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Summary

T he m arin e  bivalve m ollusc, M ytilus edulis (b lue m ussel), is a n o ted  accu m u la to r o f m an y  e n v iro n 
m en ta l p o llu tan ts  and  is increasing ly  u se d  fo r th e  chem ical a n d  biological a sse ssm en t o f  e n v iro n m e n 
ta l im pact. T he toxic effects o f c ru d e  o il-d e riv ed  arom atic  h y d ro ca rb o n s  (30 p g /l to ta l h y d ro ca rb o n s) 
o n  th e  ly so so m a l-v acu o la r sv s tem  of th e  d igestive  cells have been  in v estig a ted  in  c ry o s ta t sec tions of 
h ex an e -fro zen  digestive g lan d s . E xposu re  to  arom atic  h y d ro ca rb o n s  red u ced  the  cytochem ically  
d e te rm in e d  la tency  o f ly sosom al ß -N -ace ty lh ex o sam in id ase ; ly sosom al vo lum e d e n s ity  an d  surface 
d en sity  in c reased  w hile  th e  n u m erica l d e n s ity  d ecreased . E xperim en ta l ex p o su re  re su lted  in  the 
fo rm ation  o f very  large ly so so m es w h ic h  a re  be liev ed  to be largely  au to p h ag ic  in  fu n c tio n  a n d  th ese  
re su lts  ind ica te  a  sign ifican t s tru c tu ra l a n d  fu nc tiona l d is tu rb an ce  o f d igestive  cell ly sosom es in 
re sp o n se  to  h y d ro ca rb o n s.

Introduction

T h e  m a r in e  b iv a lv e  m o l lu s c ,  M y ti lu s  edu lis  ( b lu e  m u s s e l) ,  is  a  n o te d  a c c u m u la to r  o f  m a n y  
e n v i r o n m e n ta l  p o l lu ta n t s  a n d  is in c r e a s in g ly  u s e d  in  t h e  c h e m ic a l a n d  b io lo g ic a l  a s s e s s 
m e n t  o f  e n v i r o n m e n ta l  im p a c t  (B a y n e , 1 9 7 6 ) . T h e  d ig e s t iv e  c e lls  o f  th e  m u s s e l  h a v e  a  
h ig h ly  d e v e lo p e d  ly s o s o m a l - v a c u o la r  s y s te m  w i th  la rg e  s e c o n d a r y  ly s o s o m e s  w h ic h  a re  
in v o lv e d  in  th e  in t r a c e l lu la r  d ig e s t io n  o f  in g e s te d  fo o d  (S u m n e r ,  1 9 6 9 ; O w e n ,  1 9 7 2 ; 
M o o re , 1 9 7 6 , 1 9 8 0 a ) . T h e s e  c e lls  a re  o f  v ita l  im p o r ta n c e  to  th e  'n o r m a l '  f u n c t io n in g  o f  th e  
a n im a l .  P re v io u s  in v e s t ig a t io n s  h a v e  s h o w n  th a t  th e  ly s o s o m a l - v a c u o la r  s y s te m  in  th e  
d ig e s t iv e  c e lls  o f  th e  d ig e s t iv e  d iv e r t i c u la  is  h ig h ly  r e s p o n s iv e  to  e n v i r o n m e n ta l  f a c to rs  

(M o o re , 1 9 8 0 a ) . T h is  r e s p o n s iv e n e s s  o f  th e  ly s o s o m a l  s y s te m  h a s  in v o lv e d  c h a n g e s  in
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th e  c y to c h e m ic a l ly  d e te r m in e d  la te n c y  ( l a te n t  a c tiv ity  =  to ta l  a c t iv i ty  -  f r e e  a c tiv ity )  o f  
/L N - a c e ty lh e x o s a m in id a s e ,  ß - g lu c u r o n id a s e  a n d  a r y l s u lp h a t a s e  (M o o re , 1 9 7 6 , 1 9 8 0 b ; 
M o o r e  e t a l . ,  1 9 7 8 a ,b , 1 9 8 0 a ; B a y n e  e t a l . ,  1 9 8 1 ) a n d  h a s  b e e n  u s e d  to  d e v e lo p  a n  in d e x  
o f  c e l lu la r  ( ly s o s o m a l)  r e s p o n s e  to  e n v i r o n m e n ta l  s t r e s s o r s  (B a y n e  et a l . ,  1 9 7 6 ; M o o re  
1 9 8 0 a ) .  L a te n c y  o f  /L N -a c e ty lh e x o s a m in id a s e  d e te r m i n e d  c y to c h e m ic a l ly  in  s e c t io n s  
u s in g  n a p h th o l  A S -B I N -a c e ty l - /? -D -g lu c o s a m in id e  h a s  a ls o  s h o w n  g o o d  a g r e e m e n t  

w i th  la te n c y  d e te r m in e d  in  c e ll - f re e  ly s o s o m a l  p r e p a r a t i o n s  f ro m  th e  d ig e s t iv e  g la n d  
u s in g  p -n i t ro p h e n y l - /V - a c e ty l- ß -D -g lu c o s a m in id e  (B a y n e  e t a l . ,  1 9 8 1 ).

