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Monooxygenase Induction and Chlorobiphenyls in 
the Deep-Sea Fish Coqphae&s armatw 

Inhibition of liver miwsomal ethoxyresoru6n 0-deethylase and aryl hydrocarbon 
hydroxylase activities by a-naphthoflavone and by polyclonal antibodies to hydrocar- 
bon-inducible cytochrome P-450E from teleost liver indicated a xenobiotic-induced 
origin of these activities in the deep-sea fish C o r j p h h  annatr*r. Specific recogni- 
tion of a proteh by antibodies to P-450E in an immunoblot assay further indicated 
xenobiotic-induced cytochrome P-450 in these animals. Levels of apparently induced 
cytochrome P-450 and monooxygenase activity correlated positively with the tissue 
content of chlorobiphenyls of known inducing activity, implicating such compounds in 
biochemical effects occurring in the deep acean. 

R EGIONS OF THE DEEP SEA BELOW 

1000 m are generally more stable 
environments than shallower conti- 

nental shelf and coastal regions (I). Recent 
evidence, however, shows the potential for 
coupling between surface ocean biological 
activity and deep ocean organisms (2). Pre- 
vious studies revealed a penetration of the 
deep sea by foreign compounds originating 
from land-based activities (3). Deep-sea 
waste disposal now under consideration (4) 
would contribute fiuther to the occurrence 
of such compounds. 

Cytochrome P-450 monooxygenases cat- 
alyze transformation of many foreign com- 
pounds, leading to detoxification or bioacti- 
vation. Cytochrome P-450 isozymes having 
specific catalytic functions are induced in 
fish by 3-methylcholanthrene (MC), P- 
naphthoflavone (BNF), other hydrocar- 
bons, and certain halobiphenyls (5). These 
induced proteins and their activities detect- 
ed in feral fish in coastal waters have been 
attributed to the action of such chemicals 
(6). Our analyses of cytochrome P-450 sys- 
tems indicate that some deep-sea fish have 
an induced capacity to biotransform xeno- 
biotics and, therefore, that biochemical ef- 
fects of xenobiotics are now occurring in the 
deep ocean. 

A widely distributed deep-sea fish, the 
rattail Cmyphuemides armutus, was sampled 
tiom two sites in the western North Atlan- 
tic: near Hudson Canyon on the continental 

slope off New York and near Carson Can- 
yon off Newfoundland (7). The animals 
were alive on retrieval, were of a similar size 
(40 to 80 g) at each site, and their gonads 
were not obviously developed. Genetic dis- 
tinctions among fish fiom these sites are not 
likely to be large (8). 

Fig. 1. Immunoblot of C. annatw liver micro- 
somes with polyclonal antibody to P-450E. Mi- 
crosomal proteins were separated by sodium do- 
decyl sulfate-polyacrylamide gel electrophoresis 
and transferred to nitrocellulose (23). Nitrocellu- 
lose was exposed to antibody to P-450E (1 : 500) 
followed by goat antibody to rabbit IgG and 
rabbit peroxidase-antiperoxidase (Bio-Rad perox- 
idase staining method). The same amount of 
rnicrosomal P-450 (20 pmol) was added to lanes 
1 to 4. Lane 1, Hudson Canyon fish (EROD, 
>2.0 pmoVmin-pmol P-450); lane 2, Hudson 
Canyon fish (EROD, 0.8); lanes 3 and 4, Carson 
Canyon fish (EROD, C0.2 in each). Lane 5 
contained 6.5 pmol of purified scup P-450E. 
Quantitation of cross-reacting material in C. ar- 
matus was not ssible due to lack of standards, 
but intensity oEaining with purified P-450E is 
linear to about 6 pmol. 

Previous studies (9) showed that hepatic 
microsomal preparations of C. armahrr had 
active electron transport components and 
native cytochrome P-450. Hepatic micro- 
somes prepared and analyzed by established 
methods (9) had similar levels of microsom- 
al cytochmme P-450 (about 0.30 nmoYmg) 
and of reduced nicotinarnide adenine dinu- 
cleotide phosphate-rpchrome c (P-450) 
reductase activity (90 nmoYmin-mg) in fish 
from both sites. 

Ethoxyresorh 0-deethylase (EROD) 
and aryl hydrocarbon hydroxylase (AHH) 
activities, which are catalyzed principally by 
M G  or BNF-inducible cytochrome P-450 
isozymes in fish (lo), were detectable in all 
samples but were significantly higher in 
animals near Hudson Canyon (Table 1). 
Levels of activity per nanomole of cyto- 
chrome P-450 (a measure of catalytic effi- 
ciency) in fish taken near Hudson Canyon 
were comparable in some individuals to the 
levels in MC-induced fish species from shal- 
low waters, that is, greater than 2 nmol per 
minute per nanomole of cytochrome P-450 
for EROD activity. AHH activity of Hud- 
son Canyon samples was inhibited more 
strongly by a-naphthoflavone (ANF), a 
compound that preferentially inhibits cata- 
lytic activity of MC-inducible cytochrome P- 
450 in fish (6, 10) and mammals (11). 
By contrast, ethoxycoumarin 0-deethylase 
(ECOD) activity differed to a lesser extent 
between these groups. In other fish, ECOD 
activity is catalyzed as much as 50 percent by 
other, noninducible isozymes (12). 

