ling  reactions.
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Fig . 1. A A  d ig e stiv e  tu b u le  s ta in e d  to  sh o w  g lu c o sa m in id a s e  ac tiv ity , w ith  n o  p re in c u b a tio n  a t  p H  4.5. 
R e a c tio n  p ro d u c t  is a sso c ia ted  w ith  a  few  la rge  g ra n u le s  (S )  a n d  sm all c y to p la sm ic  g ra n u le s  w hich  
m a y  p o ssib ly  be  p r im a ry  ly so so m es  (a rro w ed ). B A  d ig e s t iv e  tu b u le  a s  in  A  p rc in c u b a te d  fo r  5 m in  
a t  p H  4.5 . T h e re  is  a n  in c rea se  in  th e  n u m b e rs  o f  ly so so m e s  sh o w in g  re a c t io n  p ro d u c t.  C  A  d igestive  
tu b u le  a s  in  A  p re in c u b a te d  fo r 15 m in  a t p H  4 .5 . T h e r e  is a  fu r th e r  in c re a se  in  s ta in in g  in te n s ity  an d  
n u m b e rs  o f  ly so so m es. D  A  d ig e s tiv e  tu b u le  a s  in  A  p re in c u b a te d  fo r  20 m in  a t  p H  4 .5 . T h e re  is a 
s lig h t d ec rea se  in  s ta in in g  in te n s ity  fro m  C  in d ica tin g  a  p ro b a b le  lo ss o f  lab ilis ed  en zy m e  by d iffu sion . 
S cale  b a r  =  10 pm
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F ig . 2. T h e  e ffec t o f  p re in c u b a tio n  in  c i t ra te  a t  p H  4 .5  on 
th e  c y to c h em ic a l s ta in in g  re a c tio n  fo r  g lu c o sa m in id a se  
in  d ig estiv e  cell ly so so m es
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P re in cu b a tio n  in  0.1 M  ace ta te  buffer ( +  2 .5%  N aC l) p H  4.5 fo r ß -glucu- 
ro n id ase  an d  0.1 M  c itra te  buffer ( +  2 .5%  N aC l) p H  4.5 fo r g lucosam in idase p r o ­
duced  a  m a rk e d  increase in  s ta in in g  in tensity  a n d  num bers o f  sm all cy top lasm ic 
g ranu les (Fig. IB , C). T h is p re in c u b a tio n  often  p ro d u ce d  a  sta in ing  decrease in 
the  la rger g ranu les w ith in  a  p e r io d  o f  2 -5  m in . H ow ever, this response w as fre ­
q u en tly  succeeded by an  inc reased  rea c tio n  w ith  longer p re in cu b atio n . Increased  
rea c tio n  p ro d u c t w as associa ted , in  som e instances, w ith  the  sm all g ranu les e n ­
closed  w ith in  these s tru c tu re s , w hile in  o th e r  exam ples it occu rred  in  the  m atrix  
o f  the  la rger granules. T h e  o p tim al co n d itio n s fo r d em o n stra tio n  o f  la tency  w ere 
fo u n d  to  be a n  in c u b a tio n  an d  p re in c u b a tio n  te m p era tu re  o f  37 'C  w ith  7 -1 0 %  
po ly p ep tid e , a n d  an  in cu b a tio n  p erio d  o f  15 m in  fo r g lucosam in idase an d  20 m in 
fo r ß -g lucuron idase . F o r  m ussels acclim ated  in  th e  la b o ra to ry  and , w ith  su b ­
lit to ra l m ussels, the  op tim u m  p re in c u b a tio n  tim es req u ired  to  p ro d u ce  m ax im um  
sta in in g  in tensity  (the lab iliza tio n  period ) w ere fo u n d  to  be 18 m in  fo r g lucos­
am in id ase  a n d  15 m in  fo r ß -g lu cu ro n id ase . L onger p re in c u b a tio n  tim es p ro d u ced  
a  g rad u a l decrease in  s ta in in g  in tensity  an d  n u m b ers  o f g ranu les (Fig. 1 D ) p ro b ­
ab ly  due to  d iffusion  o f lab ilised  enzym e. C y to p h o to m e try  o f  the  sta in ing  reac tio n  
fo r  g lucosam in idase  in the  sm all g ranu les show ed th a t th e re  was a sign ifican t in ­
crease  in  sta in ing  in tensity  over a  p e rio d  o f  20 m in  p re in c u b a tio n  (Fig. 2). W ith  
30 m in  p re in c u b a tio n  the  s ta in in g  in tensity  show ed a  m a rk e d  decrease, falling  
to  74%  o f th e  non-lab ilised  sections. T h is p a tte rn  is in  ag reem ent w ith  th e  d e­
te rm in a tio n  o f the lab iliza tion  p e rio d  as described  above.

