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The metabolism of insecticides is important in regard to 
the toxicity and storage as either the parent compound or as 
metabolites. Of particular interest to many investigators has been 
the conversion of aldrin to dieldrin. This epoxidation has been 
shown to occur in several species including mammals and poultry 
(BANNet al., 1956), houseflies (BROOKS, 1960), locusts (COHEN, 
and SMITH, 1961), soil microorganisms (LICHTENSTEIN and 
SCHULZ, 1960), a large number of Lepidoptera species (KRIEGER 
et al., 1971), freshwater fish (LUDKE et al., 1971), and a 
number of freshwater invertebrates including protozoa, 
coelenterates, worms, arthropods andmulluscs (KHAN et al., 
1972b). 

KHAN et al. (1972b) point out the importance of the systems 
responsible for such pesticide conversions as regards the 
susceptibility of a particular species and also other members in a 
food chain. Of particular interest to this laboratory is pesticide 
metabolism in lobsters (Homarus americanus), an important 
economic species utilized in great numbers by man for food. 

Little is known, however, about the ability of this species to 
metabolize foreign organic compounds with which it comes into 
contact in its environment. BRODIE and MAICKEL (196Z) found 
that the hepatopancreas was capable of metabolizing several drugs. 
MELLETT et al. (i 969) found that lobsters could metabolize the 
drug cyclophosphamide. Previous studies (CARLSON, 1973) have 
also demonstrated the in vitro metabolism of parathion to 
p-nitrophenol by lobster hepatopancreas. 

MATERIALS AND METHODS 

Male lobsters were obtained locally (Pt. Judith Fishermen's 
Cooperative, Galilee, Rhode Island) and were maintained in 
artificial seawater at 10~ Adult male rats were obtained from 
Charles River Breeding Laboratories (Wilmington, Massachusetts) 
and were housed in air-conditioned rooms with free access to food 
and water. Both groups of animals had lighting maintained on 12 hr 
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l i g h t - d a r k  c y c l e s .  The a l d r i n  u s e d  as  s u b s t r a t e  and d i e l d r i n  as 
au then t i c  p r o d u c t  w e r e  9 9 + %  pure  (Supelco ,  Inc .  , B e l l e f o n t e ,  Pc .  ) 

The i n c u b a t i o n  m e d i u m  was  s i m i l a r  to that  of KHAN et  al.  
(197Za). H e p a t o p a n c r e a s e s  f r o m  l o b s t e r s  w e r e  r e m o v e d ,  b l o t t e d  
gen t ly ,  w e i g h e d  and h o m o g e n i z e d  in  0 .1  M p h o s p h a t e  b u f f e r  
(pH 8 .0 )  to m a k e  a Z0 pe r  cen t  h o m o g e n a t e .  The h o m o g e n a t e  was  
c e n t r i f u g e d  at 9000 g in  a S e r v a l l  r e f r i g e r a t e d  c e n t r i f u g e  f o r  Z0 
m i n u t e s .  The r e a c t i o n  was  i n i t i a t e d  by the add i t i on  of 0 . 4 0  m l  of 
the 9000 g f r a c t i o n  to the i n c u b a t i o n  m e d i u m  w h i c h  c o n t a i n e d  0. 1 
m l  N A D P H  (48 m g / m l ) ,  0. 1 m l  g l u c o s e - 6 - p h o s p h a t e  (48 m g / m l ) ,  
0 .01  ml  a l d r i n  (18. Z5 r a g / 5  m l i s o p r o p y l  a l coho l ) ,  and 1 . 3 9 m l  
p h o s p h a t e  bu f f e r  (0. 10 M, pH 8 .0 ) .  The i n c u b a t i o n s  w e r e  c a r r i e d  
out  in  a Dubnoff  m e t a b o l i c  s h a k e r  and w e r e  found to be l i n e a r  f o r  
30 ra in  at  the end of wh ich  t ime  the r e a c t i o n  was  t e r m i n a t e d  by  the 
add i t i on  of 2 m l  of h e x a n e .  A f t e r  t h o r o u g h  m i x i n g  and s e p a r a t i o n  
of the l a y e r s ,  10 ~1 of the u p p e r  h e x a n e  l a y e r  w e r e  a n a l y z e d  fo r  
d i e l d r i n  u s ing  a P a c k a r d  gas  c h r o m a t o g r a p h  equ ipped  wi th  an 
e l e c t r o n  c a p t u r e  d e t e c t o r .  The t e m p e r a t u r e s  w e r e :  in l e t  230, 
c o l u m n  195 and d e t e c t o r  Z00~ The c o l u m n  was  1 . 5 % S P - 2 2 5 0  
and 1. 95% SP-Z401  o n S u p e l c o n A W  DMCS. P e a k  a r e a s  w e r e  
c o m p a r e d  wi th  d i e l d r i n  s t a n d a r d s .  

