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2. Supplementary Figures and Legends, Tables and Experimental Procedures
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Q-site Vol. A3 Pocket Vol. A3
S1 271 P1 208
S2 254 P2 49
S3 153 P3 38
S4 158 P4 31
S5 158 P5 28
S6 134 P6 26
S7 114 P7 25
S8 111 P8 24
S9 113 P9 19
S10 110 P10 19

Figure S1: In silico analysis of COUP-TFII LBD interaction potential. Ligand binding sites (A to F)
and pockets (B, D and F) in COUP-TFII LBD (3cjw) were predicted by Q-site Finder and Pocket
Finder respectively. Protein-protein interaction surfaces (E) were predicted by PPI-Pred. Ligand
binding sites are colored in blue, pockets in yellow, and the 3 predicted protein-protein interaction
surfaces in yellow, green and red repectively. A and C, as well as B and D, show identical prediction
data with a 45° rotation of the protein between two views. The volume of the 10 predicted ligand

binding sites and the 10 determined pockets are indicated in G.



COUP-TFII cavity

COUP-TFII cavity

Figure S2: Comparative analysis of COUP-TFII (3cjw), RXRa (1xdk), HNF4ca (1m7w), PNR (4log)
and TR4 (3p0Ou) LBD structures. (A) Surface view of COUP-TFIlI LBD superimposed with ribbon
views of RXRa and HNF4a LBDs. Superimposed structures of COUP-TFII LBD is shown in grey,
RXRa LBD in kaki and HNF4a LBD in orange. (B) Superimposed ribbon views of the 3 NR LBDs.
Note that the surface cavity (arrow) found in COUP-TFIl LBD structure does not exist in RXRa and
HNF4ao since this volume is occupied by residues of helix a3 (A and B). Color code is as in A. (C)
Surface view of COUP-TFII LBD (grey), superimposed with ribbon views of RXR (blue), PNR (pink)
and TR4 (red) LBDs. Note that only RXR residues fill the space corresponding to the COUP-TFII

cavity.
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Figure S3: Quantification of gel shift experiments. DNA binding of COUP-TFIl wt or C213A was
analysed by gel shift assays in the presence of increasing concentrations of 4-MNol (left panel) or DTT

(right panel). Images were analysed with the software Image J. Results show the mean +/- SEM of

three independent experiments.



Chemscore AG

4-MNol 16.88 -20.48
Russig’s blue 20.39 -25.93

Figure S4: Docking of Russig’s blue in COUP-TFII surface pocket. Russig’s blue was docked in
COUP-TFII LBD cavity with Gold software (Chemscore) and data were visualized with Chimera (A).
Residues predicted to establish contact are labeled. Pseudobonds are indicated as green lines. (B)
Scores and binding energies (kcal/mol) resulting from top solutions from the virtual docking of 4-MNol
and Russig’s blue into static COUP-TFII LBD (3cjw).



Protein nomenclature resolution & ligand Cavi Cavity volume A* CoAct/CoRep PDB Reference

ERR1 NR3B1 [255) none Yes 100 PGC-1 1xb7 Kallen et al. 2004
ERR3 NR3B3 2.7 none Yes 220 Src-1 1kvé Greschik et al. 2002
LXR alpha NR1H3 2.90 T0901317 Yes 700 to 800 NCoA2 1uhl Svensson et al. 2003
LXRbeta NR1H2 2.8 epoxycholesterol Yes 560 to 1090 Src-1 1p8d Williams et al. 2003
ROR alpha NR1F1 1.63 cholesterol Yes 722 none 1n83 Kallen et al. 2002
ROR beta NR1F2 2.10 ATRA Yes 766 Src-1 1n4h Stehlin-Gaon et al. 2003
ROR beta NR1F2 1.90 stearic acid Yes 766 Src-1 1k4w Stehlin et al. 2001
ROR gamma NR1F3 2.4 hydroxycholesterol Yes Src-2 3lol Jin et al. 2010

ER alpha NR3A1 2.4 E2 Yes 490 Tif2 lgwr Warnmark et al. 2002
ER beta NR3A2 2.1 E2 Yes 390 NCoAS5 2j7x Pike et al. (PDB only)
FXR NR1H4 2.5 CDCA Yes 726 none losv Mi et al., 2003

LRH-1 NR5A2 2.40 none Yes 820 none 1pk5 Sablin et al. 2003
LRH-1 NR5A2 1.90 Phospholipid Yes 820 SHP 1lyuc Ortlund et al. 2005
PXR NR1I2 2.52 none Yes 1290 to 1540 none lilg Watkins et al. 2001
PXR NR1I2 2.80 T0901317 Yes 1334 Src-1 209i Xue et al. 2007