A d d i t io n a l ly ,  s t r u c tu r a l  a l t e r a t io n s  h a v e  b e e n  o b s e r v e d  in  th e  ly s o s o m e s  o f  th e  
d ig e s t iv e  c e lls  f o l lo w in g  a  v a r ie ty  o f  e x p e r im e n ta l  t r e a tm e n t s  in c lu d in g  se x  s te ro id s  
( M o o re  e t a l . ,  1 9 7 8 a ) , a n th r a c e n e  (M o o re  e t a l . ,  1 9 7 8 b ) ,  te m p e r a tu r e ,  s t a r v a t io n  a n d  
s a l in i ty  (B a y n e  e t a l . ,  1 9 7 8 ). T h e s e  a l t e r a t io n s ,  h o w e v e r ,  w e r e  n o t  d e s c r ib e d  in  a 
q u a n t i t a t iv e  m a n n e r .

T h e  p r e s e n t  in v e s t ig a t io n  w a s  d e s ig n e d  to  e x a m in e  th e  to x ic  e f f e c ts  o f  th e  a ro m a tic  
h y d r o c a r b o n  r ic h  w a te r - a c c o m m o d a te d  f r a c t io n  (W A F ) o f  N o r th  S e a  (A u k  F ie ld )  c ru d e  

o il o n  th e  la t e n c y  o f  ly s o s o m a l /L N - a c e ty lh e x o s a m in id a s e  a n d  ly s o s o m a l  s t r u c tu r a l  
p a r a m e te r s  in  th e  d ig e s t iv e  ce lls .

Materials and methods

T he co n cen tra tio n  o f to tal h y d ro ca rb o n s  in  th e  ex p e rim en ta l s e a w a te r  w as  30 n g/1 a n d  sam p les w ere 
tak en  a fte r  34  an d  103 days o f ex p o su re  to  W A F. C o n tro l sam p les  w ere  also tak en  a t th ese  tim es. 
D eta ils  o f p re p a ra tio n  an d  d o sin g  o f W A F have been  d e sc rib ed  p rev iously  (M oore et al., 1980b).

T he la ten cy  o f  ly sosom al ß-N - ace ty lhexosam in id  ase  w as  d e te rm in e d  in  10 ^m  c ry o s ta t sec tions of 
h exane  ch illed  ( - 7 0 °  C) d igestive  g lan d  slices as d esc rib ed  by M oore (1976). T h is invo lved  p re 
tre a tm e n t o f th e  sec tions in 0.1 M citra te  buffer, pH  4 .5 , c o n ta in in g  2.5% N aC l a t 37° C a t in tervals 
from  2 to  25 m in  in o rd e r  to activate la ten t en zy m e activity . T h is  w as  fo llow ed  by  in cu b a tio n  (20 min) 
fo r /1-N -acety lhexosam inidase u sin g  n a p h th o l A S-B I-N -acetyl-/?-D -glucosam inide (0 .4 m g /m l) d is 
so lved  in  2 -m e th o x y e th an o i a t p H  4 .5  a n d  37° C in 0.1 M c itra te  bu ffe r co n ta in in g  2.5%  N aC l an d  7% 
p o ly p ep tid e  (P o lyep  P5115) as a s tab ilize r (B itensky et al., 1973 ; M oore, 1976). T h e  sec tions w ere 
rin se d  in  3% saline an d  p o st-co u p led  u sin g  F ast V iolet B (1 m g/m l) in 0.1 M p h o sp h a te , p H  7.4. 
S ta in in g  in ten s ity  w as  m easu red  in  th e  d igestive  cells u s in g  a V ickers M 85 scan n in g  m ic ro d en si
to m e te r  a t 560 n m  as d escrib ed  b y  M oore et al. (1978a). R elative ab so rb an ce  m e a su re d  a fte r 2 m in 
p re - tre a tm e n t w as tak en  as free activ ity  as th e re  is o ften  d iffu sib le  activ ity  in sec tions s ta ined  w ith o u t 
an y  p re - tre a tm e n t. T his d iffusib le  activ ity  m ay  re su lt from  dam age  to som e lyosom es d u rin g  
sec tio n in g  as w ell as from  n on -ly sosom al en zy m e . T otal ac tiv ity  w as  taken  as th e  m ax im um  relative 
a b so rb an ce  m e a su re d  in sec tions from  th e  p re - tre a tm e n t series. L a ten t activity  w as  exp ressed  as a 
p e rcen tag e  o f to ta l activity  as su m m arized  b e lo w :

