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Abstract-Dioxin induces biological responses through interaction with a specific intracellular receptor, 
the Ah receptor, and the subsequent interaction of the Ah receptor with chromatin. We report the 
binding of the Ah receptor, partially purified from rabbit liver, to receptor binding factors in chromatin. 
Rabbit liver chromatin proteins (CP) were isolated by adsorption of chromatin to hydroxylapatite 
followed by sequential extraction with l-8 M GdnHCl. To assay for receptor binding a portion of each 
CP fraction was reconstituted to rabbit double-stranded DNA using a reverse gradient dialysis of 7.5 
to 0 M GdnHCl. These reconstituted nucleoacidic proteins were then examined for binding to [3H]- 
2,3,7,8-tetrachlor~ibenzo-~-dio~n ([3H]TCDD)-receptor complexes by the streptomycin filter assay. 
Prior to the binding assay, [sH]TCDD-receptor complexes were partially purified by step elution from 
DEAE-cellulose columns. CP fractions 2, 5, and 7 were found to bind to the Ah receptor with high 
affinity. Scatchard analysis yielded K, values in the nanomolar range. Competition with 2-fold excess 
unlabeled TCDD-receptor complexes was demonstrated, and binding was reduced markedly when the 
receptor was prepared in the presence of 10 mM molybdate. Such chromatin receptor binding factors 
(RBFs) may participate in the interaction of receptor with specific DNA sequences resulting in 
modulation of specific gene expression. 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)? is a 
well studied representative of a group of halogenated 
aromatic hydro~rbons that have caused a great deal 
of concern as environmental contaminants. TCDD 
(dioxin) produces a large variety of species and 
tissue effects as well as demonstrating a sex 
preference in some species [reviewed in Refs. 1 and 
21. The biological actions of dioxin are believed to 
occur by initially binding to the Ah (aryl hydrocarbon) 
receptor [3-51 and causing the receptor to acquire 
the ability to bind DNA tightly [6,7], especially the 
dioxin response element [S, 91, and thus modifying 
gene transcription [lo]. The Ah receptor appears to 
form a heterodimer with a non-TCDD binding 
protein [II, 121 which may be important for the 
interaction of the receptor complex with DNA 
WI* 

These series of events resemble the events in 
steroid hormone action. Although the Ah receptor 
has been shown recently to be a member of the 
group of basic region/helix-loop-helix (BR/HLH) 
DNA binding factors [13], the mechanisms none- 
theless are similar in terms of a receptor which binds 
ligand, undergoes a transformation, and binds 
specific sequences of DNA. These simila~ties 
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provide insight into the study of the Ah receptor 
and its mechanism of action. Models of dioxin action 
must take into account the range of responses that 
dioxin produces as well as explain the toxicity 
differences among species. There is a correiation 
between potency to induce the enzyme aryl 
hydrocarbon hydroxylase (AHH) and toxic potency. 
However, it has also been suggested that toxicity 
may be related to long-term effects (i.e. epithelial 
hyperplasia) requiring persistent receptor occupancy 
PI. 

Both our laboratory [ 14,151 and other investigators 
[l&17] have postulated that specific non-histone 
chromosomal proteins are candidate components of 
acceptor sites for steroid hormone receptors which 
confer high affinity and specific binding to DNA. 
Therefore we sought to determine if such chromatin 
receptor binding factors exist for the Ah receptor 
(AhRBFs). Such studies would allow further 
comparison of the mechanism of action of the Ah 
receptor with that of steroid hormone receptors. 

The rabbit has been shown to be a species sensitive 
to the effects of halogenated aromatic hydrocarbons 
(HAHs) 1181. Livers of rabbits dermaily exposed to 
HAHs exhibited lesions as well as increases in 
relative and absolute weight which were associated 
with the exposure. Since our future studies will 
involve further purification of RBFs for the Ah 
receptor, rabbit liver was the tissue of choice since 
substantial amounts of easily obtainable tissue will 
be required. 

