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ABSTRACT

Monoclonal antibody 1-12-3 reactive against scup (Stenototnus
chryxops] cytochrome P450 E (a teleost CYP IAD has been used to im-

munohistochemically localize CYP IA1 within hepatocytes and presum
ably sinusoidal endothelial and biliary epithelial cells of scup and troia.
The goal of the present study was to extend immunohistochemical studies
to the ultrastructural level determining intracellular locations of CYP IA1
in fish liver. Juvenile trout (5-10 g) were given i.p. injections once (50/Â¿g/g
ÃŸ-naphthoflavone in cod liver oil; 0.5-ml injectate volume). After 5 days,

livers were fixed (0.25% glutaraldehyde) via vascular in situ perfusion,
removed, cut in l(Ml-/nn slices, infiltrated, and embedded in IK White

monomer. (Jltrathin sections of exposed livers were incubated in mono
clonal antibody 1-12-3, rabbit anti-mouse IgG, and protein G colloidal

gold. Membranes of granular endoplasmic reticulum in perinuclear re
gions of hepatocytes were consistently labeled. In addition, hepatocyte
plasma membrane, particularly microvilli at bile canaliculi, was labeled.
Biliary epithelial cells were labeled on luminal plasma membrane sur
rounding biliary passageway. Plasma membrane facing sinusoid and im
mediately subjacent cytoplasm was labeled in endothelial cells. Presence of
CYP IAI in sinusoidal endothelium could contribute to detoxication
and/or bioactivation of blood borne chemicals. Granular endoplasmic
reticulum was not uniformly labeled in hepatocytes. Rather, distribution
seemed sequestered within highly specific regions and not dispersed along
all membrane surfaces. Localization within biliary epithelial cells could
signify potential of this cell type to bioactivate polycyclic aromatic hydro
carbons and may explain the common finding of biliary as well as hepa-

tocytic tumors of trout liver.

INTRODUCTION

Fish have cytochrome P-450-related (phase I) and phase II biotrans-
formation systems qualitatively similar to those in mammals (1-5). In

the past decade, a considerable body of information has been accu
mulated on biotransformation in fish, especially the P-450 monoox-
ygenase system (for reviews, see Refs. 6 and 7). Although P-450 has

been found in 13 extrahepatic sites in scup (Stenotomus chrysops), the
liver appears to be the principal organ for this system (1). Multiple
P-450 forms have been isolated, purified, and characterized in livers
of trout (Oncurlivnclius mvkiss) (8â€”10),cod (Gadus morhua). (11),

perch (Perca fluviatili*) (12), and scup (13, 14). Trout LM4b (8, 15)
and scup P-450E (6, 16-18) are immunochemically related and share

structural and functional properties indicating they are homologous
proteins. These proteins are teleost cytochrome P-450 IAI (19, 20),
representing the dominant and possibly only forms of P-450 in trout
and scup that are induced by 3-methylcholanthrene type inducers
including BNF.3 PAH, and coplanar isomers of polychlorinated bi-

phenyls. These fish enzymes not only metabolize BaP to benzo-ring
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dihydrodiols including BaP-7,8-dihydrodiol, the direct precursor of
the potent carcinogen BaP-7,9-dihydrodiol-9.10-oxide (9, 13, 21), bui

most likely also play a role in bioactivation of various environmental
pollutants (22-24). BaP and another PAH, dimethylbenzanthracene,

are known hepatocarcinogens in fish including trout (25), top min
nows (Poeciliopsis lucida and P. monacha) (26), and medaka (Oryzias
latipes) (27).