PPAR alpha NR1C1 3.00 GW6471 Yes 1400 SMRT 1kkq Xu et al. 2002

PPAR gamma NR1C3 1.99 ROO p. ag. Yes 1400 Src-1 2fvj Burgermeister et al. 2006
PPAR delta NR1C2 2.50 EPA Yes 1300 none 1gwx Xu et al. 1999

SF-1 NR5A1 1.50 Phospholipid Yes 1600 SHP 1yp0 Li et al. 2005

AR NR3C4 1.89 R1881 antag. Yes 450 to 850 Tif2 2a06 He et al. 2004

RXR alpha NR2B1 2.7 none Yes none 1lbd Bourguet et al. 1995
RXR alpha NR2B1 2.25 9-cis RA Yes 489 none 1fby Egea et al. 2000

RXR alpha NR2B1 1.90 BMS 649 Yes 476 NCoA2 imzn Egea et al. 2002

RXR alpha NR2B1 1.90 DHA Yes 528 NCoA2 1imv9 Egea et al. 2002

RXR beta NR2B2 2.70 LG100268 Yes 568 none 1h9u Love et al. 2002

RXR gamma NR2B3 2.40 none Yes none 2gl8 Schuetz et al. (PDB only)
usp* NR2B4 2.40 phosphatidic acid Yes 1300 none 1hg4 Clayton et al. 2001
DHR38* NR4A4 2.40 none NO N/A none 1pdu Baker et al. 2003
VDR NR1I1 2.65 calcitriol an. Yes 870 Src-1 2hbh Rochel et al. 2007
RAR alpha NR1B1 2.50 TTNPB Yes none 1dkf Bourguet et al. 2000
RAR beta NR1B2 2.10 TTNPB Yes 503 none 1xap Germain et al. 2004
RAR gamma NR1B3 1.47 BMS184394 Yes 418 none 1fex Klaholz et al. 2000
RAR gamma NR1B3 2.06 ATRA Yes 430 none 2lbd Renaud et al. 1995
MR NR3C2 1.96 deoxycorticosterone Yes none 1yor Fagart et al. 2005

PR NR3C3 1.45 norethindrone Yes 480 none 1sgn Madauss et al. 2004
Nurrl NR4A2 2.20 none NO N/A none lovl Wang et al. 2003
NGF-IB/Nur77 NR4A1l 2.40 none NO N/A none lyje Flaig et al. 2005

CAR NR1I3 2.70 pregnanedione Yes 675 Src-1 1xv9 Xu et al. 2004

TR alpha NR1A1 2.5 TRb1 agonist Yes 550 none 1nav Ye et al. 2003

TR betal NR1A2 2.7 TRb1 agonist Yes 550 none 1nax Ye et al. 2003

GR NR3C1 2.50 dexamethasone Yes 599 Tif2 1m2z Bledsoe et al. 2002
EcR* NR1H1 3.07 ponasterone Yes 766 none 1z5x Carmichael et al. 2005
HNF4 alpha NR2A1 2.1 stearic acid Yes 370 Src-1 1pzl Duda et al. 2004
HNF4 gamma NR2A2 2.70 palmitic acid Yes 626 none 1lv2 Wisely et al. 2002
REV-ERB alpha NR1D1 2.6 none/heme NO/yes NCoR 3n00 Phelan et al. 2010
REV-ERB beta NR1D2 2.40 none NO/yes 53 and 26 NCoR 2v7c Woo et al. 2007
COUP-TFII NR2F2 1.48 none NO N/A none 3cjw Kruse et al. 2008
TR4 NR2C2 3.0 none NO N/A none 3p0u Zhou et al. 2011

PNR NR2E3 2.8 none NO N/A Src-1 4lo Tan et al. 2013

Uncrystallized mammalian receptors: COUP-TFI, ear 2, GCNF, TR2, TLX, ERR2, MINOR, DAX, SHP

* indicates drosophila receptors p. ag.: partial agonist, antag.: antagonist, an.: analogue N/A: not applicable

Supplementary Table I: Nuclear receptor LBD crystallization data. * indicates drosophila
receptors, p. ag.: partial agonist, antag.: antagonist, an.: analogue, N/A: not applicable. Nuclear
receptor LBD with ligand binding pockets under 100 A® or without detectable ligand binding pockets
have been highlighted in grey. The CoAct/CoRep column indicates the name of coactivators and
corepressors from which peptides have been derived and used for co-crystallization experiments with

various LBDs.



