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» Nuclear hormone receptors - Biological function

., NHRs are ligand-dependent transcription factors: ligand binding induces conformational
changes and allows the recruitment of transcriptional co-regulators in the promoter region.

hormone
e

w HSP
changed
= b cell function ‘\
P

N rotein
;2‘;‘ , NR/hormone g

3 complex J
NR/HSP i
complex

ribosome
coactivator \

RNA polymerase mRNA

NR dimer %% _/
\\ Hormone

Response Element

, Misregulation of the endocrine system can cause diseases such as cancers, infertility,
diabetes, obesity, ...




» Nuclear hormone receptors - Classification

» 48 human NHRs: different ligands and different functions

differential distribution in tissues
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» Nuclear hormone receptors - A conserved structure

LBD Ct domain

Activation function (AF-1) Activation function (AF-2)




» Nuclear hormone receptors - Structure of the LBD

The hydrophobic docking groove formed by helices H3, H4 and H11 accommodates
the LxxLL motif exhibited by the coactivator or the H12 helix.




» A number of environmental contaminants act as EDCs

~150,000 synthetic chemicals
used in consumer products
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(EDCS) Humans
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» Representative EDCs and their NHR targets

Model compounds

Bisphenols
A(BPA), B,C E F

Alkylphenols
4-tert-octylphenol, 4n-nonylphenol

Phthalates
MEHP, DHEP. BBP. DBP

Chlordecone
(Kepone)

Halogenated BPA
TetraBromo/Chloro-BPA (TBBPA , TCBPA)

Perfluoroalkyl compounds
(PFCs; PFOA et PFOS)

Benzophenones
1,2, BP3, THB

Organotins
TriButylTin (TBT), TriPropylTin (TPT),
TriPhenylTin (TphT), DiButylTin (DBT)
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» EDCs and natural hormones are structurally unrelated
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Methods to monitor EDCs in environmental samples

In vitro methods

Binding to nuclear receptor (radioactive or fluorescent
detection)

Interaction of coactivator peptide (agonists) or corepressor
peptide (antagonists) to nuclear receptor (fluorescent
detection)

Cellular methods

Endogenous genes (pS2, vitellogenin, EROD) detection or cell
growth measurement (E and A-Screen)

Reporter gene expression (B-galactosidase, luciferases)




Radioactive ligand binding Fluorescent ligand binding

- Polarscreen

Recombinant ERa
ERa, AR, GR, PR, PPARYy

Radioactive E2 (perkin elmer)
Non radioactive E2 and ligand
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Gene reporter technology

Vit (ERE) promoter Structural Vitellogenin gene

Natural protein

Agonists ERa Antagonists
Vit (ERE) pr'omotell Structural reporter gene Reporter protein

[ERE-TATA Structural reporter gene Reporter protein




Luciferase plasmid construction

* Insert the promoteur or the ERE in front of the
luciferase gene in a luciferase plasmid
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Nuclear receptor plasmid construction

- insert the coding sequence of the receptor behind
a strong promotor in a expression plasmid

nuclear receptor sequence
(1500 a 3000 nucleotides)

853, obtained by gene synthesis
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Transfection

by HRE-LucF-

neo plasmid

treatment with

geneticin 1 mg/ml

(3-4 weeks)

Transient expression
of the genes during 3
days in 10 - 90% of

the cells

Selection of
resistant

(50-200)

Stable transfection procedure

luciferin
0,3 mM

Selection of

luminescent clones
(10-40)



L bl B R
ﬁ"qu. g

MCF -7 cell line

o estrogens ...

s
o
-
w,,\-*-“

endogenous es1'r'o§en r'ecep'l'or' a

"4/8] DBD| LBDR
‘:"}.
kY

%
+ / - transcription }
E2 r'egula'red gene (ERE) ‘«;‘f
P
&
5 endogenous genes Gene expression, proliferation
™. e
S, -
N P

-

I£1 ,«:\»r
(S E N S o -
e e - e



MELN cell line
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HELN ERa (or ERB) cell lines (1)
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HELN Eroa or ERp cell lines (2)

estrogens
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Androgenic cell lines (PALM, MDA-Kb?2)

compoundss . ..
‘ mp - T AT MI_M"‘H.«:-(, HeLa
e Bk
e
@ exogenous-androgen
ai (] receptor "m\

_A/B| DBD LBD)

endogenous
glucocorticoid receptor

A/ DB LBD
p!

+ / - transcription

reporter genes stably i
“~..integrated >

t'l.lm-“c »ﬁ"x ,-:-

\\\//}

‘.‘.;..- _I“:\"'-
D S - -
e



HELN AR (ERa DBD) cell line
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HG5LN GAL4(DBD)-MR(LBD) cell lines

mineralocorticoids HelLa
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Bioluminescent cellular models

nuclear species cell model receptor
receptor
ERa, B h HelLa, MCF-7, HepG2, LS174T wT
PR h HelLa WT, Gal,, ERaDBD
GR h HelLa WT, Gal,
AR h HelLa, U20S, PC, WT, ERaDBD
MR h Hela Gal, ERaDBD
PPARa, 8, y h HelLa Gal,
RARa, B, v h HelLa WT, Gal,, ERaDBD
TsRo, B r Hela Gal,
VDR h HelLa, MCF-7 WT
PXR h Hela, HepG2, LS174T Gal,
CAR h Hela Gal,
AhR h HeLa, MCF-7, Hep62, LS174T, ZFL wWT