In  m ussels acclim ated  a t 15° C w hich w ere sub jected  to  a  te m p era tu re  o f  28' C, 
(A C  =  13r C) the p e rio d  o f  p re in c u b a tio n  requ ired  to  p ro d u ce  m ax im al sta in ing  
(lab iliza tio n  p eriod ) w as reduced  to  20.0%  o f  th e  co n tro l a fte r 48 h a t th e  increased  
te m p era tu re  ((P  <  0.001) (Fig. 3). T his w as follow ed by  a sligh t increase in lab ili­
z a tio n  p erio d  a t 72 an d  96 h. M ussels co llec ted  in  the w in te r p r io r  to  spaw ning  
a n d  acclim ated  a t 11 C an d  exposed  to  25° C  (AC = 1 4 'C) show ed  a  d iffe ren t 
resp o n se  p a tte rn  to  the  inc reased  te m p era tu re  (Fig. 3). T he lab iliza tion  p erio d  
d ecreased  to  app ro x im ate ly  70%  o f  the  co n tro ls  w ith in  2 4 h ( P c  0.05). L atency
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e x p er im e n ts  in  each  case)
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T ab le  1. E ffects  o f  h y d ro c o r tiso n e  h e m isu cc in a te  o n  th e  la te n cy  o f  g lu c o sa m in id a s e  in th e rm a lly  
s tre ssed  m usse ls

T re a tm e n t L a b iliz a tio n  p e rio d  a s  %  o f  c o n tro l  S ig n ifican ce  (M est)
( ± S .E .)

C o n tro ls  11' C 100 ±  6.8 J n s > I
+  h y d ro c o r tiso n e 105.6 ±  5.6 I n s

+  saline 94 .4  ±  6.8 1
E x p e rim en ta l 25 C  (48 h) 55.6 ± 1 2 .4

J  < 0 .0 5+  h y d ro c o rtiso n e 88.9 ± 1 0 .4 N S
+  saline 61.1 ±  5.6 J

E x p e rim en ta l 25 C  (72 h) 22.2 ± 1 3 .6
}  < 0 .0 5+  h y d ro c o r tiso n e 55.6 ±  5.0 i  N S

-I- saline 13.9 ±  8.0 J
1 N S  =  n o t  s ig n ific an t

o f  g lucosam in idase  w as m a in ta in ed  a t th is  level un til 48 h , afte r w hich there was 
a  m ark ed  decrease w ith  a fu rth e r  24 h a t 2 5 1C  to 22.2%  o f the  c o n tro l (P <  0.001). 
T his response w as rep ro d u ce d  in  a  second  experim en t.

W hen the rm ally  s tressed  an im als in  the w in te r  (A C =  14' C) w ere in jected  w ith  
h y d ro co rtiso n e  th e  lab iliz a tio n  p erio d  w as  g rea ter (by 30%  o f  th e  co n tro l, 
i3 <  0.05) th a n  in th e  stressed , b u t no n -in jec ted  and  saline-in jected , m ussels 
(T ab le  1). A n im als f ro m  the  c o n tro l g ro u p  (11 C), injected w ith  e ither h y d ro ­
co rtisone  o r saline, d id  n o t show  any  sign ifican t changes in  la tency  p roperties 
(T ab le  1). M ussels su b jec ted  to  25 C  fo r 72  h an d  re tu rned  to  a  te m p era tu re  o f  
1 r  C fo r 2 h  d id  n o t show  an y  sign ifican t recovery  o f  latency, hav ing  a  lab ilization  
period  o f  20 .8%  ± 6 .9  o f  the  con tro l.