Supplementary Experimental Procedures

List of oligonucleotides used for COUP-TFIl mutagenesis (Proligo)
1212A up: 5-CATGGGTATCGAGAACGCTTGCGAACTGGCCGCG-3’
1212A down: 5-CGCGGCCAGTTCGCAAGCGTTCTCGATACCCATG-3’
W249A up: 5-CTGCTTCGCCTCACCGCGAGCGAGCTGTTTGTG-3’
W249A down: 5-CACAAACAGCTCGCTCGCGGTGAGGCGAAGCAG-3’
F253A up: 5-CACCTGGAGCGAGCTGGCTGTGTTGAATGCGGCG-3
F253A down: 5-CGCCGCATTCAACACAGCCAGCTCGCTCCAGGTG-3’
F288A up: 5-GACCGGGTGGTCGCCGCTATGGACCACATACGG-3’
F288A down: 5-CCGTATGTGGTCCATAGCGGCGACCACCCGGTC-3’
H291A up: 5-GTCGCCTTTATGGACGCCATACGGATCTTCCAAGAGC-3’
H291A down: 5-GCTCTTGGAAGATCCGTATGGCGTCCATAAAGGCGAC-3
F295A up: 5-GGACCACATACGGATCGCCCAAGAGCAAGTGGAG-3’
F295A down: 5-CTCCACTTGCTCTTGGGCGATCCGTATGTGGTCC-3’
C213A up: 5-GGGTATCGAGAACATAGCTGAACTGGCCGCGAGG-3

C213A down: 5-CCTCGCGGCCAGTTCAGCTATGTTCTCGATACCC-3’

List of oligonucleotides used for RT-qPCR (Sigma)
ApoAl up: 5-TTCTGGCAGCAAGATGAACCC-3’
ApoAl down: 5-TCAGGCCCTCTGTCTCCTTTT-3’
Cyp7a1 up: 5-GCAATGAAAGCAGCTACTGAA-3
Cyp7a1 down: 5-GTGCATTAACTGTGGGTAAAG-3’
COUP-TFIl up: 5-GCCATAGTCCTGTTCACCT-3’
COUP-TFII down: 5-GCACACTGAGACTTTTCCTG-3'
RSP28 up: 5-CGATCCATCATCCGCAATG-3’

RSP28 down: 5-~AGCCAAGCTCAGCGCAAC-3’



List of oligonucleotides used for TagMan Gene Expression Assays (ThermoFisher Scientific)
Pparg: Mm00440940_m1 probe
Adipoq: Mm00456425_m1 probe

Rn18S: Mm04277571_s1 probe
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Name

1-(7-methoxybenzofuran-2-yl)ethanone

6-methoxy-2-nitrobenzofuran

7-ethoxybenzofuran-2-carboxylic acid

benzofuran-2-carboxylic acid

3-methylbenzofuran-2-carboxylic acid

7-methoxybenzofuran-2-carboxylic acid

Ethyl 7-methoxybenzofuran-2-carboxylate

2-(6-methoxy-1-benzofuran-3-yl)acetic acic

3-nitrobenzofuran-5-ol

7-methoxy-2-nitrobenzofuran

4-methoxy-2-nitronaphtho[2,1-b]furan

2-nitronaphtho[2,1-b]furan

7-methoxy-2-nitronaphtho[2,1-b]furan

3-methyl-2-nitro-5,6,7,8-tetrahydronaphthi
[2,3-b]furan

Characteristics

Chemical Formula: C11H1003
Exact Mass: 190,06

Chemical Formula: C9H7NO4
Exact Mass: 193,04

Chemical Formula: C11H1004
Exact Mass: 206,06

Chemical Formula: C9H603
Exact Mass: 162,03

Chemical Formula: C10H803
Exact Mass: 176,05

Chemical Formula: C10H804
Exact Mass: 192,04

Chemical Formula: C12H1204
Exact Mass: 220,07

Chemical Formula: C11H1004
Exact Mass: 206,06

Chemical Formula: CBH5NO4
Exact Mass: 179,02

Chemical Formula: C9H7NO4
Exact Mass: 193,04

Chemical Formula: C13H9NO4
Exact Mass: 243,05

Chemical Formula: C12H7NO3
Exact Mass: 213,04

Chemical Formula: C13H9NO4
Exact Mass: 243,05

Chemical Formula: C13H13NO3
Exact Mass: 231,09
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22

