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Abstract-In this study, using a combination of immunological and enzymatic characterizations, we 
compared the forms of cytochrome P-450 induced by ethanol and glutethimide in primary cultures of 
chicken embryo hepatocytes. Recently we purified a cytochrome P-450 of 50K molecular weight from 
chicken embryo liver using glutethimide as a prototypic inducer. Antibodies to both this chicken 
cytochrome P-450 and to rabbit cytochrome P-450 form 3a from the IIE subfamily detected microsomal 
proteins of 50K induced by either ethanol or glutethimide in cultured chick embryo hepatocytes, 
Indicating the antigenic homology of these subfamilies of cytochromes P-450 among different animal 
species. However, the antibody to glutethimide-induced chick cytochrome P-450 of 50K inhibited p- 
nitrophenol hydroxylase and benzphetamine demethylase activities 85-90% in microsomes from both 
ethanol- and -glutethimide-treated cells, indicating similar epitopes whose integrity is required for 
catalytic activity. In contrast, antibodies to rabbit cytochrome P-450 form 3a had little to no effect on 
these same microsomal activities. Both ethanol and glutethimide induced microsomal p-nitrophenol and 
aniline hydroxylase activities in cultured chick embryo hepatocytes. In microsomes from ethanol-treated 
cells, the turnover of p-nitrophenol per cytochrome P-450 was 2-fold greater than that induced by 
glutethimide treatment, suggesting that ethanol is inducing a form of cytochrome P-450 that has greater 
catalytic activity with this substrate than glutethimide-induced forms. Thus, in cultured chick embryo 
hepatocytes, ethanol may induce cytochromes P-450 from both the IIB and IIE subfamilies. 

Cytochrome P-450 comprises a family of hemo- 
proteins that are involved in the oxidative metab- 
olism of numerous endogenous and exogenous 
chemicals. Several forms of cytochrome P-450 have 
been identified in experimental animals and have 
been categorized into different families largely 
according to a combination of their amino acid and 
gene sequences (for review see Refs la). Hepatic 
cytochromes P-450 have been classified into four 
different families [2-4]. Ethanol and phenobarbital 
are prototypic inducers of different forms of cyto- 
chrome P-450 that are classified into the same family 
(II), but different subfamilies, designated IIE and 
IIB respectively [2-4]. Cytochromes P-450 in the 
subfamily IIE have up to 50% amino acid sequence 
homology with cytochromes P-450 in the IIB sub- 
family [5], but have greater catalytic activity towards 
p-nitrophenol [6,7], aniline, dimethylnitrosamine , 
and alcohols than cytochromes P-450 from the IIB 
subfamily (for review see Ref. 8). 

The specific response to inducers of cytochrome 
P-450nE differs depending on the experimental ani- 
mal and the inducer used. In rats [9-141, as in ham- 
sters [15] and mice [16], ethanol-mediated induction 
of cytochrome P-450 in the liver results in an increase 
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in the content of microsomal cytochrome P-450, as 
measured spectrophotometrically. In contrast, in 
rabbits, ethanol-mediated increases in microsomal 
cytochrome P-450 cannot be detected by spectro- 
photometric measurement [17]. Cytochromes P-450 
of the IIE subfamily, purified from two different 
animal species, rat (P-450j) and rabbit (P-450 form 
3a), are identical in their catalytic activities and 
exhibit 80% homology in their primary structure 

‘l%thanol induces microsomal hexobarbital 
hydroxylation activity in rat liver [19], yet purified 
rat cytochrome P-450 from the IIE subfamily has no 
catalytic activity with hexobarbital as a substrate 
[18], suggesting that ethanol may induce another 
form of cytochrome P-450 in rats, responsible for the 
increased hexobarbital hydroxylase activity. 
Recently, three prototypic inducers of cytochrome 
P-450j from the IIE subfamily, acetone, isoniazid, 
and 3-methylpyrazole, as well as ethanol, were 
reported to also increase cytochrome P-450 from the 
IIB subfamily [20,21]. 

