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Nuclear receptors
General characteristics:

÷ Diverse group of receptors with common domain structure 
48 genes known & about a quarter are still “orphan”

÷ Intracellular “soluble” proteins

÷ Located in cytosol and nucleus
Ligands binding affects distribution between cytosol and nucleus

÷ The active form is a homo- or hetero-dimer

÷ Induction of gene transcription is major response

=> Nuclear receptors are ligand-regulated transcription factors

◊ Main focus of course on the estrogen receptor

214 - Nuclear receptors p  



Nuclear receptors at the start of many processes
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Nuclear receptor signalling route
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Nuclear receptors - Similar domain structure

514 -Nucelar receptors p



Ligands for nuclear receptors
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Estrogen receptor signalling

Nuclear receptors are “ligand-gated modulators of transcription”
• Binding of ligand induces structural changes

• Receptor forms a dimer

• Dimer is imported into nucleus

• Binding to hormone 

response element (HRE)

• Recruitment of co-activators

which interacts via their 

“Nuclear Receptor Box”

• Initiation gene transcription

=> Protein synthesis
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Estrogen receptor binding to DNA
• Hormone response element is a palindromic DNA sequence up-stream of 

promotor of estrogen-induced proteins

5’-AGGTCAxxxTGACCT
:::::::::::::::
TCCAGTxxxACTGGA-5’

• DNA binding domain of receptor has 2 Zn-fingers
to place the HRE recognition helix_1 in the major groove of DNA’

8
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Binding of oestrogen receptor dimer
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SIDE view BOTTOM view



Natural and xenobiotic oestrogen receptor ligands
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treatment 
hormone-dependent
breast cancer



Nuclear receptor pharmacology
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Ligand-binding domain with and without ligand
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Ligand binding domain with:
Agonist: H12 strongly interacts with ligand 

=> co-activator interacts via its Nuclear Receptor box with H3-H4 -H12 domain 

Antagonist: No place for H12 & H11 destabilized  
=> H12 binds on interaction site of the co-activator

Partial ago: H11 destabilized & H12 can adopt “agonist” or “antagonist” like positions
=> co-activator can bind with lower probability

Bourget TiPS 2000

Position of helix 12 is pivotal 
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Effect of ligands on the estrogen receptor
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Estrogen receptor system : Some numbers
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Estrogen receptor : Numbers of genes regulated
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Kininis 2008 NRS
=> very unclear....
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Estrogen receptor : Numbers of binding sites on DNA

Kininis 2008 NRS

=> Between 12 and 3’665 sites per nucleus           very unclear....



Estrogen receptor : Numbers of genes regulated
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How many receptors ?



Nuclear receptors
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• Initiation of signalling by ligand binding

• Receptor dimer

• Nuclear import

• DNA binding

• Initiation of gene transcription



Endocrine disruptors
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Endocrine disruptors
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How to detect  endocrine disruptors ?  Use fish !

Vitellogenin is made in liver of female and secreted in blood to be used for 
the production of egg yolk

Its gene is under control of the estrogen hormone response element

• Male fish will produce vitellogenin upon exposure to estrogenic compounds
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Effects of common compounds on ER

Eugenol, major component of the essential oil of cloves

Applications:
“Herbicide, Fragrance, Flavoring, Dog and Cat repellent, Insecticide, 

Insect repellent, Local antiseptic and Anesthetic"

Source:  
Cloves ~15% of dry weight is eugenol 

Experimental test:
Reporter gene assays where an enzyme is cloned downstream of an 

estrogen response element

23

http://www.pesticideinfo.org
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Effects of common compounds on ER

=> Eugenol inhibits 
ER-activation 
by estradiol

IC50 ~100 μM
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Effects of common compounds on ER
Perfume components: 

- act on odorant receptors - some act on ER too !!
here eugenol GPCR
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Reporter gene assay
MC : Mousse cristal, a perfume component
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• A large diversity of components affect 
signalling through nuclear receptors

• Many components used at “innocent” concentrations
can have effects due to accumulation
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Endocrine disruptors
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RTK - Abbreviations
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Nuclear receptors - Further reading
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Weikum “The nuclear receptor superfamily : A structural perspective”
Protein Science 2018


