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SUMMARY

PorLanp, ALaN & Grover. Epwarp (1975) Genetic expression of aryl hydrocarbon
hydroxylase by 2.3.7.8-tetrachlorodibenzo-p-dioxin: evidence for a receptor muta-
tion in genetically nonresponsive mice. Mol. Pharmacol., 11, 389-398.

Hepatic aryl hydrocarbon hydroxylase activity is induced by 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) in all inbred strains of mice tested. The genetically “nonresponsive”
strains of mice which fail to respond to the usual aromatic hydrocarbons (e.g.,
3-methylcholanthrene) are induced by TCDD; however, the dose required is greater than
for the genetically “responsive” strains. The dose of TCDD that elicits half the maximal
enzyme activity (EDg,) in responsive strains, C57BL/6J, BALB/cJ., and A/J, is
approximately 1 nmole/kg, and in the nonresponsive strains, DBA/2J, AKR/J, and
SJL/J, the ED,, is at least 10 nmoles/kg. In the above strains, TCDD at 3 nmoles/kg fails
to induce hepatic aryl hydrocarbon hydroxylase activity in nonresponsive mice, but
elicits 70% or more of the observed maximal enzyme activity in responsive strains. In 14
inbred strains of mice, the phenotypic characteristic of aromatic hydrocarbon responsive-
ness or nonresponsiveness can be detected equally well by a challenge with 3-methyl-
cholanthrene (0.3 mmole/kg) or TCDD at 3 nmoles/kg. In all nonresponsive strains, a
10-fold higher dose of TCDD induces hepatic enzyvme activity. The heterozygous
offspring of C57BL/6J and DBA/2J parents are distinguishable from both parental
strains by an intermediate sensitivity to TCDD. We conclude from these data that the
genetically nonresponsive mice have the structural and regulatory genes necessary for the
expression of aryl hydrocarbon hydroxylase. The most likely explanation of the defect in
nonresponsive mice appears to be a mutation which results in an induction receptor site
with a diminished affinity for inducing drugs, leading to an almost absolute unrespon-
siveness to 3-methylcholanthrene and a diminished sensitivity to the more potent
inducer, TCDD.

INTRODUCTION oxygenase that metabolizes numerous aro-

Aryl hydrocarbon hydroxylase is a cyto- matic drugs, insecticides, and carcinogens.
chrome P-450-mediated microsomal mono- 1 he importance of aromatic hydroxylation
of xenobiotics to pharmacology, toxicology,
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bred strains of mice induces'® aryl hydro-
carbon hydroxylase activity and three
other microsomal monooxygenase activi-
ties (2-5), and results in the formation of a
spectrally distinct cytochrome termed
P,-450, which is the presumed enzyme
active site for these monooxygenases (6, 7).
C57BL/6 is the prototype strain for these
genetically responsive mice. In other in-
bred strains of mice, termed genetically
nonresponsive, the administration of MC?
does not produce these changes, or evokes
only minimal changes. DBA/2 is the proto-
type nonresponsive strain. The induction
of aryl hydrocarbon hydroxylase activity
and the three other monooxygenase activi-
ties and the formation of cytochrome
P,-450 by aromatic hydrocarbons are all
inherited in a simple autosomal dominant
mode in genetic crosses and back-crosses
between C57BL/6 and DBA/2 mice. These
data suggested that these activities are all
expressed at a single locus or at a group of
closely linked loci (2, 3). Recently Robin-
son et al. (8), in an extensive survey of
crosses and back-crosses among 12 strains
of inbred mice, have reported evidence that
the inheritance of aromatic hydrocarbon
responsiveness is controlled by several non-
linked loci.

We have shown that 2,3,7,8-tetra-
chlorodibenzo-p-dioxin, an extremely toxic
contaminant formed during the commer-
cial synthesis of the herbicide 2,4,5-tri-
chlorophenoxyacetic acid, is the most po-
tent inducer of aryl hydrocarbon hydroxyl-
ase and cytochrome P,-450 known; it is
30,000 times more potent than MC as an
inducer of hepatic hydroxylase activity in
the rat (9).

t Induction of aryl hydrocarbon hydroxylase activ-
ity is used to denote a relative increase in enzyme
activity, measured in vitro by the increased rate of
formation of 3-hydroxybenzo[a]pyrene. At present we
cannot distinguish whether the increased hydroxylase
activity that accumulates is the result of an increased
rate of synthesis of the enzyme de novo, an increased
activation of the enzyme from pre-existing moieties,
or both these processes.

