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Abstract—The murine A# locus controls the induction of at least four drug-metabolizing enzymes:
cytochromes P1-450, P;-450, and Ps-450, and UDP-glucuronosyltransferase. The Ak gene codes for a
cytosolic receptor. It is known that the induction response includes: (i) high-affinity binding of specific
foreign chemicals to the Ah receptor; (ii) temperature-dependent translocation of the “activated™
inducer-receptor complex into the nucleus; (iii) binding of the complex presumably to chromatin
components; {iv) transcriptional activation of specific genes; (v) maximal increases in intranuclear high-
molecular-weight precursor mRNA (pre-mRNA) that precede by several hours the maximal increases
in cytoplasmic mRNA; (vi) translation of the mRNA principally on membrane-bound polysomes; and
(vii) increases in the specific membrane-bound proteins (including architectural arrangement with other
membrane-bound moieties) that reflect enhanced specific drug-metabolizing activities. It is not known
how many of the other drug metabolism induction responses are also governed by receptors.

The Ah locus studies have been chiefly unraveled in the mouse, due to several inbred strains having
a receptor defect. In addition to “classical” pharmacologic methods (such as structure-activity studies)
and standard biochemical techniques, the newer methods of recombinant DNA technology and somatic-
cell genetics in culture are shown to be important in understanding the Al receptor and its induction
response. It is possible that this receptor is required for endogenous functions critical 1o life processes.
as well as its function in the induction of drug metabolism by certain polycyclic aromatic compounds.
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If one examines all other chapters in this issue,
the receptors described all have one property in
common. Endogenous ligands—viz. growth factors,
insulin, steroids, and neurotransmitters involving bi-
ogenic amines and neuropeptides—bind to these cell-
surface or cytosolic receptors. In contrast, no en-
dogenous ligand is presently known for the receptor
characterized in this chapter.

Relatively planar polycyclic aromatic compounds
such as benzo[a]pyrene and TCDD cause the induc-
tion of certain drug-metabolizing enzymes and other

* Correspondence should be addressed to: Dr. Daniel
W. Nebert, Building 10, Room 6C-101, National Institutes
of Health, Bethesda, MD 20205, U.S.A.

+ Abbreviations include: TCDD, 2,3,7.8-tetrachloro-
dibenzo-p-dioxin; B6, the inbred C57BL/6N mouse strain;
D2, the inbred DBA/2N mouse strain; AHH, aryl hydro-
carbon (benzofa]pyrene) hydroxylase (EC 1.14.14.1); near-
u.v., near-ultraviolet light. “P-450” designates any or all
forms of membrane-bound cytochrome P-450 (multisub-
strate monooxygenases). Mouse “P;-450” and “P3-450" are
those forms of 3-methylcholanthrene-induced P-450 having
the highest turnover number for AHH and acetanilide 4-
hydroxylase activity, respectively. Mouse “P-450" is
defined as that form of isosafrole-induced P-450 having the
highest turnover number for isosafrole metabolism.

proteins in virtually every mammalian tissue |re-
viewed in Ref. 1]. The induced enzymes, in turn,
metabolize most efficiently those compounds that are
structurally similar in size and shape to the inducing
foreign chemicals. These inducers bind with high
affinity (apparent Ky = 1 nM) to a cytosolic receptor
protein encoded by the A% locus. The inducer-recep-
tor complex is known to activate other genes respon-
sible for the drug-metabolizing enzyme proteins such
as P1-450 and P3-450. We show in this review that,
in addition to “classical” pharmacologic methods,
the role of this receptor is being studied by methods
involving somatic-cell genetics, recombinant DNA,
and ancillary techniques.

EXPERIMENTAL PROCEDURES

All materials, procedures described, and mice and
cell cultures used have been detailed in the previously
published articles cited [2-6]. One unit of AHH
activity is defined [7] as that amount of enzyme
catalyzing in 1 min at 37° the formation of hydroxyl-
ated products causing fluorescence equivalent to that
of 1.0 pmole of the 3-hydroxybenzofa]pyrene recrys-
tallized standard. Specific activity denotes units per
mg of liver microsomal protein or per mg of cell
culture homogenate protein.
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RESULTS AND DISCUSSION

“Classical” structure—activity relationship studies.
Certain polycyclic aromatic foreign compounds in-
duce AHH activity (cytochrome P;-450) in liver and
other tissues [8]. Particular strains of mice are much
more responsive to TCDD or 3-methylcholanthrene
than other strains. It was this fundamental difference
in the P;-450 induction response among inbred
strains of mice [9-11] that has led to such thorough
characterization of the Ak receptor in this species.
The discovery of a “defective mutant™ allows certain
questions to be addressed that would otherwise be
unapproachable by the molecular geneticist attempt-
ing to unravel the mysteries of this biochemical
problem.