The conclusion that the EROD and 
AHH activities in C. armahrr reflect the 
presence of induced cytochrome P-450 was 
strongly supported by analysis with polyclo- 
nal antibodies to the MC-inducible liver 
cytochrome P-450 (cytochrome P-450E) 
(12) from the teleost Stetwtmus chysops. 
These antibodies inhibit EROD activity, 
and cross-reactivity is evident in enzyme 
inhibition and immunoblotting with sirni- 
larly induced isozymes in other fish species 
(12, 13). Antibodies to P-450E preincubat- 
ed with C. amatus liver microsomes inhibit- 
ed EROD activity progressively in titration, 
up to 45 2 3 percent (n = 3) at a ratio of 60 
~g of purified immune immunoglobulin G 
(IgG) per picomole of P-450, compared to 
activity with preimrnune IgG (14). Immu- 
noblotting of C. armutus microsomes re- 
vealed that antibodies to P-450E recognized 
a protein with a molecular weight of about 
55,000 (55K), in the range (54K to 58K) of 
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induced cytochrome P-450 in other fish. 
This protein was present in greater amounts 
in fish with higher EROD activity, such as 
those from Hudson Canyon (Fig. 1). On 
the basis of these features and the specificity 
of antibodies to P-450E in immunoblotting 
(13), we conclude that this protein is an 
MC-induced type cytochrome P-450. 

The distinction between C. amzatus from 
the two sites indicates a greater response 
to MC-type inducers near Hudson Can- 
yon. Gas chromatography-mass spectrome- 
try (GC-MS) (15) revealed that the liver of 
C. amzatus from near Hudson Canyon con- 
tained polychlorinated biphenyls at concen- 
trations (Table 2) similar to the tissue con- 

tent known to strongly induce AHH activity 
in other fish (16). The specific chlorobi- 
phenyls identified thus far (Table 2) include 
appreciable amounts of 2,3,3',4,4'-penta- 
chlorobiphenyl and 2,3,3',4,4',5-hexa- 
chlorobiphenyl, both of which have MC- 
type inducing capacity in mammals, al- 
though as mixed-type inducers ( 1 3 .  Resi- 
due levels in fish from Carson Canyon were 
significantly less for several chlorobiphenyls, 
including the two just mentioned. Other 
unidentified compounds could be influenc- 
ing monooxygenase systems in the deep sea, 
yet the present results establish a plausible 
chemical basis for the apparent induction. 

Several of the chlorobiphenyls (Table 2), 

Table 1. Monooxygenase activities in C. armatus liver microsomes. Analyses (10) were accomplished 
under reaction and temperature (20°C) conditions determined to be optimal for C. armatus 
monooxygenase activity. Some Hudson Canyon samples analyzed before (9)  were reanalyzed here, with 
identical results. A fifth sample from Hudson Canyon had an EROD activity of 0.75 nmoVmin per 
nanomole of P-450, consistent with other values in that group. That sample also had a large amount of 
cytochrome P-420 and was not included in the calculations. Values are means * standard errors. 

Activity (nmoumin- 
nmol P-450) 

C, armatus source 

Hudson Canyon Carson Canyon 
(n = 4) (n = 8) 

EROD 1.175 t 0.310" 
AHH 0.408 t 0.170" 
ECOD 0.164 t 0.080 
AHH inhibition by 10-4M ANF 4 2  lt 

(% activity remaining) 

*Significantly different from value for Carson Canyon (P < 0.01, two-sided Mann-Whitney U test). t P  < 0.02. 

Table 2. Chlorobiphenyl concentrations in C, armatus liver from fish in the Hudson Canyon and 
Carson Canyon areas. Values (grams x per gram of wet weight) are means t standard errors. 
Detection limits were in the range 0.01 x to 0.06 x gig depending on the sample size. 
IUPAC, International Union of Pure and Applied Chemists. 

Chlorobiphenyl 
IUPAC number Substitution pattern Hudson Canyon Carson Canyon 

(24 ) (n = 5) (n = 2) 

28 
44 
49 
52 
60 
70 
86 
8 7 
95 

101 
105 
128 
129 
137 
138 
141 
153 
156 
180 
183 
194 
195 
206 
207 

Total 

*P < 0.05, Mann-Whitney U test. 
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as well as@'-DDE and@'-DDD identified 
in these samples (15), are phenobarbital- 
type inducers. Fish generally show little or 
no induction by such compounds (18). 
Polychlorinated camphenes of a complexity 
consistent with the pesticide Toxaphene, 
whose effects on cytochrome P-450 in fish 
are unknown, were also detected. The bio- 
transformation of specific chlorobiphenyls 
or other factors contributing to the patterns 
and tissue content of residues have yet to be 
assessed. The difference between Carson 
Canyon and Hudson Canyon fish could 
reflect the proximity of the latter to urban 
centers or known dump sites up-canyon on 
the adjacent continental shelf (4). 

