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The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor that acts
in concert with the AhR nuclear translocator (ARNT), and alters gene expression in re-
sponse to environmental contaminants such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TC-
DD). We have previously shown that AhR contains both a nuclear localization signal
(NLS), AhR(13-39), and a nuclear export signal (NES), AhR(55-75), in its NH2-terminal
region. In this study, we obtained direct evidence for the nucleocytoplasmic shuttling of
AhR and show the biological significance of the shuttling in terms of the transcriptional
activation of its target gene, CYP1A1. When AhR(13-75) fused with glutathione S-trans-
ferase (GST)-green fluorescent protein (GFP) was microinjected into the nucleus of a
polykaryotic of BHK21 cell, the GST-AhR(13-75)-GFP migrated from one nucleus to the
other. This event, nucleocytoplasmic shuttling, was completely inhibited in the presence
of leptomycin B (LMB). The interaction between chromosome region maintenance 1
(CRM1) and endogenous AhR was shown by immunoprecipitation with antibodies to
AhR followed by immunoblot analysis with antibodies to CRM1. The inhibition of the
nuclear export of AhR by LMB repressed the transcriptional activation of the CYP1A1
gene. The findings suggest that nuclear-cytoplasmic shuttling of AhR is essential for the
inducible expression of the CYP1A1 protein.

Key words: aryl hydrocarbon (TCDD) receptor, nucleocytoplasmic shuttling, CYP1A1,
AhR nuclear translocator (ARNT), leptomycin B.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is one of the
most potent toxic contaminants in the environment, and
has various biological effects upon animals, including carci-
nogenicity, teratogenicity, immune suppression, liver toxic-
ity, and developmental or reproductive toxicity. In humans,
TCDD exposure causes not only chloracne, but also tumor
promotion, immunotoxicity and birth defects (1-3). Recent
studies on aryl hydrocarbon receptor (AhR) knockout mice
indicated that most TCDD-induced toxicity is mediated by
AhR (4, 5). This receptor is a ligand-activated transcription
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factor, and acts in concert with the AhR nuclear transloca-
tor (ARNT) to bind the xenobiotic responsive element
(XRE). The AhR-ARNT complex bound to the XRE motif re-
sults in the transcriptional activation of certain drug-meta-
bolizing enzyme genes such as CYP1A1 (6). Because the
first step in these biological effects seems to ber signal trans-
duction by activated AhR, investigation of cytoplasmic-
nuclear trafficking of AhR should provide useful informa-
tion about the mechanism of TCDD toxicity (7).

Prior to ligand binding, AhR locates in the cytoplasm as
one component of a macromolecular complex, comprising
AhR, HSP90 (8, 9) and ARA9, which closely resembles the
FK506 binding protein (10). After ligand binding, AhR
translocates into the nucleus (22) with HSP90 attached
(12). In order to elucidate the molecular mechanism of nu-
clear transport of AhR, we previously investigated the sub-
cellular localization of AhR by means of the transient ex-
pression of chimeric constructs of P-galactosidase (p-gal)
and full-length AhR in the presence or absence of ligand,
and found the ligand-dependent nuclear translocation of
the fused protein (7). Subsequent analysis of various por-
tions of AhR using p-gal fusions as well as the fusion pro-
tein with GST-GFP (green fluorescent protein) gave a mini-
mum bipartite nuclear localization signal (NLS) comprising
amino acids 13-39, which overlaps with the DNA binding
domain (13,14). On the other hand, we found clear nuclear
localization of ARNT in the absence of exogenous ligands
for AhR (15), and identified its NLS as amino acid residues
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39-61, the bipartite core of which is distinct from the DNA
binding domain (13,14,16). As in the case of the well-char-
acterized NLS of the SV40 T-antigen, the NLSs for both
AhR (7) and ARNT (15) are recognized by two components
of the nuclear pore targeting complex, importin a and
importin (3, and are targeted to the nuclear pore. These
findings strongly suggest that AhR and ARNT translocate
to the nucleus, where they may form a heterodimer to bind
to the XRE sequence in target genes.

