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Introduction

* Nuclear receptors (NRs) belong to a large superfamily that are ligand
activated intracelluar transcription factors which up or down regulate
the expression of several genes.

* Nuclear receptors are soluble proteins that can bind to specific DNA
regulatory elements (response elements or REs) and act as cell type-
and promoter-specific regulators of transcription.

* In contrast to other transcription factors, the activity of nuclear
receptors can be modulated by binding to the corresponding ligands,
small lipophilic molecules that easily penetrate biological membranes.

* Nuclear receptors may be classified either according to activation
mechanism (type | or Il), or sequence homology (NR subfamilies 0-6).

* Nowadays, there are more than 350 NR structures in the PDB.



Scientific interest

« Nuclear receptors are transcription factors involved in such important
physiological functions as control of embryonic development, organ
physiology, cell differentiation and homeostasis.

- Due to the role of nuclear receptors in gene expression control,
members of this family are suitable targets for new drug development.
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Biological context

* Nuclear receptors are key elements for control of gene expression.

Homeostasis

Cellular
i differentiation

Ligand-inducedg= ¢ : 5 Physiology
dimerisation ;

Cytoplasm

iR A wih N

REs recagniiion.and-LNA binding
TRANSCRIPTION |

= Protein
Nucleus —

synthesis




Primary structure

« A typical

nuclear receptor contains

corresponding functions:
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* DNA Binding Domain (DBD) and Ligand Binding Domain (LBD) are

significant conserved regions, but DBD is the most one.
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Ligands

» Lipophilic substances such as endogenous hormones, vitamins A
and D, drugs, and xenobiotic endocrine disruptors:
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Transcriptional activation functions

« Activation Function-1, placed in the N-terminus region

An important domain for the transcriptional activation of nuclear receptors
iIs the ligand-independent activation function (AF-1), which generally
resides in the N-terminal region of nuclear receptors. AF-1 functions in a
promoter-context and/or cell-type specific manner and cooperates with
AF-2 in the regulation of gene transcription.

7~ N\

] (~-2]}

AF1
WUS DBD . Hinge | LBD iC—terminaI extension

« Activation Function-2, included in the Ligand Binding Domain

The ligand-dependent activation function (AF-2) is the key region for NR-
ligand interaction. AF-2 makes the function of agonist/antagonist ligand
response, changing the LDB conformation and regulating the gene
transcription, according to each case and with participation of other
coregulatory elements.
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Reqgulation and mode of action

 Cytoplasmic regulation mechanism:
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Reqgulation and mode of action

Cytoplasm [45.\]
| U ‘w%gﬂ 20

‘Dimerisation

///Nuclea r
translocation

Mucleus

Corepressor effect
in absence of ligand

- eceptor form)

Release of HDAC
complex z'( H DAG

N
DI

Condensed chromatin

/- t\ | \ P f-f*cgh?--a Recruitment of chromatin-
; \ remodellmg complex

Ac Ac  Ac Ac /’ Ac Ac Ac Ac  Af Ac Ac

NDIN_Z YD, DDKE_ T DI

l Relaxed chroma

Recruitment of histone
acetyltransferase complex
=TT "““x

i .
/ Pol Il b
?_E:;Jeﬂzgmte Transcription activation
Ac Ac Ac Ac e Ac Ac

V00 B o)

Ac Ac Ac Ac Response TATAbox  Ac Ac A

Elements



Evolution
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Former classification

« The NR superfamily have been classified into four
subfamilies based on their DNA-binding, ligand-binding

and dimerisation properties:
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Receptors & Ligands

Name
Thyroid hormone receptor

Retinoic acid receptor

Peroxisome proliferator-
activated receptor

Reverse erbA

RAR-related orphan receptor

Liver X receptor
Farnesoid X receptor
Vitamin D receptor

Pregnane X receptor
Constitutive androstane receptor
Human nuclear factor 4

Retnoid X receptor

Testis receptor

Tailless

Photoreceptor-specific nuclear receptor

Chicken ovalbumin upstream
promoter-transcription factor

Abbreviation

TRa
TRp

RARo.
RARB
RARy

PPARo
PPARR
PPARy

Rev-erba
Rev-erbp

RORa
RORp
RORy

LXRa
LXRBp

FXRao
FXRR*

VDR

PXR
CAR

HNF4a
HNF4y

RXRa
RXRp

RXRy

TR2
TR4

LE
PNR

COUP-TFI
COUP-TFII

Nomenclature

NR1A1
MNR1AZ

NE1B1
NE1B2
NE1B3

NE1CA
NR1C2
NR1C3

NE1D1
NE1D1

NR1F1
NE1F2
NR1F3

NBE1H3
NR1HZ2

NE1H4
NE1HS

NE1I1

NR1I2
NRE1I3

NR2A1
NRE2AZ2

NR2B1
NR2B2
NR2B3

NR2CA
NR2C2

NR2ZE2
NRZE3

NEZ2F1
NR2F2

Ligand

Thyroid hormore
Thyroid hormone

Retinoic acid
Retinoic acid
Retinoic acid

Fatty acids, leukotriene B4,
fibrates

Fatty acids

Fatty acids, prostaglandin J2,

Orphan
Orphan

Cholesterol, cholesteryl sulphate
Retinoic acid
Retinoic acid

Oxysterols, TOBO1317, GW3965
Oxysterols, TO901317, GW3865

Bile acids, Fexaramine
Lanosterol

1,25-dihydroxy vitamin D,,
litocholic acid

Xenobiotics, PCMN
Xenobhiotics, phenobarbital

Orphan
Orphan

Retinoic acid
Retinoic acid
Retinoic acid

Orphan
Orphan

Orphan
Orphan

Orphan
Orphan



Receptors & Ligands

Name

ErbAZ-related gene-2
Oestrogen receptor

Oestrogen receptor-related receptor

Glucocorticoid receptor

Mineralocorticoid receptor
Progesterone receptor

Androgen receptor

NGF-induced factor B

Nur related factor 1

MNeuron-derived orphan receptor 1
Steroidogenic factor 1

Liver receptor homologous protein 1
Germ cel nuclear factor

DSS-AHC critical region on the
chromosome, gene 1

Short heterodimeric partner

Abbreviation

EARZ2
ERa

ERB

ERRa
ERRp
ERRy

GR

MR
PR

AR
NGFIB
NURR1
NOR1
SF1
LRH1
GCMNF
DAX

SHP

Nomenclature

MNRZFB
MNR3A1

NR3AZ

NR3B1
MNR3B2
NR3B3

NR3CH1

MR3C2
MNR3C3

MNR3C4
MNR4A1
MNR4AZ
NR4AS
MNR5A1
MNRSAZ
MREAT
NROB1

NROB2

Ligand

Orphan

Oestradiol-17, tamoxifen,
raloxifene

Oestradiol-17p, various synthetic
compounds

Orphan
DES, 4-OH tamoxifen
DES, 4-0OH tamoxifen

Cortisol, dexamethasone,
RU486

Aldosterone, spirclactone

Progesterone,
medroxyprogesterone acetate,
RU486

Testosterone, flutamide
Orphan
Orphan
Orphan
Orphan
Orphan
Orphan
Orphan

Orphan

Gronemeyer, Gustafsson & Laudet; 2004
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Homology classification