MATERIALS AND METHODS 

C~e~~c~~ and ~~~~e~~. [3H]TCDD (40 Ci/mmol) 
was obtained from Cambridge Isotopes, Cambridge, 
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MA, and was repurified prior to use by HPLC. 
DEAE cellulose was obtained from Whatman, 
Clifton, NJ. Ultrapure guanidine hydrochloride 
(GdnHCl) was obtained from Amresco, Solon, OH, 
Hydroxylapatite (HAP) was obtained from Bio- 
Rad, Richmond, CA. All other chemicals were 
analytical grade. TESH/GP buffer was 10 mM Tris- 
HCI, 1 mM EDTA, 5% glycerol (v/v), OSmM 
phenylmethylsulfonyl fluoride, 0.11% mono- 
thioglyccroi (v/v), pH 7.5, at 4”. Reinstitution 
buffer was 0.01 M EDTA, 0.05 M sodium acetate, 
1 mM P-mercaptoethanol, 1 mM phenylmethylsul- 
fonyl fluoride, pH 6.0. 

Preparation of chromatin and DNA. The isolation 
of chromatin from rabbit liver was as previously 
described [14] except that Triton X-100 was omitted. 
The preparation of rabbit spleen DNA [19] was as 
previously described. 

fsolation and purijication of the chromosomal 
proteins (CP). In general, the isolation of chromo- 
somal proteins was as previously described [20]. 
Chromatin was prepared in quantities sufficient for 
initial detection and characterization of RBF activity. 
HAP was hydrated in 170 mL of 3 M NaCl in 100 mM 
potassium phosphate buffer, pH 6, for a minimum 
of 12 hr and chromatin previously isolated from 186 g 
rabbit liver (Pel-Freez Biologicals, Rogers, AR) 
was added (67.5 mg DNA per 34 g HAP) and stirred 
every 15 min with a glass rod at 4” for 2 hr. The 
histones were removed by filtration. A second 2-hr 
extraction with 170 mL of 3 M NaCl was performed 
which was filtered immediately after mixing with the 
HAP-chromatin . Then increasing molarities (l-8 M) 
of GdnHCl in 100 mM potassium phosphate buffer 
were used to extract the non-histone proteins. Each 
incubation with the HAP-chromatin slurry for each 
molarity of GdnHCl (l-8 M) was for 50 min and was 
followed by filtration to provide each chromosomal 
protein fraction, resulting in 8 fractions of protein 
(CP 1-S). The 125-mL fractions were then dialyzed 
against 10~01. of distilled water with six changes 
over 48 hr followed by dialysis in 5% acetonitrile in 
water for 1 hr. The samples were lyophilized and 
stored desiccated at room temperature until further 
use. 

Preparation and partial purification of Ah receptor 
complexes. Livers from young rabbits were received 
frozen on solid CO* from Pel-Freez Biologicals and 
stored at -80”. Liver was thawed, minced, and 
homogenized in 5 vol. (v/v) TESH/GP buffer using 
a Kontes No. 24 glass/glass homogenizer. The 
homogenate was then centrifuged at 105,OOOg for 
30 min (Type 70.1 Ti rotor, Beckman) to obtain the 
cytosol fraction. All steps were performed at O-4’. 

Cytosol was incubated with 10 nM i3H]TCDD, in 
a maximum volume of 10 CCL of 1 ,Cdioxane vehicle 
per 1 mL cytosol, for 90 min at 4”. After incubation, 
unbound ligand was adsorbed by dextran-coated 
charcoal. The cytosol (20 mL) was then loaded onto 
a pre-equilibrated DEAE-cellulose column (packed 
volume 11 mL). After washing the column with 
40 mL TESH/GP buffer containing 0.07 M KCI, Ah 
receptor was eluted by step elution using 0.35 M 
KCI. Fractions (3 mL) were collected, and ahquots 
(5OpL) were counted in 4r~L of Ready-Protein 
scintillation fluid (Beckman) at 47.5% efficiency 

using a Beckman LS-7.500 scintillation counter. The 
peak fraction containing Ah receptor was used in 
the cell-free binding assay. 