*The abbreviations used are: MC, 3-methylcholan-
threne; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin;
BNF, B8-naphthoflavone.
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MC and TCDD induce hydroxylase ac-
tivity in rat liver to the same maximal
level, and simultaneous administration of
maximally inducing doses of both drugs
results in no additive effect; moreover, MC
and TCDD produce log-dose response
curves having parallel slopes. These obser-
vations suggest that the two drugs share a
common mechanism of induction of hy-
droxylase activity.

In both genetically responsive and
nonresponsive strains of mice, TCDD ad-
ministration induced the four linked mono-
oxygenase activities and the formation of
cytochrome P,-450 (10). Thus the so-called
genetically nonresponsive mice do respond
to the right stimulus and do possess the
structural and regulatory genes necessary
for the expression of aryl hydrocarbon hy-
droxylase. The defect in the nonresponsive
mice appears to be a failure to recognize
the usual, less potent aromatic hydrocar-
bons used as inducing drugs. We postu-
lated that the site to which BNF and MC
bind to initiate the induction of aryl hydro-
carbon hydroxylase is defective in geneti-
cally nonresponsive mice, with a dimin-
ished affinity for these aromatic hydrocar-
bons.

There appear to be two possibilities to
explain the induction of hydroxylase activ-
ity by TCDD in nonresponsive mice. Either
TCDD interacts with a binding site differ-
ent from that to which MC binds, a
receptor?® that is not defective and is simi-
lar in both responsive and nonresponsive
mice, or TCDD acts at the same binding
site as MC, but the greater potency of
TCDD—and hence presumably its greater
binding affinity—permits receptor satura-
tion and full expression of enzyme activity
in nonresponsive mice. One should be able
to distinguish between these two possibili-

3 Receptor is used in the classical pharmacological
sense, to denote the cellular element with which the
drug must combine to initiate its response—in this
case, induction of aryl hydrocarbon hydroxylase. The
properties characterizing a drug-receptor interaction
have all been demonstrated for TCDD (9): potency of
the drug, the production of a graded biological re-
sponse, which is dose-related, and the chemical and
biological specificity of the drug-receptor interaction.
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ties experimentally: the first predicts that
genetically responsive and nonresponsive
mice should have approximately the same
sensitivity to TCDD; the second hypothe-
sis predicts that all nonresponsive mice
will be less sensitive to TCDD.

In this report we present evidence that
genetically nonresponsive mice require a
greater dose of TCDD than responsive mice
for the induction of hepatic aryl hydrocar-
bon hydroxylase; that is, the dose-response
curve is shifted to the right.

METHODS

NADPH, bovine serum albumin, and
benzo[a]pyrene were purchased from
Sigma Chemical Company. The benzo[a}-
pyrene was recrystallized from warm ben-
zene by the addition of cold methanol.
3-Methylcholanthrene was purchased from
Sigma Chemical Company and K & K
Laboratories.

Dr. Harry Gelboin, National Cancer In-
stitute, generously provided a sample of
3-hydroxybenzo[a]pyrene, and Dr. Albert
Pohland, Food and Drug Administration,
Washington, D. C., generously provided a
sample of 2,3,7,8-tetrachlorodibenzo-p-di-
oxin (lot F-883) (11). Special precautions
were used in handling TCDD, as previously
outlined (12), including the use of disposa-
ble gloves and benchtop coverings, and as
much disposable plastic ware as possible.
Glassware was routinely cleaned with po-
tassium dichromate-sulfuric acid solution.

Animals. All mice were obtained from
the Jackson Laboratory, Bar Harbor, Me.
The mice were housed in plastic cages with
hardwood bedding, exposed to a day-night
light cycle of 12 hr, and given food and
water ad libitum.

In experiments examining the log-dose
response curves, every attempt was made
to minimize variability; homozygous re-
sponsive strains were tested simultane-
ously with homozygous nonresponsive
strains or heterozygous hybrids which were
matched for age and sex. Unless otherwise
stated, the mice were immature females
4-9 weeks of age. The exceptions (see
legends to Figs. 3 and 4 and Table 1) were
inbred or hybrid mice that were difficult to
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obtain, and some variation in age and
mixture of sexes were unavoidable.