23

24

25

26

27

28

29

30

/@NCOOH
HO

_-COOH
Ho/(;/\/

OH

COOH

: COOH
OH

3-nitrophenantrene

benzyl-2-nitrophenylether

benzyl-3-nitrophenylether

benzyl-4-nitrophenylether

2-nitrophenyl octyl ether

- 4-nitropheny! octyl ether

Curcumin

Cinnamic acid

p-Coumaric acid

Caffeic acid

3,5-dinitro-benzoic acid

Salicylic acid

8-hydoxyquinoline

Acetylthiocholine iodide

n-Butyric acid

DMSO

Chemical Formula: C14H9NO2
Exact Mass: 223,06

Chemical Formula: C13H11NO3
Exact Mass: 229,07

Chemical Formula: C13H11NO3
Exact Mass: 229,07

Chemical Formula: C13H11NO3
Exact Mass: 229,07

Chemical Formula: C14H21NO3
Exact Mass: 251,15

Chemical Formula: C14H21NO3
Exact Mass: 251,15

Chemical Formula: C21H2006
Exact Mass: 368,13

Chemical Formula: C9H802
Exact Mass: 148,05

Chemical Formula: C9H803
Exact Mass: 164,05

Chemical Formula: C9H804
Exact Mass: 180,04

Chemical Formula: C7H4N206
Exact Mass: 212,01

Chemical Formula: C7H603
Exact Mass: 138,03

Chemical Formula: C9H7NO
Exact Mass: 145,05

Chemical Formula: C8H18INS
Exact Mass: 287,02

Chemical Formula: C4H802
Exact Mass: 88,05

Chemical Formula: C2H60S
Exact Mass: 78,01
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38
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40

41

42

OH
HO Resveratrol

OH

OH

Quercetin
HO, o.

OH o

Deoxycholic acid

o

Maleic acid

Trichloracetic acid

Barbital

Abscissic acid

OH OH
Chloramphenicol
el
o, HN
N
Sy cl
o o
OH
o.
~, e
CHg Vanillin
o~
OH
Hydroquinone
OH
CHy
M N .
)N\ | > Caffeine
o T N
CHy

6-Nitrochrysene

Chemical Formula: C14H1203
Exact Mass: 228,08

Chemical Formula: C15H1007
Exact Mass: 302,04

Chemical Formula: C24H4004
Exact Mass: 392,29

Chemical Formula: C4H404
Exact Mass: 116,01

Chemical Formula: C2HCI302
Exact Mass: 161,90

Chemical Formula: C8H12N203
Exact Mass: 184,08

Chemical Formula: C15H2004
Exact Mass: 264,14

Chemical Formula: C11H12CI2N205
Exact Mass: 322,01

Chemical Formula: C8H803
Exact Mass: 152,05

Chemical Formula: C6H602
Exact Mass: 110,04

Chemical Formula: CBH10N402
Exact Mass: 194,08

Chemical Formula: C18H11NO2
Exact Mass: 273,08
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Crystal violet

7-methoxynaphthalen-2-ol

4-methoxynaphthalen-2-ol

naphthalen-1,3-diol

naphthalen-2,6-diol

6-ethylnaphthalen-2-ol

methyl 1-hydroxy-2-naphthoate

methyl 3-hydroxy-2-naphthoate

1-amino-2-naphthol-4-sulfonic acid

1-bromo-2-naphthol

6-bromo-2-naphthol

4-chloro-1-naphthol

2,4-dichloro-1-naphthol

Chemical Formula: C25H30CIN3
Exact Mass: 407,21

Chemical Formula: C11H1002

Exact Mass: 174,07

Chemical Formula: C11H1002
Exact Mass: 174,07

Chemical Formula: C10H802
Exact Mass: 160,05

Chemical Formula: C10H802
Exact Mass: 160,05

Chemical Formula: C12H120
Exact Mass: 172,09

Chemical Formula: C12H1003
Exact Mass: 202,06

Chemical Formula: C12H1003
Exact Mass: 202,06

Chemical Formula: CLOHONO4S
Exact Mass: 239,03

Chemical Formula: C1OH7BrO
Exact Mass: 221,97

Chemical Formula: CLOH7BrO
Exact Mass: 221,97

Chemical Formula: C10H7CIO
Exact Mass: 178,02

Chemical Formula: C10H6CI20
Exact Mass: 211,98
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2,3-dihydronaphthalen

1-naphthyl-acetate

5-amino-1-naphthol

2-acetyl-1-naphthol

naphthalen-1-ol

naphthalen-2-ol

4-methoxynaphthalen-1-ol

6-methoxynaphthalen-1-ol

6-methoxynaphthalen-2-ol

6-ethylnaphthalen-1-ol

naphthalen-1,6-diol

naphthalen-1,4-diol

Chemical Formula: C10H802
Exact Mass: 160,05

Chemical Formula: C12H1002
Exact Mass: 186,07

Chemical Formula: CLOHONO
Exact Mass: 159,07

Chemical Formula: C12H1002
Exact Mass: 186,07

Chemical Formula: C10H80
Exact Mass: 144,06

Chemical Formula: C10H80
Exact Mass: 144,06

Chemical Formula: C11H1002
Exact Mass: 174,07

Chemical Formula: C11H1002
Exact Mass: 174,07

Chemical Formula: C11H1002
Exact Mass: 174,07

Chemical Formula: C12H120
Exact Mass: 172,09

Chemical Formula: C10H802
Exact Mass: 160,05

Chemical Formula: C10H802
Exact Mass: 160,05
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