We also found a nuclear export signal (NES) in AhR (7),
providing new insight into the mechanism of AhR-mediated
TCDD toxicity. A 21-amino acid region, AhR(55-75), was
sufficient to direct the nuclear export of a microinjected
complex, GST-AhR-GFP, and should contain NES; NES is
often a leucine-rich sequence in which the leucine residues
are critical for targeting proteins out of the nucleus (17).
Molecular mechanisms governing NES-dependent nuclear
export have recently been reported: a chromosome region
maintenance 1 protein (CRM1), which shares sequence
homology with the importin P family, has been shown to
participate in nuclear protein export as an NES receptor,
and an antifungal antibiotic leptomycin B (LMB) specifi-
cally blocks the export of NES-containing proteins (18-20).
Since the nuclear export activity of AhR(55-75) can be in-
hibited by replacing leucines with alanines in the core se-
quence of NES (7), we postulated that CRM1 is involved in
the nuclear export of AhR and that AhR shuttles between
the cytoplasm and nucleus.

In this study, we obtained direct evidence for the nucleo-
cytoplasmic shuttling of AhR by microinjection of GST-
AhR(13-75)-GFP into polykaryotic of BHK21 cells (21).
Furthermore, we showed that CRM1 is involved in the nu-
clear export of AhR. The biological role of this shuttling in
terms of transcription of the CYP1A1 gene is also shown.

MATERIALS AND METHODS

Cell Culture—The human leukemic cell line U937 was
maintained in RPMI-1640 supplemented with 10% fetal
calf serum. Mouse hepatomas Hepa Iclc7 and Hepa-1 cl2,
and BHK21 derived from hamster kidney were cultured in
DMEM supplemented with 10% fetal bovine serum at 37°C
under a 5% CO2 atmosphere.

Preparation of the GST-AhR-GFP Fusion Protein—To
construct a GST-AhR-GFP fusion gene, a GST-GFP2 cas-
sette vector was prepared as described previously (15).
AhR( 13-75) was amplified by means of a polymerase chain
reaction (PCR) using the P-gal/AhJK 1-848) vector as a tem-
plate and pfu DNA polymerase (7). The sequences of the
primers used were as follows: F36, TAT AAG ATC TGC
CGC AAG CGG CGG AAG CCG, and R67, TTC AGA TCT
ACT GAC GCT GAG CCT AAG AAC. After cleavage with
Bglll, the resultant fragment was ligated into the BaniHi.
site of the GST-GFP2 vector as described previously (15).
The GST-AhR(13-75)-GFP vector was introduced into
Escherichia coli strain BL21. Purification of the expressed
protein was carried out as described previously (15).

Cell Fusion with the Hemagglutinating Virus of Japan
(HVJ, Sendai Virus)—BHK21 cells grown on a coverglass
(2 x 10*135 mm dish) were washed with ice-cold BSS-Ca (10
mM Tris-HCl, pH 7.6, 140 mM NaCl, 5.4 mM KC1, and 2
mM CaCy, and then incubated with UV-inactivated HVJ
(500-1,000 hemagglutinating units/ml) in BSS-Ca on ice

for 30 min. After washing with BSS-Ca, the cells were
transferred to fresh medium and incubated at 37°C. The
cells started to fuse within 20 min after transfer (21).

Microinjection Experiments Involving Fused BHK21
Cells—The purified GST-AhR(13-75)-GFP protein was mi-
croinjected into the cytoplasm or nucleus of fused BHK21
cells along with Texas Red-labeled BSA, which was coin-
jected to the site of injection. The number of cells injected
was about 30. After injection, the cells were incubated at
37°C for 2 h and then fixed in 4% formaldehyde. The local-
ization of the injected protein was investigated under a
fluorescence microscope.

Immunoprecipitation and Immunoblotting—Cells were
washed with PBS and then suspended in MENG buffer (25
mM MOPS, pH 7.5, 2 mM EDTA, 0.02% NaN3, 10% glyc-
erol) supplemented with 2% NP-40 and 0.5 M NaCl. The
cell suspension was homogenized and then incubated on ice
for 1 h. After centrifugation at 12,000 rpm for 5 min, the
supernatant was incubated with anti-AhR antibodies
(ABR, CO) or normal mouse IgG, followed by the addition
of protein A Sepharose. The immunocomplex was washed
with MENG buffer and the final pellet was dissolved in
lysis buffer (62.5 mM Tris-HCl, pH 6.8, 2% lithium dodecyl
sulfate, 12.5% glycerol, 2 mM EDTA, 0.005% bromophenol
blue). The protein samples were separated by SDS-PAGE
in an 8% acrylamide gel and then transferred electrophore-
tically to a nitrocellulose membrane (BIO-RAD). The mem-
brane was washed with TBS (20 mM Tris-HCl, pH 7.5, 150
mM NaCl) and then immersed in TBS containing 3% gela-
tin for 30 min at room temperature. The membrane was
incubated for 1 h with anti-CRMl antibodies (22) diluted
with TTBS (TBS containing 0.05% Tween 20) containing
1% gelatin. The membrane was washed three times with
TTBS, and then incubated with a 1:1,000 dilution of alka-
line-phosphatase conjugated anti-rabbit IgG antibodies for
1 h at room temperature. Following incubation the mem-
brane was washed twice with TTBS and then with TBS,
and then color development was performed with an AP
Conjugate Substrate Kit (BIO-RAD).

