overwhelmingly dominates the sulfide
mineralogy and primary sulfate minerals
are absent. At 21°N, however, we see
only the very top of the system, which
may not be representative of the whole
and may be geologically ephemeral.
JAMES L. BISCHOFF
Pacific-Arctic Branch of Marine
Geology, U.S. Geological Survey,
Menlo Park, California 94025
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Cytochrome P-450: Localization in Rabbit Lung

Abstract. Cytochrome P-450-dependent monooxygenase systems, which metabo-
lize endogenous as well as foreign compounds, are found in hepatic and several
extrahepatic tissues of mammals, including humans. A form of cytochrome P-450 is
localized in the nonciliated bronchiolar epithelial cells (Clara cells) of the small air-
ways of rabbit lung. The apparent high concentration of the cytochrome in this pul-
monary cell type compared to liver may be an important determinant in the suscepti-
bility of the lung to a number of toxic chemicals that undergo metabolic activation.

Cytochrome P-450-dependent mono-
oxygenase systems provide a major
pathway in a number of tissues for the
oxidative metabolism of many chemicals
present in the environment. These en-
zyme systems are bound to the endo-
plasmic reticulum and are composed of a
flavoprotein (NADPH-cytochrome P-
450 reductase; E.C. 1.6.2.4) and a family
of hemoproteins called cytochrome P-
450. Several forms of the cytochrome
that have overlapping, but different, sub-
strate specificities have been purified and
characterized (I, 2). The monooxygen-
ase systems generally produce metabo-
lites that are less toxic than the parent
compounds, which include a number of
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pesticides, drugs, and direct-acting car-
cinogens and mutagens. However, many
procarcinogens, promutagens, and other
toxic substances are activated by this
metabolic process and are converted
from relatively nontoxic compounds to
extremely toxic metabolites.
Cytochrome P-450-dependent metab-
olism is required for the activation of
several pulmonary toxins that produce
different deleterious effects. For ex-
ample, activation of 4-methyl-benzalde-
hyde results in the destruction of pul-
monary cytochrome P-450 (3), acti-
vation of benzo[a]pyrene is involved in
pulmonary carcinogenesis (¢), and acti-
vation of 4-ipomeanol (‘‘lung edema fac-
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29

tor”’ isolated from mold-infected sweet
potatoes) leads to pulmonary edema,
congestion, and hemorrhage (5). Histo-
pathologic and autoradiographic studies
in rat and mouse (6, 7) have shown that
the toxicity and covalent binding of 4-
ipomeanol are both associated with the
nonciliated bronchiolar epithelial cell
(Clara cell) of the small airways of the
lung. These findings suggest that the
Clara cell is the site of activation of this
toxin. In addition, the Clara cell contains
large amounts of endoplasmic reticulum
relative to other pulmonary cell types
®).

By using antibodies against a form of
cytochrome P-450, we have demon-
strated directly the presence of this en-
zyme in the nonciliated bronchiolar epi-
thelium of rabbit lung. The cytochrome,
P-450; (9), was purified to apparent ho-
mogeneity, as determined by sodium
dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis, by the method of
Wolf et al. (10). Antibodies were elicited
in goats by intermittent injections of the
purified protein. The specificity of the
antibody was demonstrated by the Ouch-
terlony technique of double immuno-
diffusion with purified enzymes and mi-
crosomal preparations (/7). The anti-
body was used with the techniques of
immunofluorescence (I2) and antibody
peroxidase-antiperoxidase (PAP) (/3) in
the study reported here. Sections of tis-
sue containing small airways were exam-
ined.