T otal activ ity  — Free activity
P ercen tag e  la ten t activ ity  =  ----------------- 1------------------------- x  100

T otal activ ity

Free activ ity  =  s ta in in g  in ten sity  a fte r  2 m in  p re - tre a tm e n t

T otal activ ity  =  m axim al s ta in in g  in ten sity  o b ta in e d  from  m easu rem en ts  o n  p re 
tre a te d  series o f  sec tio n s (2 -2 5  m in)
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M icrostereological ana ly ses o f seco n d ary  ly sosom al stru c tu re  w ith in  th e  d igestive  cells w ere  p e r
fo rm ed  on  10 /im  cryosta t sec tions s ta in ed  for ß -N -  ace ty lh ex o sam in id ase  in w h ich  th e  la te n t en zy m e  
h a d  b een  ac tiva ted . T he m e th o d s  fo r th e  m icrostereo log ica l an a ly se s  hav e  b een  fully d esc rib ed  by 
L ow e et al. (1981). P a ram ete r e s tim a to rs  w e re  d e te rm in ed  for v o lu m e  d en sity  (to tal v o lu m e of 
ly so so m es /to ta l vo lum e o f cy to p lasm  in  th e  d ig es tiv e  cells sam p led ; V J V C), su rface d en sity  (to tal 
ly sosom al su rface a rea /to ta l v o lu m e o f cy to p lasm  in  th e  d igestive  cells sam p les; S J V C), num erica l 
d e n s ity  (total n u m b e r  o f ly sosom es/to ta l v o lu m e o f cy top lasm  in  th e  d igestive cells sam pled;.V L/ V C) 
a n d  th e  s ta n d a rd  dev ia tions (estim ated ) o f  th e se  param eters .

Results and discussion

T h e  r e s u l t s  s h o w  th a t  t h e  p e r c e n ta g e  la t e n c y  o f  ß -N - a c e ty lh e x o s a m in id a s e  w a s  s ig n if i 
c a n t ly  r e d u c e d  f ro m  th e  c o n tr o l  v a lu e s  b y  t r e a tm e n t  w i th  W A F  a t  b o th  s a m p l in g  t im e s  
(T a b le  1). T h e  d e c lin e  in  p e r c e n ta g e  la te n c y  o f  ß -N -  a c e ty lh e x o s a m in id a s e  o b s e r v e d  f r o m  
3 4  d a y s  to  1 0 3  d a y s  (T a b le  1) r e f le c te d  a  g r a d u a l  d e c l in e  in  b o t h  p h y s io lo g ic a l  a n d  c e l lu la r  
c o n d i t io n  o f  t h e  c o n tr o l  a n im a ls  d u r i n g  th e  c o u r s e  o f  th i s  e x p e r im e n t  (W id d o w s  et a l., 
1 9 8 2 ) . T h is  d e te r io r a t io n  w a s  p r o b a b l y  a  l o n g - te r m  e ffe c t o f  m a in ta in in g  th e  m u s s e ls  in  a n  
a q u a r iu m  s y s te m .

T h e  s t r u c tu r a l  c h a n g e s  in  th e  s e c o n d a r y  ly s o s o m e s  in d u c e d  b y  e x p o s u r e  to  W A F  c a n  b e  
c le a r ly  s e e n  in  F ig s . 1 a n d  2 ; m a n y  o f  t h e  s e c o n d a r y  ly s o s o m e s  h a v e  a  g r e a t ly  e n la r g e d  
a p p e a r a n c e  a n d  th e r e  is  a  th in n in g  o f  th e  d ig e s t iv e  tu b u le  e p i th e l iu m . T h e  m ic ro s te r e o lo g i
c a l  r e s u l t s  s h o w  th a t  th e r e  a re  s ig n if ic a n t  in c r e a s e s  in  ly s o s o m a l  v o lu m e  p e r  u n i t  v o lu m e  o f  
d ig e s t iv e  c e ll c y to p la s m  (V J V C) a t  b o th  s a m p l in g  t im e s  (T a b le  1). T h is  c le a r ly  s u p p o r t s  
th e  v is u a l  e v id e n c e  in  F i g s . l  a n d  2.

