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SUMMARY

Of four monoclonal antibodies to purified rat liver cytochrome
P450s, including those from 3-methylcholanthrene-, phenobar-
bital-, ethanol-, and pregnenolone-1 6-a-carbonitrile-treated rats,
only the monoclonal antibody against pregnenolone-1 6-a-car-
bonitnle-inducible P450 immunodetected proteins in chicken liver
microsomes after blotting from sodium dodecyl sulfate-polyacryl-
arnide gels. This protein migrated identically with the pregneno-
lone-i 6-a-carbonitrile-inducible P450 detected in microsomes
from dexamethasone-treated rats. It was most predominant in
liver microsomes from chickens at 1 day posthatching, whereas
much lower levels were observed in the embryo and at 36 days
posthatch. Phenobarbital and dexamethasone were both effec-
tive inducers of this protein. The developmental profile and
induction by phenobarbital and dexamethasone of several cyto-
chrome P450-associated catalytic activities were compared with
those of the immunodetected protein. Chicken liver microsomal
erythromycin demethylase, a characteristic activity of rat preg-
nenolone-1 6-a-carbonitrile-inducible P450, was similar in devel-
opmental profile and induction to the immunodetected protein,
with a high degree of augmentation at 1 day posthatch compared
with that in the embryo and at 36 days posthatch; aldrin epoxi-

dase, benzphetamine demethylase, ethylmorphine demethylase,
and aminopyrine demethylase were more similar to each other
in development and induction and were less well correlated with
the immunodetected protein. This evidence suggests the pres-
ence in chicken liver of at least two types of P450, one a form
related to the pregnenolone-1 6-a-carbonitnle-inducible P450
family. All of the catalytic activities were induced after pretreat-
ment of chickens with phenobarbital but aldnn epoxidase was
most effectively induced. Aldnn epoxidase was also detected in
microsomes from untreated embryos as early as 7 days of
incubation. Erythromycin demethylase was the only catalytic
activity induced by dexamethasone. There was a trend of in-
creased specific activity toward all the substances after hatching,
indicating a more efficient P450 system, possibly due to a sharp
increase in some isozymes, including the form from the pregnen-
olone-1 6-a-carbonitrile-inducible P450 family. This evidence for
a pregnenolone-1 6-a-carbonitrile-inducible P450 in chickens
agrees with sequence information that suggests the early evo-
lution of this form and demonstrates the suitability of the chicken
for studies of P450 evolution.

The sensitivity of a developing organism to xenobiotics is

dependent in part on the state of development of the P450

enzyme system (1-3). This system activates xenobiotics to

reactive intermediates as well as detoxifying them to water-

soluble products (4). Therefore, it is important to investigate

the P450 system during the embryonic and neonatal period,

when the organism is developing rapidly and is highly vulner-

able to toxic insult. Of particular interest is the determination

of the role of particular P450 enzymes in mediating selective

tissue damage and transformation during development (5).

This work was supported by National Institute of Environmental Health
Sciences Grant ESO3499.

The P450s are a diverse group of proteins with distinct but

broad and overlapping substrate specificities (6). A recently

devised classification system divides the P450s into 10 major

gene families (7). The multiple P450 proteins probably evolved

from a common ancestor, because there are regions of high

sequence similarity in all P450s, including a prokaryotic type

(8). The PCN-P450s constitute a multigene family, as shown

by Southern blot analysis (9) and the isolation of three forms

from rat liver (10). These differ in developmental regulation

and inducibility but have quite similar gene sequences (9, 10).

The PCN-inducible P450 family (P450111) is estimated to have

diverged from preexisting forms approximately 1 100 million

years ago, whereas the estimate of the time of divergence of the
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MC- (P4501) and PB- (P45011) inducible major families is 800

million years ago (11). Because the bird-mammal divergence

was about 300 million years ago (12), the bird genome should

contain representatives of all three of these families of P450

genes.

Two chicken P450 genes from the P45011 family have been

cloned (13). One such gene was sequenced and is about 50%

similar to known P45011 sequences (14). At least one PB-

induced P450 protein and a MC-inducible P450 resembling the

rodent forms have been purified from chicken liver (15-17). It

is unknown whether proteins homologous to the PCN-induced

forms are present in the chicken. Thus, further studies com-

paring the P450 families in chicken with those in mammals is

important in understanding P450 evolution.