A mechanistic understanding of the mode of action of various xe-

nobiotics is possible only with knowledge of the cell types involved
in activation and deactivation of the compound. Earlier, we reported
localization of CYP IAI in endothelium of heart (28) and in pillar
(endothelial) cells of gills in scup and trout (24, 29). However, little
data on CYP IA localization in fish liver have been published (1,
30). Existing light microscopic studies demonstrate the presence of
the enzyme in several different cell types. Goksoyr et al. (31) local
ized CYP IA in hepatocytes of cod and trout. Miller et al. (29) local
ized P-450 IA in hepatocytes, sinusoidal endothelium, and biliary ep

ithelial cells of scup and trout treated with BNF and Smolowitz et al.
(32) in scup treated with tetrachlorobiphenyl or tetrachlorodibenzo-

furan.
Detailed light and electron microscopic studies offish liver indicate

that the morphology of this organ includes at least 10 resident cell
types. By far the most numerous, hepatocytes occupy about 80-85%

of the liver volume (33). Other cell types include biliary epithelial
cells of preductules, ductules and intrahepatic ducts, exocrine pancre
atic cells, and centroacinar and ductular cells of exocrine pancreas.
These cells are endoderma! derivatives from embryonic foregut epi
thelium (34). The remaining cells are mesoderma! in origin arising
from yolk sac epithelium, primitive blood islands, and septum trans-

versum. These mesodermal derivatives include stellate cells of Ito,
endothelium and smooth muscle of blood vessels, macrophages and
fibroblasts. Since neoplasms and other forms of chronic hepatotoxic-
ity often involve specific cell types (35-38), it is important to localize

CYP IAI within cells and organdÃes.
To date, there are no reports of ultrastructural localization of P-450

in fish. Light microscopic observations (29, 31) indicate a preferential
accumulation of P-450 in a perinuclear position of hepatocytes, which,

from ultrastructural observations, may be attributed primarily to GER
(39^44). The principle organelle site for P-450 in mammalian liver is

SER (45, 46). The purpose of this work was to determine the organelle
location of CYP IAI in teleost liver.

MATERIALS AND METHODS

Animals and Tissue Preparation. Juvenile trout (mean weight. 5 g) from
Mount Lassen Fish Hatchery (Chester, CA) were maintained at 11-12Â°C in

20-liter flowthrough tanks at the Aquatic Center (Institute of Ecology), Uni
versity of California, Davis. Trout were anesthetized with 3-aminohenzoic acid
ethyl ester (MS-222; 50 mg/1) and given a single i.p. injection (50 fÂ¿g/g)of

BNF suspended in cod liver oil (total volume of injectate, 0.5 ml). Control fish
were given injections of cod liver oil alone.

drocarbons; BaP. benzo(u)pyrene; GER. granular endoplasmic reliculum; SER, smooth
endoplasmic reticulum: PM, plasma membrane; ER, endoplasmic reticulum.
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HEPATIC CELLULAR DISTRIBUTION OF C YTOCHROME P-450 IAI

For light microscopic analysis and as a test for the effects of fixation on
antigenicity, both freeze-dried (without prior fixation) and fixed (brief vascular

perfusion) liver tissues were used. Fish were anesthetized (5 days after BNF

or sham injection) and perfused in situ via the ventricle by means of a glass
capillary needle at a flow rate of ~3 ml/min with 0.5 or 0.25% glutaralde-

hyde and 1.5% formaldehyde (freshly prepared from paraformaldehydc) in
0.1 Mcacodylate buffer (pH 7.4) at 4Â°C.After 3-5 min of perfusion, the ani

mals were briefly perfused with 0. l Mcacodylate buffer.

Fixed and unfixed liver pieces (2x2x4 mm) were quickly frozen in
isopentane, cooled to -170Â°C by liquid nitrogen, and freeze-dried under vac

uum in an Edwards freeze-dryer for 18 h. The specimens were infiltrated
overnight, embedded in JB-4 GMA, and polymerized for 18 h at 4Â°C.

For electron microscopic studies, fish were perfused as described above

except for a lower concentration of glutaraldehyde (0.25 or 0.1%) in either 0.1
M cacodylate buffer (pH 7.6) or 0.1 M 1,4-piperazinediethanesulfonic acid

buffer (pH 7.6). Livers were removed and immersed in fixative for at least 30
min at 4Â°C.Specimens were then cut into lOO-pim slices in a 0.15 Mcacodylate

or 1,4-piperazinediethanesulfonic acid buffer bath using an Oxford vibratome
and dehydrated, infiltrated at 4Â°C(2 x l h in 75% elhanol; 2 X 30 min 1:1

mixture LR White/75% ethanol: l h pure LR White; overnight in fresh LR
White; 3 X l h LR White), embedded in fresh LR White, and polymerized for
24 h at 50Â°Cwithout accelerator.