The difference in AHH induction sensitivity be-
tween B6 and D2 mice (Fig. 1) is about 10- to 20-
fold. When B6 (AhY/AkKP) are crossed with D2 (AhY/
Ah9), the B6D2F; heterozygote (AhYAhd) exhibits
AHH induction similar to the B6 parent; hence, the
trait is inherited as autosomal dominant. This gene
has come to be termed the “Ah locus”, for aromatic
hydrocarbon “responsiveness.” Of interest, although
3-methylcholanthrene cannot induce AHH activity
in D2 liver at the highest experimental concentra-
tions possible, a sufficiently high TCDD dose induces
the activity in D2 mice (Fig. 1) to a level that is
statistically the same as the maximally induced AHH
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Fig. 1. Hepatic AHH induction as a function of TCDD
dosage in B6 and D2 inbred mice [2]. The dose-response
curves are given on a semilog plot. A single intraperitoneal
injection of TCDD in p-dioxane (0.5 ml/kg) was given 72 hr
before mice were killed. Symbols and brackets denote
means = standard deviations for groups of six mice.
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Fig. 2. Velocity sedimentation analysis of the Ah receptor

in B6 liver cytosol [14]. Following incubation of the radio-

ligand (in the absence or presence of 100- or 1000-fold

excess of nonlabeled competitors) at 4° for 1 hr, the material

was treated with dextran-charcoal and then centrifuged on

a 5-20% sucrose density gradient. This peak, termed peak
11, is negligible in D2 and other Ah%/Ah? mice.

activity in TCDD-treated B6 mice. In fact, TCDD-
induced P;-450 in D2 appears identical to TCDD-
induced P;-450 B6 mice; this finding is supported by
such data as: (a) inhibition of catalytic activity by
chemicals or antibody, (b) immunoprecipitation of
the P;-450 protein from microsomal membranes, and
(¢) characterization of P;-450 mRNA by a cloned
c¢DNA probe. These results are consistent with a
“receptor-like” defect in D2 mice, in which the defect
can be overcome by sufficiently large TCDD doses
[2].

The pioneering structure-activity experiments of
Poland and coworkers [12, 13] have been confirmed
and extended with use of a different receptor assay
[14]. The results are unambiguous. An excellent
correlation exists between the avidity with which
various foreign chemicals bind to the Ah receptor
and the potency of that chemical to induce AHH
activity (P;-450).

Physico-chemical properties of the Ah receptor.
This protein has been well characterized by velocity
sedimentation {14, 15] and gel permeation chroma-
tography [3]. The sedimentation coefficient is ~9 S,
M, = 200,000. The saturable peak in Fig. 2 (which
we refer to as “peak II'") represents the Ah receptor,
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Fig. 3. Gel permeation chromatography of B6 (left) and D2 (right) liver cytosol, following exposure of
liver cytosol 1o generally tritiated 3-methyicholanthrene ([*H]MeChol). Incubation and dextran-charcoal
adsorption conditions are identical to those in Fig. 2 [3].

being present in the liver cytosol of B6 but not D2
mice. Phenobarbital, a class of P-450 inducer distinct
from TCDD or 3-methylcholanthrene, does not dis-
place the radioligand from the A#h receptor. Peak
III, a smaller protein (M, = 80,000), is present in
rodent livers at a concentration 10-20 times greater
than that of the peak II protein [3] and binds polycy-
clic hydrocarbons such as benzola]pyrene or 3-
methyicholanthrene (Fig. 3) much better than
TCDD. Since peak Il is clearly present in both B6
and D2 at approximately equal concentrations, we
are certain that peak III is not associated with the
Ah locus. Further, peak II (but not peak III) is
saturable with a 100-fold excess of nonlabeled
TCDD—additional evidence that peak II represents
the high-affinity, saturable cytosolic Ak receptor
protein.