Further study of the development of different families of

P450 is important in defining the metabolic capabilities of the

developing organism and the robe of P450 in mutagenicity and

teratogenicity. The multiple isozymes of rat hepatic P450 differ

in their developmental regulation, with most isozymes being

expressed at birth or several weeks bater (18, 19). In human

fetal liver, however, substantial P450-associated catalytic activ-
ities are present as early as the end of the first trimester (20),

predominantly one or several PCN-P450s (21).

The early chicken embryo is capable of activating a wide

spectrum of xenobiotics to DNA-damaging metabolites (22-

24). PB induction of P450 and aminopyrine demethylase is

detectable by 7 days of incubation in chicken liver microsomes.

Basal and PB-induced aminopyrine demethylase rise steadily

throughout the embryonic period, reaching their highest bevels

at 1 day posthatch (25). The specific activity (per nmol of P450)

of aminopyrine demethylase is at least doubled upon hatching,

indicating significant changes in the P450 system leading to

more efficient metabolism of aminopyrine (25). One possible

explanation for the increased specific activity is that the com-

position of P450 isozymes involved in the metabolism of ami-
nopyrine changes upon hatching.

The PCN-P450s have substrate specificities similar to those

of P45011 forms and are induced by PB (26-28). The develop-

ment in chicken liver of a PCN-P450 may contribute to the

pattern ofembryonic and neonatal development of aminopyrine

demethylase observed in previous studies. Because the P45011

and P450111 families have bow amino acid sequence similarity

(about 30%) and probably evolved as separate genetic entities

for over 1000 miblion years, we thought it reasonable that an

avian PCN-P450 would be present. We, therefore, hypothesized

that the change in the chicken P450 system detected neonatally

is related to the expression of a PCN-P450 analogous (homol-

ogous) to the rat PCN-P450 isozymes.

MAbs toward purified rat liver P450s have been widely used

in the immunodetection of antigenic P450s in microsomal

preparations (29, 30). Forms of P450 related to rat P450s have

been identified in tissues from other species (31-33). Homobo-

gous forms in other species are more likely to react with

antibodies to a specific form than are P450s from different

families within the same species (33). Park and co-workers

have prepared panels of MAbs against MC- (34), ethanol- (35),

PCN- (36), and PB- (37) inducible rat liver P450s. These MAbs

have been used for immunodetection (31, 32), to inhibit enzy-

matic activity (reaction phenotyping) (34, 35, 38), and for

immunopurification (31, 39). The MAbs prepared by Park et

al. (36) against PCN-inducible rat liver P450, specifically P450

PB-2a/PCN-E (40), include highly specific clones that do not

react with P45011 forms. One ofthese highly specific antibodies,

MAb 2-13-2, was used in this study to probe for the presence

of related forms in chicken liver.

In this study, we give evidence for the presence in chicken

liver microsomes of a protein related to the rat PCN-P450s,

the level of which dramatically increases after hatching. The

development of P450-associated catalytic activities during the

embryonic and neonatal period follow two profiles, which may

correspond to development of two classes of P450, one related

to the rodent P45011 forms, another related to the rodent

P450111 forms.

Materials and Methods

Chemicals. PB was purchased from Merck and Co. (Rahway, NJ).
The chemicals phenylmethylsulfonyl fluoride, erythromycin, NADP,
NADPH, glucose-6-phosphate, and glucose-fl-phosphate dehydroge-
nase were all obtained from Sigma Chemical Co. (St. Louis, MO).

Dexamethasone sodium phosphate injection solution was obtained
through Ascot Pharmaceuticals (Stokie, IL). Ethylmorphine HC1 was

supplied by Applied Sciences Laboratory (State College, PA), and
benzphetamine HC1 was the gift of Upjohn Co. (Kalamazoo, MI).

Aldrin and dieldrin was furnished by the Shell Development Co.
(Modesto, CA). Alkaline phosphat.ase-conjugated goat anti-rabbit im-

munoglobulin G and 5-bromo-4-chloro-3-indolyl phosphate/nitroblue

tetrazolium substrate came from K&P Laboratories. All chemicals and
solvents used were of the highest purity commercially available.