Immunohistochemistry. Sections (2-4 /xm) of GMA were cut with a LKB
Historange microtome, placed on glass slides, and air-dried. Nonspecific stain
ing of sections was blocked by incubation (30 min: 25Â°C)in heat-inactivated

10% normal goat serum in TBS (pH 7.4). Sections (which were not rinsed)
were then exposed (1 h; 25Â°C)to (MAb 1â€”12-3[40 mg protein/ml; described

in Park et a/.] (18) to scup cytochrome P-450 E (CYP IAI) at dilutions of 1:10,
1:100, and 1:1000 in TBS with 1% BSA. MAb 1-12-3 strongly recognizes

vertebrate, including mammalian. CYP IAI forms but not IA2 (6. 18). After
being rinsed 3 x 5 min in TBS. fluorescein isothiocyanate-conjugated anti-

mouse (Southern Biotechnology Association, Inc., Birmingham, AL) was ap
plied (30 min; 25Â°C)at a dilution of 1:20 in TBS with 1% BSA. Controls

included TBS alone or mouse ascites fluid diluted 1:10 in TBS without primary
antibody. In addition. TBS instead of secondary antibody was used as a control.
Sections were washed in TBS for 3 X 5 min, mounted in Gel-mount/tm,
observed, and photographed under an Olympus BH-2 fluorescence micro

scope.

Immunocytochemistry. LR White ultrathin sections (silver to light gold)
were cut on a Porter-Blum ultramicrotome and collected on nickel grids.

Nonspecific binding of primary antibody was blocked by immersion of grids
in 0.1% BSA in TBS for 30 min. Primary antibody MAb 1-12-3 was applied
(12-18 h; 4 or 25Â°C)at dilutions of 1:250, 1:500, and 1:1000. After a thorough

rinsing, sections were directly immersed in gold-coupled goat anti-mouse
antibody (10-nm gold particles; Sigma Chemical Co., St. Louis, MO) diluted
1:20 in TBS containing 0.1% BSA for 4 h at 20Â°C.

In an alternative procedure, sections were blocked in 1% CWFG (Sigma)
(47) and 1% Carnation nonfat dried milk in TBS and incubated in a 1:100
dilution of the primary antibody for 12-18 h at 4Â°C.After being rinsed in TBS.

sections were blocked again and incubated in rabbit anti-mouse IgG (Hyclone
Lab., Inc., Logan, UT) at 1:50 in TBS with CWFG for 30 min at 25Â°C.After

being rinsed and blocked, sections were immersed in protein G conjugated
with 10-nm gold particles (BioCell Research Laboratories, Cardiff, United

Kingdom) at dilutions of 1:1, 1:5, or 1:10 in TBS with CWFG for 30 min at
25Â°C.For negative controls, primary and/or rabbit anti-mouse IgG was omit

ted. After both protocols, sections were rinsed in TBS and distilled water,
stained with uranyl acetate and lead citrate, and viewed under a Philips 410 or

a Zeiss EM 10 electron microscope.
Image Analysis. To determine whether perinuclear or peripheral ER cis-

ternae were enriched in CYP IAI. an Apple 4-bit scanner was used to optically

scan 8 x 10 in electron micrographs of identical magnification. Data were

entered into an Apple Macintosh lici computer. A program. Image 3.1 (Na
tional Technical Information Service), was used to quantify the area covered by
colloidal gold (black) particles within a 1.0-firrr region of cytoplasm. Three

squares were selected for both perinuclear and peripheral regions in each of 8
cells. Statistical analysis (Student's / test) was performed using a JMP (SAS

Institute Inc.) software program.