Nuclear Receptor Nomenclature Committee current classification:
« Subfamily 1: Thyroid Hormone Receptor-like
Group A: Thyroid hormone receptor (Thyroid hormone)
Group B: Retinoic acid receptor (Vitamin A and related compounds)
Group C: Peroxisome proliferator-activated receptor
Group D: Rev-erb
Group F: Retinoid-related orphan receptor
Group H: Liver X receptor-like
Group |: Vitamin D receptor-like

« Subfamily 2: Retinoid X Receptor-like
Group A: Hepatocyte nuclear factor-4 (HNF4)
Group B: Retinoid X receptor (RXRa)
Group C: Testicular receptor
Group E: TLX/PNR
Group F: COUP/EAR



Homology classification

« Subfamily 3: Estrogen Receptor-like (Steroid hormone receptor)
Group A: Estrogen receptor (Sex hormone receptors)
Group B: Estrogen related receptor
Group C: 3-Ketosteroid receptors

« Subfamily 4: Nerve Growth Factor IB-like
Group A: NGFIB/NURR1/NORH1

« Subfamily 5: Steroidogenic Factor-like
Group A: SF1/LRH1

« Subfamily 6: Germ Cell Nuclear Factor-like
Group A: GCN1

« Subfamily 0: Miscellaneous
Group B: DAX/SHP



Research status

» Since isolation and cloning of the first nuclear receptor in 1985, a large
number of NRs have been identified. But only a part of the current
subfamilies are well represented in the Protein Data Bank.
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DNA Binding Domain




DNA Binding Domain

In this part we center ourselves in the structure and sequence of the
DNA binding domain.

Coregulator recruitment
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DNA Binding Domain

« The DNA Binding Domain (DBD) is a highly conserved domain in the
family of Nuclear Receptors.

» The DBD consists of about 70 residues that bind to activating elements
of DNA called hormone response elements.

* In the DBD there are two zinc containing regions. Each region binds a
zinc atom through four cysteine residues:

/N
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DBD - Secondary Structure

* For the Glucocorticoid Receptor, the secondary structure of the
DNA binding domain is as follows:

DNA BINDING DOMAIN
Secondary Structure of the
Glucocorticoid Receptor

RPCLVCSDEASGCHYGVLTCGSCEVEFFERAVEGOQHNYLCAGRN
——STTIT-5———EEETTEEE-HHHHHHHHHHHATS —————-— 5555

DCIIDKIRRENCPACRYRKCLOAGMNLEAR

« The DNA binding domain of all nuclear receptors contains two
a-helices.

 For each zinc motif, the second pair of cysteine zinc ligands,
initiates an a-helix.



DBD - Tertiary Structure

The two zinc motives are
interwoven into a single globular
domain, with extensive interactions
between them.

The hydrophobic sides of the two
a-helices pack against each other
to form a compact core with a
hydrophobic interior.




DBD - Conservation

The DNA binding domain is highly conserved in the family of nuclear
receptors.

Superposition of nuclear receptors
with known structure:

Subfamily 3:
Estrogen receptor
Estrogen receptor 3
Glucocorticoid receptor
Subfamily 2:
Retinoid X receptor
Subfamily 1:
Retinoid acid receptor
Thyroid hormone receptor
Vitamin D receptor




DBD - Conservation

A clustal multiple alignment with the same sequences gives the following.
Observe the conservation of the cysteine residues involved in the zinc motives.

|CLUSTAL W multiple sequence alignment

DNA BINDING DOMAIN

ERbeta ATPRRLCLVCGDIASGYHYGVASCEACKAFFRRTIQOGN——IEYS
ER MKETRYCAVCNDYASGYHYGVWSCEGCKAFFEKRSIQGH--NDYM
IGR MEPARPCLVCSDEASGCHYGVLTCGSCRVEFFRREAVEGO——HNYL
RARR = ————— PCEVCODKSSGYHYGVSACEGCRGEFFRREIQKN——MVYT
RXR -FTREH T EATGCGEDRSSGRHYGVY SEEGERGEFRRTVERD—~LTYT
TR ———DELCVVCGDKATGYHYRCITCEGCKGFFRRTIQKNLHPSYS
VDR ————LLCKVCGDVASGFHYGVLACEGCKGFFRRSESIQON-TIQYKR

* ".': * "'.': * * ".': * * '.'\T'-'\T..Tk"
ERbeta CPATNECEI TERRRKSCOQACERFMEKALKVGMLEKEGVELDRVREGGR
ER CPATNQCTIDKNRRKSCQACRLRKCYEVGMMKG———————————
[GR CAGRNDCIIDKIRRKNCPACRYRKCLOAGMNLEARKTKK—————
RAR CHEDENCIINEKVTRNRCOYCRLOKCFEVGMSKESVRERND—————-—
RXR CRDNEDCLIDERORNRCOQYCRYQRALAMGMEKREAVOEERQRG——
TR CKYEGKCVIDKVIRNQCQECRFKKCIYVGMATDLVLDDSKERLAK
VDR CLENENCSIVRINENRCOOCRFKKCLSVGMSRDAVRFGR—————
* * * " * * * * '.'-:' * %




Characterization of the NRs

The DNA binding domain characterizes the family of nuclear receptors.

HMMbuild —

Search
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Interactions DNA - DBD

* The first a-helix in the zinc motif forms sequence-specific
interactions with the edge of the bases in the major groove of
one DNA strand.

This helix is called the recognition helix.

GR-DBD

Recognition
helix

DNA major groove




Interactions DNA - DBD

In the glucocorticoid receptor, the residues LYS 461, VAL 462
and ARG 466 form the specific interactions with DNA.