Firefly Luciferase activity detection

LucF Sign!I s ‘ + T Oh : cell seeding (150 pul, 20000 celluless)
"eee ... sample addition (50 pl)
L . . . - T 24h : luciferin addition (0,3 mM)
2 2 A LI . *  luminescence measurement (firefly luciferase)
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Luciferase activity detection

positive sample
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H o genisteine

zearalenone

estradiol

Agonist ERa, ERB Agonist ERa and ERB, antagonist AR Agonist ERa and ERp
CI\/CI

HQO OH HO O O OH

BPA BPAF BPC
Agonist ERa and ERp, antagonist AR, agonist ERRy, agonist PXR

Cl
Cl
Cl Cl
Cl O sn—H
Cl— > I\/\
Benzophenone 2 Cl Cl
Cl
chlordecone tributyltin

Agonist ERa and ERB, antagonist AR Agonist ERa, antagonist ERP Agonist RXRs, partial agonist PPARy



» The estrogen receptors

. ERs’ functions
- key roles in development and maintenance of sexual and reproductive functions

- roles in morphogenesis of the uterus, ovary and mammary glands, prostate, lung and brain
- roles in skeletal, cardiovascular, and central nervous systems

E» OH

17p-estradiol

- Two ER subtypes: ERa and ERf

- high degree of sequence homology except in their N-terminal domains
- bind to the same DNA response elements
- similar affinities for E2

— ERs’ ligand cavity appears generous in size
: - good target for drugs (SERM, antiestrogens)
|

- can accommodate a wide range of compounds with diverse
structures

- S SN hydroxytamoxifen » EDCs




» Binding modes of endocrine disruptors in ER(

Benzophenéne-Z < E353

(UV filter)
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» Binding modes of endocrine disruptors in ER(

Benzophenéne-Z

BPs = compounds involved in the manufacture of filter
polycarbonates.
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» Bisphenols are selective estrogen receptor modulators
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» Ability of BPs to promote the recruitment of a coactivator

Measuring the interaction between the
ERa-LBD and a fluorescent CoA
peptide by fluorescence anisotropy

i /.

(AF-2) |

A Anisotropy (mA)

(;.001 0.01 0.1 |
[ERo/ligand] (M)

|
7~

BPs poorly increased (BPA) or
even weakened (BPAF and BPC)
the basal interaction of ERa with

the LxxLL motif

Measuring the dynamic of helix H12

Anisotropy

by fluorescence anisotropy
(fluorophore on H12)

[

(AF-2) J;-_// k.

The dynamic of the C-terminal
H12 helix is higher in the
presence of bisphenols
BPC > BPA=BPAF >> E2




» Structures of ERa / bisphenol complexes

' '\ Agonist conformation (with CoA peptide)

§ ~ t
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4 b ﬂ estradiol BPA BPAF

reoly~ Reso. 1.60 A 220 A 2.05 A

R/Rgee 0.166/0.195 0.206 / 0.245 0.189/0.231

Antagonist conformation (no peptide)

HH “wt-ERa

BpC e

Reso. 210 A
R/Rfree 0.214 / 0.255

(Delfosse et al., PNAS 2012)




» Bisphenol binding modes

hERa/E2

hERa/BPA

+ 3 key H-bonds in the
agonist-bound '
conformation - Yy N

E353 - R394 - H524 od. |

S Sa
. One new H-bond in the o "
antagonist-bound
conformation
T347

hERa/BPAF hERa/BPAF




» Structural basis for bisphenol action

Hydrophobic
interactions with Gly521
and Leu525 are disrupted

Reorientation of the
His524 imidazole ring

hERo/BPA hERo/E2 hERao/BPC

(Delfosse et al., PNAS 2012)




» Structural basis for bisphenol action

‘B factors in the “lower part of the LBD” are increasing when

BPs are bound

Bisphenols perturb the secondary structures of the LBP, helices H3

and H11, and the loop L11-12, which are important for the docking
of helix H12 in its active position.

(Delfosse et al., PNAS 2012)




» The activity of bisphenols on hERs relies mostly on the AF1

% Activity
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» The activity of bisphenols on hERs relies mostly on the AF1
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The activity of bisphenols on zfNRs




HELN zfERa, ERB1 or ERB2 cell lines (human cellular context)

estrogens
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ZFL zfERa, ERB1 or ERPB2 cell lines (zebrafish cellular context)

estrogens
@ o 9 T e e ZFL
-~

,,46

exogenous zf esff'ogen receptor

/B[ DBD LBDIRE
¢ .Y
: y
‘ !
| + / - transcription |
i N }
3 Nz
@
‘.el
\
e\&x reporter genes stably integrated f.f !
Mo o

o e “Cell culture and Luciferase
T expression : 28° C



Bioluminescent cellular models expressing zf nuclear receptors

nuclear species cell model receptor
receptor
ERa, B h,zf HelLa, ZFL wT
PR h,zf Hela WT, ERaDBD
GR h,zf Hela WT, Gal,
AR h,zf HelLa, U20S WT, ERaDBD
MR h,zf Hela ERaDBD
ERR y h,zf HelLa Gal,
PPAR y h,zf Hela Gal,
AhR h, zf HelLa, ZFL WT




Vo Achi vy

Bisphenols

BPA zf ERa
BPA f ERE1

BPA f ERBZ
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activity on zfERs

BPC chiorinated (BPCI)
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Bisphenols activity on other human nuclear receptors




Bisphenols activity on other human nuclear receptors
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