The inducer-receptor complex undergoes translo-
cation from the cytosol to the cell nucleus. In un-
treated mice and in tissue culture cell lines (such as
the mouse hepatoma Hepa-1c1c7), the Ah receptor
in the absence of inducer is detected only in cytosolic
fractions. Following treatment in vivo with [°H]
TCDD, the [FBH]TCDD - Ak receptor complex is for-
med in the cytosolic compartment. In Hepa-1clc?
cells, the translocation of the cytoplasmic inducer-
receptor complex into the nucleus is a temperature-
dependent process {15], occurring at 37° but not at
4°, The [PH|TCDD-A#h receptor complex can be
extracted from the nucleus with buffers containing
0.3M NaCl. The intranuclear “acceptor site”,
however, has not been further identified. Although
nuclear uptake of the [*H]TCDD - Ak receptor com-
plex oceurs in the intact cell, this process cannot be
duplicated in virro with subcellular fractions [3].

Hence, the Ah receptor differs in this regard from
steroid receptors.

The intranuclear inducer-receptor complex activa-
tes transcription of specific genes. AHH induction
proceeds in D2 mice receiving sufficiently high
TCDD doses, yet we are unable to detect a cytosolic
Ah receptor in D2 liver. An apparent dilemma there-
fore exists, When B6 and D2 mice received [°H]
TCDD injections and liver nuclear extracts were
subsequently examined by gel permeation chroma-
tography (Fig. 4), the Ah receptor (peak II) was
detectable for the first time in D2 mice [5]. A similar
observation was noted by Mason and Okey [16]. In
fact, if AhY/AKY and AhYAhY progeny from the
B6D2F; x D backcross were studied (Fig. 4), AhY
AhY exhibited Ah receptor levels intermediate be-
tween those in B6 and D2 mice. Ahd/Ah? offspring
exhibited receptor levels about equal to those found
in D2 liver nuclei. Hence, inheritance of A receptor
concentrations is expressed as an additive trait [5,
12, 14].

As is also observed in Fig. 4, peak I11 is not found
in the nucleus. This finding further counts against
the notion that peak III is associated with the AHH
induction response.

It is concluded that AhYAh%mice contain a “defec-
tive” Ah receptor having decreased affinity for
P1-450 inducers. The AA® allele encodes the high-
affinity form, the Ahdallele, the putative poor-affin-
ity form. It is now clear that sufficient doses of TCDD
can overcome this receptor defect (which might be
only a single amino-acid difference), resulting in
high levels of AHH induction in Ah4/Ah¢ mice. The
nuclear form of this inducer-receptor complex is
apparently more stable than the cytosolic form, since
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Fig. 4. Sephacryl S-300 analysis of hepatic nuclear extracts of B6, D2, and offspring from the B6D2F; X

D2 backcross 4 hr after mice had received [PHJTCDD (50 nmoles/kg) [5]. The Ah®/Ah¢ and AhYAhd

mice had been Ah-phenotyped 10 days beforehand by the zoxazolamine paralysis test [6]. Five mice per
group were combined. [Reproduced with permission from MIT Press. |

we have not been able to detect the receptor in D2
cytosol—at least with regard to our various technical
procedures used to quantitate inducer-receptor com-
plexes. Similar phenomena have been described for
steroid hormone receptors, which can be stabilized
by “activation” (receptor forms that bind to DNA)
or by interaction with histones.

With the aid of a 3'-unique clone of P;-450 cDNA
[17, 18], it was determined that P;-450 (23 S) mRNA
levels are elevated any time AHH induction occurs
in B6 or D2 mice (Fig. 5). Moreover, the induction

of an intranuclear high-molecular-weight mRNA
precursor [4} was found to precede by several hours
the accumulation of cytoplasmic P;-450 mRNA dur-
ing the induction process, suggesting the likelihood
of transcriptional control of P;-450 induction by the
inducer-receptor complex. An in vitro nuclear tran-
scription assay was used recently to prove that the
induction response is mediated principally by en-
hancing transcription rates of the P;-450 and P3-450
genes [19]. We also quantified P;-450 mRNA content
(via Rot analysis with the 3'-unique P1-450 cDNA

Table 1. Ah receptor levels and maximally inducible AHH activity in Hepa-1clc7 parent line and six

mutant clones

Ah receptor
(fmoles/mg protein)

Maximal AHH activity
(units/mg cellular protein)

Cell Cytosol Cytosol, Nuclei, BzAnth TCDD
culture Genetic in vitro exposure exposure as as
line characteristic treatment in culture in culture inducer inducer
Hepa-1clc7 wild-type 20 12 6 210 520
cl group A 7.6 2.0 <0.4 <0.4
c2 group B 2.1 1.7 0.5 42 110
c3 dominant 18 3.4 22 16
c4 group C 15 0.3 <0.4 <0.4
c5 group A 6.0 3.4 <0.4 <0.4
c6 group B 1.0 0.5 0.4 4 3