Sucrose density analysis of Ah receptorpreparation. 
Linear 5-20% sucrose density gradients (3.6mL) 
containing either 0.3 or 0.15 M KC1 in TESH/GP 
buffer were prepared and chilled at 4”. An aliquot 
of the peak fraction of partially purified [3H]TCDD- 
receptor complexes, eluted in 0.3 M KCl, was placed 
on a sucrose density gradient prepared in 0.3 M KCI. 
Similarly, an aliquot from the same peak fraction 
but with the salt concentration adjusted to 0.15 M 
KC1 was placed on a sucrose density gradient 
prepared in 0.15 M KCI. The gradients were then 
centrifuged (225,OOOg 16 hr at 5”) in an L5-50 
ultracentrifuge (Beckman) using the SW-56 swinging 
bucket rotor. Fractions (4 drops) were collected 
from the top and counted in 4 mL of Ready-Protein 
scintillation fluid (Beckman). To determine that the 
sucrose density gradient peaks were specific for Ah 
receptor, cytosol was prepared and incubated 
with 10 nM 13H]TCDD + 2OO-fold excess 2,3,7,8- 
tetrachlorodibenzofuran (TCDF). After DEAE- 
column chromatography, sucrose density gradient 
analysis was performed as above. [14C]Ovalbumin 
(3.7 S) and [14C]y-globulin (6.6 S) were added either 
as internal standards or in parallel gradient tubes. 

Cell-free receptor binding assay. Ah receptor 
binding to reconstituted RBFs was measured using 
a modification of the method of Spelsberg [21]. 
BriefIy, isolated chromatin protein fractions in 7.5 M 
GdnHCl were reconstituted in 1-mL dialysis bags to 
rabbit double-stranded DNA (dsDNA) (0.5 mg) at 
a 1: 10 ratio of protein : DNA using a reverse gradient 
dialysis procedure which reduced 7.5 M GdnHCl to 
0.0 M GdnHCl over a 24-hr period. This procedure 
produced a reconstituted nucleoacidic protein (NAP) 
preparation. The NAP solutions were centrifuged 
for 20hr at 110,OOOg and the pellets dissolved in 
1.2 mL of 10 mM KCI in 2 mM Tris, 0.1 mM EDTA, 
pH7.5. To test for receptor binding, DEAE- 
cellulose partially purified ~3H]T~DD-receptor 
(0.3 pmol) was added to approximateIy 70 pg NAP 
as DNA in a final assay volume of 500 PL (0.15 M 
KCl). After incubation on ice for 1 hr with frequent 
vortexing, 1OOpL of 1.2% streptomycin sulfate 
solution was added to precipitate the receptor-NAP 
complexes and incubation was continued for 30 min. 
The assay tubes were centrifuged at 800 g for 10 min 
and the supernatant was aspirated. The pellets were 
washed two times with 1 mL of 0.02% streptomycin 
sulfate solution, then suspended in the same solution 
and decanted onto Millipore (24mm type HA) 
filters. The fiiters were washed three times with 
1.0 mL of 0.02% streptomycin sulfate solution, air 
dried for 15 min, and then dried under an infrared 
lamp for 15 min; the radioactivity on the filters was 
counted in 10 mL of scintillation fluid (0.4% 
Omnifluor-xylene) and then the filters were removed 
and dried, and the DNA content was determined by 
the method of Burton [22]. Binding to DNA alone 
was subtracted from all values and data are presented 
as picomoles of bound [3H]TCDD-receptor com- 
plexes per milligram of DNA. 

Saturation and Scatchard analysis. Freshly pre- 
pared cytosol was incubated with 10 nM [3H]TCDD 
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and subjected to DEAE-cellulose chromatography 
to partially purify the Ah receptor as above. Various 
ahquots (25-25OpL) of the receptor preparation 
were added in triplicate to the cell-free binding assay 
as outlined above. Dissociation constants (&) and 
the number of binding sites per cell (B,,) were 
calculated using Scatchard analysis [23]. 

