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Enzymes o f  amino ac id  metabol ism a r e  an im po r t an t  l i n k  b e ­
tween c a r b o h y d r a t e  and p r o t e i n  me tab ol i sm  and have been s t r o n g l y  
i m p l i c a t e d  in  t h e  p rod uc t i on  o f  animal e n e r g y .  Demands upon an 
a n i m a l ' s  energy r e s e r v e s  a r e  i n v a r i a b l y  accompanied by an in c r e a s e  
in  n i t r o g e n  metabol ism,  as in s t a r v a t i o n  o r  exposure  t o  c o l d ,  or 
in d i s e a s e d  s t a t e s  l i k e  a l lo x a n  d i a b e t e s ,  o r  wi t h  t o x i c  d i e t s ;  
o t h e r  t r i g g e r s  o f  g lu co n eo g en es i s , such a s  glucagon o r  sex h o r ­
mones,  o r  a h i g h - p r o t e i n  d i e t ,  cause i n c r e a s e d  t r a n s a m in a s e  a c ­
t i v i t y  (KNOX and GREENGARD, 1965; CAMPBELL, 1973) .  BUTTERY and 
ROWSELL (1974) ,  in t h e i r  s tu dy  o f  bo d y s i ze -d ep en d en t  enzyme a c ­
t i v i t i e s  in  mammalian l i v e r ,  s p e c u l a t e d  t h a t  t r a n s a m i n a t i o n  may 
l a r g e l y  promote t h e  r e g u l a t o r y  mechanism o f  basa l  metabol ism.
The breakdown o f  amino ac id s  in  small  mammals ro us in g  from h i b e r ­
n a t i o n  pr o v id es  o x i d a t i v e  s u b s t r a t e s  f o r  hea t  p rodu c t io n  and 
i n t e r m e d i a t e s  f o r  th e  main tenance  o f  b lood  g l u c o s e ,  r e p l e n i s h ­
ment o f  t i s s u e  g lycogen,  and o x i d a t i o n  o f  f a t t y  a c i d s  (WHITTEN 
e t  al_. , 1974) .  P r o t e i n  c a ta b o l i s m  i s  u n q u e s t i o n a b ly  a c c e l e r a t e d  
in  man and an imals  by s t r e s s ,  wi th  t r a n s a m i n a s e  a c t i v i t y  d i r e c t l y  
r e l a t e d  t o  changes in  th e  s i z e  o f  t h e  amino a c i d  pool in l i v e r  
(NICHOL and ROSEN, 1963) .

Of t h e  two major  t r a n s a m i n a s e s ,  both w id e ly  d i s t r i b u t e d  in 
t h e  animal kingdom, a s p a r t a t e  a m i n o t r a n s f e r a s e  (EC 2 . 6 . 1 . 1 ,  AAT) 
has t h e  h i g h e r  c a p a c i t y  f o r  s u b s t r a t e  t u r n o v e r  (NICHOL and ROSEN,
1963) and appe ar s  t o  be t h e  more e s s e n t i a l :  in  t h e  l i v e r  and 
muscle o f  t h e  A f r i c a n  l u n g f i s h  (P r o t o p t e r u s ) ,  AAT a c t i v i t y  r e ­
mained unchanged dur ing  s t a r v a t i o n  and a e s t i v a t i o n ,  w h i l e  t h e  
a l a n i n e  enzyme (EC 2 . 6 . 1 . 2 ,  A1AT) d e c r e a s e d  t e n f o l d  (JANSSENS,
1964) .  C l i n i c a l  use o f  e l e v a t e d  serum AAT f o r  i n d i c a t i n g  h e a r t  
and l i v e r  damage, a w e l l - e s t a b l i s h e d  d i a g n o s t i c  too l  f o r  mammals, 
has been a p p l i e d  t o  t e l e o s t s  exposed t o  t o x i c  hydrocarbons (BELL, 
1968 ) ,  t o  copper  (MCKIM et_ a]_. , 1 9 70) ,  and t o  p e s t i c i d e s  (LANE 
and SCURA, 1970) .

