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The intracellular dioxin receptor shows specific high affinity binding of dioxin (2,3,7,8-
tetrachlorodibenzo-p-dioxin) and structurally related environmental pollutants. The 
receptor mediates signal transduction by dioxin and functions as a ligand-dependent, 
nuclear transcriptional regulator by binding to cognate xenobiotic response elements 
(XREs) of target genes'!-11). j h e receptor contains a basic helix-loop-helix (bHLH) 
DNA binding/dimerization motif contiguous with a region that shows similarity to the 
Drosophila regulatory factors Per and Sim and the human factor Arnt (i.e. the PAS 
domain). Upon exposure to dioxin the receptor binds DNA as a stable heterodimer 
with the structurally related bHLH/PAS factor Amt (reviewed in ref. 12). Neither the 
receptor nor the Amt partner factor recognize XRE sequence motifs individually, nor 
do they recognize E box motifs^.s), the well characterized target of other bHLH 
transcriptiopn factors, including, for instance, the protooncogene c-myc and the 
muscle-differentiating factors myogenin and MyoD''2). 

Our laboratory is concemed with elucidating the structure and function of the dioxin 
receptor. Our current understanding of the functional architecture of both the receptor 
and its partner factor Arnt is summarized in Figure 1. Moreover, we are trying to 
understand the molecular mechanisms underlying the ligand-induced activation of 
human and rodent dioxin receptor function. In extracts from non-stimulated rodent 
and human cells, the receptor is recovered in an inducible cytoplasmic form 
associated with the molecular chaperone hsp90'''''2). Hetrodimerization between the 
receptor and the Amt partner factor occurs in solution but is strictly regulated by 
dioxin. While the bHLH motif of the receptor is critical for dimerization^.S), the C-
terminal half of the PAS domain constitutes the dioxin binding structure of the 
receptor^). In addition, this region of the receptor (but not the corresponding region of 
Arnt) mediates stable interaction with hsp90, and confers conditional regulation on 
heterologous transcription factors. We provide evidence for two distinct chaperone 
functions of hsp90: (i) folding of a high affinity dioxin binding confonnation of the 
ligand binding domain of the receptor; and (ii) folding of a DNA binding confonnation. 
In the absence of ligand, hsp90 seems to be directly involved in maintaining the 
dioxin receptor in a repressed state by interaction with the ligand binding domain and 
interference with Arnt-receptor dimerization^). In line with these data, deletion of the 
PAS domain of the receptor results in constitutive dimerization with Amt. In contrast, 
this receptor mutant shows very low levels of XRE binding activity, indicating a 
possible novel function of the PAS domain: detemiination of DNA binding specificity 
of this subfamily of bHLH factors. What is the role of the partner factor Amt in signal 
transduction by the receptor? In addition to determining target gene specificity, Arnt 
confers a potent transcriptional activation function to the receptor. Finally, preliminary 
evidence in vivo and in vitro indicates that Amt (and/or associated factors), in fact, 
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may play an important role in promoting derepression of the dioxin receptor, i.e. 
release of hspQO''^). These results suggest that it may under certain conditions be 
possible to bypass ligand-dependency for activation of the receptor simply by 
modulating cellular levels of Amt or the pool of Arnt that is available for dimerization 
with the receptor. This alternative pathway for regulation of receptor function may 
provide a clue with regard to the physiological function of the dioxin receptor (This 
work was supported by grants from the Swedish Cancer Society). 

structural MotH: bHLH PAS Domain GiMtch 
I > 

Dioxin Receptor I K l ! E B I [>>>1 I 

Function: Dioxin Binding In vitro Celi Type-specific 
tispSO Binding In vitro Transactivation 

DNA Binding Ugand-dependent 
Dimerization Activation In vivo 

witli Amt Partner Factor 

Figure 1. Schematic Representation of Functional Domains of the Dioxin 
Receptor. bHLH, basic helix-loop-helix motif; PAS, Per-Amt-Sim homology region; 
Black Boxes, conserved hydrophobic repeats (denoted A and B) within the PAS 
domain. See text for details. 