DNA Transfection and CAT Assaying—phMC carrying
the 5' upstream region of the human CYP1A1 gene fused to
the CAT gene (23) was transfected into Hepa Iclc7 cells by
the calcium phosphate-DNA precipitation method. Hepa-1
cl2 cells were cotransfected with phMC and the pSVL-AhR
expression plasmid by the same method. Cells were col-
lected 48 h after transfection. Cellular protein was ex-
tracted into 25 mM Tris-HCl, pH 8.0, by 3 cycles of freeze-
thawing using dry ice-ethanol, and the same amount of
protein (150-200 \x%) was used. The CAT assay was carried
out as described previously (24).

Site-Directed Mutagenesis—We used the PCR-based site-
directed mutagenesis approach. Mutagenesis of Leu-70 to
Ala and Leu-72 to Ala in human AhR cDNA was performed
with Mutan-Super Express Km (TaKaRa). The sequences
of the primers used were 5'-CTTTCAGTTGCTAGGCT-
CAG-3' and 5'-GTTCTTAGGGCCAGCGTCAG-3' for the re-
placement of Leu-70 and Leu-72 by Ala, respectively. The
synthesized PCR fragment was used to replace the corre-
sponding wild type fragment, and then the full-length AhR
mutant was transferred into the pSVL expression vector
(Amersham Pharmacia Biotech).

Gel Mobility Shift Assay—Human wild or mutant type
AhR and murine ARNT cDNAs in pRc/CMV were tran-
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Fig. 1. (A) Schematic representation
of the AhR(13-75) region, a: Domain
structure of AhR. b: N-terminal structure
of AhR. The dotted and solid boxes repre-
sent bHLH and clusters of basic amino
acids, respectively. The dark dotted re-
gion in helix 2 is the core sequence of
NES. The amino acids essential for NLS
and NES activity are cited from Ikuta et
al. (7). c: GST-AhR(13-75)-GFP fused
protein used for microinjection. (B) Nu-
cleocytoplasmic shuttling of AhR(13-
75) in polykaryotic BHK cells. Repre-
sentative subcellular localization profiles
are shown. A mixture of GST-AhRQ3-
75)-GFP and Texas Red-labeled BSA was
microinjected into the cytoplasm (a-c) or
nuclei (d-i) of polykaryotic of BHK cells.
After injection and incubation with (g-i)
or without (a-f) 10 ng/ml LMB for 2 h at
37°C, the cells were fixed and the local-
ization of the injected proteins was ex-
amined under a fluorescent microscope.
LMB was added to the culture medium 2
h before microinjection. (a, d, and g)
Texas Red-labeled BSA, (b, e, and h)
GST-AhR(13-75)-GFP, and (c, f, and i)
Phase.

scribed and translated in vitro from the T7 promotor using
TNT-coupled rabbit reticulocyte lysate (Promega). In order

to confirm the protein synthesis in vitro, a small volume re-
action was performed in the presence of 36S-Met and de-
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tected by SDS-PAGE followed by autoradiography.
Wild or mutant AhR (5 ul) was mixed with ARNT (5 ul)

and incubated for 2 h at 30°C in the absence or presence of
1 |iM MC. The reaction mixtures were diluted by adding 10
Hi of 2 x binding buffer (20 mM Hepes, pH 7.9, 100 mM
KC1, 0.2 mM EDTA, 6 mM MgCl2, 2 mM DTT, 0.2 mg/ml
salmon sperm DNA, 12% glycerol). After incubation for 20
min at 30°C, an end-labeled XRE probe (6) was added and
the mixture was further incubated at 30°C for 20 min. Pro-
tein-DNA complexes were resolved by 4.5% PAGE followed
by autoradiography.