Speci~ci~ experiment. Cytosol was incubated 
with 10 nM f3H]TCDD or 10 nM un1abeled TCDD 
and subjected to DEAE-cellulose chromatography 
to partially purify the Ah receptor as above. Also 
prepared was cytosol which had been heated at 34” 
for 75 min and partially purified to obtain a denatured 
Ah receptor (dR) preparation. The denatured 
receptor preparation was examined for binding by 
[3HiTCDD and no binding was measurabie. Binding 
off H]TCDD-receptor complexes to NAPS 2,5, and 
7 was performed in the presence of [3H]TCDD- 
receptor + 2-fold excess denatured receptor (to keep 
protein concentration constant) for total binding, or 
in the presence of [3H]TCDD-receptor plus 2-fold 
excess TCDD-receptor for non-specific binding. The 
TCDD-receptor preparation was exactly as described 
for the [3H]TCDD-receptor complex, except that a 
portion of the same cytosol preparation was 
incubated with 10 nM unlabeled TCDD. The same 
fraction of DEAE-purified receptor was used for 
both preparations. Such a protocol should result in 
the same concentration of ligand-bound Ah receptors 
in the binding assay. Experiments were also 
performed to measure binding to DNA alone. 

Preparation of Ah receptor in the presence of 
10mM mo~ybda#e. Ah receptor was prepared as 
above except that 10 mM molybdate was present in 
the homogenization buffer as well as in all solutions 
in the partial purification of the Ah receptor to 
attempt to keep Ah receptor in the non-transformed 
state. 

RESULTS 

Partial purification of [3H]TCDD-receptor com- 
plexes. In the present study we partially purified Ah 
receptor complexes from rabbit liver cytosol using 
DEAE-cellulose ion exchange column chroma- 
tography. The receptor was eluted from the column 
using a KCI step elution procedure generating a 30- 
fold partially purified, salt transformed, Ah receptor 
complex. Since the peak fraction elutes at 0.3 M KC1 
and the binding assay is performed at 0.15 M KCI, 
we analyzed the receptor form under these conditions 
using sucrose density gradient anafysis. A 2009L 
aliquot of the peak fraction eluted in 0.3 M KC1 was 
layered on a 5-20% sucrose density gradient 
prepared in 0.3 M KC1. Under these conditions the 
Ah receptor sedimented in monomeric form at 4 S 
(Fig. 1A). Upon adjustment of the receptor 
preparation to 0.15 M KCl, a 200-FL aliquot was 
layered on a 5-20% sucrose density gradient 
prepared in O.lSM KCl. The receptor sedimented 
in dimeric form at 65 under these conditions (Fig. 
1A). This is the form of the receptor used in the 
binding assay. Others have shown that the 6 S form 
is the DNA binding form of the Ah receptor in vivo 
[24--261. It has also been shown that nuclear salt- 
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extractable Ah receptors from a variety of species 
sediment at 6 S [27,28]. 

That the peak observed in the sucrose density 
gradient experiments is specific for Ah receptor was 
shown by competition with TCDF. A 200-fold excess 
of TCDF added to the cytosol incubation displaced 
the 13H]TCDD from the Ah receptor in the DEAE- 
purified fraction, thereby reducing the receptor peak 
(Fig. 1B). From these experiments as well as from 
determinations of non-specific binding of [3H]TCDD 
to preparations containing heat-denatured Ah 
receptors, the non-specific binding of [‘H]TCDD 
was estimated to be 40-50% in the partially purified 
Ah receptor preparations. 

Isolation and receptor binding factor (RBF) activity 
of CPl-8. Non-histone chromatin protein fractions 
(CPl-8) were extracted from chromatin-hydroxyi- 
apatite using increasing concentrations of GdnHCl 
as described in Materials and Methods. From Fig. 2 
it can be seen that the first few GdnHCl extractions 
removed a large percentage of the nonihistone 
chromatin proteins. Subsequent extractions with 
GdnHCI removed decreasing amounts of chromatin 
proteins until only DNA-hydroxylapatite remained. 