The mice were injected intraperitoneally
with p-dioxane (0.4 ml/kg) or TCDD in the
same volume of solvent, using a Hamilton
microsyringe. MC (80 mg/kg) was adminis-
tered in corn oil (8 ml/kg). The mice were
weighed and dosed on the basis of weight to
the nearest 0.1 g. All animals were fasted
for 10-16 hr before death.

Enzyme activity. Aryl hydrocarbon hy-
droxylase activity was assayed as described
previously (9). The assay was performed on
the 10,000 x g supernatant fraction of the
liver rather than on the microsomal frac-
tion, because of the large number of indi-
vidual determinations. Each assay was
performed in duplicate; duplicates usually
varied less than 10%. Under the conditions
employed, the assay was linear with en-
zyme concentration and time and at the
pH optimum.

One unit of aryl hydrocarbon hydroxyl-
ase activity was defined as the amount of
enzyme catalyzing the formation of hy-
droxylated product per minute at 37°
equivalent to 1 pmole of 3-hydroxybenzo-
[alpyrene. Activity was expressed as units
per milligram of liver, wet weight.

RESULTS

The log dose-response curves for the
induction of hepatic aryl hydrocarbon hy-
droxylase activity by TCDD in six strains
of inbred mice are shown in Fig. 1A-C.
TCDD induces enzyme activity in inbred
strains of mice which are responsive to MC
(C57BL/6J, BALB/cJ, A/J) as well as
strains which are nonresponsive to MC
(DBA/2J, AKR/J, SJL/J). However,
nonresponsive strains were less sensitive to
TCDD; that is, a larger dose of TCDD was
required than in the sensitive strains to
produce a comparable degree of induction.

In Fig. 2 the same data are presented as
fractional responses to eliminate strain
differences in the basal enzyme activity
and the maximally induced activity. This
was accomplished by equating the mean
control activity to zero, and the mean
maximally induced activity to 1.0, and
calculating the fractional response of the
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Fi6. 2. Log dose response curves for induction of aryl hydrocarbon hydroxylase transformed to fractional

responses

The data are those in Fig. 1, and the mean absolute enzyme activities have been converted to fractional

responses, as explained in the text.

intermediate values for each strain.¢ The
most useful parameter of sensitivity of the
individual mouse strains is that dose of
TCDD which elicits 50% of the maximal
induction of hepatic aryl hydrocarbon hy-
droxylase, the ED,;,. As seen in Fig. 2, the
genetically responsive strains have ED,,
values of about 1 nmole/kg and are about
10 times more sensitive to TCDD than the
genetically nonresponsive strains (ED,, =
10 nmoles/kg).

The data in Figs. 1 and 2 were obtained
24 hr after the administration of TCDD, at
which time the response observed was
about half the maximum response (which
is reached by 48 hr). Despite the submaxi-
mal enzyme induction at this earlier time,

*Transformation of the absolute values of enzyme
activity to fractional responses assumes that the
maximal response observed is the true maximum.
This assumption appears justified in C57BL/6J,
BALB/cJ, A/J, DBA/2J, and AKR/J mice, because a
10-fold increase in the dose of TCDD from the
next-to-highest to the highest dose produced only a
small increase in enzyme activity. That is, the re-
sponse formed a plateau. However, in the SJL/J
animals, there was a substantial increase in enzyme
activity when the dose of TCDD was increased from
30 to 300 nmoles/kg, suggesting that the true maximal
response had not yet been reached. If this was the
case, the actual log dose-response curves would be to
the right of the observed curve and the true ED,,
would be greater.

the ED,, values for different strains were
very similar at 24 and 48 hr (Table 1).

In previous investigations of the genetic
expression of aryl hydrocarbon hydroxylase
the presence or absence .of enzyme induc-
tion following a single large dose of BNF or
MC was used to classify inbred strains as
responsive or nonresponsive to aromatic
hydrocarbons (3, 4). If the findings in Fig. 2
are generally applicable to other inbred
strains of mice, it should also be possible to
classify mice on the basis of their sensitiv-
ity to TCDD at a dose of 3 nmoles/kg
(marked by an arrow in Fig. 2). Inbred
strains induced by MC should also respond
to this dose of TCDD. Mice that are
nonresponsive to MC should not be in-
duced by TCDD at a dose of 3 nmoles/kg
but should respond to a 10-fold higher dose
(marked by a second arrow in Fig. 2).

