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High bcnzo[a]pyrene hydroxylase activity in the marine fish Stenotomus versicolor 
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Hepatic microsomal cytochrome P-450 systems in fish are 
generally like those in mammals, with cytochromes P-450 
having similar optical and electron paramagnetic resonance 
(e.p.r.) spectra and catalytic functions [ 1, 21. Hepatic mixed- 
function oxygenase activities in fish are, however, often low 
when compared to those in mammals 13, 41. Fish mixed- 
function oxygenases, notably arYJ hydrocarbon 
(benzolalpyrene; BP) hydroxylase, can be experimentally 
induced by treatment with known organic contaminants [ 5, 
61. and it is also possible for such induction to occur in the 
environment i 61. 

In order to define relationships between the chemical envi- 
ronment and cytochrome P-450 systems in fish, it is neces- 
sary to understand these systems in untreated or uninduced 
animals. In some untreated, freshwater brown trout (Salmo 
trutta), for example, the activity of hepatic microsomal BP 
hydroxylase was found to be much greater than that observed 
in mammals 17, 81. However, the trout used in this study were 
all held for some period in captivity, which could introduce 
factors that might influence hepatic mixed-function 
oxygenases. 

There have been no reports dealing with such high BP 
hydroxylase in marine fish. This communication describes 
some characteristics of hepatic microsomal mixed-function 
oxygenase activities in Stenotomus versicolor (scup or 
porgy). a marine teleost with high BP hydroxylase activity, 
and compares these and other features of microsomal electron 
transport systems to those in the mouse. 

BP and 78benzoflavone (7,8-BF) were obtained from the 
Aldrich Chemical Co, Milwaukee, WI. All other cofactors, 
coenzymes and substrates were obtained from the Sigma 
Chemical Co., St. Louis, MO. 

*Cytochrome P-450 was undetectable in the 40,OOOg 
supernatant fraction. Relative specific activities of BP hy- 
droxylase in microsomal and 40,000 g supernatant fractions 
were 5.5 and 0.1 respectively. Relative specific activities of 
AP demethylase were 6.3 and 0.05 respectively. 

Adult male and female scup (S. versicolor), about IO&- 
200 g, were collected by angling in Great Harbor, Woods 
Hole, MA, or outer Hadley Harbor, Gosnold. MA. in June- 
August, 1975-1978. Fish were either used within 1 hr of 
capture, or held for periods of 2 weeeks to 8 months in SOO- 
gal tanks at the National Marine Fisheries Service, Woods 
Hole, MA. Fish held were fed a diet of chopped smelt and 
clams, ad lib.. every 2 days. Tanks were equipped with flow- 
through water at 19 f lo. filtered through gravel and sand. 
All fish were killed outside the spawning season. Mice (Mus 
muscutus) were 90-day-old adult Charles River CD- 1 females 
of 23-26 g, maintained at the animal facilities of the Marine 
Biological Laboratory, Woods Hole, MA. Mice were fed 
Charles River diet and Purina Lab Chow, and maintained on 
Absorb-Dri and Bedda-Chip hardwood bedding at a density 
of 7/E-. 

Animals were killed by cervical dislocation (mice) or 
decapitation (scup) and excised livers were placed immedi- 
ately in ice-cold 0.1 M phosphate buffer. pH 7.3. Tissues 
were minced and homogenized in 4 vol. of 0.1 M phosphate 
buffer, pH 7.3, containing 1.15% KC1 and 3 mM M&I,. 
using a Potter-Elvehjem tissue grinder with four passes of the 
pestle at 1350 and four passes at 1900 revimin. Microsomal 
preparations were isolated from the 9000 g supernatant frac- 
tion by centrifuging for 90 mm at 40,000 g and resuspended 
in 3 vol. of 0.1 M phosphate buffer, pH 7.3, per g of liver. * 

NADPH-cytochrome c (cytochrome P-450) reductase 
(EC 1.6.2.4) was assayed at 25’ (scup) or 37” (mouse) by a 
modification of the method of Phillins and Lanndon [ 9 1, with 
a reaction mixture containing 01175 mM NADPH and 
80 PM horse heart cytochrome c in 0.2 M potassium phos- 
phate buffer, pH 7.7. NADH-cytochrome c (cytochrome b,) 
reductase (EC 1.6.2.2) was assayed using the conditions for 
NADPH-cytochrome c reductase. with- 0.25 mM NADH 
reulacing 0.175 mM NADPH. Reduction of cytochrome c . - 
was followed at 550 nm and reference cuvettes in both cases 
contained reaction mixtures with no enzyme. 

