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Abstract—The aniline hydroxylase activity of microsomes isolated from hamster liver can be differ-
entiated kinetically into high affinity (low K, form I) and low affinity (high Km. form II) forms.
Microsomes isolated from uninduced animals contain slightly more form 1 activity. The activity of the
low affinity form (form II) is preferentially enbanced by Aroclor or 3-methylcholanthrene treatment,
while phenobarbital treatment increases the activity of both forms. Chronic ethanol consumption results
in enhancement of only the high affinity form (form I).

The existence of two forms of aniline hydroxylase
activity in isolated microsomes was first suggested
by Wada et al.[1]. More recently, Kitada et al. [2]
have shown that aniline hydroxylase activity is
inhibited by cyanide ions and that the inhibition is
biphasic, suggesting the presence of two activities
with differing inhibitor affinities.

The effects of the common inducers (phenobar-
bital, Aroclor 1254 and 3-methylcholanthrene) of
mixed function oxidase activity on aniline hydroxyl-
ase activity have been determined in several animal
species. In general, all inducers have the ability to
increase the specific activity of aniline hydroxylase,
though the degree of induction varies [3-5]. Since
different inducers have been shown to give rise to
distinet species of cytochrome P-450 [6-11], the fail-
ure to observe qualitative differences in the indu-
cibility of aniline hydroxylase might be attributable
to the use of aniline concentrations which are high
enough to allow both activities to be expressed
[12,13].

This communication presents kinetic evidence for
the existence of two forms of aniline hydroxylase in
isolated hamster liver microsomes and shows that
the activities of the two forms exhibit independent
induction patterns depending on the inducer.

MATERIALS AND METHODS

Chemicals.  Aniline, nicotinamide adenine
dinucleotide phosphate (monosodium salt), tricine
(N-tris-[hydroxymethyl]-methyl  glycine),  Tris
(tris[hydroxymethyl]-amino-methane),  glucose-6-
phosphate (monosodium salt), and glucose-6-phos-
phate dehydrogenase (Type XII) were obtained from
the Sigma Chemical Co., St. Louis, MO, 3-Methyl-
cholanthrene and p-aminophenol were obtained
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from the Eastman Kodak Co., Rochester, NY.
Aroclor 1254 was from Analabs, North Haven, CT.
Phenobarbital (sodium salt) was from Mallinckrodt,
St. Louis, MO. Sucrose, special enzyme grade, was
from Schwarz-Mann, Orangeburg, NY.

Animals and treatments. Male Syrian golden ham-
sters (ARS/Sprague-Dawley, Madison, WI) were
housed three per cage and allowed free access to
NIH-07 lab chow and water. At 8 weeks of age,
hamsters were placed on control Lieber—DeCarli
liquid diet No. 711 + added fiber obtained from Bio-
Serv, Inc., Frenchtown, NJ). At 9 weeks of age,
animals were either continued on the control diet or
placed on the ethanol-containing diet, in which
ethanol isocalorically replaced carbohydrate. Thirty-
five per cent of the total caloric intake was ethanol,
The daily diet intake was restricted to 40 ml/animal,
Animals were killed after 4 weeks.

A second group of hamsters was randomized by
weight and given free access to NIH-07 lab chow and
water. Induction began at 9 weeks of age. Sodium
phenobarbital (PB) was dissolved in saline, and the
animals were given intraperitoneal injections of
80 mg/kg body wt/day for 4 days. Animals receiving
3-methylcholanthrene (3-MC) were injected daily
for 4 consecutive days. 3-Methylcholanthrene was
suspended in corn oil, and an intraperitoneal dose
of 20 mg/kg body wt/day was administered for 4 days.
Aroclor 1254-treated animals were given a single
intraperitoneal injection of 500 mg/kg body wt. PB-
and 3-MC-treated animals were killed 24 hr after the
last injection, following an overnight fast. Aroclor-
treated animals and control animals that received an
intraperitoneal injection of corn oil equivalent in
volume to that given to Aroclor-treated animals were
killed 5 days after treatment following an overnight
fast. All animals were killed by CO:; anesthesia.

Subcellular fractionation. Livers were rapidly
removed, weighed, minced, rinsed three times with
10vol. of ice-cold SET (0.3M sucrose, 0.5mM
EDTA, and 5 mM tricine, pH 7.4), and suspended
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in 5 vol. of ice-cold SET. Homogenization of livers
was performed as described previously using a
Polytron homogenizer (Willems type, made by
Kinematica, Lucerne, Switzerland [14]). The hom-
ogenate was diluted to 9 vol. with SET and centri-
fuged at 10,000 g for 10 min. The decanted super-
natant fraction was then centrifuged at 105,000 g for
60 min. The surface of the pellet was rinsed carefully
with 0.15M KCI and suspended in SET to give a
microsomal protein concentration of 4-6 mg/ml.
Aniline hydroxylase assay. Microsomal fractions
were assayed for aniline hydroxylase activity using
a modification of the procedure described by Mazel
[12]. The standard assay mixtures contained in a
final volume of 1.0ml: 0.125 umole NADP®,
2.5 umoles glucose-6-phosphate, 6.0 umoles MgCl,,
12.5 umoles nicotinamide, 50 umoles Tris-acetate
buffer, pH 8.0, 4 units glucose 6-phosphate dehy-
drogenase, and from 0.5 to 2 mg of microsomal pro-
tein. The aniline concentrations used are indicated
in the figure and table legends. Complete assay mix-
tures minus microsomes were incubated for 5 min
at 37°. Reactions were initiated by the addition of
microsomes. Following incubation for 15 min at 37°,
reactions were quenched by the addition of 1.0 ml
of ice-cold 10% trichloroacetic acid. After centrifu-
gation, aliquots of the supernatant fraction were
assayed for p-aminophenol, as outlined by Mazel
[12]. Using these conditions, the rate of product
formation at both low (0.1 mM) and high (20 mM)
aniline concentrations was linear with respect to both
time and microsomal protein. Protein was deter-
mined by the method of Lowry et al. [15]. Statistical
significance was evaluated using Student’s #-test.