Reconstitution to dsDNA allows these highly 
hydrophobic chromosomal proteins to be soluble in 
low salt buffers and, therefore, allows for receptor 
binding assays. CP fractions 1, 2, 5, and 7 yielded 
the highest degree of RBF activity for i3H]TCDD 
bound Ah receptor complexes when these CPs were 
reconstituted to rabbit dsDNA (Fig. 2). This binding 
represents total binding; however, non-specific 
binding to DNA alone was subtracted from all 
values. Since the Ah receptor preparation contained 
significant nonspecific binding by PHJTCDD, we 
also measured AhRBF activity with [3H]TCCD- 
receptor complexes prepared in the presence of 100” 
fold excess TCDF. As can be seen in Fig. 2, there 
was very little non-specific binding to NAPS 2-8. 

Characteristics of [3H]TCCD-receptor complex 
binding to putative receptor binding factors. Since 
CP2, 5, and 7 exhibited a high degree of AhRBF 
activity we analyzed the binding kinetics of these 
fractions. The binding assay was performed using 
[3H]TCDD-receptor complexes titrated over a lo- 
fold range of partially purified receptor preparations. 
Receptor binding factor activity of NAPS ap 
proached saturation (Fig. 3) for [3H]TCDD-receptor 
complexes and a single class of high affinity sites was 
revealed by Scatchard analysis [23]. Similar results 
were obtained for NAP2 and 7, i.e. RBF activity 
approached saturation (data not shown). Using the 
above binding assay con~tions, estimates of the 
dictation constants (&) were obtained from two 
experiments per CP fraction. Values were in the 
nanomolar range demonstrating high affinity binding 
of Ah receptor complexes to these reconstituted 
sites. Since these data were not corrected for the 
non-specific binding component present in the 
Ah receptor preparations, the & values are 
underestimated. The estimated number of binding 
sites per cell (B,,,) ranged from approximately 1000 
to 2000 for NAPS 2, 5, and 7 (Table 1). Binding of 
the labeled Ah receptor complexes to DNA alone 
was linear and non-saturable (not shown). 

Specificity of Ah receptor binding to receptor 
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Fig. 1. Sucrose density gradient analysis of rabbit liver cytosolic [‘HITCDD-receptor complexes. (A) 
Cytosol was prepared and incubated with 10 nM [3H]TCDD as described in Materials and Methods. 
After DEAE step elution with 0.3 M KCl, 200 PL of the peak fraction was layered on a 5-20% sucrose 
density gradient prepared in 0.3 M KC1 (&) or receptor preparation was adjusted to 0.15 M KC1 and 
200& Iayered on a 5-20% sucrose density gradient prepared in 0.15 M KC1 (A). [‘JC]y-GlobuIin 
(6.6 S) and ~‘4C]ovalbumin (3.7 S) were used as sedimentation markers. Tubes were centrifuged at 
225,OflO g (SW 56 rotor) in a Beckman L.5-50 uftracentrifuge for 16 hr. Gradient fractions were collected 
from the top, counted, and plotted as totai bound cpm. (B) Sucrose density gradient anaiysis in 0.15 M 
KC1 was performed as above except that cytosol was incubated with 10 nM [3H]TCDD in the absence 