In  a d d i t io n  to  th e  v o lu m e  in c r e a s e  t h e r e  w e r e  s ig n if ic a n t  in c r e a s e s  in  ly s o s o m a l 
s u r f a c e  d e n s i ty  a t  b o th  s a m p l in g  t im e s  (T a b le  1) a n d  a  s ig n if ic a n t  d e c re a s e  in  ly s o s o m a l  
n u m e r ic a l  d e n s i ty  a f te r  1 0 3  d a y s  o f  e x p o s u r e  to  W A F  (T a b le  1).

T ab le  1. T he effects o f arom atic  h y d ro c a rb o n s  in  th e  w a te r acco m m o d ated  fraction  o f  N o rth  Sea 
c ru d e  oil (30 p g /\)  on  la tency  o f ly sosom al ß -N -h ex o sam in id ase  a n d  lysosom al s tru c tu ra l ch a rac te r
istics in  th e  d igestive  cells.

Experimental
treatment

% latency o f ß -N -  
acetylhexosaminidase Volume density Surface density Nutnerical densih/

34  d av s  con tro l 34 .16  ±  8.79 0 .0 6 4  ±  0.030 0 .147  ±  0 .026 0 .0 1 7  ±  0 .006
34  d ay s  exposed 8.70 ±  10.29 0 .1 2 7  ±  0 .058 0.209  ±  0.019 0 .015  ±  0 .004

P =  0 .008 , L i-test P <  0 .05 , f- test P  <  0 .05 , f- te s t N .S .t ,  f- tes t

103 d ay s  con tro l 16 .70  ±  14.80 0 .061  ±  0 .024 0 .148  ±  0 .024 0 .020  ±  0 .014
103  d ay s  exposed 0 0 .192  ±  0 .062 0.190  ±  0 .017 0 .005  ±  0 .003

P =  0 .048 , L i-test P  <  0 .05, f- test P  <  0.05, t- te s t P <  0 .05 , f - te s t

Five m ussels per sample. 
tN .S .,  no t significant.
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Fig. 1. A  c ry o s ta t sec tion  th ro u g h  a d igestive  tu b u le  from  a co n tro l m usse l sam p led  a fte r 103 days 
sh o w in g  ly sosom es (a rro w ed ) reac ted  for ß-N - h exosam in idase  ac tiv ity  in th e  d ig es tiv e  cells. Scale 
bar: 10  ¿¿m.
Fig. 2. A  section  as in  Fig. 1 from  a m u sse l exposed  to  a rom atic  h y d ro ca rb o n s  (30 /¿g/1) in W A F 
for 103 days. T he seco n d ary  ly sosom es are  g reatly  e n la rg ed  (a rro w ed ) an d  th e re  is an  ap p a re n t 
red u c tio n  in  n u m b e r . T he d ig es tiv e  tu b u le  ep ith e liu m  d isp lay s a red u c tio n  in  h e ig h t an d  the 
tu b u le  lu m en  (L) is en la rg ed  in  com parison  w ith  th e  con tro l. Scale bar: 10 um .
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E xposure  to arom atic  h y d ro ca rb o n s  in  W A F re d u c e d  the  latency of lysosom al 
ß - N - ace ty lhexosam in idase  an d  re su lted  in  th e  fo rm atio n  of large an d  p resu m ab ly  
u n s ta b le  lysosom es. T hese large lysosom es (Fig. 2) are be liev ed  to be largely au tophag ic  
in  fu nc tion  a n d  have been  o b se rv ed  p rev io u sly  in sta rved  m u sse ls  (Bayne et al., 1978). 
T ha t au to p h a g y  is occu rring  is fu rth e r  su p p o rte d  by  th e  fact th a t the d igestive cells from  
the  sam e sam ples w ere  significantly  red u ced  in  h e ig h t by  W A F as d e te rm in ed  by  im age 
an a ly sis  (Low e et al.,  1981). T he m ech an ism  by  w h ich  th e se  large lysosom es are form ed 
m ay  be in d ica ted  by th e  decrease iii num erica l d en sity  o f th e  lysosom es, w h ich  could  
su g g e s t a fusion  o f sm aller lysosom es to fo rm  the  large u n s ta b le  type (based  o n  latency  
data).

T his a ltera tion  in lysosom al s tru c tu re  w ith in  th e  d ig estiv e  cells re p re se n ts  a 
co n sid e rab le  d is tu rb an ce  o f the  n o rm a l (control) s tru c tu re  an d  can p ro b ab ly  be 
in te rp re te d  as e n h an ced  catabo lism  o f cy toplasm ic c o m p o n e n ts  by a lysosom al 
au to p h ag ic  m echan ism . T he resu ltin g  increase in  tissue  ca tabo lism  is fu rth e r  su p p o rted  
by  physio log ica l d a ta  w h ich  sh o w s a sign ifican t decrease in scope for g ro w th  (W iddow s 
et al., 1982).
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