protein was observed in all of the nuclei in the cell, while
Texas Red-labeled BSA was found only in the injected
nucleus. These results indicate that GST-AhR(13-75)-GFP
is exported from the nucleus into the cytoplasm, and then
imported into other nuclei; AhR most likely shuttles from
one nucleus to another through the cytoplasm. This nucleo-
cytoplasmic shuttling activity was completely inhibited by
leptomycin B (LMB) (Fig. IB, g-i), which interacts with
CRM1 (26). These results indicate the involvement of
CRM1 in the nuclear export of AhR.

AhR Interacts with CRM1—It has been shown that

RESULTS AND DISCUSSION

AhR (13-75) Mediates Nucleocytoplasmic Shuttling—-The
active transport of proteins between the nucleus and the
cytoplasm is a major process in eukaryotic cells (25). Bidi-
rectional transport of proteins across the nuclear mem-
brane occurs through nuclear pore complexes, and is
generally energy- and signal-dependent. The active import
of proteins into the nucleus requires the presence of basic
amino acid clusters, NLS, while the nuclear export of pro-
teins usually involves NES comprising stretches of hydro-
phobic residues. Elucidation of the molecular mechanism
underlying the cytoplasmic-nuclear trafficking of proteins,
e.g. transcription factors and ligand-dependent nuclear re-
ceptors, is essential for understanding not only the signal
transduction cascade but also the regulation of gene ex-
pression.

We previously reported that AhR contains both an active
NLS (13-39) and NES (55-75) in its N-terminal region (7).
To determine whether AhR is a nucleocytoplasmic shut-
tling protein or not, microinjection analysis was performed
using AhR(13-75) fused with GST-GFP as a substrate (Fig.
LA) and BHK cells made polykaryotic by a cell fusion tech-
nique. Two hours after GST-AhR(13-75)-GFP was injected
into the cytoplasm of a BHK cell (Fig. IB, a-c), the fusion
protein was found in all of the nuclei, while co-injected
Texas Red-labeled BSA remained in the cytoplasm. On the
other hand, when GST-AhR(13-75)-GFP was injected into
one nucleus in a polykaryocytic BHK cell (Fig. IB, d-f), the

o
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115K <-CRM1

83K

49K

Fig. 2. AhR interacts with CRM1. The immunoprecipitates ob-
tained from Hepa Iclc7 and U937 lysates using anti-AhR anti-
bodies or normal mouse IgG (not shown) were separated by SDS-
PAGE, then immunoblotted with anti-CRMl antibodies (2D as de-
scribed under "MATERIALS AND METHODS." Neither cell line
was treated with exogenous ligand of AhR. CRM1 was not precipi-
tated when normal mouse IgG was used for immunoprecipitation
(data not shown). The band at about 55 kDa represents the immu-
noglobulin heavy chain.
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Fig. 3. Treatment of Hepa Iclc7 cells with
LMB results in the repression of CYP1A1
gene transcription. Hepa Iclc7 cells were
transfected with phMC by the calcium phos-
phate-DNA precipitation method. Twenty-
four hours after transfection, MC (1 uM), LMB
(10 ng/ml), or MC in combination with LMB
was added to the culture medium. The cells
were collected 48 h after transfection. (A) Auto-
radiograms obtained from thin layer chro-
matographic analysis of SV40-CAT and
CYP1A1-CAT (Exp. I) are shown. In the case of
SV40-CAT, the concentration of LMB was var-
ied as indicated. (B) The activity (%) of CAT ob-
tained from CYP1A1-CAT as described in
panel A was determined by autoradiography
with a Fuji Bio-Image Analyzer BAS 2000. The
results of two separate experiments are
shown. Transfection efficiency was examined
by p-galactosidase assay.
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CRM1 interacts with leucine-rich NES in a number of mol-
ecules (20, 26, 27). To study whether the NES of AhR also
interacts with CRM1, immunoprecipitation was carried out
using Hepa Iclc7 and U937 as AhR-expressing cell lines.
The immunoprecipitates of Hepa Iclc7 and U937 cells with
anti-AhR antibodies were separated by SDS-PAGE, and
immunoblotted with anti-CRMl antibodies.