We have reported previously that ethanol causes 
a phenobarbital-like induction of cytochrome P-450 
in primary cultures of chicken embryo hepatocytes 
[22-241. This conclusion was based on enzymatic 
activities measured in broken cell preparations [22] 
as well as metabolism of substrates by intact cells 
[23]. We have purified a major protein of 50,000 
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molecular weight from 17-day-old chicken embryos 
treated with glutethimide and have demonstrated by 
immunoblotting that ethanol increases a protein of 
similar antigenicity and molecular weight in cultured 
chick embryo hepatocytes [24]. In the present study, 
we compared by enzymatic and immunological tech- 
niques the forms of cytochrome P-450 induced by 
ethanol and glutethimide in cultured chick embryo 
hepatocytes. 

METHODS 

Preparation and treatment of the cultured hepatocytes 

Primary cultures of chicken embryo hepatocytes 
were prepared in Williams E medium containing 
insulin, dexamethasone and 3,3’,5_triiodothyronine, 
as described previously [25]. After 20 hr in culture, 
the medium was changed, with 20mM HEPES* 
included and insulin deleted from the fresh medium. 
GLUT or ethanol was added directly after the 
medium change. GLUT was dissolved in dimethyl 
sulfoxide (DMSO) and added to the medium to final 
amounts of 10 pg GLUT/ml and 2~1 DMSO/ml. 
Cultured hepatocytes were exposed to GLUT for 
24 hr, a time period determined previously to cause 
maximal induction of cytochrome P-450 in these 
cells (J. Sinclair, P. Sinclair, W. Bement, and S. 
Shedlofsky, unpublished results). Cells were exposed 
to ethanol at a final concentration of 200 mM for 
48 hr, as described previously [22]. 

Treatment of intact chicken embryos 

Fifteen-day-old chicken embryos were either 
untreated or exposed to GLUT at 6 mg in 0.1 ml 
DMSO per egg for 48 hr (injected into the fluid 
surrounding the embryo). 

SDS polyacrylamide gel electrophoresis and 
immunoblots 

Microsomes were analyzed by a discontinuous 
SDS polyacrylamide electrophoresis system in a Bio- 
rad Minigel apparatus, using a 10% separating gel 
and a 4% stacking gel. Samples were electrophoresed 
at 200 V for 1 hr to separate the proteins. Gels were 
then either stained with Coomassie blue to visualize 
the proteins, or the proteins were transferred to 
nitrocellulose sheets at 100 V for 1 hr and immuno- 
blotted by a modification of the procedure of 
Towbin etal. described in Ref. 24. The nitrocellulose 
sheets containing the transferred microsomal pro- 
teins were rinsed in TBS for 5 min, blocked in 5% 
powdered non-fat milk in TBS containing 0.5% 
Tween 20 for 1 hr at room temperature (25”), re- 
rinsed in TBS for 5 min, and then incubated with a 
1: 1000 dilution of serum containing antibodies to 
either chick cytochrome P-450GLUT50K (rabbit sera) 
or to rabbit cytochrome P-450 form 3a (sheep sera). 

* Abbreviations: HEPES, N-2-hydroxyethylpiperazine- 
N’-2-ethanesulfonic acid; GLUT, glutethimide; SDS, 
sodium dodecyl sulfate; TBS, Tris-buffered saline; 
BPHET, benzphetamine demethylase; PNPH, p-nitro- 
phenol hydroxylase; BSA, bovine-serum albumin; BCIP, 
5-bromo-. 4-chloro-, 3-indole toluidine phosphate; NBT, 
p-nitrobluetetrazolium chloride; cytochrome @-4500LUT50K, 
a major cytochrome P-450 of 50K molecular weight purified 
from the livers of glutethimide-treated chick embryos. 