(A) or presence of 10 mM molybdate (0) or 200-fold excess TCDF (0). 
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Fig. 2. Measurement of the binding of [3H]TCDD-receptor 
complexesof CP fractions reconstituted to dsDNA. Samples 
of the extracted CPs were reconstituted to rabbit dsDNA 
by reverse gradient dialysis to generate nucleoacidic 
proteins (NAPS). Each NAP was probed with ()H]TCDD- 
receptor complexes prepared in the absence (0) or presence 
(A) of 100-fold excess TCDF to assay for receptor binding 
factor activity using the streptomycin filter assay. Binding 
to DNA was subtracted from these values. Also shown 
(0) is the protein profile of non-histone proteins extracted 
from rabbit liver chromatin by GdnHCI. One hundred 
per cent = 44 mg non-h&one (NH) proteins. Data are 

expressed as means Lt SEM for 3-4 determinations. 
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Fig. 3. Saturation kinetics for binding of [3H]TCDD- 
receptor complexes to NAP obtained from CP5. Rabbit 
liver non-histone chromosomal proteins extracted with 5 M 
GdnHCl were reconstituted to dsDNA by reverse gradient 
dialysis. Increasing concentrations of [‘HITCDD-receptor 
complexes were incubated with NAP equivalent to 7O~(g 
DNA and binding was assayed. Data were also analyzed 

by Scatchard analysis [23]+ 
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Table 1. Ah receptor binding to chromatin receptor binding 
factors 

Nucleoacidic Kd 
Bound Ah receptor 

protein (nM) (pmol/mg DNA) (sites/cell) 

NAP 2* 3.1 0.70 
NAP 5 0.5 0.62 
NAP 7 1.0 0.33 

* NAP = CP reconstituted to dsDNA. 

-2500 
-2200 
-1200 

binding factors in chromatin. To investigate the 
saturability and specificity of Ah receptor binding to 
AhRBFs, a competition experiment was performed. 
~3H]TCDD-receptor complexes in the presence 
of Zfold excess heat-denatured Ah receptor 
preparation, to keep protein concentration constant, 
were incubated with NAPS 2, 5, and 7 to measure 
total binding. Simultaneous experiments were also 
performed using [3H]TCDD-receptor complexes 
plus a 2-fold excess of unlabeled TCDD-receptor 
complexes. Under these conditions the binding of 
[3H]TCDD Ah receptor complexes to AhRBFs was 
decreased by 57% for NAP7 (Fig. 4A). This 
reduction is near the theoretical m~mum of 47% 
expected with a 2-fold excess addition of unlabeled 
receptor where the binding would be 100% specific. 
The binding in this experiment was shown to be 
85% specific. Substantially lower binding was 
observed using DNA alone. Also, no competition 
was observed in the binding of [3H]TCDD-receptor 
complexes to DNA alone (Fig. 4A); thus there was 
no specific binding to DNA. For NAPS 2 and 5 the 
specific binding was 61 and 59%, respectively (Fig. 
4B). 

Df 

f 
0.1 

!2 
2 
m 

Effct of molybdate on the binding of [3H]TCDD- 
receptor complexes to RBFs. Ah receptor complexes 
were prepared in the presence and in the absence 
of 10 mM molybdate and then assayed for binding 
to receptor binding factors in CP fractions 2, 5, and 
7 (Fig. 5). The binding obtained with [3H]TCDD- 
receptor complexes prepared in the absence of 
molybdate was set equal to 100%. The binding of 
[3~]TCDD-receptor complexes, prepared in the 
presence of 10mM molybdate, to AhRBFs was 
reduced markedly (i.e. at least an 80% reduction) 
under this condition, suggesting non-transformed 
receptor. 

Since the effect of molybdate on the Ah receptor 
appears to be variable depending on the species and 
procedures used to analyze the receptor [28,29], we 
further examined the characteristics of the partially 
purified Ah receptor prepared in molybdate. Sucrose 
density gradients were performed using an aliquot 
of ~3H]T~DD-re~ptor complexes prepared in 
10 mM molybdate and run on sucrose density 
gradients also prepared in 10 mM molybdate. In 
gradients containing 0.3 M KCl, the Ah receptor 
sedimented at 4 S (not shown), while in 0.15 M KCI 
the receptor was 6 S (Fig. 1B). These sedimentation 
values are similar to those obtained for estrogen 
receptor complexes prepared in 10 mM molybdate, 
partially purified by DEAE-Sephadex chroma- 
tography f30], and shown to be non-transformed. 
Others have also suggested that dissociation of heat- 
shock proteins from the native receptor is not 
sufficient to cause the complete transformation of 
steroid receptors [31]. In the present study molybdate 
appears to have altered the rabbit liver Ah receptor 
since the data presented in Fig. 5 clearly demonstrate 
that binding to AhRBFs was reduced dramatically. 