Animals, treatments and microsomes. Fertile eggs were obtained
from the Cornell K-MFO line of chickens representing a subline of the
Cornell K-strain (41). The subline has been selected for uniformity of
general egg characteristics and fertility. Additionally, the K-MFO line
is highly inducible for PB and MC types of P450 activities (24, 25).

Eggs were incubated at 37* and 85% humidity and were rotated once

an hour. Experimental eggs were selected for fertility and normal

embryonic development by candling. Chick embryos were pretreated
by placement of the solution, by pipette, onto the inner shell membrane

through a 5-mm diameter hole made in the shell of each egg directly
over the air cell (42). The hole was sealed with a piece of adhesive tape
and the egg was returned to the incubator. Embryos and hatched chicks
were injected intraperitoneally with maximally tolerated doses of PB,
as determined in a previous study (25). Embryos at 14 days of incuba-
tion received 8.95 mg of PB (5 mmol/kg of body weight); embryos at

18 days of incubation, 11.6 mg (2.5 mmol/kg of body weight); and

hatched chickens, 100 mg/kg of body weight (0.4 nmol/kg of body
weight). Dexamethasone sodium phosphate injection was administered
intraperitoneally at 100 mg/kg of body weight as a 10 mg/ml solution.

Twenty-four hours after treatment, embryos or chicks were killed and
their livers were removed and rinsed with phosphate-buffered saline.

Samples of pooled livers were used 40 embryos at 14 days incubation,
15 embryos at 18 days of incubation, 10 birds at 1 day posthatch, and

2 or 3 birds at 36 days posthatch. Liver microsomes were prepared by
differential centrifugation, as previously described (25). Microsomes

for gel electrophoresis and Western blotting were prepared in buffer
containing 1 mM phenylmethylsulfonyl fluoride. Pellets from the high

speed centrifugation were resuspended in 2 mM Tris, 20% glycerol, 1
mM EDTA, pH 7.4, with or without phenylmethylsulfonyl fluoride at

0.25 ml/g wet weight of liver, divided into 0.5 ml aliquots, and frozen
at -80’ until use.

Enzyme assays. Demethylase assays were performed as previously

described (25), by a modification ofthe protocol of Nash (43). The final

substrate concentrations were erythromycin, 1 mM; benzphetamine, 1

mM; ethylmorphine, 8 mM; and aminopyrine, 5 mM. Incubation times

were 15 mm for aminopyrine, ethylmorphine, and benzphetamine, and

20 mm for erythromycin. The amounts of microsomal protein (0.5 to 1

mg) and incubation times were adjusted so that formaldehyde for-
mation was proportional to these parameters. Catalytic activity is
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expressed as nmol of formaldehyde/mg of microsomal protein/mm,
whereas specific activity is expressed as nmot of product/nmol of P450/
mm. P450 was measured using a DW-2 Aminco spectrophotometer

according to the procedure of Matsubara et al. (44), which employs the

reduced CO versus oxidized CO difference spectrum.

The assay for aldrin epoxidase was a slight modification of a proce-

dure developed by Krieger and Wilkinson (45), which measures the

epoxidation of aldrin to its 6,7-epoxide, dieldrin. Incubations were

carried out in open 15-ml glass test tubes in a 3T water bath. Each
incubation mixture contained 0.1 to 0.5 mg of microsomal protein, 200

;zl of generating system (1.8 mM NADP, 12 mM glucose-fl-phosphate,

and 2 units of glucose-fl-phosphate dehydrogenase) and was brought to
a final volume of 1 ml with Tris buffer (5.8 mM Tris-HC1, 14 mM KC1,