BzAnth. benzo[a]anthracene.
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Fig. 5. Northern blot hybridization of total liver poly(A+)-enriched RNA probed with the mouse P;-
450 cDNA clone, clone 46 [4]. B6 and D2 mice were treated intraperitoneally with 3-methylcholanthrene
{MeChol) 200 mg/kg or TCDD (50 ug/kg) 24 hr before killing. Controls received corn oil (25 mikg)
alone. Exposure of the diazobenzyloxymethyl paper to X-ray film was 3 hr (Jeft) and 24 hr (right). RNA
size markers (far right) included phage MS 2-RNA in addition to the 18 and 28 S mouse rRNA.

clone) as a function of the intranuclear appearance
of the inducer-receptor complex (Fig. 6). These stud-
ies [5] thus demonstrate a “dose-response” relation-
ship between the appearance of the intranuclear
inducer-receptor complex and P;-450 mRNA induc-
tion for ARY/ARP, ARY/Ahd and ARY/Ahd mice. These
data provide the most direct proof yet for a close
link between the Ah receptor and activation of the
P;-450 gene. These results represent an excellent
example of examining a problem in molecular biol-
ogy through the use of a genetically well-character-
ized mutant.

Somatic-cell genetics of AHH™ clones. In addition
to the intact animal, genetically well-characterized
mutants can be uncovered through the use of cultu-
red cells. Mutant clones can be artificially generated,
characterized for their relative abundance (or lack)
of AHH induction and the Ah receptor, and then
dissected by genetic and recombinant DNA tech-
niques in order to explain the behavior of each
mutation.

In many cell culture lines. AHH activity is induci-
ble by polycyclic hydrocarbons and numerous other

chemicals [reviewed in Ref. 20]. The mouse hepa-
toma line, hepa-1clc7, has a particularly high in-
duced AHH activity [21, 22]. When benzola]pyrene
is added to the growth medium of Hepa-1clc7, it
causes induction of AHH, which then converts the
chemical to cytotoxic metabolites [22, 23]. A single-
step selection procedure (Fig. 7) for isolating clones
resistant to 20 uM benzo[a]pyrene was developed,
which capitalized on the extreme sensitivity of this
cell line to the compound [22]. All benzo[a]pyrene-
resistant clones have nondetectable or much de-
creased (i.e. less than 10%) levels of induced AHH
activity, compared with the Hepa-lclc7 parent
(Table 1). The following observations strongly sug-
gest that the variants are mutational in origin. They
arise at the low rate of 2 X 1077 events per cell
generation [22]; their frequency is markedly in-
creased by prior treatment with known mutagens;
their phenotypes are stable over long-term culture
[24]; and individual variants revert at a very low
rate such that the frequency of revertants is usually
3x 107 orless (J. R. Van Gurp and O. Hankinson,
manuscript submitted for publication).
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Fig. 6. Dose-response relationship in B6 and D2 liver
between appearance of the [SH]TCDD-receptor complex
in the nucleus and the induction of P-450 mRNA [5].
Radioactivity in peak II of the Sephacryl S-300 column
chromatogram from liver nuclear extracts was used to quan-
tify the inducer-receptor complex. The percent of maxi-
mally induced P;-450 mRNA was determined by Rt analy-
sis of total liver poly(A~)-enriched RNA probed with the
P,-450 cDNA clone. Each point represents ten mice com-
bined and killed 18 hr after a single intraperitoneal dose of
[FH]TCDD. Both the inducer-receptor levels and P;-450
concentrations were measured in the same ten mice.
[Reproduced with permission from MIT Press. |

Somatic-cell hybridization experiments were also
performed [24, 25]. When the majority of mutants
were fused with the wild-type, Hepa-1clc7, the re-
sultant hybrids possessed AHH activities that were
50% or more of that of the wild-type. (The activities
being referred to in these experiments were in indu-
ced cells). For the sake of simplicity, we refer to
such mutants as being recessive, although strictly
speaking, AHH activity was inherited additively in
each case. A few mutants were dominant. Hybrids
between these mutants and the wild-type possessed
less than 5% of the wild-type AHH activity., The
recessive mutants were then fused in various pair-
wise combinations in order to investigate whether
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complementation occurred between individual mut-
ants. Hybrids between ¢2 and c4 (Table 1), for
example, have wild-type levels of induced AHH
activity, although both parents have none or very
low activities. It can therefore be concluded that ¢2
and c4 belong to different complementation groups
and have mutations in different genes. Three dif-
ferent complementation groups were identified in
such experiments.