After 1 hr at room temperature (25”), the sheets 
were washed three times in TBS, and the rabbit sera- 
blotted sheet was incubated with goat anti-rabbit 
IgG (1:2500 dilution) and the sheep sera-blotted 
sheet was incubated with donkey anti-sheep IgG 
(1: 1000 dilution). Both IgG preparations were con- 
jugated with alkaline phosphatase, and the color 
developed with a Biorad BCIP/NBT solution. 

Assays 

Microsomes were prepared from homogenates of 
livers and cultured hepatocytes as described pre- 
viously [26], overlaid with 0.1 M sodium phosphate 
buffer, pH7.4, and stored at -20”. Microsomes 
could be stored for several weeks with no loss of 
PNPH, aniline hydroxylase, or BPHET activity. 

Proteins were measured by the procedure of 
Lowry et al. [27] using BSA as a standard. 

Microsomal cytochrome P-450 was measured 
spectrophotometrically, as described previously [26]. 

Microsomal PNPH activity was measured by the 
following modification of the procedure used by 
Reinke and Moyer [6]: the reaction mixture con- 
tained 0.5 mg microsomal protein, unless indicated 
otherwise, in a final volume of 0.5 ml containing 
0.05M Tris-Cl, pH7.4, 1 mM ascorbate, 5 mM 
MgC12, 0.8 mM NADP+, 0.10 units isocitrate 
dehydrogenase, 30mM isocitrate, and 0.4mM p- 
nitrophenol, unless indicated otherwise. The reac- 
tion was initiated by addition of the complete cofac- 
tor mix containing p-nitrophenol. A blank for each 
reaction contained an equivalent amount of 
denatured microsomes from untreated embryos, 
incubated with the complete cofactor mix. The 
absorption of the product, 4-nitrocatechol, was 
scanned between 500 and 700 nm and an EmM (A 
525 - 675 nm) of 4-nitrocatechol was determined to 
be 11.2 under these conditions. Ascorbate was 
included during the reaction to stabilize the catechol 
as it was generated. Omission of ascorbate led to a 
40% loss of product (results not shown). 

Aniline hydroxylase was measured in the same 
buffer system as that for PNPH, except that ascor- 
bate was omitted from the reaction mixture. The 
reaction was initiated by the addition of microsomes 
and incubation was for 30 min at 37”. The product 
was measured as described by McCoy [28]. The 
reaction was measured initially over a substrate con- 
centration range of 0.025 to 20.0 mM aniline, and an 
increase in reaction rate as a function of substrate 
concentration was found to be biphasic, confirming 
the findings of Burnet and Darby [29] for chicken 
embryo liver. Forms I and II of aniline hydroxylase 
[28] were determined by measuring the activities at 
0.09 and 20 mM aniline, two concentrations which, 
by the Michaelis-Menten plot, corresponded to sep- 
arate phases of the reaction in microsomes from 
untreated embryos (results not shown). BPHET 
activity was measured as described previously [22], 
using 0.1 to 0.2 mg of microsomal protein per reac- 
tion volume of 0.14 ml. 

Antibody inhibition of enzyme activity 

PNPH. Microsomes were preincubated in Tris 
buffer with preimmune IgG alone or with a com- 
bination of preimmune and immune IgG at a con- 
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stant amount of IgG of 4mg per reaction, in the 
presence of substrate, for 3 min at room 
temperature. The reaction was then initiated by the 
addition of cofactor mix. An additional control was 
run without IgG and with no preincubation. The 
preimmune sera were not inhibitory for either 
BPHET or PNPH. 

BPHET. Microsomes were preincubated with 
cofactor mix and the reaction was initiated by the 
addition of substrate. 

Source of chemicals 

The sources of all chemicals used in this study 
have been described previously [22] except for the 
following chemicals: aniline, glutethimide, ascor- 
bate, p-nitrophenol, 4-nitrocatechol, and alkaline 
phosphatase-conjugated anti-sheep IgG and anti- 
rabbit IgG were purchased from the Sigma Chemical 
Co. (St. Louis, MO); nitrocellulose sheets, BCIP, 
and NBT were purchased from Bio-Rad (Richmond, 
CA); and benzphetamine was a gift from Upjohn 
Pharmaceuticals (Kalamazoo, MI). 