DISCUSSION 

The present experiments characterize the binding 

DNA I 

COMPETITION 

100 

CP2 aJ6 CP7 

Fig. 4. (A) Competitive binding of Ah receptor to reconstituted NAP from CW. Competition 
experiments were performed in which partially purified [‘H]TCDD-receptor complexes were used to 
determine binding to NAP from CP7 in the absence and in the presence of 2-fold excess unlabeled 
TCDD-receptor complexes. Protein content was kept constant with heat-denatured Ah receptor 
complexes (dR). The same experiment was performed,using dsDNA alone. Data are expressed as 
means + SEM of 3-4 determinations. (B) Competition experiments performed as above except that 

data are expressed as per cent of specific binding for NAPS from CP2, CP5, and CP7. 
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Fig. 5. Effect of molybdate on the binding of [“HITCDD- 
receptor to NAPS 2,5, and 7. Ah receptor complexes were 
prepared in the presence (+) or in the absence (-) of 
10 mM molybdate and assayed for binding to NAPS 2, 5, 
and 7. One hundred per cent bound Ah receptor = 

0.1 pmol/mg DNA. 

of [3H]TCDD-receptor complexes to putative 
receptor binding factors in chromatin. Enhanced 
AhRBF activity was observed in three fractions of 
non-histone chromatin proteins, namely CP 2, 5, 
and 7, extracted from chromatin using increasing 
concentrations of GdnHCl. The binding of [3H]- 
TCDD-receptor to these AhRBFs was shown to be 
saturable and of high affinity with estimated & 
values in the nanomolar range. The observed binding 
displayed specificity in competition experiments in 
which a 2-fold excess of unlabeled TCDD-receptor 
complexes reduced labeled Ah receptor binding. It 
is interesting that when Ah receptor was prepared 
in the presence of 10 mM molybdate, the binding of 
[3H]TCDD-receptor to the AhRBFs was greatly 
reduced (2 80%). This suggests that the binding to 
the NAPS requires a transformed Ah receptor 
complex. It has been shown that Ah receptor, like 
steroid hormone receptors, can be stabilized in a 
non-DNA binding form by sodium molybdate [4]. 
Analogously, it has been shown that steroid hormone 
receptor binding to chromatin or DNA requires 
transformed receptor complexes [32]. 

Specific chromatin proteins involved in the high 
affinity binding of steroid receptors within nuclei 
have also been reported by several other laboratories 
[33-381. Previous studies in our laboratory [39,40] 
demonstrated that rabbit uterine CP fractions 
extracted with 2, 5, and 7M GdnHCl when 
reconstituted to DNA and probed with [3H]estradiol- 
receptor complexes, exhibit estrogen RBF activity. 
Further characterization of estrogen RBFs in this 
laboratory have focused on CP5 because it exhibited 
RBF activity for both estrogen and antiestrogen 
bound estrogen receptors. Molecular seive chroma- 
tography resulted in a fraction (mol. wt approximately 
12,000) with RBF activity for [3H]estradiol-receptor 

complexes whereas another fraction (-30 kDa) 
demonstrated RBF activity for the receptor bound 
by the tamoxifen-like antiestrogen, H1285 [39]. 
Progesterone RBFs for avian progesterone receptor 
have also been isolated and studied [16]. Spelsberg 
and co-workers have purified one protein, termed 
RBF-1, to apparent homogeneity and identified 
others (RBF-2 and RBF-3) [41,42]. 