Im por tan t  as  t r a n s a m i n a t i o n  i s  in  v e r t e b r a t e s ,  i t  i s  perhaps 
even more so in i n v e r t e b r a t e s ,  where p r o t e i n  i s  a major  so urc e  of  
ene rgy .  In i n s e c t s ,  a d i r e c t  r e l a t i o n  has been e s t a b l i s h e d  be­
tween amino a c i d  metabol ism and ene rgy  p ro d u c t io n  (MCALLAN and 
CHEFURKA, 1961; BURSELL, 1966) .  For marine  c r u s t a c e a n s ,  th e  few 
a v a i l a b l e  da ta  a r e  no t  so c l e a r - c u t ,  and some c o n t r o v e r s y  s t i l l  
e x i s t s  over  t h e  r e l a t i v e  impor tance  o f  p r o t e i n  and ca rb o h y d ra te  
in energy  p ro d u c t i o n  (SCHEER e t  a]_. , 1952; NEEDHAM, 1957;
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WOLVEKAMP and WATERMAN, 1960; VONK, 1 960) .  At p r e s e n t ,  however,  
t h e  g e n e r a l l y  a c c e p te d  view i s  t h a t  amino a c i d s  f i g u r e  more 
l a r g e l y  in  t h e s e  an imals  f o r  t h e  s t o r i n g  and r e l e a s e  o f  energy 
t h a n  e i t h e r  g lu cos e  or  l i p i d e s ,  and a r e  i m p o r ta n t  as well  in 
o sm o reg u la t i o n  ( e . g .  FLORKIN, 1960; VINCENT-MARIQUE and GILLES, 
1970; CAMPBELL, 1973; GILLES, 1973) .  Glucose i s  a p p a r e n t l y  more 
promi ne nt ly  in vo lved  in c h i t i n  fo rm a t io n  (SCHEER and SCHEER, 1952; 
HOHNKE and SCHEER, 1970) ; t h e  Krebs c y c l e  o p e r a t e s  only s lowly  in 
decapods ,  and a c o n s i d e r a b l e  body of  e v id e n c e  s u g g e s t s  a major  
m e ta b o l i c  pathway t h a t  g ives  r i s e  to  g l u t a m i c  and a s p a r t i c  ac id s  
(SCHOFFENIELS and GILLES, 1970).  In t h e  s tu dy  o f  mar ine  c r u s ­
t a c e a n s  exposed t o  heavy m e t a l s ,  t h e r e f o r e ,  i t  seemed a d v i s a b l e  
t o  i n v e s t i g a t e  f i r s t  t h o s e  systems l a r g e l y  involved  in  t h e  m o b i l ­
i z a t i o n  o f  en e rg y ,  th e  t r a n s a m i n a s e s .

In mammalian t i s s u e s ,  AAT i s  most h i g h l y  c o n c e n t r a t e d  in 
h e a r t  muscle (VELICK and VAVRA, 1962; BRAUNSTEIN, 1973) .  ZANDEE 
e t  al_. (1958) r e p o r t e d  t h a t  t h e r e  was no AAT in normal i n v e r t e ­
b r a t e  b lo od ,  and CHAPLIN et. al_. (1967) s t u d i e d  th e  d i s t r i b u t i o n  
o f  AAT in Ca rc in us  maenas t i s s u e s ,  bu t  t h e  h e a r t  was not  a p a r t  
o f  e i t h e r  o f  t h e s e  s t u d i e s .  P re l i m i n a r y  work here  e s t a b l i s h e d  
t h a t  t h e r e  i s  r e l a t i v e l y  l i t t l e  AÍ AT in normal c rab  h e a r t s  
(Carc inus  and Cal l  i n e c t e s ) , but  very l a r g e  amounts o f  the  a s p a r ­
t a t e  enzyme, AAT.