2 and c¢6, which are both mutants in complemen-
tation group B, have markedly decreased levels of
the Ah receptor (Table 1). Cytosolic and nuclear
receptor levels are both diminished by the same
degree in these mutants. Group B mutants thus are
not defective in nuclear translocation. The group B
mutants also retain low levels of inducible AHH
activity, which may be explained by the fact that they
are not totally devoid of the Ax receptor. ¢4, a group
C mutant, contains normal cytosolic receptor levels
but has very low levels in the nucleus [6]. Recently
Miller and Whitlock [26] isolated benzo[a]pyrene-
resistant mutants of Hepa-1clc7 and have characteri-
zed several clones that are similar to our group B
and group C mutants. The c1 and ¢3 clones (Group
A mutants) appear to exhibit normal receptor levels
and nuclear uptake of the inducer-receptor complex
(Table 1).

The above results suggest that the mutated genes
in the group B and group C complementation groups
may code for structural components of the receptor.
This finding therefore opens up the intriguing possib-
ility that the Ah receptor is a heterodimer or hetero-
polymer. A word of caution is necessary, however,
in this regard. It remains possible that the group B
and group C clones do not contain mutations in the
Ahreceptor gene. The group B mutants, for example,
could be defective in a protein necessary for post-
translational modification of the receptor; group C
mutants could be defective in a protein required for
high-affinity binding of the inducer-receptor complex
to chromatin.

The P-450 cDNA probe has been used to measure
the amount of P;-450 mRNA in the wild-type, Hepa-
1clc7, and representative mutants (O, Hankinson,
R. D. Anderson, B. W. Birren, N. Negishi and D.
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Fig. 7. Diagrammatic representation of selection for AHH-
deficient (top) and AHH-positive (bottom) clones from
mouse Hepa-1cle7 cultures. AHH, cells having high AHH
activity; AHH-, cells having negligible AHH activity; hy,
irradiation of cells with near-u.v. light (340- 10 400-nm

wavelength) at a total flux of 10 kJjm™.
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W. Nebert, unpublished data). TCDD treatment
causes about a 50-fold increase in the amount of P;-
450 mRNA in the wild-type. As expected, the group
C mutant ¢4 has nondetectable P;-450 mRNA after
induction, while the group B mutants have much
reduced levels that are decreased by the same degree
as their AHH activities. The dominant mutant (c3)
also has very low levels of P1-450 mRNA. These
data indicate that the dominant class of mutants.is
defective in the transcriptional regulation of P1-450
or, less likely, have an enhanced rate of degradation
of the mRNA. The most interesting results are those
obtained with the group A mutants: these mutants
are very heterogeneous in their behavior. Even when
grown without TCDD, some have P;-450 mRNA
levels as great as that possessed by the fully induced
wild-type. TCDD treatment does not enhance Py-
450 mRNA levels further in these mutants. Other
group A mutants have low levels of the mRNA that
are not increased by TCDD treatment, whereas still
others have low levels that are inducibie by TCDD.
We are currently investigating the basis for the
aberrant behavior of the group A mutants. One
possibility, which is compatible with many of the
properties of these mutants, is that the group A
clones exhibit mutations in the P;-450 structural
gene.

Selection of AHH™ cells. Benzo[a]pyrene toxicity
can be used to select for AHH-deficient cells. For
many studies, however, it would be useful to select
for cells possessing high levels of AHH activity in
the presence of a vast excess of AHH™ cells. We
have recently succeeded (Fig. 7) in developing such
a single-step “reverse selection” procedure [27].

The selection takes advantage of the following
facts. The compound benzo[g,h,i|perylene is metab-
olized by AHH, but, unlike benzo[a]pyrene, the
products of its metabolism are not cytotoxic. In
addition, benzo[g,h,i]perylene itself is rendered
highly cytotoxic by illumination with near-o.v. light.
In the procedure 5 x 10° AHH™ cells are inoculated
per dish in medium containing TCDD. (TCDD will
induce AHH in any AHH" cell.) The next day the
medium is removed and replaced with medium con-
taining 0.5 uM benzo{g,h,i]perylene. Two hours later
the latter culture medium is removed, replaced with
medium containing no benzo[g,h,i]perylene, and the
cells incubated for an additional four hours. During
this period, the compound is metabolized and ex-
creted by any AHH~ cells that are present in the
culture, whereas benzofg,h,ilperylene concentra-
tions remain high in AHH™ cells. At the end of the
4-hr incubation period, the cells are illuminated with
near-u.v. light. AHH™ cells are rapidly killed by this
treatment. Fresh medium is added back, the dishes
are incubated for a further 12 days, after which
clones of AHH™ cells appear against a lawn of dead
cells.