1.5 mM EDTA, 3 mM glucose-fl-phosphate, pH 7.4). The optimum pH
was 7.4, as determined over a range from 6.8 to 7.8. After a few minutes
were allowed for temperature equilibration, the reaction was initiated

with 5 �l of aldrin solution (4 gg/gl in ethanol) (55 �sM final). The

reaction was terminated after 10 mm with 700 gl of acetone. Blanks
were the same as sample tubes except acetone was added before the

addition of aldrin. After addition of a small amount of anhydrous
sodium sulfate, the contents of each tube were extracted twice with

hexane (2 ml/extraction). The organic layers were combined in a

ground glass test tube. After a few more crystals of anhydrous sodium
sulfate were added to each sample extract, tubes were stoppered, sealed
with Parafilm, and refrigerated overnight until gas chromatographic

analysis. Dieldrin was assayed using a Perkmn-Elmer gas chromato-

graph (Model 990), equipped with a Ni235 electron capture detector.
The column was 3 feet x 2 mm and was packed with 80-100 mesh

Chromosorb Q that was coated with QF-1 5% silicon oil. The column

temperature was 180’ and nitrogen was the carrier gas. Dieldrin con-
centrations were determined, by the peak height method, from standard

curves obtained on the same day samples were assayed; some samples
required 10-50-fold dilution to fall within the range of linearity of the
standard curve. Each sample was incubated in replicate. Enzyme activ-

ities were calculated as nmol of dieldrin/mg of microsomal protein/

mm.

Preparation of MAbs, gel electrophoresis, and Western blot-

ting. Preparation of MAbs to rat liver P450s induced by MC (34), PB
(37), or ethanol (35) and preparation and characterization of MAb 2-
13-2 to P450 PB-2a/PCN-E were as described (36). P450 PB-2a/PCN-

E (40) is probably identical to one of the three PCN-P450s isolated by
Halpert (10), PCNb, which is the predominant PCN-P450 in PB-
induced rat liver microsomes.

Sodium dodecyl sutfate-polyacrylamide gel electrophoresis was per-

formed using a discontinuous system (46), and electrophoresed proteins
were transferred to nitrocellulose (47). The immunoblots were then

developed by sequential incubations with MAb 2-13-2 in 0.25 mg/ml
ascites fluid, alkaline phosphatase-conjugated goat anti-rabbit immu-

noglobutin G (1:1000 dilution), and 5-bromo-4-chloro-3-indolyl phos-

phate/nitroblue tetrazolium substrate. Immunostained areas were

quantitated by densitometry with a Beckman DU-8 spectrophotometer

that was equipped with scanning accessory.

Statistical analysis. Means were compared by a two-sample t test

to determine statistically significant differences.

ResuPts

To screen initially for the immunoreactivity of chicken liver

P4505 with MAbs against purified rat liver P450s induced by

MC, PB, ethanol, and PCN, immunobbotting was performed

with chicken liver microsomes from embryos and neonatal

chickens, untreated or pretreated with PB or TCB. Only MAb

2-13-2, which specifically recognizes P450 PB-2a/PCN-E (36,

40), detected proteins in the P450 region (Fig. 1). The immu-

nodetectable chicken protein migrated identically with the

PCN-P450(s) detected in microsomes from dexamethasone-

treated rats (Fig. 1, lane 1 ). This screening study indicated that

a P450 form present in untreated and TCB-induced (not

shown) neonatal chicken liver and induced by PB at both 14

days of incubation and 1 day posthatch is epitopically related

to rat liver PCN-P450(s). To characterize the development of

the MAb 2-13-2-reactive protein, additional immunobbot anal-

yses were carried out, with several inducers and at different

developmental stages. The protein that was immunodetected

with MAb 2-13-2 was most predominant in microsomes from

chicken liver at 1 days posthatch (Fig. 1, lanes 4, 8, and 10),

with much lower levels observed in the embryo (Fig. 1, lanes 2,

3, 6, and 7) and at 36 days posthatch (Fig. 1, kirtes 5, 9, and

1 1 ). PB and dexamethasone were both highly effective inducers

of this protein at both 1 and 36 days posthatch, although

dexamethasone did not increase the overall level of P450, as

determined spectrophotometrically (Table 1). Thus, dexameth-

asone was a more specific inducer of this protein than PB,

based on immunostain intensity/nmol of P450.