BP hydroxylase was assayed using 0.5.ml reaction mix- 
tures containing an NADPH-generating system described 
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previously [ 101 in 0.1 M Tris, final pH 7.0 (scup) or 7.3 
(mouse). Reactions were initiated by adding BP in 20~1 
methanol to a final concentration of 60 PM, and incubated for 
20 min at 29” (scup) or 37” (mouse). Fluorometric assay of 
metabolites was carried out according to modifications of the 
method of Nebert and Gelboin [ 111. When studying 7,8-BF 
inhibition, both 78BF and BP were added in a total of 20 ~1 
MeOH. Aminopyrine (AP) demethylase was determined with 
a 1.5ml reaction mixture containing a generating system as 
given above in 0.166 M HEPES, pH 7.6. Reactions, initiated 
by adding recrystallized AP to a final concentration of 
15 mM, were incubated for 15 min at 29’ (scup) or 37’ 
(mouse), and formaldehyde was assayed according to 
Nash [ 121, as modified by Cochin and Axelrod [ 131. Blank 
values for both BP hydroxylase and AP demethylase were 
determined using reaction mixtures without NADPH. Assay 
temperature and pH indicated for scup enzymes were optimal. 

Cytochrome P-450 was analyzed optically using a Cary 
118-C difference spectrophotometer. Cuvettes contained 0.8 
to 1.2 mg of microsomal protein in 1.5 ml of 0.1 M phosphate 
buffer, pH 7.3. CO-bubbled, dithionite-reduced microsomes 
occupied the sample compartment and CO-bubbled micro- 
somes occupied the reference. Cytochrome b, was analyzed in 
similar 1.5.ml volumes, and microsomes in the sample cu- 
vette were reduced with 0.034 mg NADH/ml. Cytochrome 
content was determined assuming extinction coefficients of 
9 1 cm-’ mM_i for cytochrome P-450 at O.D. 450-490, and 
185 cm-’ mM_’ for cytochrome b, at O.D. 424-411 [ 141. 
Protein was determined according to Lowry et al. [ 151. 

Hepatic microsomal cytochrome P-450 in the scup and 
mice used here had a reduced, CO-ligated absorption max- 
mum at 450 nm in each case. NADH-reduced cytochrome b, 
in both species had absorption maxima in the Soret region at 
424 nm and minima at 4 11 nm. Levels of cytochrome P-450 
in these mice were comparable to some 1 161 but lower than 
other [ 171 values reported previously for female mice. Levels 
of AP demethylase were also comparable [ 171 but BP hy- 
droxylase activity was lower I 181. 

Expressed on the basis of mg of microsomal protein, the 
levels of cytochrome b,, NADH- and NADPH-cytochrome c 
reductases in scup (Table 1) were about 20 per cent those in 
mouse, but scup cytochrome P-450 was present in compara- 
tively greater amounts (about 50 per cent that in mouse). This 
level was somewhat greater than those in some other marine 

fish, which have about 2&30 per cent the specific content of 
P-450 found in mammals [ 31. AP demethylase activity was 
70-80 per cent lower in the scup when expressed per unit of 
microsomal protein (Table 1) and less than 5 per cent that in 
mouse when normalized to body weight, 26 & 5 units/body 
vs 838 2 297 units/g body in the mouse. Estimated turnover 
number in scup, 332 + 5 1 units/nmole of P-450, was half 
that in mouse, 700 + 200 units/nmole of P-450. 

In sharp contrast to the results with AP demethylase, BP 
hydroxylase activity was almost ten times greater in scup than 
in mouse (Table l), and the estimated turnover number was 
almost twenty times greater in scup, 1207 ? 100 units/nmole 
of P-450 as compared to 6 1 + 18 unit&mole of P-450. Yet, 
normalized to body weight, this activity was alike in both 
scup and mouse (about 75-90 pmoles/min/g body wt). Thus, 
in spite of the differences based on microsomal protein, it 
would seem that the relative ability to metabolize BP was 
quite similar between the two species, even considering the 
reduced rate of activity in scup when assayed at habitat rather 
than optimal temperature (unpublished information). 

The highly active hepatic microsomal BP hydroxylase in 
scup was inhibited strongly (8&90 per cent) by 10m4 M 7,8- 
BF (Table 2), while in mice this activity was only moderately 
inhibited by the same concentration of benzoflavone. Such 

Table 2. Inhibition of scup and mouse hepatic microsomal 
benzo[alpyrene hydroxylase by 7$benzoflavone 

% Activity remaining 

scup scup 
7,8-Benzoflavone held freshly caught Mouse 

concn (M) (N= 15) (N = 9) (N= 3) 

0 100’ 100’ 100; 
1.25 Y lo-’ 95 + 5t 91+ 12 96 t 3 
5.0 Y 10-e 70 + 4 80? 21 71+ 7 
1.0 Y 10-J 17& 2 17& 2 63 & 5 

*Range of 100 per cent activities was 55&700 units * mg 
protein-’ for scup, and 65-95 units * mg protein-’ for mouse. 
t All values are means + S. D. 