Van der Waals
contact

2 hydrogen
bonds

2 hydrogen
bonds



Conservation of the Specific contacts

*The LYS and ARG are conserved in the nuclear receptor family:

CLUSTAL W multiple sequence alignment

DNA BINDING DOMAIN

ERbeta ATPERLCLVCGDIASGYHY GVASCEACEAFFERT IOGN——1EYS

ER MEETRYCAVCNDYASGYHY GVWSCEGCEAFFEKRS TOGH—-—-NDYM

GR MEPARPCLVCSDEASGCHY GVLTCGSCEVFFERAVEGO——HNYL

RAR = e PCEVCODKSSGYHY GVSACEGCEGEFFRRS IOKN——MVYT

RXR —FTEHICATCGDRS SGKHY GVY SCEGCEGFFERTVREKD——LTYT

TR ——DELCVVCGDEATGYHY RCITCEGCEGFFRRT IOKNLHPSYS

VDR ————LLCEVCGDVASGFHY GVLACEGCEGFFRRES IQON—-TOYKR
* ‘t * “t * & _t x & tt‘*_‘

ERbeta CPATNECEI TERRRKSCOACRFMEKALEKVGMLEEGVRLDRVRGGR

ER CPATNOCTIDENRRKSCOACRLRECYEVGMMEG—

GR CAGRNDCIIDKIRRKNCPACRYRKCLOAGMNLEARKTKK ————

RAR CHRDENCI I NEVTRNRCOY CRLOKCFEVGMSEESVEND ——————

RXR CRDNEDCLIDEKRORNRCOY CRY OKALAMGMEREAVOEERQRG——

TR CEYEGKCVIDEVTRNOCOECRFEEKCIYVGMATDLVLDDSKRLAK

VDR CLENENCSIVRINRENRCOOCRFEKCLSVGMSRDAVREGR————

* * * i * * * i * = * &




Non-specific Interactions

» The recognition helix is positioned and oriented in the major groove by
a number of non-specific interactions between the phosphate groups
and protein side chains.

region of non-

*These contacts are made specific contacts

mainly by residues from
the two loop regions
between the second and
third cysteine zinc ligands
in both zinc motives.




Non-specific Interactions

In the glucocorticoid receptor, the residues SER 448, HIS 451 and ARG 489
form hydrogen bonds to phosphates in the DNA backbone.




Conservation of the Non-specific contacts

* The residues HIS 451 and ARG 489 of the glucocorticoid receptor are
conserved in the nuclear receptor family.

* In the position 448, always occurs SER or THR.

CLUSTAL W multiple sequence alignment

DNA BINDING DOMAIN

ERbeta ATPERLCLVCGDIASGYHY GVASCEACKAFFERT IOGN——-1EYS

ER MEKETRYCAVCNDYASGYHY GVWSCEGCKAFFKRSIQOGH——NDYM

GR MEPARPCLVCSDEASGCHY GVLTCGSCEVEFFERAVEGO——HNYL

RAR @  ———-— PCFVCQDKSSGYHY GVSACEGCKGFFRRSIQOKN——MVYT

RXR —FTEHICATCGDRS SGKHY GVY SCEGCKGFFERTVEKD——LTYT

TR ——DELCVVCGDEATGYHYRCITCEGCKGFFRRT IOKNLHPSYS

VDR ————LLCEKVCGDVASGFHY GVLACEGCKGFFRRS IQQON-TIQYKR
* it * iit * & .t * & ttit“

ERbeta CPATNECEI TEKRREKSCOACRFMKALKVGMLEEGVRLDRVRGGR

ER CPATNQCTIDKNRRKSCQACRLRKCYEVGMMKG—

GR CAGRNDCITDETREEKNCPACRYRKCLOAGMNLEARKTKE ———

RAR CHRDEKNCIINKVTRNRCQY CRLOKCFEVGMSKESVRND——————

RXR CRDNEKDCLIDEROENRCOY CRY OKALAMGMEREAVOEERQORG——

TR CKYEGKCVIDKVTRENQCQOECRFKKCIYVGMATDLVLDDSKRLAK

VDR CLENENCSTIVRINENRCOOCRFEKCLSVGMSRDAVREFGR—————

* * * N * * * k t‘ * & A




Structural conservation

Conservation of the zinc finger cysteines, the specific contact residues
and the non-specific contacts in a structural alignment:

STAMP — STRUCTUORAL SUPERPOSITION — DHA BIHNDING DOMATH
ER —MEETRYCAVCHDYASGYHYGVWSCEGCEAFFERS——T QGHHN—-DYM
ERbeta A-TPRRLCILVCGDIASGYHYGVASCEACKEAFFERTIQG—NI-EYS
EXE —F-TEHICATCGDRESGEHYGVY SCEGCEGFFEETVEE—-D—-L—TYT
GR —MEPARPCIVC EDEASGCHYGVLTCGECEVEFFEEAVE-G—OH-NYL
VDR —————LLCEVCGDVASGFHYGVLACEGCEGFFRESTOO-N-TOYER
RAR ——————PCFVCODESEGYHYIGVSACEGCEGFFRESTQEN-M-—V-—YT
TR ———DELCWCGDEATGYHYRCITCEGCEGFFRETIOQKNLHPSE—YS
ER CPATHOCTI—DENERESCOACRLEECYEVGMM-KEG———————
ERbeta CPATHECEITERRE——ESCOACRFMEALEVGMLEE-G-V-ELDEVR
BRXE CRDHNEDCLIDEROE—HNRCOYCRYOEALAMCMEREAVOEER —Q———
GR CAGERENDCTIDEIRE—ENCPACRYRECLOAGMNLE——A-R—EKT——
VDR CLEHNEHNCSITVEINE—HNERCQOCRFEECLSVGMSRDA-V-ER-F————
EAR CHEDEHCIIHEVIE—HNRCOYCRLOECFEVGMEEES—V-FE—H———
TR CEYEGECVIDEVIE—HNOQCOECRFEECTI YVCMATDL-V-L—D———
Alignment score Sc = 7.250913

Alignment length Lp = 82

RMS deviation after fitting on 58 atoms = 1.446357




Dimerization

 Recall that the nuclear receptors are active when they form dimers.