When subfraction experiments were conducted, the 9000 g 
fraction of lobster hepatopancreas was further centrifuged at 
105,000 g for 1 hr in anlEC Ultracentrifuge. The microsomes 

were then resuspended in phosphate buffer. 

The measurement of cytochrome P-450 was carried out 
according to the method of DALLNER (1963). Microsomes from 
lobster hepatopancreas were prepared as above except that it was 
necessary to add irn_Miflithiothreotol in order to prevent break- 
down to cytochrome P-4Z0. Microsomes were also prepared 
from the livers of rats which were perfused with isotonic KCI. 
Microsomal protein content was determined using the method of 

LOWRY et al. (1951). 

RESULTS 

The pH profile of the epoxidation reaction was determined 
by incubating at 37~ using phosphate buffers of pH 6.0, 7.0, 
8.0 and 9.0. The data in Table 1 indicate that the pH optimum 
was 8.0. There were severe decreases one pg unit either above 
or below 8.0. This is similar to the sharp peak found for aldrin 
to dieldrin conversion in crayfish hepatopancreas and gut 
(KHAN et al., 197Za, b). 
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TAB LE 1 

E f f e c t  of  pH on A l d r i n  E p o x i d a t i o n  

pH N Dieldrin Formed a 

6.0 7 1.3 :~ 0.19 b 

7.0 5 0.9+0.18 

8.0 9 1.9J: 1.24 

9.0 2 1 . 1 + 0 . 0 8  

a 

Nanograms dieldrin/mg tissue/30 min 

bMean +_ S. E. 

The effect of temperature on the conversion of aldrin to 

dieldrin was investigated by incubating one portion of a 9000 g 

fraction and another portion of the same sample at 20~ As 

shown in Table 2 the reaction was not very temperature 

sensitive. The 20 per cent difference in dieldrin formation is not 

statistically significant using Student's t test at the 5% level. 

Subsequent experiments, however, were carried out at 20~ If 

the tissue was heated for i0 rain in a boiling water bath, no 

dieldrin was found indicating that the system was destroyed by 

boiling and that there was no nonenzymatic conversion of aldrin 
to dieldrin under the conditions employed. 

T A B L E  2 

E f f e c t  of T e m p e r a t u r e  on A l d r i n  E p o x i d a t i o n  

T e m p e r a t u r e  (~ Number Dieldrin Formed a 

zo 9 i. z + o. 15 b 

37 9 1.0+_ 0.16 

aNanograms dieldrin/rag tissue/30 min 

bMean +- S. E. 
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F u r t h e r  c e n t r i f u g a t i o n  of the 9000 g f r a c t i o n  at 105 ,000  g 
a l l owed  for  the s e p a r a t e  105 ,000  g so lub le  and m i c r o s o m a l  f r a c t i o n s  
to be a s s a y e d .  The  v a l u e s  g i v e n i n  Tab le  3 a r e  e x p r e s s e d  as p e r  
e q u i v a l e n t  to m g  of whole  t i s s u e .  A l t h o u g h  m u c h  of the a c t i v i t y  
was  l o s t  by th is  p r o c e d u r e ,  m o s t  of the a c t i v i t y  r e m a i n i n g  
a p p e a r e d  to be in the so lub le  p o r t i o n  r a t h e r  than the m i c r o s o m a l  
f r a c t i o n .  