The results from the immunobbots were compared with a

series of P450-associated catalytic activities of the same micro-

somab preparations. Aldrin epoxidase and benzphetamine and

erythromycin demethylase were all induced significantly by PB

(Table 1) at most of the ages tested. Aldrin epoxidase was

particularly responsive to PB induction, with 42-, 18-, 8-, and

7-fold induction at 14 and 18 days of incubation and 1 and 36

days posthatch, respectively. The specific activity of aidrin

epoxidase was induced by PB at all ages examined, whereas the

other specific activities were not consistently induced by PB

(Table 2). Whereas aminopyrine demethybase is undetectable

in hepatic microsomes from untreated embryos at 7 days of

incubation (33), aldrin epoxidase was detectable in these mi-

crosomes at a level of 0.016 nmob/mg of microsomal protein/

mm and was induced 60-fold by PB. Pentoxyresorufin dealky-

lase, which is a specific assay for some PB-induced forms in

rodents, was not induced by PB in chicken hepatic microsomes,

although we observed PB induction in rats.

Dexamethasone induced the amount of MAb 2-13-2-reactive

protein 2-fold (Table 1, last column) at 1 day posthatch and

10-fold at 36 days posthatch. Erythromycin demethylase was

the only activity significantly induced by dexamethasone (at

36 days posthatch).

The developmental profiles of MAb 2-13-2-reactive protein

and the catalytic activities displayed a common pattern, in that

they all reach a peak at 1 day posthatch. However, differences

were noted in the extent to which the levels of protein or

catalytic activities were augmented in the hepatic microsomes

of the newborn chick, compared with embryos and older chick-

ens (36 days posthatch) (Fig. 2). The developmental profiles of

erythromycin demethylase and the MAb 2-13-2-reactive pro-

tein were similar, in that embryonic levels were quite bow, a

barge increase was observed in the neonate, and, by 36 days

posthatch, levels dropped substantially. The erythromycin de-

methylase and MAb 2-13-2-reactive protein profiles showed a

good correlation (r2 = 0.86) with each treatment and at all ages.

Also, the developmental profiles of aidrin epoxidase, benzphet-

amine demethylase; ethylmorphine demethylase, and amino-

pyrine dethethybase were positively correlated with each other

at levels from r2 = 0.92 to 0.98 but showed much weaker

correlations with the MAb 2-13-2-reactive protein (r2 = 0.23 to

0.42).

There was a trend of increased specific activity toward all

substrates after hatching (Table 2), indicating that the catalytic
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CON PB - DEX
Fig. 1. Immunoblot of embryonic and posthatch

DI D P H D I D P H D P H chicken liver microsomes using MAb 2-13-2. Lane 1
contains 2 �g of microsomes from dexamethasone-

RAT 14 18 1 36 14 18 1 36 1 36 treateci rats. Lanes 2-5 contain 200 �tg of liver micro-
sornes from control chicken embryos at 14 and 18

2 3 4 5 6 7 8 9 10 1 1 days of incubation and 1 and 36 days posthatch. Lanes
6-9 repeat the same sequence for PB-treated chick-
ens. Lanes 10 and 1 1 contain microsomes from dex-
amethasone-treated chickens at 1 and 36 days post-
hatch. CON, control; DEX, dexamethasone; DI, days
of incubation; and OPH, days posthatch.

TABLE 1
P450-associated catalytic activities in chicken hepatic microsomes during embryonic and neonatal development and immunodetection by
MAb 2-13-2
P450 is expressed as nmol/mg of microsomal protein. The activities are expressed as nmol of product/mg of microsomal protein/mm. Immunostaining was quantitated
as described in Materials and Methods. Values are means ± standard deviations; the numbers in parentheses are the numbers of samples.

Relative area

Age Treatment P450 Aidnn epox�ase ��JT �

13-2

nmol/rng nmo!/mg/min

14 DI Control 0.14 ± 0.01 (4) 0.06 ± 0.01 (3) 0.34 ± 0.09 (2) 0.08 ± 0.02 (2) 0.00
PB 0.35 ± 0.14 (4)�’ 2.50 ± 0.32 (3)�’ 1 .56 ± 0.77 (2) 0.27 ± 0.14 (2) 0.03

18 DI Control 0.24 ± 0.05 (4) 0.18 ± 0.04 (3) 0.86 ± 0.03 (3) 0.16 ± 0.04 (3) 0.02
PB 0.81 ± 0.12 (4)�’ 3.31 ± 0.72 (3)�’ 3.95 ± 0.89 (3)” 0.54 ± 0.19 (3)L� 0.07