RESULTS

Immunohistochemical Localization of CYP IAI in Liver. Sec
tions of juvenile liver from control and BNF-treated trout were sub
jected to immunohistochemical analysis using CYP IAI-specific MAb
1-12-3 or control solutions (TBS with 1% BSA or 1% CWFG). Brief
vascular perfusion fixation yielded superior preservation while retain-

Fig. 1. a, light micrograph of GMA-cmbcddcd trout liver section ( 1 p,m). This fish was
given a single i.p. injection of 50 /ig/g BNF 5 days prior to sampling. Section was
incubated with MAb 1-12-3 and a fluorescent secondary antibody. Labeled structures are

nuclear membranes and perinuclear regions of hepatocytes seen as light regions surround
ing nuclei (Â«)â€¢Also note positive reaction of endothelial cells (SE) lining sinusoids. Bar,
30 p.m. b. light micrograph of GMA-e mbedded trout liver after BNF exposure as above.
Section was incubated with MAb 1-12-3 and a fluorescent secondary antibody. The bile
duct in the center of the field (BD) shows columnar epithelium with a reticular pattern of
fluorescence over cytoplasm. By comparing the nuclear profiles in h with that of a, the
adjacent cytoplasm of hepatocytes also reveals a reticular pattern of intense reactivity in
perinuclear regions. Bar. 30 Â¿Â¿m.c, light micrograph of GMA-cmbcddcd trout liver
section treated with fluorescent secondary antibody only. When primary antibody was
omitted, reactivity over hepatocyles and endolhelium was not seen. White arrows point to
punctate reactivity in wall of sinusoid (S) which probably corresponds to vitamin A
fluorescent material in fat-storing cells of Ito. Areas between adjacent sinusoids (S) are
hepatic parenchyma! tubules. Note absence of reactivity in these hepatocytes. Bar, 30 firn.
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HEPATIC CELLULAR DISTRIBUTION OF CYTOCHROME P-450 IAI

Fig. 2. Transmission electron micrograph of
epon-em bedded Irout liver showing ullrastructure

wilh optimum fixation. This fish was not exposed
to BNF. Hcpatocytes (//) are clustered about a bil
iary epithelial cell (ÃŸ)and both cell types share
junctional complexes near canaliculi (C) or bile
prcductuics. Endolhelial cell (Â£)at upper right of
field lines sinusoidal lumen. Individual hepatocvtes
show parallel arrays of doplasmic reticulum GER
in perinuclcar and cell periphery locations. Also
abundant within trout hepatocytes are lacunae of
glycogcn (G). Bar, 2.5 Â¿im.

GER

"2.5 pn

ing antigenicity. Fixed preparations were used for immunocytochem-
istry while freeze dried; glycolmethacrylate-embedded material, with

out prior fixation, was used for immunohistochemistry. The pattern of
MAb 1-12-3 localization in hepatocytes of trout given BNF injections

showed intense fluorescence in the perinuclear cytoplasm and diffuse
staining throughout the peripheral cytoplasm (Fig. la). In contrast,
there were intraccllular spherical to ovoid areas of low or nonreac-

tivity corresponding to nuclei. Strong, uniform labeling of endothelial
cells lining sinusoids was also noted (Fig. la). Columnar epithelium
of biliary ducts were also consistently labeled (Fig. 16). Control
sections, omitting MAb 1-12-3, showed dim punctate background

fluorescence in pcricanalicular sites with occasional brightly fluores
cent granules putatively due to macrophages or to vitamin A in perisi-

nusoidal stellate Ito cells (Fig. le). Fixation had no noticeable effect
on antigenicity at the light microscopic level.

Control Liver Ultrastructure. Liver ultrastructure of rainbow
trout has been studied extensively by Hampton et al. (33, 44, 48). Fig.
2 shows osmicated liver ultrastructure of the control trout from this
study. Spaces between two adjacent hepatocytes were sites of bile
canaliculi with microvilli projecting into the lumen from the surfaces
of the hepatocytes. Biliary (pre)ductules, (partially) lined by biliary
epithelial cells, were surrounded by the apical surfaces of several
hepatocytes, which were joined by apical tight junctions, forming a
tubular arrangement (33). Basal surfaces of hepatocytes were sepa
rated from the sinusoidal endothelium by the space of Disse. GER
formed a cuff of 6-10 cisternae surrounding hepatocyte nuclei. Pe

ripherally, thinner accumulations of parallel GER were occasionally
seen (Fig. 2). Glycogen, in rosettes, occupied large lacunae within
hepatocyte cytoplasm.