Fourteen strains of inbred mice were
tested for their response to MC and TCDD
administered 24 hr before death (Fig. 3).
Each strain was divided into four treat-
ment groups: control (p-dioxane); MC 0.3
mmole/kg; TCDD, 3 nmoles/kg; and
TCDD, 30 nmoles/kg. The seven inbred
strains on the left side of Fig. 3 were
responsive; both MC and TCDD, at 3
nmoles/kg, induced hepatic aryl hydrocar-
bon hydroxylase activity. The other seven
strains (on the right in Fig. 3) were nonre-
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TABLE 1

Sensitivity of various inbred and hybrid strains of
mice to TCDD

Inbred and hybrid mice were injected with p-diox-
ane or TCDD, and hepatic aryl hydrocarbon hydrox-
ylase activity was assayed 24 or 48 hr later. Details on
most of the inbred and hybrid strains are found in the
legends to figures. The C3H/Hed and C3D2F,/J mice
were 7-week-old females, with four to six animals per
dose level and six or seven dose levels, respectively.
The AKR/J B6AKF,, and C57BL/6J (in one experi-
ment) were 6-week-old mice, both male and female,
with five or six animals per dose level and seven,
seven, and six dose levels of TCDD, respectively.
Each value is the mean + standard error of four to six
mice.

Mouse strain ED,, | Aryl hydrocarbon hydroxylase
activity
Control Maximally
induced
nmoles/ units/mg liver
kg
24-hr induction
C57BL/6J 1.2 89+12 42.7+ 4.3
BALB/cJ 1.0 5.6 + 1.1 392+ 39
A/J 1.2 5.1+14 479+ 6.2
DBA/2J 13.8 5910 38.1+ 2.7
AKR/J 11.0 119+ 1.1 352+ 19
SJL/J 25.0 74+09 348+ 4.0
48-hr induction

C57BL/6J 1.7 11.3+ 0.8 879+ 4.6

1.7 11.1 £ 0.5 | 1036 + 4.8
C3H/HeJ 2.7 46+09 647+ 5.8
DBA/2J 16.0 79+16 69.9 + 12.1
AKR/J 9.2 13.0+ 1.6 67.7+ 3.5
B6D2F,/J° 4.2 9.1 +£09 | 1238 + 129
C3D2F,/J° 5.1 78 £1.2 90.7+ 7.6
B6AKF,/Jc 1.9 10.5 + 1.2 888 + 9.7

2 (C57BL/6J female x DBA/2J male)F,.
* (C3H/Hed female x DBA/2J male)F,.
< (C57BL/6J female x AKR/J male)F,.

sponsive; neither MC nor the low dose of
TCDD significantly increased the enzyme
activity. However, a 10-fold higher dose of
TCDD produced substantial induction of
hydroxylase activity.

Several studies have shown that aro-
matic hydrocarbon responsiveness is inher-
ited as a simple autosomal dominant trait
in the crosses and back-crosses between the
prototype strains, C57BL/6 and DBA/2 (2,
4). Thus the heterozygous offspring of these
two strains, B6D2F,, are fully inducible by
a single large dose of MC and are indistin-
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guishable from the induced responsive pa-
rental strain, C57BL/6. If the genetic de-
fect in nonresponsive mice is in the struc-
ture of a receptor protein, it should be
possible to distinguish the heterozygous
offspring from the C57BL/6 parents by
their sensitivity to induction by TCDD,
because altered binding affinity to the
putative receptor should be apparent even
if the resultant induction were maximal
(i.e., phenotypically ‘“dominant’’). The log
dose-response curves for the induction of
aryl hydrocarbon hydroxylase by TCDD in
C57BL/6J, B6D2F,/J, and DBA/2J mice
are shown in Fig. 4. The enzyme activities
were measured 48 hr after TCDD adminis-
tration, and it will be noted that the
enzyme activities in the two parent strains
are higher in Fig. 4A than those shown in
Fig. 1A. However, the ED,, values for
C57BL/6 and DBA/2 mice were very simi-
lar at 24 and 48 hr (Table 1). The F,
heterozygous mice were intermediate in
their sensitivity. This is more evident when
the data are plotted as the fractional re-
sponse (Fig. 4B). The maximum enzyme
activity induced in the hybrid B6D2F/J
was higher than that observed in either of
the inbred parent strains. This heterosis
was also observed in the C3D2F /J hybrid.
In the C3H/Hed vs. DBA/2J cross, the
heterozygote C3D2F,/J showed an inter-
mediate or additive expression of aryl hy-
drocarbon hydroxylase when tested with
MC at any dose (13, 14). However, in
response to TCDD, the C3D2F,/J was fully
expressed and the absolute activity was
higher than in either of the parent strains.