This apparent induction of cytochrome P- 
450 provides evidence for effects of widely 
distributed organic xenobiotics in the deep 
ocean. The significance of this induction, 
whether adaptive or maladaptive, is not 
known, but the potential exists for further 
biological change. 

The data also describe hepatic enzymes in 
deep-sea fish that appear to be as cataljrtical- 
ly efficient as those in shallow water species. 
This contrasts with other enzymes that have 
lower catalytic efficiency in the deep sea, 
such as the well-studied enzyme muscle lac- 
tate dehydrogenase (19), and could reflect 
the different biological functions and regula- 
tion of these enzymes. Interactions between 
substrate and catalyst in xenobiotic mono- 
oxygenase systems are characterized by hy- 
drophobic associations (20), which in other 
systems are known to be sensitive to changes 
in pressure (21). Pressure could also influ- 
ence membrane function (21), affecting req- 
uisite protein-protein interactions between 
cytochrome P-450 and cytochrome P-450 
reductase in the membrane (20). Microsom- 
a1 monooxygenase systems offer distinct 
possibilities for the study of structural and 
functional adaptations of membrane-bound 
proteins in the deep sea. 

Specific polyclonal antibodies to cyto- 
chrome P-450E and the monoclonal anti- 
bodies to cytochrome P-450E (22) could be 
applicable in studies of such adaptation. As 
demonstrated here, such antibodies are use- 
ful in analyzing cytochrome P-450 induc- 
tion as a measure of xenobiotic effects in fish 
of various species and from various environ- 
ments. 
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Characterization of Highly Immunogenic p661p5 1 as 
the Reverse Transcriptase of HTLV-IIKAV 

Approximately 80 percent of all human sera that react with antigens of HTLV-111, the 
etiologic agent of the acquired immune deficiency syndrome (AIDS), recognize 
protein bands at 66 and 51 kilodaltons. A mouse hybridoma was produced that was 
specific to these proteins. Repeated cloning of the hybridoma did not separate the two 
reactivities. The p661p51 was purified from HTLV-I11 lysates by imrnunoafEnity 
chromatography and subjected to NH2-terminal Edman degradation. Single amino 
acid residues were obtained in 17 successive degradation cycles. The sequence 
determined was a perfect translation of the nucleotide sequence of a portion of the 
HTLV-I11 pol gene. The purified p66151 had reverse transcriptase activity and the 
monoclonal immunoglobulin G specifically removed the enzyme activity from crude 
viral extract as well as purified enzyme. 

H UMAN T-CELL LYMPHOTROPIC VI- 
rus (HTLV-IIIILAV) is the etio- 
logic agent of the acquired im- 

mune deficiency syndrome (AIDS) (1). By 
the use of the Western blot technique, sever- 
al antigens in lysates of purified HTLV-I11 
have been recognized as major targets of 
antibody reactivity with sera of HTLV-I11 
infected individuals (2). Antigens of 120, 
66, 51, 41, 31, 24, and 17 kD are recog- 
nized in these blots (Fig. 1A). Of these 

antigens, those of 17 and 24 kD (p17 and 
p24) have been identified as proteins en- 
coded by the HTLV-I11 gag gene, and 
gp120 and gp41 as products of the env gene 
(3, 4). 

The nature of p5 1 and p66 remains to be 
determined. Reactivity to these proteins is 
present in at least 80 percent of randomly 
tested human sera that are HTLV-I11 anti- 
body positive. These proteins are antigeni- 
cally unrelated to HTLV-I11 gag proteins 

p24 and p17, or env proteins gp120 and 
gp41 (5) .  If one assumes that these proteins 
are encoded by the virus, they may be 
derived from a long open reading frame 
(LOR) other than the LOR'S of thegag and 
env genes. 

In one approach to this question we 
prepared hybridomas secreting monoclonal 
antibodies that recognized these two pro- 
teins. BALBIc mice were immunized by 
several intraperitoneal injections of detei- 
gent-lysates of purified HTLV-I11 strain 3B 
produced in H9 cells (6). Splenic lympho- 
cvtes were fused with the NS-1 mouse mv- 
eloma line as described (7). supernatant 
fluids from the hybrids obtained were 
screened for antibodv to HTLV-I11  rotei ins 
by an enzyme-linked irnmunosorbent assay 
(ELISA) in which we used detergent-dis- 
rupted HTLV-I11 as antigen. Hybrids that 
were scored positive in this assay were ex- 
panded and tested further by the immuno- 
blot technique to define specificities. 
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