As shown in Fig. 2, CRM1 was detected in the immuno-
precipitates obtained from both of the cell lines tested,
while it was not detected with normal mouse IgG (data not
shown). These data are consistent with the notion that AhR
interacts with the CRM1 protein, and suggests that endo-
genously expressed AhR is exported from the nucleus to the
cytoplasm in a process mediated by CRM1.

Inhibition of Nuclear Export of AhR Results in the
Repression of CYP1A1 Gene Transcription—In this study,
we clearly showed that AhR, a ligand-dependent transcrip-
tion factor belonging to the bHLH/PAS family (28, 29), is a
nucleocytoplasmic shuttling protein. As already mentioned,
AhR acts in concert with ARNT and alters the expression
of some genes, such as CYP1A1, in response to environ-
mental contaminants including TCDD or MC. We tested
whether the nucleocytoplasmic shuttling of AhR is involved
in the regulation of such genes using the reporter assay. We
first examined the effect of LMB on the transient expres-
sion of CYP1A1-CAT activity in wild type Hepa Iclc7 cells
(Fig. 3). Hepa Iclc7 cells were transfected with a plasmid
construct, phMC, which contained the 5'-flanking region of
the human CYP1A1 gene fused to the CAT reporter gene
(22). Treatment with MC resulted in an approximately 10-
fold increase in the CYP1A1-CAT activity in Hepa Iclc7
cells compared with untreated cells. Treatment with LMB
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Fig. 4. Effect of mutations in the NES of AhR on the expres-
sion of the CYP1A1 gene in AhR-deficient Hepa-1 cl2 mutant
cells. Hepa-1 cl2 cells were cotransfected with the CYP1A1-CAT
plasmid (phMC) and a pSVL expression plasmid, pSVL-Wt-AhR or
pSVL-NESmut-AhR. The cells were not treated with the exogenous
ligand of AhR (described in "RESULTS AND DISCUSSION"). After
48 h of transfection, the cells were harvested and the CAT assay was
carried out as described under "MATERIALS AND METHODS." (A)
Representative autoradiogram of a thin layer chromatograph. (B)
CAT activity (%) was determined with a Fuji Bio-Image Analyzer
BAS 2000. Values presented are means; bars, SE; n = 3.

alone did not influence CAT activity. However, when MC
treatment was carried out in the presence of LMB, the
enhancement of CAT activity by MC was largely inhibited
(Fig. 3). The repressing effect of LMB on CAT activity was
reproducibly observed. These results suggest that the ex-
port of AhR is necessary for the regulation of CYP1A1 tran-
scription. In contrast, a CAT reporter plasmid regulated by
the SV40 promoter did not alter in the presence of LMB
(Fig. 3). Repression (30, 31) or activation (32) of transcrip-
tion by inhibiting the nuclear export of some other tran-
scription factors with LMB has been reported. Thus, the
supressive effect of LMB on CYP1A1-CAT activity is un-
likely to be non-specific.

Next, we examined the effect of the disruption of AhR-
NES on the CYP1A1-CAT activity. We used the NES-dis-
rupted AhR (L70A/L72A) prepared by site-directed muta-
genesis that had no nuclear export activity as judged by
microinjection assay (7). Hepa-1 cl2, an AhR-deficient
mutant cell line, was cotransfected with the CYP1A1-CAT
plasmid and an expression plasmid, i.e. wild type or NES-
disrupted AhR cDNA (Fig. 4). There was no difference be-
tween the stabilities of the wild and mutant type proteins
since the two gene products of AhR were detected in almost
equal amounts by immunoblotting (data not shown). When
wild-type AhR was cotransfected with the CYP1A1-CAT
fused gene into Hepa-1 cl2 cells, an 18-fold increase in CAT
activity was observed compared with the vector alone; the
high CYP1A1-CAT activity might be explained by the exist-
ence of endogenous ligand(s) in CYPlAl-deficient cells as
reported by Chang et al. (33). In contrast, when AhR with
mutations in the NES motif was transfected, the expres-
sion of CYP1A1-CAT activity decreased drastically.