* In the DNA binding domain there are two dimerization sequences,

the D-box, (the five residues between the two first cysteine zinc ligands of
the second zinc motif) and the DR-box (residues between the second and
third cysteine of the first zinc motif):

c c £ c
N, /) (\ 4
7 N\ 7/ N\
C c c

» The three dimensional structure of the DNA binding domain changes
after dimerization. That is, in the monomer, the D-box is not well defined,
but it is a well-defined 8 turn in the dimer.




Dimerization

« The two nuclear receptors in the dimer bind to the DNA backbone
through specific and non-specific interactions, as describe above.

« The recognition helix of each monomer is positioned in two
consecutive major grooves.

« The spacer region between the two response elements is
crucial for proper binding of the dimer receptor.

« Depending on the type of dimerization (homo or hetero), there are
two types of response elements: direct or invers.



Dimerization

Recognition helices

Two consecutive major grooves



Dimerization

There are two options:

Head to head

Head to tail




Homodimerization

« This is the type of dimerization of the steroid receptor subfamily,
in particular, of the glucocorticoid receptor.

« The two monomers in the homodimer are in a “head to head” position,
that is, they interact symmetrically:




Homodimerization

* Due to this symmetry, the homodimer recognizes response elements where
the half-sites are organized in a palindromic orientation.

* In the glucocorticoid
receptor, the response
element sequence is:

N

AGAACA XXX TGTTCT
/\



Heterodimerization

« Some nuclear receptors, like the vitamin D (VDR), thyroid hormone (TR)
or the retinoic acid (RAR), form heterodimers with the retinoid
acid receptor (RXR).

* [n this case, the two monomers in the heterodimer are in a “head to tail”
position:




Heterodimerization

* Due to the “head to tail” position, the heterodimer binds to direct DNA
repeats.

» The spacing between the direct repeats is diferent for each receptor
dimer combination, and hence it determines the DNA specificity of
each RXR heterodimer.

Response elements: £ ™) [:rm .
« RXR-VDR: o
3 Elﬁlmﬁ_ﬁg}fhr_ Y,
\ AGGTCA
-  RXR-RAR:
RXR-TR

heterodimer

A\



ClustalW alignment

ClustalW
alignment
with

one
member
of each
nuclear
receptor
family.

RQEVYE4 | Q5VYG4_HUMAN
RQ505F1 | TRZ2_MOUSE
Q97446 |NRZE1_HUMAN
B10589 | COT1_HUMAN
F41235 | HNF42 HUMAEN
F10276 |RARL HUMAN
22829 |NR441 RAT
E55055 |NR1HZ_HUMAN
F11473 |VDE_HUMAN
F45448 |NR542 MOUSE
B37243 | THBZ _HUMAN
214995 |NR1DZ2_HUMAN
F11474 |EFR1_HUMAN
B03372 |ESR1_HUMAN
B37231 | PEARG_HUMAN
Q15406 |NR&L1 HUMAN
B35398 |RORL_HUMAN
B04150 | GCE_HUMAN
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Summary

» The DBD consists of about 70 residues that bind to activating elements of
DNA called hormone response elements.

* In the DBD there are two zinc containing regions. Each region binds a
zinc atom through four cysteine residues.

*The DBD is a highly conserved domain in the family of nuclear receptors.

*The cysteine residues and the residues that form the specific and non-
specific interactions with DNA are conserved in the whole family.

*The DBD characterizes the family of nuclear receptors.

*Depending on the type of dimerization (homo or hetero), there are two
type of DNA recognition: invers or direct repeats.



Ligand Binding Domain

Holo-LBD




Ligand Binding Domain (LBD)

AF1

N-terminus

_______________________________________________

Transcriptional
Activation Function 1 |

Coregulator
recruitment

! DNA binding

" - - -
! Dimerisation

H
H
! MNMuclear

i
@ -terminal extension

E Flexibility : Ligand binding i Additional transcriptional

activation
Dimerisation

localization | Transcriptional Activation E (Absentin some nuclear
signal (NLS) ! Function 2 ‘ receptors)

i Coregulator recruitment

« This domain is encoded approximately by 250 amino acid residues in the C-
terminal end of the molecule.

« This is the second best conserved region of NRs.

« This domain diplays a lower degree of conservation among the various
nuclear receptors than the DBD.

« The first nuclear receptor LBD structures were solved in 1995. Since then
knowledge about structure and function has increased significantly.



Structural conservation through families

Subfamily 1: Thyroid Hormone Receptor-like

| Group A: Thyroid hormone receptor (Thyroid hormone)

Group B: Retinoic acid receptor (Vitamin A and related compounds) - APO: NR1C3 (PPAR)

Group C: Peroxisome proliferator-activated receptor

. HOLO(+): NR1A2 (TR)

Group D: Rev-erb

Group F: Retinoid-related orphan receptor
Group H: Liver X receptor-like

Group I: Vitamin D receptor-like

. HOLO(-): NR1C1 (PPAR)

Subfamily 2: Retinoid X Receptor-like
Group A: Hepatocyte nuclear factor-4 (HNF4)
| Group B: Retinoid X receptor (RXRa)
Group C: Testicular receptor
Group E: TLX/PNR
Group F: COUP/EAR

. APO: NR2B1 (RXR)
. HOLO(+): NR2B1 (RXR)
. HOLO(-): ?

Subfamily 3: Estrogen Receptor-like (Steroid hormone receptor)

. APO: NR3B3

| Group A: Estrogen receptor (Sex hormone receptors; sex hormones: Estrogen) HOLO(+): NR3A1

|Group B: Estrogen related receptor|
Group C: 3-Ketosteroid receptors

. HOLO(-): NR3Af1

A\



Structural conservation through families

Subfamily 1: Thyroid Hormone Receptor-like

APO: 1prg.pdb (R=2.4 A) HOLO(+): 1n46.pdb (R=2.2 A) HOLO(-): 1kkg.pdb (R=3.0 A)

Subfamily 2: Retinoid X Receptor-like

APO: 1lbd.pdb (R=2.4 A) HOLO(+): 1fby.pdb (R=2.25 A)
Subfamily 3: Estrogen Receptor-like (Steroid hormone receptor)

APO: 1kv6.pdb (R=2.7 A) HOLO(+): 3erd.pdb (R=2.03 A) HOLO(-): 1err.pdb (R=2.6 A)



LBD 3D structures

» The 3D structures of crystallised LBDs superimposed showed that the overall
structures of the LBDs of different nuclear receptors are similar, revealing a
canonical fold for the nuclear receptor LBD.