1 DPHC Control 0.30±0.11 (4) 0.97±0.28(4) 2.56±0.17(3) 0.67±0.03(2) 0.22
PB 1 .02 ± 0.16 (4)�’ 7.93 ± 1 .20 (4)�’ 9.82 ± 2.79 (3)�’ 2.37 ± 0.47 (3)�’ 0.62
Dexamethasone 0.28 ± 0.04 (3) 1 .37 ± 0.1 8 (3) 2.69 ± 0.1 0 (2) 1 .22 ± 0.29 (2) 0.42

36 DPH Control 0.28 ± 0.03 (3) 1 .00 ± 0.04 (2) 4.28 ± 1 .81 (3) 0.28 ± 0.06 (3) 0.02
PB 0.64 ± 0.09 (4)�’ 7.14 ± 1.55 (3)�’ 9.91 ± 1.61 (3)b 1.02 ± 0.45 (3)�’ 0.16
Dexamethasone 0.22 ± 0.03 (3) 1 .95 ± 1 .01 (2) 3.68 ± 0.94 (3) 0.59 ± 0.12 (3)” 0.18

a DI, days of incubation.
a Significantly difterent from control (p < 0.05).
C DPH, days posthatch.

TABLE 2
Specific activities of chicken hepatic microsomes during embryonic and neonatal development
Values are expressed as nmol of product/nmol of P450/mm. Values for aldrin epoxidase and benzphetamine and erythromycin demethylase are the mean of 2-4
replicates, whereas those for ethylmorphine and aminopynne are from single samples.

Age Treatment Alddn
�

Benzphetansne
demethylase

Ethylrnorphine
demethylase

demethyl-
ase

Erythromycin
demeth�lase

nmol/nmol/min

14 DI� Control
PB

0.4
6.8c

2.4
3.8

NOb
ND

ND
ND

0.6
0.7

l8Dl Control
PB

0.8
43C

3.4
49C

2.5
79

6.1
8.1

0.6
0.7

1 DPHd Control
PB
Dexamethasone

3.0
8.0c
5.0

6.8
11.ic

9.1

6.1
14.9
12.0

17.3
17.0
24.5

2.3
3.0
4.0

36 DPH Control
PB ,

Dexamethasone

5.0
liT’

8.8

14.6
14.6
1 8.4

8.9
21.6
21 .5

16.5
28.5
36.4

1.0
1.5
3.0c

. Dl, days of incubation.
b ND, not determined.

� different from control (p < 0.05).
d DPH, days posthatch.

activities examined increased more than the P450. This result P450 in chicken liver. Supporting evidence for the presence of

suggests a P450 system more efficient in the catalysis of the PCN-P450 in chicken liver is the induction of erythromycin

whole series of substrates. � demethylase by dexamethasone, as has been reported in rodents

(28), and the correlation of erythromycin demethylase with the

Discussion amount of immunodetected protein, with the different treat-
ments and age groups. The presence of P450s other than the

Immunobbot analysis of chicken hepatic microsomes by MAb known PB-induced forms in chicken (13-17) is suggested by a

2-13-2 against rat PCN-P450 indicates the presence of a related difference in developmental profiles for the catalytic assays;
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14D1 1801 1DP1-1

age

Fig. 2. Developmental profiles of aldrin epox-
idase (a), benzphetamine demethylase (b),
ethylmorphine demethylase (c), aminopynne
demethylase (d), erythromycin demethylase
(e), and MAb 2-1 3-2-reactive protein (f). Dl,
days of incubation, DPH, days posthatch. All
of these assays were performed on aliquots
from a common microsomal sample for each
age and treatment. 0, Control; � PB-in-
duced; U, dexamethasone-induced chicken
liver microsomes.

one type is exemplified by erythromycin demethylase and the

immunoreactive protein and the other type by aldrin epoxidase

and ethylmorphine, benzphetamine, and aminopyrine demeth-

ylase. Although each of these catalytic activities probably rep-

resents the combined action of several isozymes of P450, they

appear to fall into two categories. Erythromycin demethylase

may be predominantly a function of a PCN-P450(s) in chicken

liver whereas aldrin epoxidase, ethylmorphine demethylase,

benzphetamine demethylase, and aminopyrine demethylase

may be predominantly a function of P45011 forms of hepatic

chicken P450. Our studies suggest that it will be worthwhile to

search for and then characterize the PCN-P450 gene(s) in

chickens.