RESULTS 

SDS polyacrylamide gel electrophoresis of hepatic 
microsomes 

In cultured chick hepatocytes, ethanol and GLUT 
both induced two microsomal proteins of 50K and 
53K (Fig. 1A). Although GLUT-mediated induction 
of the 53K protein was apparent on these gels, the 
ethanol-mediated induction was not, since the lane 
containing the ethanol sample was wider than that 
of the control microsomes. An ethanol-mediated 
increase in this protein was more dramatic in other 
experiments (results not shown). 

Only the proteins of 50K cross-reacted with anti- 
body prepared against a cytochrome P-450 of 50K 
purified from the livers of GLUT-treated embryos 
(Fig. 1, A and B, lanes l-6). Both ethanol and 
GLUT increased the amount of immunoreactive 50K 
protein compared to untreated hepatocytes (Fig. lB, 
lanes 2,3 and 5), as has been found previously [24]. 

Antibody to rabbit cytochrome P-450 form 3a from 
the IIE subfamily cross-reacted with the chick 
embryo cytochrome P-450 of 50K purified from the 
livers of GLUT-treated embryos, indicating the pres- 
ence of common antigenic sites between the rabbit 
and chick proteins (Fig. IC). This antibody also 
cross-reacted with proteins of 50K in microsomes 
from cultured hepatocytes exposed to either ethanol 
or GLUT. In contrast, in microsomes from untreated 
hepatocytes, both from culture and embryo, there 
was no cross-reactivity detected at the 50K positions, 
using the antibody to rabbit cytochrome P-450 form 
3a. Two proteins of 53K and 57K were also detected 
in all microsomal samples with this antibody; 
however, these proteins were not increased by treat- 
ment with ethanol or GLUT. 

Enzymatic characterization of ethanol-induced cyto- 
chrome P-450 in chick hepatocytes 

We measured two enzyme activities used to detect 
induction of cytochrome P-450 from the IIE sub- 
family in experimental animals, p-nitrophenol 

hydroxylase [6,7] and aniline hydroxylase [28], and 
one activity, benzphetamine demethylase, 
previously found to be more specific for pheno- 
barbital- than 20-methylcholanthrene-induced forms 
of cytochrome P-450 in these cells [22]. 

p-Nitrophenol hydroxylase 

The rate of formation of p-nitrocatechol was linear 
for 40 min with protein concentrations up to 1 mg 
per reaction (results not shown). Ninety percent of 
exogenousp-nitrocatechol added to these incubation 
mixtures was recovered at the end of the reaction, 
indicating no additional metabolism of the product. 

The effect of increasing substrate concentration 
on hepatic microsomal PNPH activity was examined 
in both chick embryo and in cultured chick hepa- 
tocytes treated with different inducers of cytochrome 
P-450 (Figs 2 and 3). In all samples the plot of the 
rate of product formation with increasing substrate 
concentration was hyperbolic. These results contrast 
to findings with ethanol-treated rabbits, in which the 
microsomal activity decreases with substrate con- 
centrations greater than 100 ,uM [7]. The reaction 
rate with microsomes from chick hepatocytes was 
identical at pH 6.8 and 7.4, unlike the pH optimum 
of 6.8 found in rabbit microsomes [7] (results not 
shown). 

The kinetic parameters were determined from a 
double-reciprocal plot. The K, values of the micro- 
somal reaction were similar for the different treat- 
ments (0.12 * 0.02 mM for five separate treatments). 
In contrast to the K,,, values, the V,, values as 
nanomoles per minute per milligram protein, were 
increased approximately 7- and 3-fold by GLUT in 
both the embryo (untreated, 0.14; GLUT-treated, 
0.99) and the cultured hepatocytes (untreated, 0.12; 
GLUT-treated, 0.4), respectively, and 2-fold by 
ethanol in the cultured hepatocytes (ethanol-treated, 
0.23). 