STAMP code:

Alignment score Sc: 1.60

Alignment length Lp: 324
RMSD: 3.83




ClustalW sequence alignment

JLUSTAL Wil.608) multiple sequence alignment

lerrf
1fbya
lkkga
lkwEa
Ilhbd

1ndEA
lprgh
Zerdd

lerrf
1fbya
1kkqa
1kvEl
11hd

1nd6d
lprogh
Zerd

lerrf
1fbya
1kkqa
lkwia
1lbd

1ndGA
lprgh
Jerd

lerrf
1fbya
lkkga
lkwEa
Ilhbd

1ndEA
lprgh
Zerdd

lerrf
1fbya
1kkqa
1kvEA
Ilbd

1ndGAR
lprogh
Zerd

oo 5 ALSLTADONYSALLD - -- - - - AEPPILYSE
------------------------------- SSANEDMPYERILE - - - - - - AELAVEP - -
~TADLKSLAKRIYEAYLKNFNHNKYKARYILSGKASNNPPEYT HONETLCHAEKTL VAKL
------------------------------------ NKIVSHLLY - - - - - - AEPEKIYAN
----------------------- SANEDMPYERILE- - - - - - AELAWEPKT
KPEPTDEEWELTKTWTEAHYATHAGHKOKRKFLP - - - - - - EDIGOAPIV

ESADLRALAKHLYDSYIKSFPLTHAKARAILTGKTTOKSPFVIYDNNSLANGEDKI KFKH
............................ SLALSLTADONYSALLDD- - - - - AEPPILYSE

------ PFSEASHMGLLTNLADRELYHNI NWAKR.- ¥PGFYOLTLHDOWHLLEC &
............... DPYTNICOAADKOLFTLYEnAKR - IPHFSELPLODOYILLRAGH

¥POSDIKALTTLCOLADRELYYIIGWAKH - IPGFSTLSLADOMSLLOS SN
ETYYEANMGLNPSSPNDPYTNI COARDKOLFTLYEWAKR - IPHFSELPLODOYILLRAGH

NAPEG------ GKYDLEAFSHFTKIITPAITRYYDFAKK - LPMFCELPCEDQIILLEGCC
ITPLO-- - -EQSKEVAIRIFOGCOFRSYEAYOEITEY AKSIPGFYNLOLNDOYTLLEY GY

YOPTR------ PFSEASMMGLLTNLADRELYHMI NWAKRRYPGFYDLTLHDOWHLLEC A

I HOEHOKE

LEILNIGLVWRSHEHPGKLLFAFNLLLDRNOGKCYEGHYEIFD - HLLAT SSRFRAMNLOG
NELLIASFSHRSIAVKDGILLATGLHYHRN- SAHSAGYGATFORYLTELYSKMRDMONDK
YEATFAMLSSYMNKDGHLYAY GNGFITREFLK SLRKPFCDIME - PKFDFANKFNALELDD
MEILILGYVYRSLSFEDELWYADDYINDED - QSKLAGLLOLNN- ATLOLYEKYKSHELEK
NELLIASFSHRSIAVKDGILLATGLHYHRN- SAHSAGYGATFORYLTELYSKMRDMONDK
WEINSLRARYRYDPESETLTLNGERAYTRG - QLENGGLGYYSD - ATFOLGHSLSSFNLDD
HEITYTHLASLANKDGYLI SEGQGFAT REFLKSLRKPFGDFME - PKFEFAYEFNALELDD
LEILNIGLVWRSHEHPGKLLFAPNLLLDRNOGKCYEGHYEIFD - HLLAT SSRFRMMNLOG

w

EEFVCLKSIILLNSGYYE--------- EKDDHIHRYLDKITOTLIHLMAKAGLTLOOOHD
TELGCLRAIYLFNPDSKG---- - --- LSNPREVEALREKYYASLEAY CHHE - - -YPEQPG
SDISLFYARIICCGDRPG- - - - - - - - LLNWGHIEKMOEGI WHYLRLHLQSN - - -HPDDIF
EEFY¥TLKAIALANSDSMH- - - - - - - - IEDYEAYOKLODYLHEALODYEAGR - - -HMEDPR
TELGCLRAIYLFNPDSKG- - - - - - - - LSNPAEVEALREKYYASLENYCKHE - - -YPEQPG
TEVALLOAYLLWSSDRPG-- - - - - - - LACYERIEKYQDSFLLAFEHYINYR.- - - KHHYTH
SOLAIFIAYIILSGDRPG-------- LLN¥KPIEDIQDNLLOALELQLKLN- - -HPESSQ

EEFVCLESTILLNSGYYTFLSSTLESLEEKDHIHRYLDKEITOTLIHLMAKAGLTLOOOHD

RLAOLLLILSHIRHMSNKGMEHLYSM . - - - - - PLYDLLLEMLDAH- - - - -
RFAKLLLRLPALRSI GLKCLEHLFFFKLIGOTPIDTFLMEMLEAP - - - - -
LFPKLLOKMADLRALYT - - - EHAOL YOI TKKTESDAAL HPLLOETYROMY
RAGKMLMTLPLLRAT STKAYOHFYNI KLEGKYPNHKLFLEMLEA.- - - - --
RFAKLLLRLPALRSI GLKCLEHLFFFKLIGOTPIITFLMEMLEAPHONT -
FHPKLLMKYTDLRNI A - - - CHASRFLHMKYECPTELFPPLFLEVFED- -
LFAKLLOKNTDLRAT YT - - - EHYOLLOVIKKTETDMSLHPLLOET YKL -
RLAOLLLILSHIRHNSNKGMEHLY SMKCKNYYPLYDLLLEMLDAHRL - - -
£ w

W

« Homology or Remote

homology?