Figure 1 shows that incubation of rab-
bit pulmonary tissue with the specific
antiserum (1000-fold dilution), but not
with the normal goat serum, resulted in
most of the fluorescein isothiocyanate-
conjugated rabbit antiserum to goat im-
munoglobulin G being bound in the
Clara cell. No fluorescent staining was
observed in the ciliated bronchiolar epi-
thelium or in the alveolar epithelium.
Similar results were obtained by the PAP
method (Fig. 2). Reaction product was
observed in the luminal pole of the cell
cytoplasm with the greatest intensity at
the perimeter of the cytoplasm when ei-
ther method was used. Endogenous per-
oxidase activity was reduced by ex-
posing the tissue to hydrogen peroxide (3
percent) prior to treatment with the anti-
serum when the PAP method was used.
Further dilution of the antiserum (2500-
fold) resulted in a decreased intensity of
staining but did not alter the location of
the reaction.

Our results suggest that cytochrome P-
450; is an important factor in the pulmo-
nary-specific effects of some toxic chem-
icals even though this enzyme is present
in the livers of untreated rabbits at ap-
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proximately the same microsomal con-
centration as found in the lung (/7). It ap-
pears that P-450; is highly concentrated
in the Clara cells of the lung as compared
to hepatocytes; immunofluorescence in
liver sections, stained as described

10 },Il'ﬂ

above, was not localized in specific areas
but was weakly dispersed throughout the
tissue (data not shown). This may ex-
plain why intracellular concentrations of
active metabolites from compounds such
as 4-ipomeanol and CMF [2-(N-ethylcar-

Fig. 1. Localization of cyto-
chrome P-450; in the apices of
nonciliated epithelial cells of
the terminal bronchiole as
shown by immunofluores-
cence. Pulmonary tissue from
a male New Zealand White
rabbit was fixed by infusion
with paraformaldehyde (1 per-
cent) in phosphate buffer (100
mM), pH 7.4, prior to being
embedded in paraffin. Serial
sections (6 um) were cut. (A)
A section on which normal
goat serum was substituted for
the specific antiserum. (B) A
section that was reacted with
the specific antiserum (diluted
1000-fold in phosphate-buf-
fered saline) for 48 hours at
4°C prior to reaction with fluo-
rescein-labeled antiserum to
goat IgG. The apices of the
Clara cell (shown by the ar-
rows) project into the
bronchiolar lumen (TBL). The
interalveolar septa (IAS) do
not show reaction product.

Fig. 2. Localization of cytc-
chrome P-450; in the apices of
nonciliated epithelial cells of
the terminal bronchiole as
shown by immunoperoxidase.
The preparation of the tissue
was as described for Fig. 1.
(A) Control, treated with nor-
mal serum. (B) The reaction
product associated with the
specific antiserum (1000-fold
dilution). The apices of the
Clara cell (shown by the ar-
rows) project into the
bronchiolar lumen (TBL). The
interalveolar septa (IAS) do
not show any reaction prod-
uct. Peroxidase activity was
demonstrated by reaction with
3’,3'-diaminobenzidine fol-
lowed by reaction with os-
mium tetroxide.

bamoylhydroxymethyl)furan], known sub-
strates for cytochrome P-450; (/4), reach
toxic levels in the lung but not in the
liver. In addition, there may be signi-
ficantly less competition in the lung be-
tween activation and deactivation path-
ways catalyzed by different forms of
cytochrome P-450. Approximately 50
percent of the pulmonary cytochrome P-
450, but only about 10 percent of the he-
patic enzyme, is P-450, (/). Cytochrome
P-450, (9), for which 4-ipomeanol and
CMF are marginal substrates (/4), con-
stitutes most of the remaining pulmonary
cytochrome P-450 (9), whereas there ap-
pear to be at least five forms of the cyto-
chrome in rabbit liver (2).

Thus we have determined that a major
form of rabbit pulmonary cytochrome P-
450 is present in the Clara cell of the lung
in apparently high concentrations rela-
tive to that found in other cell types. This
distribution is in contrast to the diffuse
localization of the same form of the cyto-
chrome in the liver—a difference that
may be important to the susceptibility of
the lung to certain toxic chemicals that
have little or no effect on the liver.
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