Table 1. Hepatic microsomal electron transport components and mixed-function 
oxygenases in scup and mouse * 

Component 

Liver wt/body wt (94) 
Microsomal protein 

(mg/g liver) 
Cytochrome P-450 

(nmoles * mg prot-‘) 
Cytochrome b, 

(nmoles . mg prot-*) 
NADPH-cyt c reductasej: 

(units * mg prot-i) 
NADH-cyt c reductase$ 

(units * mg prot-i) 
Aminopyrine demethylases 

(units * mg prot-i) 
Benzo[alpyrene hydroxylase/l 

(units * mg prot-‘) 

Scup (N) 

1.01 & 0. lot (58) 

12.4 rf- 0.5 (50) 

0.62 + 0.08 (30) 

0.06 + 0.02 (11) 

107 + 5 (23) 

183 + 6 (10) 

206 + 34 (35) 

693 & 40 (39) 

Mouse (N) 

5.24 & 0.29 (5) 

20.0 k 0.32(5) 

1.14 + 0.12(5) 

0.33 * 0.03 (3) 

510 + 9 (3) 

913 + 59 (3) 

800 + 151 (3) 

72 + 14 (4) 

*Data from d and 9 fish were pooled as no significant differences were seen in any 
of these parameters. 
t All values are means 2 S. E. M. 
t Units are nmoles cytochrome c reduced/min. 
5 Units are nmoles HCHO produced, normalized to 1 hr. 
/I Units are pmoles 3-OH-benzo[alpyrene equivalents produced/min. 
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inhibition of scup BP hydroxylase was characteristic of those 
fish which had been held in aquarium systems and also of fish 
which were assayed immediately after capture. Although 
typically high, levels of BP hydroxylase of less than 200 m- 
moles/min/mg have been observed in both freshly caught and 
held fish. However, even in these cases the activity was 
inhibited more than 80 per cent by 10e4M ?,&BF. These 
results indicate clearly that chemical or other factors which 
might differ between the aquarium and natural environments 
were not involved in the appearance of 7.8BF inhibition. 

The appearance of high BP hydroxylase activity in un- 
treated scup is not a feature linked to generally high mixed- 
function oxygenase activity, as AP demethylase was quite low 
in these animals. Likewise, the differences in BP hydroxylase 
activity between scup and mouse are not apparently related to 
levels of cytochrome reductase or cytochrome b,. Rather. the 
higher levels of BP hydroxylase in scup are probably due to a 
complement of cytochrome P-450 which catalyzes this reac- 
tion with greater efficiency, as suggested by the differential 
response to 7,8-BF and the high estimated turnover number in 
scup. 

BP hydroxyiase activity that is strongly inhibited by 
lo-” M 7,8-BF is often a characteristic of cytochrome P-450 
(cytochrome P-448) induced in mammals by polynuclear 
aromatic hydrocarbons such as 3-methylcholanthrene (3- 
MC) 1191. Thus, microsomal cytochrome(s) P-450 from un- 
treated scup resembles at least catalytically, cytochrome(s) P- 
448 induced in certain mammals. Unlike the cytochromes in 
such mammals, however, the cytochrome P-450 complement 
in scup had a CO-bound peak of absorption close to 450 nm, 
rather than 448 nm. A condition similar to that in scup has 
also been observed in untreated brown trout, which had high 
BP hydroxylase activity that was sensitive to 7,&BF inhibi- 
tion 171. This, along with results of substrate binding 181, 
suggested that cytochrome P-450 in that species had certain 
ch~acteristics like the m~rnaii~ cytochrome P-448. In 
contrast to scup or trout, BP hydroxylase from little skate 
@U&-I erincea), an elasmobranch fish, was sensitive to 7,8BF 
inhibition only after induction by 3-MC 1 11. 

In marine sediments, there are low levels of many organic 
compounds, including polynuclear aromatic hydrocar- 
bons [ 201. It is possible that scup are very sensitive to such 
compounds and that the amounts present in waters above 
coastal sediments were sufficient to induce synthesis of a 
cytochrome P-450 sensitive to 7,8-BF in the fish we exam- 
ined. Similarly, the food of these fish, whether captive or not, 
may have contained foreign compounds sufficient to cause 
induction. These scup then, while undergoing no experimental 
treatment, may be showing the effects of induction by inciden- 
tal exposure to environmental chemicals, and the high BP 
hydroxyiase activity and sensitivity to 7&BF may not be 
characteristic of an uninduced state. We cannot yet distin- 
guish, however, between this possibility and that of a constitu- 
tive cytochrome P-450 complement that is particularly sensi- 
tive to 7.8.BF. Varied experimental treatment of scup and 
examination of different populations of scup and other species 
from varied environments should aid in understanding this 
situation. 

In summary. hepatic microsomal BP hydroxylase in the 
marine fish scup was about IO-fold more active than in mice. 
Levels of microsomal cytochromes. cytochrome reductases 

and AP demethylase were much lower in scup. The high BP 
hydroxylase in scup was strongly inhibited by 10e4 M 7,8- 
BF, and this did not differ between fish freshly collected and 
those held for months in aquaria. The data suggest that some 
marine fish may normally have cytochrome(s) P-450catalyti 
tally resembling cytochrome(s) P-448 in mammals. 
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