All human

A\
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\3A1sequence and structural alignmen

CLUSTAL W(1l.60) multiple sequence alignment

1gS0A
1gwagh
gkt a
11214
laS2A
SerdA

1gS0A
1gwagh
gkt a
11214
laS2A
SerdA

1gS0A
1gwagh
gkt a
11214
laS2A
SerdA

1gS0A
1gwagh
gkt a
11214
laS2A
SerdA

1gS0A
1gwagh
gkt a
11214
laS2A
SerdA

« Great identity in sequence and structure -> Homology

---NSLALSLTADQMVSALLDAEPPILY - SEYDPTRPFSEASMMGLLTNLADRELVHMIN
SKKNSLALSLTADQMVSALLDAEPPILY------ SEPFSEASMMGLLTMNLADRELVHMIN
---NSLALSLTADQMVSALLDAEPPILYS- EYDPTRPFSEASMMGLLTNLADRELVHMIN
----SLALSLTADOMVSALLDAEPPILY SSEYDPTRPFSEASMMGLLTNLADRELVHMIN
----- LALSLTADQMVYSALLDAEPPILY SEEYDFTRPFSEASMMGLLTNLADRELVHMIN

----SLALSLTADQMVSALLDDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMIN
o * RS R R

WAKR-VPGFVDLTLHDQVHLLEC - AWLEILMIGLVWRSMEHPGKLLFAPNLLLDRNOGKC
WAKR-VPGFVDLTLHDQWYHLLEC - AWLEILMIGLVWRSMEHPGKLLFAPNLLLDRNOGKC
WAKR-VPGFVDLTLHDOVYHLLES - AWLETL MIGLVWRSMEHPGKLLFAPNLLLDRNOGKS
WAKRRVPGFVDLTLHDOVHLLECCAWLETL MI GLVWRSMEHPGKLLFAPNLLLDRMNQGK -
WAKR- VPGFVDLTLHDOWHLLEC - AWLEILMIGLVWRSMEHPGKLLFAPMLLLDRNQGKC
WAKRRVPGFVDLTLHDQVYHLLEC - AWLETILMIGLVWRSMEHPGKLLFAPNLLLDRNOGKC
R o RN o oo Ko

VEGMVEIFOMLLATSSRFRMMMLOQGEEFVCLKSIILLNSGVY TFLSSTLKSLEEKDHIHR
VEGMVEIFDMLLATSSRFRMMMLOQGEEFVCLKSIILLNSGVY TFLSSTLKSLEEKDHIHR
VEGMVEIFDMLLATSSRFRMMMLOQGEEFVCLKSTIILLNSGVYTFLSSTLKSLEEKDHIHR
VEGMVEIFDMLLATSSRFRMMMLOGEEFVCLKSTILLNSGVY - - - ---- - - LEEKDHIHR
VEGMVEIFDMLLATSSRFRMMNLOGEEFVCLKSIILLNSGVY TFLSSTLKSLEEKDHIHR

VEGMVEIFOMLLATSSRFRMMMLOQGEEFVCLKSIILLNSGVY TFLSSTLKSLEEKDHIHR
o o 8 0 8 8 o 8 Ko Ok

VLDKITOTLIHLMAKAGLTLOQGQHOR- LAQLLL ILSHIRHMSNKGMEHLY SMKCKNVVPL
VLDKITOTLIHLMAKAGLTLOQQHOR- LAQLLL ILSHIRHMSNKGMEHLY SMKCKMYVPL
VLDKITOTLIHLMAKAGLTLOQOQHOR- LAQLLL ILSHIRHMSNKGMEHL Y SMKSKNVVPL
VLDKITOTLIHLMAKAGLTLOQOHORLAQLLL ILSSHTIRHMSNKGMEHL Y SMKCKNYVPL
VLDKITOTLIHLMAKAGLTLOQOHHERL AQLLLILSHIRHMSNKGMEHLY SMKCKNYVPL
VLDKITOTLIHLMAKAGLTLOQGQHOR- LAQLLL ILSHIRHMSNKGMEHLY SMKCKNVVPL
o KOO AR o O | oKk

YOLLLEMLDAHRLH-
YOLLLEMLDAHR- - -
YOLLLEMLDAHRLHA
YOLLLEMLDAH- - - -
YOLLLEML-------
YOLLLEMLDAHRL - -
Ak

* STAMP RMSD: 0.44

All human
A\



Searching homologues with psi-blast

. We perfomed the search with THYROID RECEPTOR B (NR1A2)

Results from round 3

Sequences producing significant alignments:
Sequences used in model and found again:

pdb | 165X | 185¥-A thyroid hormone receptor betafragment: ligand bi...

pdb|1FME| LFME-A retinoic acid receptor rxr-alphafragment: ligand. ..
pdb|1FMZ|1FM3- A retinolc acid receptor rxr-alphafragment: ligand. ..
pdb | 1K74|1K74-A retinoic acid receptor rxr-alphafragment: ligand...
pdb|1LBD|1LBD retinoid x receptorfragment: histidine tag plus do...
pdb|1G1U|1G1U-A retinolc acid receptor rxr-alphafragment: ligand. ..
pdb | 1G5Y | 1G5Y-A retinoic acid receptor rxr-alphafragment: ligand...
pdb|1G1U|1GLU-B retinoic acid receptor rxr-alphafragment: ligand...
pdb | 1G5Y|1G5Y-B retinolc acid receptor rxr-alphafragment: ligand...
pdb|1G1U|1G1U-C retinoic acid receptor rxr-alphafragment: ligand...
pdb | 1G5Y | LGSY-C retinoic acid receptor rxr-alphafragment: ligand. ..

pdb | 1DKF| LDKF-B
pdb|1DE1|10B1- A
pdb | 1LIES| LIES- A
pdb | 1IES|1IE9- A
pdb | 1DKF| LOKF- &

pdb | LEXA| LEXA- A
pdb | LEXX | 1EXX- A
pdb | IFCY | 1FCY - A
pdb | LFCX | 1FCX- &
pdb | 1FCZ|1FCZ- A
pdb | 1ILG|1ILG- A
pdb | 1ILH|1ILH- A&
pdb | IFBY | 1LFEY - A
pdb | 1IFEY | 1FEY - B
pdb| 1KKQ| LKKQ- A
pdb | IK7L | 1K7L- A
pdb | 1GWX | 1GNX - B

retinoid x receptor-alphafragment: ligand-bindin...
vitamin d nuclear receptorfragment: ligand bindi...
vitamin d3 receptor(l,25-dihydroxyvitamin d3 rec...
vitamin d3 receptor{l,25-dihydroxyvitamin d3 rec...
retinold x receptor-alphafragment: ligand-bindin...
pdb | 2LBD| 2LBD retinoic acid receptor gammafragment: lbd (ligand-...
pdb|3LBD|3LBD retinoic acid receptor gammafragment: lbd, ligand-...
pdb | 4LBD| 4LBD retinoic acid receptor gammafragment: lbd, ligand-...