Our laboratory [14] and others [19] have shown 
that the RBFs for rabbit estrogen receptors and 
avian progesterone receptors, respectively, exhibit 
target tissue specificity. That is, only in tissues 
responsive to hormone is RBF activity detectable. 
Additionally our laboratory has shown [15] in a 
study of antiestrogen-sensitive and antiestrogen- 
resistant MCF-7 cell lines that a certain antiestrogen- 
RBF present in the sensitive cell line is absent in the 
resistant cell line. 

Dioxin is known to exhibit tissue specific effects 
[I]. These effects include lymphoid involution, 
especially of the thymus, changes in immuno- 
competence [reviewed in Ref. 431 and epithelial 
hyperplasia [l]. Given that dioxin has a multiplicity 
of effects [l], and also that dioxin has been shown 
to have antiestrogenic effects [44-47], we speculate 
that the AhRBFs discussed here may play a role in 
the multiplicity, tissue specificity, and antiestrogenic 
effects of TCDD. The antiestrogenic activity of 
TCDD and its congeners has been shown to correlate 
with the affinity of the various ligands for the Ah 
receptor [47]. It has been proposed that the 
antiestrogenic effects of TCDD are mediated through 
the Ah receptor [48]. This is of interest when 
considering our observations that chromatin protein 
fractions extracted with 2, 5, and 7 M GdnHCl 
exhibited a high degree of RBF activity for estrogen 
receptor binding to estrogen RBFs extracted from 
uterus and for Ah receptor binding to AhRBFs 
extracted from liver. It has been shown that Ah 
receptor is present in the uterus [46,48]. Therefore, 
one possible mechanism of the antiestrogenicity of 
TCDD might be Ah receptor competing with 
estrogen receptor for estrogen RBFs in estrogen 
target tissues. This potential interaction would 
antagonize estrogenic responses in uterus such as 
wet weight increase or the increase in uterine 
peroxidase activity, both of which have been shown 
to be antagonized by an Ah receptor mediated 
mechanism [47]. 

A working model of our hypothesis involves a 
DNA looping phenomenon. In our model the 
heterodimeric Ah receptor initially binds an AhRBF 
in chromatin with high affinity and specificity. We 
envision the AhRBF as a “docking” protein for Ah 
receptor in chromatin. This binding then allows Ah 
receptor to be in proper alignment for a high affinity 
interaction with a dioxin-responsive enhancer 
[49,50]. It is possible that the RBFs are associated 
with the nuclear matrix [51,52] which allows for 
DNA organization and DNA loop attachment [53]. 
Thus, our model would provide a greater degree of 
specificity for Ah receptor interaction with its cognate 
response elements which would be necessary for low 
level TCDD exposure to elicit aberrant hormonal 
responses (541 and may account for some of the 
myriad effects of dioxin. 



Ah receptors and chromatin 1127 

Recently, studies in our laboratory [55] showed 
that binding of the salt-transformed estrogen receptor 
by the antiestrogen H1285 induced a different 
conformation of the receptor than receptor bound 
by estradiol. These observations support the concept 
that antiestrogen binding could affect monomer- 
dimer equilibrium, thus rendering the antiestrogen- 
receptor complex incapable of inducing complete 
estrogenic responses. It has been shown [56] that the 
cytosolic Ah receptor bound [3H]methy1cholanthrene 
([3H]MC) and [3H]TCDD with nearly equal affinity, 
but TCDD was far more potent than MC in the 
induction of AHH [57]. A recent study [58] sought 
to determine if the difference in AHH induction 
potency could be accounted for by differing abilities 
of TCDD and MC to transform Ah receptor. Using 
a gel retardation assay it was found that the difference 
in transformation potency, as measured by receptor 
binding to an oligonucleotide with a single DRE, 
was not sufficient to account for the large difference 
in AHH inducibility. In light of our observations, 
the large difference in potency could be accounted 
for if MC-receptor complexes had a reduced affinity 
for the AhRBF, which could result in an impaired 
AHH induction response. Further analysis of the 
properties of AhRBFs and their relation to other 
RBF families such as for the estrogen receptor or 
progesterone receptor should provide more insight 
into their role in mediating responses to TCDD. 
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