Because t h e  c r u s t a c e a n  h e a r t  i s  a d i s c r e t e  organ e a s i l y  d i s ­
s e c t e d  from s u r ro u n d in g  t i s s u e s ,  because  i t  i s  not  so s u b j e c t  to  
d i e t - i n d u c e d  f l u c t u a t i o n s  in  enzyme c o n c e n t r a t i o n s  as a r e  organs  
l i k e  th e  h e p a t o p a n c r e a s , and because i t  c o n t a i n s  high c o n c e n t r a ­
t i o n s  o f  t h e  major  t r a n s a m i n a s e ,  we chose to  i n v e s t i g a t e  h e a r t  
AAT in  o u r  s tu d y  o f  cadmium-exposed rock c r a b s ,  Cancer i r r o r a t u s , 
r e p o r t e d  h e r e .

Cadmium was s e l e c t e d  as th e  c h a l l e n g e  metal  because  i t  i s  a 
w ide sp re ad  t r a c e  p o l l u t a n t  o f  high t o x i c i t y  not  only t o  warm­
blooded v e r t e b r a t e s  but  a l s o  to  a q u a t i c  an imals  ( e . g .  SHUSTER 
and PRINGLE, 1969; GARDNER and YEVICH, 1970; EISLER, 1971; 
CALABRESE e t  al_. , 1973; THURBERG e t  al_. , 1973) .  The c h l o r i d e  
s a l t  was used because  o f  i t s  ready s o l u b i l i t y  and because  i t s  
an ion  i s  th e  most  abundant in se a w a te r .  A d d i t i o n a l l y ,  a n t i c i ­
p a t i n g  f u t u r e  work wi th  s i l v e r  (which i s  commonly added as th e  
n i t r a t e ) ,  we exposed c r abs  t o  cadmium n i t r a t e ,  a l s o  a r e a d i l y  
s o l u b l e  s a l t ,  both f o r  a more l o g i c a l  b a s i s  o f  f u t u r e  compar i ­
son and f o r  i n f o r m a t i o n  on t h e  r e l a t i v e  t o x i c i t i e s  o f  cadmium 
s a l t s .  F i n a l l y ,  because cadmium has been r e p o r t e d  t o  a l t e r  th e  
metabol ism o f  copper  (EVANS et_ a l_ . , 1970) ,  the  c r ab  serum was 
mo ni to red  f o r  any change in  t h e  e l e c t r o p h o r e t i c  p a t t e r n s  o f  
t o t a l  p r o t e i n  and o f  hemocyanin.

MATERIALS AND METHODS

Animal Expo su re : The c r abs  were c o l l e c t e d  in  eel  t r a p s  and 
l o b s t e r  t r a p s  w i t h i n  2 Km o f  Mi l f ord  Harbor,  C o n n e c t i c u t ,  and
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held  in ta n k s  o f  f lowing  ha rb o r  w a t e r ,  s a l i n i t y  2 5 + 2  ppt  and 
t e m p e r a tu r e  20° + 2°C. To a c c l i m a te  t h e  animals  t o  t h e  t e s t  
medium, th e y  were t r a n s f e r r e d  t o  ta nks  o f  f lowing ozonized  harbor  
w a te r  a t  l e a s t  1 week b e f o r e  each t e s t  exp osure .  The o zo n iz in g  
t r e a t m e n t  produced an i n i t i a l  0 .5  mg/1 r e s i d u a l  ozone c o n c e n t r a t i o n ,  
which was removed by f i l t r a t i o n  through coconut charcoa l  (BL0G0S- 
LAWSKI e t  a]_. , 1975) .  During a c c l i m a t i o n  th e  c ra bs  were fed  minced 
ha r d s h e l l  c lams ,  Mercenar ia  m e r c e n a r i a , d a i l y ;  th e y  were unfed f o r  
2 days p r i o r  t o  and du r in g  t h e  t e s t  e x p o s u re s .

Crabs were exposed i n d i v i d u a l l y  f o r  96 hrs  in 3 . 7 - l i t e r  j a r s  
f i l l e d  t o  3 l i t e r s  wi th  t e s t  medium. The medium was p re pa red  by 
f i l t e r i n g  ozonized  ha rb o r  w a te r  to  1 ym wi th  spun polypropyl ene 
c a r t r i d g e  f i l t e r s ,  which removed e x c e s s i v e  orga n ic  and p a r t i c u l a t e  
m a t t e r .  The w a te r  was a e r a t e d  t h r o u g h o u t  t h e  exposure  p e r i o d .