Immunocytochemical Localization of CYP IAI in Liver. Sev
eral sites in hepatocytes showed antibody/colloidal gold labeling, with
the predominant site being GER. In the perinuclcar region, GER was
not continuously labeled; rather, the gold particles appeared in clusters

GER

t,

.- .

N

O 5 pm

Fig. 3. TEM of LR While-embedded trout liver exposed lo BNF under conditions
described in "Materials and Methods." No osmium was used during fixation. Section was

treated with MAB 1-12-3. rabbit anti-mouse IgG. and protein G-colloidal gold (10 nm).

Noie clumping of colloidal gold particles labeling GER. Nuclear membrane also shows
labeling (small single arrows). Heterochromalin of nucleus (N) shows labeling. Small
highly localized regions of GER are sites of clumping of gold particles (double arrows).
Mitochondrion (A/). Bar. 11.5(im.

along the cisternal membrane (Fig. 3). GER in the periphery of the
cells was more diffusely labeled with individual instead of clumped
gold particles (Fig. 4). When perinuclear and peripheral ER cisternae
were quantitatively compared for frequency of gold particles by image
analysis, no significant preferential distribution of the enzyme was
observed.

Other hepatocytic components were also labeled. The nuclear en
velope was labeled in a fashion similar to perinuclear GER (Fig. 3).
Small clusters of gold particles were observed along nuclear mem
brane and also patches of predominantly hetcrochromatin were fre
quently labeled (Fig. 3). SER, although not abundant in hepatocytes,
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HEPATIC CELLULAR DISTRIBUTION OF CYTOCHROME P-450 IA1

Fig. 4. TEM of LR White-embedded trout liver

exposed to BNF under conditions described in
"Materials and Methods." Section was treated as in

Fig. 3. The sinusoid (S) is hounded by an endothe-

lial cell (Â£)which is separated from the hepatocyle
(//) by the space of Disse (SD). Immunogold par
ticles are abundant over endothelial cell and are
occasionally seen over hepatocyte microvilli (sin
gle arrowheads} in space of Disse. Diffuse labeling
characterizes the base of the hepatocyte and gold
particles are dispersed over ER structures. Bar, 1.0

. ...

â€¢¿�â€¢;
...

i :

f4

, SD ' '

: Ãˆ

.

S

1.0 pm

was labeled with diffuse individual gold particles (Figs. 4 and 5). In
immunocytochemical preparation, glycogen was not observed in large
depots and this apparent reduction in glycogen facilitated resolution of
SER vesicles and associated gold particles. PM at microvilli on hepa-

tocytes projecting into bile canaliculi labeled frequently (Fig. 6), as
did PM of basal hepatocyte processes projecting into the space of
Disse (Fig. 4).

Unlabeled hepatocytic organelles were Golgi apparatus and perox-
Â¡somes(Fig. 5). Mitochondria were only rarely labeled (Figs. 3-5).

In addition to hepatocytes, other cell types were positive for CYP
IA1. BEC of preductules (43) and ductules were labeled at the PM on
the luminal surface as well as in the cytoplasm (Fig. 6). Our ultra-
structural sampling did not include columnar epithelial cell-lined bile

ducts. However, all other BEC were labeled. Another prominent and
consistent site was over endothelium of sinusoids (Fig. 4). However,

our samples contained no venular and arterial/arteriolar profiles.
These endothelial results were typified by gold particles associated
with PM and cytoplasm as well as nuclei (Fig. 4). Mitochondria of
endothelial cells were not labeled.