TABLE 3 

Subcellular Distribution of Aldrin Epoxidation Activity 

Fraction Dieldrin Formed a 

105 ,000  g Soluble  

Mi c ro s o m a l  

0. 14 + 0.05 b 

0. 04 + 0.0Z 

aNanograms dieldrin/equivalent of 1 mg whole 
tis sue/30 rain 

bMean +- S.E. for 3 replications 

The findings by others of mixed function oxidase activity 
in lobsters and the detection in these experiments of aldrin 

epoxidation implied that lobster hepatopancreas contains an 
electron transport system of some sort. It was important, 
therefore, to determine if lobster hepatopancreas contained 
cytochrome P-450 and to compare the amount found to the much 
more enzymatically active rat liver. The results of the cyto- 
chrome P-450 determinations are presented in Table 4. The 
cytochrome P-450 content of lobster hepatopancreas was less 
than one-fourth that of rat liver on a per milligram of protein 

basis. 
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TAB LE 4 

C y t o c h r o m e  1~ Con ten t  of L o b s t e r  and R a t  M i c r o s o m e s  

Species Number P-450 a 

Lobster 5 87 + 9.3 b 

Rat 3 381 + 62. 9 

~OD450_500/mg microsomal protein 

bMean + S. E. 

DISC USSION 

T h e s e  in v i t r o  e x p e r i m e n t s  i n d i c a t e  that  the l o b s t e r  does  
p o s s e s s  the c a p a b i l i t y  f o r  the m e t a b o l i s m  of a l d r i n  to the m o r e  
s t ab l e  d i e l d r i n .  C h a r a c t e r i z a t i o n  of this  e p o x i d a t i o n  in the 
h e p a t o p a n c r e a s  r e v e a l e d  that  the pH o p t i m u m  is 8 . 0  and that  
t h e r e  is s l i g h t l y  g r e a t e r  a c t i v i t y  at  20~ than  at 37~ This  
h i g h e r  a c t i v i t y  a t  l o w e r  t e m p e r a t u r e  is in  a g r e e m e n t  wi th  da ta  
r e p o r t e d  fo r  the m e t a b o l i s m  of the o r g a n o p h o s p h a t e  i n s e c t i c i d e  
p a r a t h i o n  to p - n i t r o p h e n o l  (CARLSON,  1973). 

The subcellular distribution studies which demonstrated 
that most of the activity was located in the 105,000 g soluble 

portion of the hepatopancreas rather than in the microsomes are 
surprising. KHAN et al. (197Za) reported that in crayfish, 80% 
of this epoxidase activity resided in the microsomal fraction. 
This low activity may be a reflection of the small amount of 

cytochrome P-450 which was found to be present in the lobster 
m i c  r o s o m e  s. 

The f ind ings  of this  i n v e s t i g a t i o n  that  l o b s t e r s  have  the 
a b i l i t y  to ox id ize  a l d r i n  to d i e l d r i n  a long  wi th  the s tud i e s  of o t h e r  
i n v e s t i g a t o r s  d e m o n s t r a t i n g  o t h e r  o x i d a s e  a c t i v i t i e s  i n d i c a t e  tha t  
this  s p e c i e s  i s  c apab l e  of m e t a b o l i z i n g  x e n o b i o t i c s  such  as 
p e s t i c i d e s  and o t h e r  po l l u t an t s  i t  m a y  e n c o u n t e r  in its m a r i n e  
e n v i r o n m e n t .  T h e s e  s tud i e s  a l so  s u p p o r t  the i d e a  of  KHAN et  al.  
(1972a,  b), L U D K E  et  al. (1972) and o t h e r s  tha t  m e t h o d o l o g y  
shou ld  be a d a p t e d  to [he p a r t i c u l a r  s p e c i e s  be ing  s tud i ed  in  o r d e r  
to ob ta in  m e a n i n g f u l  r e s u l t s .  
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