Cadmium background o f  th e  medium was l e s s  tha n  1 ppb. Cad­
mium s a l t s  used in expos ing  t h e  an imals  were CdCl2 *2-1/2 H2O and 
Cd(N03 ) 2 -4H20 , and were added as a c a l c u l a t e d  1 ppm Cd.

T i s s u e  P r e p a r a t i o n : At th e  end o f  each exposure  p e r i o d ,  hemo- 
lymph samples were ta k e n  from t h e  c r abs  i n d i v i d u a l l y  by puncture  
a t  t h e  base  o f  th e  walk ing  legs  and c l a r i f i e d  by c e n t r i f u g a t i o n  
a t  1720 g, 6°C. The s e r a  were s t o r e d  f r o z e n  (-16°C) u n t i l  e l e c t r o ­
p h o r e s i s  .

The h e a r t s  were pooled (3 c r a b s / p o o l )  in  small  p l a s t i c  
pouches ,  as a i r - f r e e  as p o s s i b l e ,  and f r o z e n - s t o r e d  (-29°C) u n t i l  
t e s t i n g .  From each h e a r t  pool a 5% homogenate was made, w/v in 
co ld  g l a s s - d i s t i l l e d  H20 ,  in  a small  g l a s s  homogenizer c o n t a i n i n g  
25-y g l a s s  powder t o  f a c i l i t a t e  g r i n d i n g .  C e n t r i f u g a t i o n  was a t  
15,000 g,  4°C, f o r  45 min. The s u p e r n a t e s ,  d i l u t e d  1:1 wi th  co ld  
H2O, se rved  as t h e  enzyme p r e p a r a t i o n ,  E ' 0 x . A l i q u o t s  o f  1 .00  ml 
were used f o r  p r o t e i n  b i u r e t  d e t e r m i n a t i o n s  (G0RNAL e t  a l_. , 1949) 
and th e  remainder  was h a l v e d ;  one p o r t i o n  was r e f r i g e r a t e d  (6°C) 
and the  b a l anc e  f r o z e n - s t o r e d  (-16°C) f o r  in v i t r o  e l e c t r o l y t e  
s t r e s s ,  EX10x.

Enzyme A ssa y : The AAT as s a y  was based on t h e  s t a n d a r d  coupled 
r e a c t i o n  a s  d e s c r i b e d  by BERGMEYER and BERNT (1963) ,  excep t  f o r  
t h e  p r o p o r t i o n s  and c o n c e n t r a t i o n s  o f  some r e a g e n t  s o l u t i o n s .  No 
mal i c  dehydrogenase was added.  Water used in p r e p a r i n g  a l l  s o l u ­
t i o n s  was doubly g l a s s - d i s t i l l e d ;  s o l u t i o n s  o f  reduced n i c o t i n a ­
mide adenine  d i n u c l e o t i d e  (NADH) were p repa red  f r e s h  d a i l y ;  
o s - k e t o g l u t a r a t e  (KG) was p repa red  in  200-ml volumes and f r o z e n -  
s t o r e d  i n  small  amounts (ca .  5-7 m l) .  A double-beam r a t i o -  
r e c o r d in g  s p e c t r o p h o t o m e t e r ,  chamber t e m p e r a tu r e  25°C, and l i n e a r ­
log r e c o r d e r  were used t o  fo l lo w r e a c t i o n  r a t e s .

Pro toc ol  -  2 .6 0  ml b uf f e r - am in o  a c i d  s o l u t i o n  (0.1 M 
phosphate  b u f f e r ,  pH 7 . 5 ,  c o n t a i n i n g  0 .25  M L - a s p a r t i c  a c i d ,  neu­
t r a l i z e d  wi th  K0H b e f o r e  a d d i t i o n ) ;  0 .10  ml NADH (9 mg/ml H2O);
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0.05  ml (or  0 .10 ml,  a c c o rd in g  t o  p r e p a r a t i o n  a c t i v i t y ;  th e
same volume was used f o r  each s e t  o f  p r e p a r a t i o n s ) ;  and,  to  s t a r t  
t h e  r e a c t i o n ,  0 .20  ml KG (0.1 M, n e u t r a l i z e d  wi th  K0H).