In Fig. 4 the aryl hydrocarbon hydroxyl-
ase activity in C57BL/6J mice falls as the
dose of TCDD is increased from 6 to 60
nmoles/kg. While this decrease in the re-
sponse is substantial, it is not statistically
significant, nor have we observed any sig-
nificant decrease of enzyme activity with
high doses of TCDD administered to other
strains. We are unaware of any toxic effects
of TCDD in vivo in the first 48 hr after
administration.

The ED,, (to TCDD) and the maximal
inducibility of each of the inbred and
hybrid mice tested are presented in Table
1. Several points are of note. The estimates



GENETIC EXPRESSION OF ARYL HYDROCARBON

HYDROXYLASE 395

100+

60 { H
;f{

(unts /mg lver)

@ -p-dioxone O0dmi/kg

o-MC 298x10°¢ Moles/kg
©-1COD 30x10"? Moles/ kg
4-1COD  30%10"SMoles/kg

I

ARYL HYDROCARBON HYDROXYLASE ACTIVITY

a8 | of }{
. L] * L] i . .” * + "‘ ‘..
0 Cs8/) | coans lm/c.u IHMe) LY] MRl | SR/ | SWR/S | RE/) 11297) |AU/Ss) | ST/AY NB/ARN|
RESPONSIVE NON -RESPONSIVE

FiG. 3. Screening of 14 inbred strains of mice for responsiveness to aromatic hydrocarbons
Twelve mice from each strain were divided into four treatment groups: B, p-dioxane-injected controls; @,
MC, 298 umoles/kg in corn oil, @, TCDD, 3 nmoles/kg in p-dioxane: A, TCDD, 30 nmoles/kg in p-dioxane. The
mice in each inbred strain were females of identical age (varying from 4 to 8 weeks) with the following
exceptions: SEA/GnJ consisted of 7- and 9-week-old females; Au/SsJ, 9-13-week-old males and females; and

ST/bd, 6-week-old males.

of the ED,, at 24 and 48 hr are in good
agreement in every strain examined de-
spite the greater induction at the later time
interval. The three hybrids studied,
B6D2F,/J, C3D2F,/J, and B6AKF,/J,
showed a sensitivity to TCDD that was
intermediate between those of their homo-
zygous responsive and homozygous nonre-
sponsive parents. However, the difference
in sensitivity of the B6AKF,/J and
C57BL/6J parent strains is not significant.
All responsive strains had ED,, values of
about 1 nmole/kg, which is similar to those
previously reported for Sprague-Dawley
rats (ED,,, approximately 0.85 nmole/kg)
and for chick embryos [ED,, approxi-
mately 0.4 nmole/kg (12)], and in sharp
contrast to the diminished sensitivity of
nonresponsive inbred mouse strains.

DISCUSSION

We have previously shown that the ad-
ministration of TCDD induces aryl hydro-
carbon hydroxylase activity in inbred

strains of mice which fail to respond to the
usual aromatic hydrocarbons (10). In the
present communication we report that the
dose of TCDD required to induce hepatic
enzyme activity to half the maximal re-
sponse (ED,,) was approximately 1
nmole/kg in responsive mice, at least 10
nmoles/kg in nonresponsive mice, and in-
termediate in the heterozygous offspring of
responsive and nonresponsive parents.
Thus the phenotypic characteristics of aro-
matic hydrocarbon responsiveness, when
tested in the usual manner with MC, were
either present or absent; however, when
this trait was examined with the more
potent inducer, TCDD, responsiveness ap-
peared to be only a greater degree of
sensitivity.