T h e  effects o f th e rm al d ea th  on  lysosom al la tency  are rep resen ted  in T ab le  2. 
T he lab iliza tion  p erio d  o f  g lucosam in idase  w as significantly  decreased  in all
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T a b ic  2 . E ffec ts  o f  th e rm a l d e a th  o n  th e  la te n cy  o f  g lu c o sa m in id a se  
a n d  ^ -g lu c u ro n id a s e  in  d igestive  cell ly sosom es

S u rv iv a l L a b iliz a tio n  p e rio d  a s  %  o f  c o n tro l  ( ± S .E . )
t im e  (h o u rs) /L G lu c u ro n id a se G lu c o sa m in id a s e

23 92.8 ± 1 4 .3 47  ± 1 1 .8
47 89.2 ± 3 0 .7 2 9 .4  ± 2 0 .6
70 50 ±  8.6 17.6 ±  7.1

groups o f  dead  anim als. H ow ever, th e  lab iliza tio n  p erio d  o f  ̂ -g lu cu ro n id ase  was 
s ign ifican tly  decreased only  in  those  an im als  w hich  died a ro u n d  70 h a t 3 0 'C. 
T h is d iffe red  m arked ly  from  the p a tte rn  o f  g lucosam in idase  la tency  determ ined  
in  the  sam e an im als ind icating  th a t th e re  w as selective ac tiv a tio n  o f  la ten t h y d ro ­
lase activ ity . A nim als w hich died a t 47 h show ed a large v ariance  o f  the lab ili­
z a tio n  p e r io d  fo r b o th  hydro lases (T ab le  2), a n d  h isto log ical exam ina tion  o f 
an im als  w hich  d ied  a ro u n d  47 h a n d  70 h  show ed d is ru p tio n  o f  ce llu lar stru c tu re  
an d  inc reasing  necrosis.

Discussion

T h e p resen t s tudy  show s th a t cy tochem ical techn iques can  be used  to  investigate 
lysosom al fu n ctio n  in  the digestive cells o f  M ytilu s  edulis. T h e  s ta in in g  m ethods 
em ployed  are  s ta n d a rd  fo r the  d em o n s tra tio n  o f  lysosom al hydro lases and  the 
consistency  o f  the sta in ing  p a tte rn  m ak es digestive cells ideal fo r studying  the 
fu n c tio n a l cy tochem istry  o f  lysosom es. T he increases observed  in  p articu la te  
s ta in in g  activ ity  w ith  p re in cu b a tio n  a t  p H  4.5 a re  in  b ro a d  ag reem en t w ith  those 
o f  C h ay en  a n d  B itensky (1971) an d  M cC ab e  an d  C h ay en  (1965). T h e  localisation  
o f  o th e r  lysosom al hydro lases such  as ac id  p h o sp h a tase , a ry lsu lp h ata se  an d  n o n ­
specific es terase  (Sum ner, 1969) in M ytilu s  a t the  sam e cy top lasm ic  sites p rov ides 
fu rth e r  ev idence th a t the  la ten t ac tiv ity  is p ro b ab ly  lysosom al. S u m n er (1969) has 
a lso  show n a  sim ilar d is trib u tio n  p a tte rn  o f  lysosom al hydro lases in  a  n u m b er o f 
lam ellib ran ch s a n d  gas tro p o d s , a n d  p a th o lo g ica l changes in  localisa tion  w ere 
d em o n s tra te d  in litto rin id s, h y d ro b id s a n d  lym naeids by M o o re  (1971) an d  M oore 
an d  H a lto n  (1973).