Except KG, t h e  s o l u t i o n s  were p i p e t t e d  in t o  an o p t i c a l  
c u v e t t e ,  1-cm p a t h l e n g t h ,  and a l lowed t o  s ta nd  f o r  10 min a t  RT. 
Absorbance was read a t  340 nm a g a i n s t  a r e f e r e n c e  c u v e t t e  (H2O) 
a d j u s t e d  with small  amounts o f  NADH t o  a d i f f e r e n t i a l  absorbance  
o f  0 .8 0 0 - 1 .0 0 0 .  When t h e  abso rbance  was s t a b l e  and no f u r t h e r  
o x i d a t i o n  o f  NADH could be d e t e c t e d ,  t h e  r e a c t i o n  was s t a r t e d  by 
t h e  a d d i t i o n  of  KG. The lo g  mode o f  t h e  r e c o r d e r  was used with 
a l i n e a r  c h a r t  and th e  s lo p e  was drawn from t h e  f a s t e s t  l i n e a r  
s e c t i o n ,  some 40-90 sec  a f t e r  t h e  r e a c t i o n ' s  s t a r t .  Uni t  o f  a c ­
t i v i t y  was t h e  change in  absor bance  a t  340 nm a t  th e  r a t e  o f  
0 .001 /min/mg p r o t e i n .

E l e c t r o p h o r e s i s : Crab serum was s u b j e c t e d  t o  e l e c t r o p h o ­
r e s i s  on po ly ac ry lam ide  gel  columns,  3 y l / c o lu m n .  E le c t r o p h o ­
r e s i s  was performed a t  4°C on 7% ac ry l  ami de ,  pH 9 . 1 ,  with  ph ot o ­
polymer ized  s t a c k e r  and sample g e l s  o f  3% a c ry l  amide,  pH 5 .2 .  
E l e c t r o d e  b u f f e r s  were T r i s - g l y c i n e ,  pH 8 . 3 .  Both gel formu­
l a r i e s  and e l e c t r o p h o r e t i c  p rocedure  a r e  based  on t h e  work of  
DAVIS (1964) and have been f u l l y  d e s c r i b e d  e l s ewhere  (GOULD and 
MEDLER, 1970) .

S t a i n s  - Subsequent  t o  e l e c t r o p h o r e s i s ,  gel  columns were 
s t a i n e d  in  t e s t  t ubes  f o r  e i t h e r  t o t a l  p r o t e i n ,  o r  copper ,  o r  
p e r o x i d a t i c  a c t i v i t y .  The s t a i n  used f o r  t o t a l  p r o t e i n  was Ami do 
Schwar tz 10B (Buffa lo  B l a c k ) ,  1% in  7.5% a c e t i c  a c i d .  Gels were 
d e s t a i n e d  by p ass iv e  d i f f u s i o n  in  s e v e r a l  changes o f  metha no l - 
g l a c i a l  a c e t i c  acid-H20 ( 5 : 1 : 5 )  f o r  a t o t a l  o f  about  20 h r s .  
Hemocyanin s i t e s  were marked by an aqueous t e t r a z o l i u m - c y a n i d e  
s t a i n  f o r  copper  (GOULD and KAR0LUS, 1975) and by a s t a i n  fo r  
p e r o x i d a s e  (PANDEY, 1967) ,  on r e p l i c a t e  g e l s .

RESULTS AND DISCUSSION

When rock c r a b s ,  Cancer  i r r o r a t u s , were exposed f o r  4 days to  
1 ppm cadmium as t h e  c h l o r i d e  s a l t ,  a s p a r t a t e  a m i n o t r a n s f e r a s e  
a c t i v i t y  in  h e a r t  muscle p r e p a r a t i o n s  in c r e a s e d  s i g n i f i c a n t l y  over  
h e a r t  AAT in  the  c o n t r o l  c r abs  (T ab le  1) .  When cr abs  were exposed 
t o  1 ppm cadmium as t h e  n i t r a t e  s a l t  in analogous  e x p e r im e n ts ,  how­
e v e r ,  t h e  h e a r t  AAT was s l i g h t l y  d e p r e s s e d ,  bu t  not  t o  a s i g n i f i ­
c a n t  degree :
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TABLE 1