retinoic acid receptor gamma-Z2fragment: ligand b...
retinoic acid receptor gamma-2fragment: ligand b...
retinolc acid receptor gamma-lfragment: ligand b...
retinoic acid receptor gamma-lfragment: ligand b...
retinoic acid receptor gamma-lfragment: ligand b...

orphan nuclear receptor pxrfragment: ligand bind...
orphan nuclear receptor pxrfragment: ligand bind...
retinoic acid receptor rxr-alphafragment: ligand...
retinolc acid receptor rxr-alphafragment: ligand...
peroxisome proliferator activated receptorfragme. ..
peroxisome proliferator activated receptor alpha...

ppar-deltaftragment: ligand binding domain;

Score
(bits)

321
278
278
278
277
277
277
277
277
277
277
271
263
263
262
262
262
262
262
261
261
261
260
260
258
258
255
255
244
244
239

E
Value

le-ga
2e-75
2e-75
2e-75
2e-75
2e-75
2e-75
3e-75
3e-75
3e-75
3e-75
2e-73
Se-71
Se-71
7e-71
ge-71
8e-71
le-70
le-70
le-70
le-70
2e-70
2e-70
2e-70
Se-70
Se-70
Se-69
2e-68
2e-65
2e-65
Ge- 64

Psi-blast against pdb_seq

It matches with NR1B (RAR)
NR1I (VIT. D), NR1C (PPAR) all

groups of the same subfamily ->
homologous



Secondary structure

* The LBD domain forms a defined globular structure in which eleven to twelve helices
are arranged together in an antiparallel, three-layered sandwich, which also includes 2-4
beta-strands.
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Apo- Vs Holo-structures

. The holo-structures are more compact than the apo-structures, demonstrating that
binding of ligand induces a conformational change in the LBD.

APO HOLO
Unliganded-structure Liganded-structure




Holo-structures

 In all holo-structures the ligand binds to a hydrophobic cavity buried within the
core of the LBD.

« The ligand becomes an integral part of the hydrophobic core stabilising its 3D
structure.

. Hydrophobic aa

B Hydrophiic aa

Ligand




Holo-structures

« Ligand recognition is achieved through a combination of especific hydrogen
bonds and the complementarity of the binding cavity to the non-polar ligand:

—  The binding of estrogens (i.e. estradiol) to ER is by means of the key aa
Glu353, Arg394 and Hys524 and the two hydroxil groups of the ligand.

—  The architecture of the pocket is rigid and only accommodate planar structures.

Crucial conserved aa

Ligand




LBD helix 12 (H12)

[ELUsSTAL W(1.60) miltiple sequence alignment
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err
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1hbd
nd&
fhy
kws
ard
arr
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Thd
nde6
fhy
kv
erd
err
prg
kkq

ESADLRALAKHLYDSYIKSFPLTKAKARAILTGKTTD - -KSPFYIYDMNSLMA - GEDKIK
-TADLKSLAKRIYEAYLKNFNMNEYKARYIL - - SGKASNNFPFYIHDMETLCHAE - - - KT

KPEPTDEE-W-E-LIKTYT--

-------------- SSANEDM -PYERIL - - a5
-------------------------------- (TS '
------------------------ SLALSLTAD-0- -M¥SALL - -« -« remmevamnn
-------------------------- ALSLTAD - Q- -H¥SALL- - - -« o remeemane
FH-HI - - - -TPLOEOSKEVAIRIFOGC- - - - - - 0- FRSYEAVOEITEY AKST PGFYNLOL
LYAKLYANGID- - - -NKEAEVRIFHCC- - - - - 0- CTSYETYTELTEFAKAT PGFANLDL

NDONTLLKYGYHEIIYTHLAS - - - - - [lccatanaan000000 000000000 0008008
NDONTLLKYGYYERIFANLSS - - - - - | Boeat00ae0000000 0000008000 0008608

------ DPYTNICORADKOLFTLY - - - -- -E- -W-AKRIPHFSE -LPLDDOYILLRAGWN
GGKYOLEAFSHFTKIITPAITRYY - - - - - - D--F-AKKLPMFCE -LPCEDQITLLKGCCH
------ DPYTNICORADKOLFTLY - - - -- -E- -W-AKRIPHFSE -LPLDDOYILLRAGWN
---SDIKALTTLCDLADRELWYII - ----- G- -W-AKHIPGFST -LSLADOMSLLOSAWM
- - -SEASMMGLLTNLADRELWHMI - - - - - - N--W-AKR¥YPGFYD -LTLHDOWHLLECAWL

- - -SEASMMGLLTNLADRELYHMI - - - - - - N- -~ BKRYPGFYD - LTLHDOVHLLECEWL
- - NNKD - GYLISEGOGFMTRE- - - - - - FLKSLRKPFGDFNEPKFE
----------------- HNKD- GHLYAYGNGFITRE - - - - - - FLESLRKPFCOINERKFD

ELLIAS- - ---WK-DGI-LLA
EIMSLR- - --PES-ETL-T-L
ELLIAS- - --¥W-K-DGILL-A
EILILG-- --F-E-DELY--Y
EILMIG- - --H-P-GKLL--F
EILMIG- - --H-P-GKLL--F

FAYKFNALELDDSDLAIFIAYIILSGDRPGLLNYKPIEDI QDNLLOALELOLKL - - - - - -
FAMEFNALELDDSDISLFYARI I CCGDRPGLLNYGHIEKMOEGI YHYLRLHLAS - - - - - -

« Mutational analysis of the LBDs of several
nuclear receptors revealed a conserved
segment in the most carboxy-terminal part of
the LBD.

« This highly conserved LBD region was
shown to be essential for the ligand-dependent
activation of transcription and is named
activation function 2 core motif (AF-2).