The turnover of p-nitrophenol per cytochrome P- 
450 molecule in the untreated embryo increased, 
upon culturing the hepatocytes, from 0.4 to 1.15 
(P < 0.005, Table 1). Treatment of the cells with 
ethanol did not increase the turnover compared to 
untreated cells (1.16 vs 1.15). Even though GLUT 
increased the amount of PNPH per mg protein in 
both the embryo and the cultured hepatocytes, the 
turnover of p-nitrophenol per molecule of cyto- 
chrome P-450 was less than that in microsomes from 
untreated or ethanol-treated hepatocytes. 

Unlike PNPH activity, the turnover of aniline 
hydroxylase activity per nmole cytochrome P-450, at 
both low and high substrate concentrations, was 
identical in the cultured hepatocytes regardless of 
the treatment, indicating that this assay could not be 
used to identify an ethanol-specific form of cyto- 
chrome P-450 in the chick hepatocytes (data not 
shown). 

Benzphetamine demethylase 

GLUT and ethanol both induced BPHET in the 
cultured hepatocytes. The turnover of substrate per 
cytochrome P-450 in microsomes from ethanol- 
treated cells was significantly greater than in micro- 
somes from both untreated and GLUT-treated hepa- 
tocytes (Table 1). 
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Fig. 1. Characterization of basal and induced microsomal 
proteins on SDS polyacrylamide gels and immunoblots. 
Microsomes were electrophoresed on a Biorad minigel 
apparatus, using a 10% separating gel and a 4% stacking 
gel. The electrophoresis, transfer to nitrocellulose and 
staining techniques are described in Methods. The amount 
of microsomal protein applied to each well was 1Oyg. 
Culture microsomes: (lane 1) control; (lane 2) ethanol; 
(lane 3) glutethimide. Embryo microsomes: (lane 4) 
control; (lane 5) glutethimide; and (lane 6) cytochrome P- 
450GL"T50K~0.5%. (A) c oomassie blue stain; (B) immuno- 
blot with anti-cytochrome P-4500LurSOK; (C) immunoblot 
with anti-rabbit cytochrome P-450 form 3a. The arrow head 
indicates the protein of SOK. The molecular weight markers 
used for this determination were: BSA, 66K; catalase, 57K; 
fumarase. 49K: aldolase. 40K; and lactic dehvdroaenase. 

Antibody inhibition of microsomal mixed-function 
oxidase activities 

In microsomes from ethanol-treated hepatocytes, 
antibody to cytochrome P-4500Lur5sK inhibited 
PNPH activity 90% and BPHET activity 80% (Fig. 
4). Similar inhibitions were obtained in microsomes 
from GLUT-treated hepatocytes. In contrast, in 
microsomes from untreated hepatocytes, maximum 
inhibition of PNPH was only 50% and BPHET 40% 
with this antibody. 

In contrast to the results obtained with antibody 
to chick cytochrome P-4500LUT50k, antibody to rabbit 
cytochrome P-450 form 3a from the IIE subfamily 
caused little to no inhibition of microsomal PNPH 
or BPHET from the cultured cells regardless of the 
treatment (results not shown). 

DISCUSSION 

We have reported previously that ethanol induces 
a cytochrome P-450 from the IIB family in primary 