DISCUSSION

Before this study no ultrastructural localization had been performed
for a cytochrome P-450 isozyme in fish. Our observations indicate

that the predominant organelle in which the enzyme was located was
GER. Braunbeck et al. (49) and others (43, 50) have shown that SER
is limited in fish hepatocytes to vesicular forms in glycogen depots
and occasionally at the apices of cells. Given the fact that GER
predominates in fish, it is not surprising that most of the localization
is associated with this form of ER. Statham et al. (51) have shown that

M

M ^

<v

Fig. 5. TEM of LR While-embedded trout liver
exposed to BNF under conditions described in
"Materials and Methods." Section was treated as in

Fig. 3. Organelles within hepatocyte that display no
or very occasional labeling include peroxisomes
(P), lysosomes (L), and mitochondria (M). Single
arrowheads point to diffuse labeling over smooth
endoplasmic reticulum. Double iirrtnvheuil* indi
cate diffuse labeling over membranes associated
with granular endoplasmic reticulum. Bar = 0.5
u.m.

0 5 un
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Fig. 6. TEM of LR White-embedded Irout liver
following exposure to BNF. Section was treated as
in Fig. 3. Gold particles indicate localization of
CYP IAI within BEC and hepatocytes H,-H4. BEC

and H! share junctional complex at arrowhead.
Portions of Iwo canalicular lumens (C) are shown.
Microvilli from hepatocytes H, through H4 and
from BEC at left of field partially fill canalicular
lumens (C). Note labeling over microvilli in canal
icular lumens. Rar, 1.0 firn.

HEPATIC CELLULAR DISTRIBUTION OF CYTOCHROME P-450 IAI

BEC

BEC

H4

1.0 um

with differential centrifugation the relative specific activity for several
microsomal enzymes is almost always highest in the microsomal
fraction. Although each subcellular fraction may not be entirely pure,
adequate separation of organdÃes was obtained. It was shown that low
levels of microsomal enzyme activity were present in the nuclear,
mitochondrial, and lysosomal fractions (51). Our findings of CYP IAI
localization predominantly associated with structures included in the
microsomal subcellular fraction (GER, SER, nuclear, and plasma
membranes) and in other locations such as the nucleus and infre
quently the mitochondria support the centrifugation data characteriz
ing microsomal enzyme activity within multiple subcellular frac
tions. Given the multiple cytoplasmic locations for CYP IAI in
hepatocytes, the finding of P-450 activity in nuclear, mitochondrial,

and supernatant fractions as well as microsomal fractions (51) may
partially represent a real finding rather than strictly an artifact of
preparation. Both our data and that of Statham et al. (54) show that
the enriched fraction or preferred site is the ER (microsomal).

Not only was CYP IAI localized to organdÃes, but in several
hepatocytes we observed what appeared to be smaller domains
within the GER in which a higher density of colloidal gold was
found. Theories regarding heterogeneity among microsomes are dis
cussed by DePierre ci al. (52). In a lateral orientation, microsomes
are considered vesicular fragments of ER cisternae created during
homogenization. Different amounts of specific enzymes occur (den
sity gradient fractions) corresponding to the density of the vesicle.
This finding led that reviewer to conclude that heterogeneity of ER
membranes is a consistent finding (52). The quantitative enzymatic
heterogeneity of microsomal subfractions increases with the manu
facturing of smaller vesicles, thus supporting the possibility that
there are lateral differences in ER membrane rather than transverse
distinctions among cisternae or differences due to individual hepato-

cyte diversities. Our data suggest that the clumped arrangement of
gold on the perinuclear GER membrane shows regions enriched for
CYP IAI and that the GER compartment is not a homogeneous en
tity. Such an arrangement may make it possible for multiple Â¡so-

zymes and other enzymes to have their own specific domains. This
could be tested concurrently by using antibodies against specific mi
crosomal iso- or enzymes and gold particles of different diameters.

Hepatocytes, at 85% of liver volume, would account for the ma
jority of the total organ cellular pool for CYP IAI. Given the response
of this cell type to various xenobiotics, this is not unexpected. Hepa
tocytes of channel catfish showed GER and SER proliferation 21 days
after exposure to the commercial polychlorinated biphenyl mixture,
Aroclor 1254 (53).