AAT a c t i v i t y  in h e a r t  muscle o f  Cancer i r r o r a t u s  
exposed t o  cadmium s a l t s  f o r  4 days

Experimental
c o n d i t i o n s

Number 
sampl e 
p o o l s a )

Ranged Meanb )+S.E. Level o f  
s i g n i f i c a n c e

Control  s 26 631 -3690 1784 + 204- -

1 ppm Cd 
as CdCl2 
. 2 - 1 / 2  H20 9 1 715-5850 2963 + 422 P<.01

1 ppm Cd as 
Cd(N03 ) 2 .4H20 14 494-2740 1510 + 274 _ N.S. _ PC.001

3 h e a r t s / s a m p l e  pool .

AAT u n i t  o f  a c t i v i t y  = change in  abs orbance  o f  0.001/min/mg 
p r o t e i n  under  a ssa y  c o n d i t i o n s .

Serum magnesium was e l 'eva ted in c r a b s  exposed t o  cadmium 
c h l o r i d e ,  an o b s e r v a t i o n  t r u e  o f  both s e x e s ,  bu t  no t  in c r abs  ex­
posed t o  cadmium n i t r a t e  (NELSON and WENZLOFF, 1974) .  Moreover,  
more m o r t a l i t i e s  o ccur r ed  in c rab  groups exposed t o  cadmium as 
c h l o r i d e  tha n  o c c u r r e d  e i t h e r  in th os e  exposed t o  cadmium as 
n i t r a t e  o r  in t h e  c on t r o l  g roups.

In a s i m i l a r  s t u d y ,  THURBERG et_ al_. (1973) found t h a t  f r e s h ­
l y - e x c i s e d  g i l l s  o f  rock c r abs  exposed t o  cadmium c h l o r i d e  had 
d e p r e s s e d  r a t e s  o f  oxygen consumpt ion,  a c l e a r  i n d i c a t i o n  o f  
m e t a b o l i c  d i s t r e s s .  BROWN and NEWELL, lo ok in g  a t  t h e  e f f e c t  o f  
copper  and z i n c  on Myti lus  e d u l i s  metabol i sm (1972) ,  su gge s te d  
t h a t  s u p p r e s s i o n  o f  metabol ism i s  very  p ro babl y  " . . .  due t o  the  
i n h i b i t i o n  o f  an energy-consuming p ro c e ss  . . .  r a t h e r  th a n  a 
d i r e c t  e f f e c t  o f  t h e  metal  on r e s p i r a t o r y  enzymes." In t h e  work 
r e p o r t e d  h e r e ,  we a s c r i b e  t h e  e l e v a t e d  AAT va lu es  t o  a compensa­
t o r y  mechanism a t t e m p t i n g  t o  pr ovi de  energy to d r i v e  an impai red 
metabol i sm.