cultures of chicken embryo hepatocytes [22-241. 
These conclusions were based on the spectral and 
enzymatic characterization [22,23]. In the cultured 
chick hepatocytes, both ethanol and GLUT 
increased two microsomal proteins of 50K and 53K 
molecular weights. Recently, we purified a cyto- 
chrome P-450 of 50K molecular weight from the 
livers of chicken embryos treated with GLUT [24], 
that may be identical to a cytochrome P-450 of 50K 
purified by May and coworkers from phenobarbital- 
treated chick embryos [30]. Antibodies prepared 
against the GLUT-induced 50K protein cross- 
reacted with the microsomal protein of 50K mol- 
ecular weight in the cultured chick hepatocytes. The 
amount of this immunoreactive protein increased 
after treatment of the cultured hepatocytes with 
either ethanol or GLUT, suggesting that this region 
of the gel contains a cytochrome P-450 that is induced 
by ethanol or GLUT (Fig. 1B). Furthermore, anti- 
bodies to cytochrome P-450GLUT50K almost com- 
pletely inhibited PNPH and BPHET activities in 
microsomes from hepatocytes treated with ethanol 
or GLUT (Fig. 4), suggesting that ethanol- and 
GLUT-induced forms of cytochrome P-450 in these 
cells have similar epitopes whose integrity is required 
for catalytic activity. Although the antibody inhi- 
bition suggests that both ethanol- and GLUT- 
induced forms of cytochrome P-450 are identical, this 
antibody preparation may not be able to distinguish 
separate forms of P-450 induced by ethanol and 
GLUT. 

Antibody against rabbit cytochrome P-450 form 
3a from the IIE subfamily detected a microsomal 
protein of 50K from ethanol- and GLUT-treated 
cells (Fig. lC), suggesting that this antibody rec- 
ognizes a chick cytochrome P-450 from the II family. 
However, ethanol-induced PNPH and BPHET 
activities were not inhibited by this antibody (results 
not shown), making it difficult to ascertain whether 

40 
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Fig. 2. Kinetics of PNPH in microsomes from chick embryo liver. Microsomes from either untreated 
(A) or GLUT-treated (0) embryos were analyzed for PNPH as described in Methods, using increasing 
substrate concentrations and 1 mg microsomal protein per 40-min reaction. Each symbol represents the 
average of duplicate determinations on the same microsomal preparation, with the range falling within 

the symbol. (a) Michaelis-Menten plot; (b) Lineweaver-Burk plot. 
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S(mM) _ ’ I/S 
Fig. 3. Kinetics of PNPH in microsomes from cultured hepatocytes. Cells were either untreated (A), 
or exposed to ethanol (0) or GLUT (0) as described in Methods. Microsomes were prepared and 
analyzed for PNPH as described in Methods, using increasing concentrations of substrate and 1 mg 
protein per 40-min reaction. Each symbol represents the average of duplicate determinations of the 
same microsomal preparation with the range indicated by the vertical bar. (a) MichaelisMenten plot; 

(b) Lineweaver-Burk plot. 
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Fig. 4. Antibody inhibition of microsomal PNPH and BPHET: Anti-chick cytochrome P-4500Lur50K. 
IgG prepared to cytochrome P-450 oLurSOK was tested for inhibition of PNPH (A) and BPHET (B) 
activity, as described in Methods. Microsomes were from untreated (A), ethanol (0) and GLUT (0) 
treated cells. Each symbol represents the average of duplicate measurements on the same microsomal 

preparation with the range falling within the symbol, unless indicated otherwise. 

Table 1. Comparison of mixed-function oxidase activities induced by ethanol and glutethimide in chick hepatocytes 

p-Nitrophenol hydroxylase Benzphetamine demethylase 

nmol per min per: nmol per min per: 
Treatment N mg protein nmol cytochrome P-450 N mg protein nmol cytochrome P-450 

Cultured ceils 
None 7 0.11 r 0.03 1.15 ? 0.21 3 0.34 f 0.05 2.73 ? 0.51 
Ethanol 5 0.20 -c 0.04’ 1.16 + 0.38 3 1.00 * 0.01* 4.61 ? 0.03* 
GLUT 5 0.34 2 0.12* 0.61 ” O.ll*t 3 2.32 * 0.34*$ 3.41 ? 0.20** 
Embryo 
None 9 0.10 5 0.02 0.40 + 0.095 5 0.58 2 0.16tQ 2.50 f 0.81$ 
GLUT 6 0.64 * 0.10*5 0.29 f 0.036(( 8 4.48 2 2.39*$ 2.40 * 1.24f 

Cells and embryos were treated as described in Methods. PNPH and BPHET were analyzed in microsomes, at 
saturating substrate concentrations, 0.4 and 3 mM, respectively, using the assay procedures described in Methods. Each 
value represents the mean 2 SD; N = number of separate experiments with separate batches of embryos. Statistical 
significance was assessed by Student’s f-test. 