T h e  su b jec tio n  o f  m ussels to  h igh  te m p era tu re  (25 C  an d  28° C) induced  a 
sign ifican t decrease in the  la tency  o f  lysosom al g lucosam in idase. T h is effect is 
ind icative  o f  functional physico-chem ica l a lte ra tio n s in  the  lysosom es o f therm ally  
s tressed  m ussels. T he resu lts show  th a t the  lysosom al responses in  sum m er and  
w in te r a re  d ifferen t. As th e  te m p e ra tu re  increase over am b ien t (A C =  13 o r 14° C) 
w as a lm o st th e  sam e in b o th  sets o f  experim en ts, th e  in ference m ay be th a t lyso­
so m a l a n d  in trace llu la r digestive reg u la to ry  processes d iffer fro m  one a n o th e r  a t 
these  seasons. A lternatively , th e  sum m er an im als m ay  be m o re  suscep tib le  to  the 
h igher experim en ta l te m p era tu re  (28 ' C).
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H y d ro co rtiso n e  is k n o w n  to  stabilise ly sosom es in  stressed organism s thus 
reduc ing  free hydro lase activ ity  (W eissm an n , 1969; M o o re  an d  S tebbing , 1976). 
In  the p resen t study, h y d ro co rtiso n e  w as d e m o n s tra te d  to  increase th e  lab ilization  
p erio d  o f g lucosam inidase in  stressed m usse ls , b u t n o t in  the con tro ls . T hese find ­
ings su p p o rt the  evidence th a t th e  cy to ch em ica l d em o n s tra tio n  o f  la tency  is a  real 
effect an d  n o t a n  arte fact. T h e  absence o f  a n y  sign ifican t effect in  co n tro l m ussels 
m ay resu lt from  selectivity in  the  m echan ism  o f  s te ro id -ac tio n  fo r less stab le  lyso­
som es. H ow ever, this is specu la tive  an d  c a n n o t ta k e  acco u n t o f  o th e r  possib le 
in te rac tin g  physio logical effects o f  h y d ro co rtiso n e  w hich  m ay  o r m ay n o t a lter 
its m ode o f  ac tion  in  stressed  an d  unstressed  m ussels.

A n im als subjected  to  a  te m p era tu re  o f  3ChC a n d  exam ined  close to  physio ­
logical d ea th  show ed a  m a rk e d  loss b o th  o f  la te n t  activ ity  o f  g lucosam in idase  and  
o f  ce llu lar in tegrity . T hese changes w ere u n d o u b te d ly  associa ted  w ith  au to ly tic  
activ ity  arising  from  a  c a ta s tro p h ic  b re a k d o w n  o f  lysosom al regu la tion . T h is was 
in  m a rk e d  co n tra s t to  th e  an im als w hich c o u ld  survive a t 28° C . I t is in te resting  
to  no te , how ever, th a t ^ -g lu cu ro n id ase  d id  n o t d isplay  the  sam e d ram a tic  d e ­
crease in lab ilization  p eriod , suggesting  th a t  lab iliza tion  o f  structu re -linked  
la tency  is a  selective process. T h is se lectiv ity  m ay arise fro m  m ultip le  fac to rs 
(V erity , 1973) inc lud ing  im perm eab ility  o f  th e  lysosom al m em brane , in te rn a l in ­
h ib ito rs  o r ca tion ic  b ind ing  o f  th e  active site  to  the po ly an io n ic  lysosom al m atrix  
(K oen ig , 1969; G o ld sto n e  an d  K oen ig , 1970).

T h e  d e term ina tion  o f lysosom al la tency  by cy tochem ical m eans p rov ides a 
ra p id  an d  ap p a ren tly  sensitive m e th o d  o f  s tu d y in g  th e  effects o f stress a t  the 
ce llu lar level in  M ytilu s , a n d  fu rth e r  ex p e rim en ta l w ork  is in  p rogress to  exam ine 
th e  lysosom al responses to  o th e r  e n v iro n m en ta l fac to rs . H ow ever, th e  p h e n o ­
m en o n  o f lysosom al la tency  is ex trem ely  co m p lex  an d  the p resen t resu lts ind icate 
th a t th e re  m ay be v arious p o p u la tio n s  o f  lysosom es w ith  d ifferent la tency  p ro ­
perties an d  possib ly  enzym ic c o n te n t in  a  sing le cell.
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