RESULTS

When the effect of different aniline concentrations
on the rate of p-aminophenol formation was exam-
ined, two hyperbolic changes in rate were observed
(Fig. 1). The rate of product formation shows an
initial hyperbolic increase from 0.01 to 0.05 mM
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Fig. 1. Effect of aniline concentration on aniline hydroxyl-

ase activity of microsomes isolated from control and

ethanol-consuming hamsters. Key: (@——@) control; and
(O—0) ethanol.

substrate. As the concentration of substrate is
increased from 0.05 to 1.0 mM, only a slight further
increase in rate is observed. Increasing substrate
concentration beyond 1 mM gives rise to a second
hyperbolic increase in the rate of product formation.
A comparison of substrate titrations shows that liver
microsomes isolated from ethanol-treated hamsters
have increased activity of the high affinity form of
aniline hydroxylase (form I). The data in Fig. 2 are
replotted from Fig. 1 and show more clearly the
effects of ethanol on the two forms of aniline
hydroxylase.

The kinetic parameters obtained from substrate
titrations of microsomes from control and ethanol-
treated animals are presented in Table 1. No differ-
ences in substrate affinity between the two groups
for either activity were observed; however, a large
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Fig. 2. Effect of aniline concentration on (A) low and (B) high affinity forms of aniline hydroxylase.

Key: (@——@®) control; and (O——O) ethanol. For purposes of clarity, rates obtained at 1 mM aniline

were subtracted in part B. The rates at 1 mM aniline were 0.41 and 0.93 nmoles-min~!-mg protein™
for control and ethanol preparations, respectively.
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Table 1. Comparison of kinetic parameters for the two
forms of microsomal aniline hydroxylase

Control Ethanol
Form Form Form Form
1 11 I u
Km (mM)

0.019 4.65 0.022 5.84
0.011 4.85 0.022 5.96

0.032 3.13

Specific activity
(nmoles-min~'-mg protein™!)

0.43 0.39 1.01 0.41
0.44 0.38 1.10 0.41
0.67 0.41

increase in the maximal rate of form I activity was
observed in liver microsomal preparations isolated
from ethanol-consuming hamsters, Form II activity
remained unchanged.

Because of the large differences in substrate affin-
ity between the two forms of aniline hydroxylase,
the contribution of each form to the total microsomal
activity can be readily estimated by the appropriate
choice of substrate concentration. The data in Table
2 show that, when the rate of product formation is
determined for liver microsomal preparations from
control and ethanol-treated hamsters at low (0.1 mM)
and high (20 mM) aniline concentrations, results sim-
ilar to those from full substrate titrations are
obtained.

The effects of three inducers of microsomal meta-
bolic activity on the two forms of aniline hydroxylase
activity are shown in Table 3. All of the inducers

Table 2. Effect of chronic ethanol consumption on the
specific activity of the two forms of microsomal aniline

hydroxylase®
Form 1 Form 11 Total
Control 0.5720.07 0.62 = 0.11 1.16 = 0.17
Ethanol 1.52 052t 076017 2.28=0.67%

* Form I activity was determined using 0.1 mM aniline.
Total activity was determined wusing 20 mM aniline.
Form II activity is calculated by subtracting form I activity
from total activity. Values are expressed as
nmoles - min~! - mg™' and are the means £ S.D. for six
separate preparations.

+ Significance from control, P = 0.01.
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increase total aniline hydroxylase activity; however,
the pattern of induction varies. Phenobarbital treat-
ment resulted in small increases in both forms I and
11, whereas treatment with Aroclor 1254 or 3-methyl-
cholanthrene increased only form II.

DISCUSSION

The distinctive changes in rate in response to sub-
strate concentration, as well as the differential induc-
tion of the two forms of aniline hydroxylase, are
consistent with the presence of two catalytic sites for
the hydroxylation of aniline in isolated hamster liver
microsomes. The fact that there is a 100- to 200-fold
difference in the affinity of each of the two activities
for aniline greatly simplifies study of the two forms
since only two substrate concentrations need be
employed in order to estimate activities.

It is of interest to compare the results obtained in
this study with those reported previously for mouse
and rat liver microsomal preparations by Wada et
al. [1]. Although the authors show biphasic double
reciprocal plots which indicate two activities, no
attempt was made to estimate the contribution of
each form to total aniline hydroxylase activity. We
have recalculated their data, and it indicates that
form 1 activity accounts for approximately 60 per
cent of the total aniline hydroxylase activity in
uninduced rat and mouse microsomal preparations.
This compares with the 50-60 per cent as form I
which we have observed. The affinity of form II for
aniline for their preparations is similar to those
reported in this study. The affinity of form I could
not be estimated because of insufficient data points.

Taken together, these data indicate that liver
microsomes from three of the more common lab-
oratory species contain two kinetically distinct forms
of aniline hydroxylase activity and that each activity
responds independently, depending on the nature
of the inducer of MFO activity. Form I activity
appears to be selectively and preferentially enhanced
in microsomes from ethanol-consuming hamsters,
whereas form II is most responsive to inducers of
polycyclic aromatic hydrocarbon metabolism.
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