* P < 0.005 compared to untreated hepatocytes. 
t P zz 0.02 compared to ethanol-treated hepatocytes. 
$ P < 0.005 compared to ethanol-treated hepatocytes. 
0 P 5 0.005 compared to cultured cells, regardless of treatment. 
11 P c 0.02 compared to untreated embryo. 
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the antibody to the rabbit form is reacting specifically 
with a chick cytochrome P-450 on the immunoblot. 
This antibody detected two additional chick micro- 
somal proteins of 53K and 57K (Fig. 1C). It is uncer- 
tain whether these proteins are cytochromes P-450, 
since their amounts were not altered by any of the 
treatments. However, the 53K protein is probably a 
form of cytochrome P-450, since polyclonal antibody 
to rat cytochrome P-450b/e provided by Dr. D. 
Waxman also detected this protein. In addition, we 
have recently separated a form of cytochrome P-450 
of 53K by preparative HPLC analysis of microsomes 
from GLUT-treated embryos that is also detected 
with the antibody to rat cytochrome P-450b/e (results 
not shown). 

Hydroxylations of p-nitrophenol and aniline have 
proven relatively specific for forms of cytochrome P- 
450 in the IIE subfamily [6-g]. Using these assays as 
probes, we investigated whether ethanol also 
increases a cytochrome P-450 from the IIE subfamily 
in the cultured chicken hepatocytes. Both ethanol 
and GLUT induced PNPH activity in these cells 
(Table 1). In microsomes from ethanol-treated cells, 
the turnover number for p-nitrophenol was greater 
than that detected with GLUT treatment, although 
the difference in substrate turnover was less than 
that observed in rats [6] and rabbits [7] treated with 
ethanol versus phenobarbital-like inducers of cyto- 
chrome P-450. Ethanol and ethanol-like inducers of 
cytochrome P-450 have been found recently to 
induce forms of cytochrome P-450 from both the 
IIB and IIE subfamilies in rats [20,21]. Perhaps, in 
cultured chick hepatocytes, ethanol may be inducing 
two different forms as well, but the form responsible 
for the greater PNPH turnover may be a minor 
component of the total induced cytochrome P-450. 

Although ethanol increased the specific activity of 
PNPH in the cultured hepatocytes, the turnover 
number of substrate was similar to that measured in 
microsomes from untreated cells (Table 1). In rats, 
cytochrome P-450j is not present in the embryo but 
appears shortly after birth, and increases dra- 
matically within the first 3 weeks [20,31]. In the 
chicken embryo, although microsomal PNPH 
activity was present in the embryo, the turnover of 
PNPH increased merely by culturing the hepatocytes 
(Table 1). This increase may be due to the expression 
of cytochrome P-450 from the IIE subfamily that is 
triggered by culturing the cells, a suggestion con- 
sistent with the expression of other adult functions 
in chick embryo hepatocytes in culture that are not 
present in the embryonic state, such as UDP-glu- 
curonyl transferase [32], hemopexin [33], and adult 
plasma proteins [34]. 

In summary, in cultured chick hepatocytes, 
ethanol- and GLUT-induced forms of cytochrome P- 
450 appear to be similar, as shown by immunological 
studies. However, the enzymatic data suggest that 
ethanol increased a form of cytochrome P-450 that 
is either absent or present in lower proportions in 
GLUT-treated hepatocytes. Efforts are being under- 
taken to isolate the forms of hepatic cytochrome P- 
450 induced by ethanol in chickens. 
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