In the prototype cross C57BL/6J and
DBA/2J, aromatic hydrocarbon respon-
siveness is inherited in a simple autosomal
mode and the locus controlling this expres-
sion is termed the Ah locus (4, 5). It is
important to ask the nature of the Ah
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Fi16. 4. Log dose-response curves for induction of
aryl hydrocarbon hydroxylase by TCDD in C57BL/6J,
DBA/2J, and the heterozygous offspring B6D2F ./J

Mice were injected with p-dioxane or TCDD and
killed 48 hr later, and hepatic aryl hydrocarbon
hydrolase activities were assayed. All mice were
6-week-old females. A. Absolute enzyme activities;
each point is the mean + standard error of four to six
mice. B. The mean enzyme activities were converted
to fractional responses.

locus, and the nature of the mutation in
nonresponsive mice. Often it is difficult to
distinguish a mutation in a structural gene
from one in a regulatory gene, because both
mutations may give a similar phenotypic
expression.

The Ah locus might represent the struc-
tural gene(s) which codes for aryl hydrocar-
bon hydroxylase and cytochrome P,-450,
and the phenotype observed in nonrespon-
sive mice would result from the expression
of a faulty gene product with little or no
enzymatic activity and none of the spectral
properties that characterize cytochrome
P,-450. Nebert and Gielen (5) summarized
the evidence against a structural gene
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mutation as the explanation for the nonre-
sponsive phenotype. The most incontro-
vertible evidence is that the administration
of TCDD to nonresponsive mice induces
aryl hydrocarbon hydroxylase activity and
cytochrome P,-450 indistinguishable from
those expressed in responsive mice (10).

Thus nonresponsive mice have the struc-
tural and regulatory genes necessary for the
expression of aryl hydrocarbon hydroxylase
activity and, given the appropriate stimu-
lus, they will respond. The defect in these
mice is such that the usual aromatic hydro-
carbons, such as MC or BNF, fail to evoke
a response. These findings suggest that the
mutation in nonresponsive mice results in
an induction receptor® with diminished
affinity for aromatic hydrocarbons. There
appear to be two possible explanations for
the enzyme induction produced by TCDD
in the nonresponsive mice: either TCDD
acts on a site different from the receptor for
MC, a site which is unaffected by the
mutation in the Ah locus of nonresponsive
mice, or TCDD acts at the same receptor as
MC. Despite the diminished affinity of the
receptor for both drugs, the greater potency
of TCDD, and hence its presumably
greater binding affinity, permits sufficient
receptor occupation to initiate enzyme in-
duction. The first hypothesis predicts that
responsive and nonresponsive mice will be
equally sensitive to TCDD; the second
predicts that nonresponsive mice will be
less sensitive to TCDD than responsive
strains. The data (Figs. 2 and 3) clearly
support the second hypothesis.

Further evidence that TCDD and other
aromatic hydrocarbons act on the same
receptor comes from studies of heterozy-
gous F, mice. The hybrid mice B6D2F/J

8 The term induction receptor denotes the product
of a regulatory gene that combines with a small
molecule to initiate gene expression. One might also
refer to the receptor as an apoinducer or apoderepres-
sor. We prefer induction receptor because it is not
known whether the expression of aryl hydrocarbon
hydroxylase is under positive or negative control, nor
how many steps intervene between the drug-receptor
interaction and the expression of the structural gene
for enzyme activity.
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and C3D2F,/J are less sensitive to induc-
tion than their responsive homozygous par-
ents, C57BL/6J and C3H/Hed, respec-
tively. The log dose-response curves for
these heterozygous mice are shifted to the
right of those of the parent strains when
TCDD is the inducing drug (Fig. 4 and
Table 1) and also when BNF is the induc-
ing drug (14).

The evidence available is consistent with
the hypothesis that the Ah locus is a
regulatory gene whose product is the induc-
tion receptor for the expression of the
induced form of aryl hydrocarbon hydrox-
ylase and cytochrome P,-450. This receptor
is the common binding site for MC, BNF,
and TCDD. The mutation in the nonre-
sponsive mice results in a receptor with a
diminished affinity for these inducing
drugs. Conceivably, nonresponsive mice
could metabolize aromatic hydrocarbons or
TCDD more rapidly or have a diminished
cellular uptake of these drugs; either proc-
ess would reduce the effective intracellular
concentration of these compounds. Nebert
and Bausserman (15) have found that the
uptake and metabolism of the polycyclic
hydrocarbon benz[a Janthracene were simi-
lar in cell cultures derived from responsive
and nonresponsive fetal mice, and that
cellular uptake occurred by passive diffu-
sion. Vinopal and Casida (16) were unable
to detect any metabolism of tritiated
TCDD in vivo over a 20-day period in mice,
or in vitro by mouse liver microsomes.
TCDD, like benz[a)anthracene, is a nonpo-
lar xenobiotic, and we are unaware of any
report of facilitated or active transport for
nonpolar compounds. Thus the data avail-
able do not support any significant differ-
ences in the fate of the inducing drugs in
responsive and nonresponsive mice.