References 

1. L. Poellinger, M. Gottlicher, & J.-A. Gustafsson (1992). The dioxin and 
peroxisome proliferator-activated receptors: nuclear receptors in search of 
endogenous ligands. Trends Pharmacol. Sci. 13, 241-245. 

2. 1. Pongratz, G.G.F. Mason, & L. Poellinger (1992). Dual Roles ofthe 90 kD heat 
shock protein in modulating functional activities of the dioxin receptor. J. Biol. 
Crtem. 267, 13728-13734. 

3. A. Berghard, K. Gradin, 1. Pongratz, M.L. Whitelaw & L. Poellinger (1993). 
Cross-coupling of signal transduction pathways: the dioxin receptor mediates 
induction of cytochrome P-450IA1 expression via a protein kinase C-dependent 
pathway. Mol Cell. Biol. 13, 677-689. 

4. K. Gradin, A. Wilhelmsson, L. Poellinger, & A. Berghard (1993). Non-
responsiveness of normal human fibroblasts to dioxin correlates with the 
presence of a constitutive xenobiotic response element binding factor. J. Biol. 
C/7em. 268, 4061-4068. 

5. M.L. Whitelaw, 1. Pongratz, A. Wilhelmsson, J.-A. Gustafsson, & L. Poellinger 
(1993). Ligand-dependent recruitment of the Arnt coregulator detemiines DNA 
recognition by the dioxin receptor. Mol. Cell. Biol. 13,2504-2514. 

6. R.A. Pimental, B. Liang, G.K. Yee, A. Wilhelmsson, L. Poellinger, & K.E. 
Paulson (1993). Dioxin receptor and C/EBP regulate function of the glutathione 
S-tranferase Ya xenobiotic response element. Mol. Cell. Biol. 13, 4365-4373. 

7. M.L. Whitelaw, M. Gottlicher, J.-A. Gustafsson, & L. Poellinger (1993). Definition 
of a novel ligand binding domain of a bHLH nuclear receptor: co-localization of 
ligand and hsp90 binding activities within the regulable inactivation domain of 
the dioxin receptor. EMBO J. 12, 4169-4179. 

ORGANOHALOGEN COMPOUNDS 
206 Vol.21 (1994) 



TOX 
8. G.G.F. Mason, A.-M. Witte, M.L: Whitelaw, C. Antonsson, J. McGuire, L. 

Poellinger, & J.-A. Gustafsson (1994). Purification of the DNA binding fomi of 
the dioxin receptor. Role of the Arnt co-factor in regulation of dioxin receptor 
function. J. Biol. Chem. 269, 4438-4449. 

9. M.l. Kieman, L. Poellinger, & J.-A. Gustafsson (1994). Regulation of human 
dioxin receptor function by indolocartiazoles, possibly dietary occuring receptor 
ligands. J. Biol. Chem. 269, 5137-5144. 

10. A. Wilhelmsson, M.L. Whitelaw, J.-A Gustafsson, & L. Poellinger (1994). 
Agonistic and antagonistic effects of a-naphthoflavone on dioxin receptor 
function. Role of the bHLH dioxin partner factor Amt. J. Biol Chem. 269,19028-
19033. 

11. K. Gradin, M.L. Whitelaw, R. ToftgSrd, L. Poellinger, & A. Berghard (1994). A 
tyrosine kinase-dependent pathway regulates ligand-dependent activation of the 
dioxin receptor in human keratinocytes. J. Biol. Chem. 269,23800-23807. 

12. L. Poellinger (1994). The dioxin receptor: a ligand-activated basic helix-loop-
helix transcription factor. In: "Inducible Gene Expression and 
Cytoplasmic/Nuclear Signal Transduction. (P. Baeuerie, ed.), Birkhauser, 
Boston, in press. 

13. J. McGuire, M.L. Whitelaw, 1. Pongratz, J.-A. Gustafsson, & L. Poellinger 
(1994). A cellular factor stimulates ligand-depedent release of hsp90 from the 
basic helix-loop-helix dioxin receptor. MoL Cell BioL 14,2438-2446. 

' ORGANOHALOGEN COMPOUNDS 
Vol.21 (1994) 207 

I 