The MAb 2-13-2 was used because of its high specificity for

the P450-2a/PCN-E (40) of rat liver. Radioimmunoassays

showed that MAb 2-13-2 binds 60 times more strongly with the

purified P450 2a/PCN-E, compared with PB-4 (P45011 family)

(36). MAb 2-13-2 to PCN-P450 was not found to be inhibitory

to catalytic activity of reconstituted P450-2a/PCN-E or dexa-

methasone-induced rat liver microsomes (36). Therefore, it was

not tested against chicken microsomes. Some polycbonal anti-

bodies against rat liver PCN-P450s have been shown to inhibit

rat and mouse liver microsomal activity and may be useful in

demonstrating the presence and function of related forms in

chicken (18, 48).

The rat liver PB- (P45011) and PCN- (P450111) inducible

forms are difficult to differentiate on the basis of catalytic

activity, although the P45011 forms are only about 30% similar

in sequence to the P450111 forms (49). The related forms in

chicken liver appear to have a pattern of substrate specificity

and inducibility with some similarities and some differences

from those in rodents. Aidrin epoxidase and ethylmorphine

demethylase are induced by both PCN and PB in rat liver (26-

28), but our evidence indicates that these activities are probably

not efficiently catalyzed by the chicken PCN-P450(s). Eryth-

romycin demethybase has often been used to assay for the PCN-

P450 in rat liver microsomes (28, 50) and appears to also be a

function of PCN-P450 in chickens. Testosterone or androstene-

dione-6-fl-hydroxylase and (R)-warfarin-10-hydroxylase, diag-

nostic activities of some forms of PCN-P450 in rats and mice

(18, 48), may prove to be useful in detecting PCN-P450s in

chicken. Testosterone-6-$-hydroxylase is induced by PB and
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2-acetybaminofluorine in chicken liver microsomes (51) but the

isozymes responsible are unknown. Some PCN-P450s are in-

duced in rat and mouse liver by PB and dexamethasone (10,

28, 48), as is the MAb 2-13-2-reactive protein in chicken.

Dexamethasone may or may not induce the P45011 forms in

chicken; inasmuch as it is reported to induce P45011 isozymes

in mice but not in rats (52). These factors contribute to the

difficulty in defining characteristic substrates for the PCN

forms, which when purified from rat liver often lose most of

their catalytic activity (10, 28).

Previous studies in this laboratory show that aminopyrine

demethylase increases throughout embryonic development,

peaking at 1 day posthatch (25). The specific activity of ami-
nopyrine demethylase is 2- to 3-fold higher posthatching then

embryonically. In this study, we observed a trend of increased

specific activity toward all the substrates after hatching. One

proposed mechanism for this increase is changes in isozymic

composition posthatching. The MAb 2-13-2-reactive protein

was hardly expressed during the embryonic period, although it

was inducible by PB. The increase in MAb 2-13-2-reactive

protein neonatally may contribute in varying degrees, to the

increase in specific activities observed after hatching with all

the catalytic assays. However, levels of this protein do not

correlate with the sustained specific activity toward some of

the substrates in control samples at 36 days posthatch (MAb

2-13-2-reactive protein falls to the level at 18 days of incubation

in control samples). Other isozymes may also become elevated

after hatching.

Our study lends support to the hypothesis that there are

representative(s) of the PCN-P450 (P450111) family in the

chicken. This contention is predicted by the early divergence
of the PCN-induced form, compared with the bird-mammal

divergence, based on comparisons of known PCN-P450 se-
quences with other P450 sequences (1 1). Sequencing of a

chicken PCN-P450 would give further clues to the evolution of

the P450 system. The chicken remains an important species

for the study of P450 evolution because of its evolutionary

position between mammals and other classes.

The substantial capacity of the chicken embryo for P450-

associated metabolic activation of a wide spectrum of substrates

recommends its continued use as a model in studies of the role

of P450 in the effects of xenobiotics, including targeted tissue

damage and transformation during early development.
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