In the original investigations of aromatic
hydrocarbon responsiveness on crosses of
C57BL/6 and DBA/2 mice, the trait was
shown to segregate in a simple autosomal
dominant mode (2-4). Robinson et al. (8),
in an extensive examination of crosses and
back-crosses among 12 inbred strains of
mice, reported that the inheritance pattern
of aromatic hydrocarbon responsiveness
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(tested with BNF) is controlled by at least
two nonlinked loci. We have had limited
experience with crosses that behave other
than in the dominant mode, but we have
found no inbred or hybrid mice in which
aryl hydrocarbon hydroxylase is not in-
duced by TCDD; the mice differ only in
their sensitivity to the drug.

The induction of aryl hydrocarbon hy-
droxylase activity has been studied with
increasing interest as a mode of gene ex-
pression. The Ah locus appears to be a
regulatory locus for hydroxylase activity
(5), and the data presented in this commu-
nication suggest that the mutation in the
Ah locus in nonresponsive mice results in
the formation of a defective induction re-
ceptor with diminished affinity for induc-
ing drugs. A similar receptor mutation
resulting in a regulatory failure has been
reported in familial hypercholesterolemia
(17).

In contrast to other aromatic hydrocar-
bon inducers, TCDD has several distinct
properties which will make it a valuable
tool in future studies on the induction of
aryl hydrocarbon hydroxylase activity: re-
sistance to metabolic degradation, pro-
longed duration of action, and extraordi-
nary potency (which implies a high affinity
for the induction receptor).

REFERENCES

1. Daly, J. W., Jerina, D. M. & Witkop, B. (1972)
Experientia, 28, 1129-1149.

2. Gielen, J. E., Goujon, F. M. & Nebert, D. W.
(1972) J. Biol. Chem., 247, 1125-1137.

3. Nebert, D. W., Considine, N. & Owens, I. S.
(1973) Arch. Biochem. Biophys., 157, 148-159.

4. Thomas, P. E., Kouri, R. G. & Hutton, J. J.
(1972) Biochem. Genet., 6, 157-168.

5. Nebert, D. W. & Gielen, J. E. (1972) Fed. Proc.,
31, 1315-1325.

6. Nebert, D. W. & Kon, H. (1973) J. Biol. Chem.,
248, 169-178.

7. Nebert, D. W., Heidema, J. K., Strobel, H. W. &
Coon, M. J. (1973) J. Biol. Chem., 248,
7631-7636.

8. Robinson, J. R., Considine, N. & Nebert, D. W.
(1974) J. Biol. Chem., 249, 5851-5859.

9. Poland, A. & Glover, E. (1974) Mol. Pharmacol.,
10, 349-359.



398 POLAND AND GLOVER

10. Poland, A., Glover, E., Robinson, J. R. & Nebert, 14. Niwa, A., Kumaki, K., Nebert, D. & Poland, A. J.

D. W. J. Biol. Chem., (1974) 248, 5599-5606. (1975) Arch. Biochem. Biophysics 166 559-564.
11. Pohland, A. & Yang, G. (1972) J. Agric. Food 15. Nebert, D. W. & Bausserman, L. L. (1970) J. Biol.
Chem., 20, 1093-1099. Chem., 245, 6273-6382.
12. Poland, A. & Glover, E. (1973) Mol. Pharmacol., 16. Vinopal, J. H. & Casida, J. E. (1973) Arch.
9, 736-747. Environ. Contam. Toxicol., 1, 122-132.

13. Thomas, P. E. & Hutton, J. J. (1973) Biochem. 17. Goldstein, J. L. and Brown, M. S. (1974) J. Biol.
Genet., 8, 249-257. Chem., 249, 5153-5162.