That  the  n i t r a t e  s a l t  o f  cadmium d id  no t  produce t h e  same 
e f f e c t  as t h e  c h l o r i d e  s a l t  unde r sco re s  t h e  impor tance  o f  th e  
form i n  which a metal  occurs  in  t h e  environment .  Metal  ions  bind 
t o  v a r i o u s  l i g a n d s ,  m e ta b o l i c  and o t h e r w i s e , t o  an e x t e n t  l a r g e l y  
dependent  upon the  n a t u r e  o f  t h e i r  immediate chemical  a s s o c i a ­
t i o n  ( e . g .  LEWIS e t  al_. , 1 972) .  The r e s u l t s  r e p o r t e d  here  c l e a r ­
l y  i n d i c a t e  t h a t  cadmium i s  more t o x i c  as the  c h l o r i d e  s a l t  than  
as t h e  n i t r a t e .
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Im por tan t  as i t  i s  to  de te rmine  f l u c t u a t i o n s  in  t h e  amount o f  
enzyme a c t i v i t i e s ,  perhaps  e q u a l l y  as i m p o r t a n t  i s  th e  measure o f  
an enzyme's c a p a c i t y  t o  f u n c t i o n  under  s t r e s s  i n  v i t r o . The 
aqueous e x t r a c t s  o f  c rab  h e a r t s ,  f r ozen  a t  -16°C f o r  3 days and 
the n  thawed a t  6°C, may r e a s o n a b l y  be c o n s i d e r e d  t o  have under ­
gone e l e c t r o l y t e  s t r e s s .  During th e  f o r m a t io n  o f  i c e ,  small  
pockets  o f  unf roz en  s o l u t i o n  remain t h a t  c o n t a i n  s o l u b l e  p r o t e i n  
and r e l a t i v e l y  high c o n c e n t r a t i o n s  of  s a l t s  in  c l o s e  a s s o c i a t i o n .  
Less o f  t h e  o r i g i n a l  AAT a c t i v i t y  remained  in  p r e p a r a t i o n s  from 
th e  c o n t r o l  c r abs  than  in  t h o s e  from c r a b s  exposed t o  cadmium 
c h l o r i d e  (Table  2 ) .  Again ,  t h e  n i t r a t e  s a l t  d id  no t  d i f f e r  s i g ­
n i f i c a n t l y  from the  c o n t r o l s :

TABLE 2

Res idua l  AAT a c t i v i t y  in f r o z e n  and thawed 
c ra b  h e a r t  p r e p a r a t i o n s  {% o f  o r i g i n a l  a c t i v i t y )

Experimental
c o n d i t i o n s

Number 
sample 
pool s

Ranqe
(%)

Mean+S.E.
(%)

Level o f  
s i g n i f i c a n c e

Co n t r o ls 12 21-52 31.1 + 3 . 2 “ -

1 ppm Cd 
as CdCl2 
. 2 - l / 2 H 20 7 51-99 64.3  + 7 .9 P<.001 '

1 ppm Cd as 
Cd(N03 ) 2 .4H20 5 10-42 19.0 + 1 3 . 3 - N.S. _ P<.001

We c o n s t r u e  t h e s e  d a t a  to  mean t h a t  some enzymes in m e t a l -  
exposed an imal s  may deve lo p  a degree  o f  t o l e r a n c e  t o  h i g h e r - t h a n -  
normal c o n c e n t r a t i o n s  o f  c a t i o n s ,  a t o l e r a n c e  t h a t  may l e s s e n  th e  
n e c e s s a r y  s e n s i t i v i t y  t o  b iochemical  m o d u la to r s ,  such as magnesium. 
We f a v o r  t h i s  i n t e r p r e t a t i o n  in  th e  l i g h t  o f  o b s e r v a t i o n s  t h a t  
high a s s a y  c o n c e n t r a t i o n s  o f  magnesium, f o r  i n s t a n c e ,  r ev ea l  p e r ­
t u r b e d  enzymat ic  f u n c t i o n  in  t h e  s k e l e t a l  muscle o f  ag ing  haddock,  
Melanogrammus a e g l e f i n u s  (GOULD, 1969) ,  and in t h e  l i v e r  o f  
cadmium-exposed cun n e r ,  T au to go la br us  a d s p e r s u s  (GOULD and 
KAROLUS, 1974) ;  and more r e c e n t l y ,  ev idence  s u p p o r t i n g  t h i s  view 
has been found  in th e  t i s s u e s  o f  f l o u n d e r ,  P s eud op leur onec te s  
amer icanus (GOULD, in  p r e s s ) ,  and l o b s t e r ,  Homarus americanus 
(THURBERG e t  a l . ,  in  p r e s s ) .

E l e c t r o p h o r e t i c  a n a l y s i s  of  t h e  hemolymph showed no s i g n i f i ­
c a n t  d i f f e r e n c e  between e i t h e r  group of  th e  cadmium-exposed c r abs  
and c o n t ro l  c r a b s ,  e i t h e r  in  t o t a l - p r o t e i n  p a t t e r n s  or  in  hemo- 
cyanin  s t r u c t u r e  and p e r o x i d a t i c  a c t i v i t y .
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