Since the NES of AhR exists in the bHLH domain, a
region that participates in AhR-ARNT heterodimer forma-
tion, amino acid replacement in NES may affect the forma-
tion of the AhR-ARNT-XRE complex. We tested this pos-
sibility by gel shift assay. Wild type AhR formed hetero-
dimers with ARNT in the presence of MC (Fig. 5) as previ-
ously reported by Matsushita et al. (6). In contrast, mutant
AhR showed only weak XRE-binding activity even in the
presence of MC. These results indicate that the low
CYP1A1-CAT activity obtained by mutant AhR may be
attributed not only to the inhibition of nuclear export but
also to the inhibition DNA-binding activity. It is interesting
that replacement of the two amino acid residues (L70A/

wtAhR + + + +
mutAhR + + + +
ARNT + + + + + +
MC + + + +
competitor -•- -J-

~m AhR/ARNT/XRE

Fig. 5. Comparison of the XRE binding activities of wild and
mutant AhR. In vitro interaction of the wild or NES-disrupted
AhR/ARNT heterodimer with the XRE sequence was carried out.
Components of the reaction mixture are indicated with (+). Non-la-
beled XRE (250-fold) was used as a competitor.
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Fig. 6. A model for signal transduction
mediated by the AhR/ARNT system.
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L72A) inactivates both nuclear export and DNA-binding.
Nuclear export and DNA-binding appear to require the
same region of AhR for their activities. Although the exact
mechanism remains to be elucidated, nuclear export may
be regulated by steric-hindrance masking by XRE and
ARNT.

It has been reported that the nuclear export signal of p53
locates in the tetramerization domain (34). A model in
which the regulated p53 tetramerization occludes the NES,
thereby ensuring the nuclear retention of the DNA-binding
form, was proposed. Once p53 is tetrameric, the masking of
its NES should lead to nuclear retention and an increase in
the DNA-binding form of p53. Inactivating modifications or
dissociation factors may separate the subunits of the p53
tetramer, exposing the NESs to CRM1, which then medi-
ates the removal of the subunits from the nucleus. In the
case of AhR, nuclear export appears to be regulated by a
mechanism similar to the case of p53. When AhR is com-
plexed with ARNT and XRE, AhR remains in the nucleus
because CRM1 cannot reach the NES in the complexed
form. When AhR is released from the complex, CRM1 may
reach the NES, resulting in the export of AhR to the cyto-
plasm. In addition to the regulation by DNA-binding,
ARNT may regulate the function of AhR. The NES of AhR
is localized in the helix 2 region, which has been shown to
participate in heterodimer formation with ARNT (35).
Thus, it is conceivable that ARNT may form an AhR-
ARNT-XRE complex and cause steric-hindrance that pre-
vents CRM1 from reaching the NES.

Based on the results of our investigation and a recent
report (12), we here propose a model for the nucleo-cyto-
plasmic shuttling of AhR (Fig. 6). First, ligands bind to AhR
associated with HSP90. The liganded AhR translocates into
the nucelus with the aid of importins a and (3 (7), while
ARNT moves independently to the nucleus (25). In the
nucleus, AhR and ARNT dimerize to from the AhR-ARNT
heterodimer, which binds to the XRE (CACGCNA/T) motif in
the promoter region of specific genes such as CYP1A1.

After transactivating such genes, the dimer dissociates to
make the NES of AhR accessible; CRM1 accesses and rec-
ognizes the NES. Then, AhR bound to CRM1 is exported
from the nucleus to the cytoplasm.

The reason for the repression of CYP1A1 transcription
by inhibition of the nuclear export of AhR found in this
study (Figs. 3 and 4) remains to be elucidated: In the nor-
mal state, after transactivation of the target gene, the inac-
tivated AhR may be exported to the cytoplasm. However,
when nuclear export is inhibited, the inactive AhR may
remain in the nucleus and repress transcription. Alterna-
tively, LMB may hamper the export of an inhibitor of AhR
activity. Consistent with this notion, Mimura et al. (36)
reported an AhR repressor (AhRR) that negatively regu-
lates AhR-mediated CYP1A1 gene expression. This might
be involved in the transcriptional repression of CYP1A1 ex-
pression seen in these experiments if the subcellular local-
ization of AhRR is affected by LMB treatment.

Together with our previous data (7), the present study
reveals that the subcellular localization of AhR is regulated
by masking and unmasking of NLS and NES in response
to ligands. With the aid of these signals, AhR shuttles be-
tween the nucleus and cytoplasm in a cell. The biological
role of the NES in AhR should be elucidated in more detail
with respect to endogenous ligands and the physiological
function of AhR (37^0).
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