We have used the reverse selection to isolate rever-
ents from representatives of each of our three com-
plementation groups of AHH-deficient mutants and
from a dominant mutant (J. R. Van Gurp and O.
Hankinson, manuscript submitted for publication).
One revertant of the group C mutants is very interest-
ing in that it possesses much higher basal AHH
activities than those of the wild-type {equal to 9%
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of the activity in the fully induced wild-type). TCDD
treatment does not further increase AHH activity in
this strain. The properties of this and other strains
having high “constitutive” AHH promise to provide
considerable insight into the mechanism of AHH
induction.

Is there a limit to the level of constitutive and
inducible AHH activity in a cell? If there exist exces-
sive levels of functional P1-450 mRNA, can its rate
of translation into P;-450 protein and AHH activity
become rate-limiting? In fact, there are some obser-
vations suggestive of translation becoming rate-limit-
ing in the fully induced B6 mouse [28]. It may be
possible to address these questions in Hepa-1cic7
cells by using the reverse selection procedure. By
this procedure it might also be possible to select cells
that contain amplified P;-450 genes. One could then
ask whether, under optimal inducing conditions,
such “amplification mutants” possess elevated levels
of P1-450 mRNA, P;-450 protein, and AHH activity,
and, furthermore, whether the levels of the protein
and catalytic activity increase in proportion to the
level of P1-450 mRNA.

Research directions in the near future. The possibil-
ity of Ak receptor heterogeneity has been discussed
[29] and presently has not been rigorously ruled
out. Presence of the AHH induction response (and
presumably adequate levels of Ah receptor) in the
preimplantation mouse embryo [30, 31} and greater
levels of AHH activity in the human fetal adrenal
than in human fetal liver [32-34] are puzzling obser-
vations. Such data suggest, for P1-450 and perhaps
the receptor, that there exist other roles than merely
the metabolism of polycyclic hydrocarbons.

Recent findings that prostaglandin biosynthesis
and arachidonic acid metabolism [35-38] and leuko-
triene By inactivation [39] can occur via P-450 and
the reverse, that non-P-450-dependent [40] “prosta-
glandin synthetase” (cyclooxygenase activity plus hy-
droperoxidase activity) can metabolize polycyclic hy-
drocarbons and their metabolites [41-45], are
intriguing. Furthermore, inhibitors of prostaglandin
or leukotriene synthesis have been found to block the
dietary fat enhancement of 7,12-dimethylbenzo(a]
anthracene-induced mammary tumorigenesis {46]
and polychlorinated biphenyl-induced toxicity in the
chicken egg [47]. The Ak receptor has recently been
shown also to have an association with fertility,
fitness and longevity [48] and resistance to intraperi-
toneal ethanol toxicity (S. W. Bigelow, A. C. Collins
and D. W, Nebert, unpublished data). Understand-
ing any endogenous functions of the Ah receptor
thus appears to be forthcoming.

Several methods exist for introducing DNA into
mammalian cells. If appropriate selection procedures
exist, then colonies derived from rare cells that have
taken up, and express, a particular gene of interest
can also be isolated. The gene in question can then
be rescued from cells of the colony, and cloned. In
this way several mammalian genes (e.g. thymidine
kinase}, and indeed several cellular oncogenes, have
been isolated. In an analogous fashion we are
attempting to isolate the genes corresponding to each
of our three AHH-deficient complementation groups
of Hepa-lclc7. Briefly, the basis of these experi-
ments is as follows. Representative mutants are
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treated with a calcium phosphate precipitate of
human DNA, and AHH" celis are selected for by
means of our benzo[g,h,i]pyrene plus near-u.v. re-
verse selection procedure. It should be possible to
distinguish true transfectants from revertants, be-
cause the former should contain human DNA se-
quences detectable by means of a probe to human
middle-repetitive sequencies. A A-phage or cosmid
library would then be made from the DNA of a
transfectant, and bacterial colonies containing
human DNA (and therefore the whole or part of the
“AHH induction process gene” in question) could
be identified by means of the above human probe.
In fact, we believe that such “gene rescue” methods
may provide more information about the Ah receptor
at the DNA level sooner than information will be
obtained about the purified Al receptor protein.
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