Thd T-GLHYHRNSAHS - AGYGALF - DRY - LTELYSKMRDMONDKTELGE - - LRAIYL- -FN-P
ndh NGEMAWTRGOLENG - GLGYYS - DAT - FOLGMSL - SSFNLDDTEWAL - -LOAYLL - -WS-5
fby T-GLHYHRNSAHS - AGYGALF - DRYLTELYSKM - ROMOMDKTELGL - - LRAIYL - FNP - -
kvi ADDYIMDEDQSKLA - GLLOLN-NAIL - QLWKKY - KSMEKLEKEEFYT - - LKATALAN-5-D
erd APNLLLDRNQGKCYEGHYELF - DMLL - ATSSRF - RMMNLOGEEFYC - - LKSIILLN-5-G
arr APNLLLDRNQGKCYEGHYELF - DMLL - ATSSRF - RMMNLOGEEFYC - - LKSIILLN-5-G
prg ----NH--PE------ S5-0LFAK--LLO-K--------------- MTD-LRQIY-TEHY
kkg ----NH--PD------ DI-FLFPK--LLO-K--------------- MAD-LROLY -TEHA
T1hd D5-K------- GLSNPREY- - -E- -ALR- - -E-K¥-YASLEAYCK -HKYP - - - - - EOPGR
ndk DRP-G------- LACYERI - - -E--KY0)- - -D-5F-LLAFEHYT - -NYRK - -H-HW¥T -HF
fhy DSK-G------- LSNPREY- - -E- -ALR- - -E-K¥-YASLEAYCK -HKYP - - -E- QP -GR.
kv -SMH-I------- EDYEAY---0--KLO---D-¥L-HEALQODYEA - GOHME- - -0-P-RR.
ard WYTFLSSTLKS-LEEKDHI - - -H- -R¥L- - -0-KI -TOTLIHLMA - -KAGLTLOQQH - OR
1 WYEEKDHI - - -H- -R¥L---D-KI-TDTLIHLMA- -KAGLTLOQOH- QR
Prg e QLLOW-IKKTETDM-5- - -LHPLLO-E------ IYKDL----------
kkg el OLYOI -IKKTESDA - ALHPLLOEIY -R---- - - 1} T
Lhd FAKLLLRLPALRSIGLKCLEHLFF------- FKLIG[JTPIDTHEIIT- --
ndb WPKLLMEYTOLRMI GACHAS - - RFLHMKNE - CPFTELFPP - Ljplehihblly - - - - - - - - -
fhy FAKLLLRLPALRSIGLKCLE- -HLFFFELIGOTP-ID-T-FEMEMLE- $4P- - - - - - -
kwi AGKHLMTLPLLROTSTKAYQ - - HFYNIKLEG- KW - PHHEL - FLEMLER { -
ard LAQLLLILSHIRHMSNEGHE - - HLY SMECKN - ¥ - PLYDLLE LEMLDARRL - - - - - -
arr LAQLLLILSHIRHWSNEGHE - -HLY - - - - - - - - - - - - - - - LLEMLORH
T T LR e LI
Kk e



LBD helix 12 (H12)

*This conserved region was predicted to be an amphipathic helix which was later
confirmed by the many solved LBD crystal structures.

ICLUSTAL W(1.60) multiple sequence alignment

lerrA.outSeq ALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMINWAKRVPG
lerrA.outSS  -TT- - HHHHHHHHHHH- - - - - - - SS- - - S5 - - HHHHHHHHHHHHHHHHHHHHHHHT TSTT

lerrA.outSeq FVDLTLHDQVHLLECAWLETLMIGLVWRSMEHPGKLLFAPNLLLDRNQGKCYEGMVETFD
lerrA.outSS  GGGS - HHHHHHHHHHHHHHHHHHHHHHHHT TSTTEEEEET TEEEEHHHHTTSTT - HHHHH

lerrA.outSeq MLLATSSRFRMMNLQGEEFVCLKSIILLNSGVYGEEKDHIHRVLDKITDTLIHLMAKAGL
lerrA.outSS  HHHHHHHHHHHHT - - HHHHHHHHHHHHHHSS - - - -HHHHHHHHHHHHHHHHHHHHHHTT -

lerrA.outSeq TLQQQHQRLAQLLLILSHIRHMSNKGMEHLYSMEPLYDLLLEMLDAH
lerrA.outSS  -HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH - §- HHHHHHHHHHH -

The last Helix




LBD helix 12 (H12)

« The position of helix 12 differs in unliganded and liganded LBDs:

B Apo-NR
B Holo(+) - NR
B Holo(-) -NR

STAMP code:

Alignment score Sc: 6.56

Alignment length Lp: 244
RMSD: 1.79

. This most C-terminal helix of the LBD is able to act as a molecular switch changing its
position depending on ligand-binding.



Agonist/antagonist-induced conformation

* In holo-receptors, changes depending on which type of ligand (agonist and
antagonist) is bound to the LBD:
« Agonists Ligands: ligands that fit into the hormone-binding pocket and trigger
conformational changes in the LBD, which are suitable for activation.
« Antagonists Ligands: ligands that disrupt the basic structure of the LBD or change
the position of H12 needed for binding co-activators.

Antagonist

Agonist




Agonist/antagonist-induced conformation

* In holo-receptors the position of H12 also changes depending on which type

of ligand (agonist and antagonist) is bound to the LBD.

Agonist

Antagonist




Agonist-bond structure

* H12 localises against helices 3 and 11 forming one side of a hydrophobic
coactivator-binding surface -> which allows recruitment of an LXXLL containing

helix (the leucine-rich motif for interaction between NR co-activators (NCoAs) and
NR).

. Hydrophobic aa

. Hydrophilic aa

NCoA




Interaction NR-coactivator

» Interaction between NR — NCoA: The leucine-rich motif from co-activator is
bond to the hydrophobic groove on the LDB by hydrophobic interactions of its
leucines with the hydrophobic pocket of the receptor.

. Hydrophobic aa

. Hydrophilic aa

Co-activator

Ligand




Interaction NR-coactivator

» A lysine residue at the C-terminus of H3 and a glutamate in H12 are hydrogen-bonded
to the peptide bonds in the motif that stabilises the interaction: Charge Clamp

Helix 3
LXLL . Helix 12
motif

NCoA




Conservation of residues
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 Structural conservation for key residues to
the interaction with co-activator.

« |t can observe the conservation through
the families.
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Antagonist-bond structure

* In the antagonist-bond structures: H12 has a hydrophobic face homologous
to the LXXLL motif that may block the interaction of co-activators and allow for
co-repressor binding.

LXXLLLXXL




Summary

d The C-terminal ligand-binding domain, whose overall architecture is
well conserved between various family members, nonetheless diverges
sufficiently to guarantee selective ligand recognition.

d The positioning of H12 is crucial for receptor activation.

d The activation of AF-2 is induced by the interaction with a ligand that
changes the domain to more active conformations in the case of agonists
and inactive in the case of antagonists.

O Ligand-dependent exchange of corepressors (gene repression) for
coactivators (gene activation) and vice versa is the basic mechanism for
nuclear receptor mediated regulation of transcription.
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