Just as interesting is our confirmation that other liver cell types are
positive for CYP IAI. Biliary epithelial cells, once considered inert
(54) and simply lining bile passageways, are now considered to have
various functions (55). Those lining trout bile preductules may serve
as hepatic stem cells (48). In addition, fluid and electrolyte secretion
and/or rÃ©sorptionoccur (56). Biliary epithelial cells are enriched in the
parenchymal compartment of the teleost fish liver (33, 57). Biliary
epithelium frequently shows alteration including hyperplasia, cystic
change, vacuolation, and neoplasia (58). Data from tumors produced
in trout by BaP after dietary feeding and embryo microinjection (25)
in Poeciliopsis lucida and P. monacha (26) and in medaka and guppy
(27) indicate that hepatocyte activation by CYP IA may lead to tumor
initiation. The finding of biliary as well as hepatocyte tumors indicates
that the presence of this enzyme may be of particular importance for
these cell types. Interestingly, liver tumors from feral fish are apt to be
mixed hepatobiliary or biliary tumors alone (35).

Localization of CYP IAI in endothelial cells suggests that these
cells may provide more than a structural interface between blood-

borne chemicals and target organ tissues. Endothelial cell metabolism
could present bioactivated and/or inactivated metabolites to cells of
target tissues. The endothelium of gill, heart, and other tissues in the
trout embryo seems to be particularly positive for this antibody (24,
28, 59) and our endothelial localization in liver confirms previous
light microscopic observations (28, 29) in other organs. Since P-450

is involved in the activation of PAHs, two of which are known fish
hepatocarcinogens. the finding of hepatocellular and biliary tumors
may be partially explained by this localization. The hepatic portal vein
distributes blood from the gut wall, pancreas, and spleen to the liver.
It is possible that dietary contaminants may already be converted to
dihydrodiol precursors of diolepoxide carcinogens by P-450 enzymes

in endothelia or gut epithelium (60) and that they give rise to a high
metabolite load in target organs such as the liver.
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HEPATIC CELLULAR DISTRIBUTION OF CYTOCHROME P-450 1A1

Organelles without labeling included Golgi and peroxisomes. Mi
tochondria were either not labeled or limited to 1-4 particles per

organelle, indicating a possible slight antibody affinity for mitochon
drion-associated P-450.

Labeled nuclear membrane was expected because of its shared
cisternal space with GER. P-450s have been localized in nuclear

membrane in rat hepatocytes (61). Localization of CYP IA1 in nuclear
membrane has potential significance as a site of carcinogen activation,
given its proximity to the DNA. However, the degree of nuclear
labeling in this study Was somewhat surprising. Light microscopic
fluorescence and peroxidase nuclear stain was negative to faint. The
complete absence of label in our negative controls without primary
antibody (data not shown) indicates that the nuclear gold labeling is
real when it occurs in preparations with MAb 1-12-3 against scup

CYP IA1. Bresnick et al. (62) localized aryl hydrocarbon hydroxylase
in nuclear fraction of rat liver and estimated its activity at 15-20% of

the microsomal enzyme. These workers also demonstrated nuclear
cytochrome P450 by carbon monoxide binding spectrum. Further
more, when rat liver nuclei were incubated with BaP in the presence
of a NADPH-generating system, dihydrodiols, quiÃ±ones,and phenols

of the parent compound were formed (63). It is possible that the
antibody is cross-reacting with a non-CYP IA1 epitope present in

nuclei or there is contamination with another antibody recognizing
nuclear epitope(s) present in mouse ascites fluid. Although this is
unlikely, tests for these cross-reactions would be to adsorb the MAb
1-12-3 antibody with purified CYP IA1 enzyme or with a pure

hepatocyte nuclear fraction prior to application on tissue sections and
observe presence or absence of nuclear labeling.

Our immunocytochemical results with monoclonal antibody label
ing have confirmed our previous immunohistochemical findings lo
calizing CYP 1A1 within specific cells of the trout liver. Results of this
study have extended previous light microscopic localization studies
and confirmed that CYP IA1 is present in hepatocytes, BEC, and
sinusoidal cndothelial cells. This cellular distribution is important
because morphological evidence of chemically induced toxicity is
seen in each of these hepatic cells of trout.
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