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Supplementary Materials and Methods 

Label-free thermal shift assay (nanoDSF) 

Label-free thermal shift assay experiments were performed with a Tycho NT.6 instrument (NanoTemper 

Technologies). The samples (20 µM of RXRα protein), in the presence of DMSO (condition without 

ligand) or in the presence of three molar excess of ligands, were heated in a glass capillary at a rate of 

30 K/min (20°C to 95°C) in 50 mM Tris HCl pH 7.5, 150 mM NaCl, 5% glycerol, and the internal 

fluorescence at 330 and 350 nm was recorded. Data analysis, data smoothing, and calculation of 

derivatives was done using the internal evaluation features of the Tycho instrument. 

Two-hybrid assays 

COS cells were cultured in DMEM with Glutamax and 10% (v/v) FCS and transfected using JetPei 

transfectant (Ozyme). After 24 h, the medium was changed to a medium containing the selective RAR 

agonist TTNPB or vehicle. Cells were lysed and assayed for reporter gene expression 48 h after 

transfection. The luciferase assay system was used according to the manufacturer’s instruction 

(Promega). In each case results were normalized to co-expressed β–galactosidase. TTNPB was 

purchased from Sigma. RXRα mutants were generated into pSG5-RXRα by PCR-assisted site-directed 

mutagenesis with Deep Vent DNA polymerase (New England Biolabs). The construct was verified by 

DNA sequencing. The pSG5-based Gal-NCoR and VP16-RARα LBD (VP16-RAR) expression vectors, 

and the (17m)5x-βGlob-Luc reporter gene have been described (Germain, et al. 2002). 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 1: Structure of wtRXRα-RARα LBD heterodimer. The RXRα (blue) and RARα 

(pink) subunits are bound to a fatty acid (FA) and the antagonist BMS614, respectively. Ligands are 

displayed as orange sticks. The corepressor binding groove made of helices H3 and H4 is highlighted in 

green. The RXR activation helix H12 occupying the corepressor binding site in the fatty acid-bound 

state is colored in yellow. M454 and L455 that have been mutated to delocalize H12 from the corepressor 

binding site are shown in red.   

 

 

 

 

  



 
 

Supplementary Figure 2: The ligand-binding function is impaired in 2mRXRs. (A) COS cells were 

transiently co-transfected with the reporter gene (DR1)-tk-Luc and RXRα to assess the RXR agonist 

potential of compounds at 10 µM. 100% corresponds to reporter gene transcription induced in the 

presence of the full RXR agonist LG268. All error bars are expressed as s.e.m. (B) COS cells were 

transiently co-transfected with the reporter gene (DR1)-tk-Luc and either RXRβ (light grey) or 2mRXRβ 

(black) (left panel) or RXRγ (light grey) or 2mRXRγ (black) (right panel). All error bars are expressed 

as s.e.m. (C, D) Label-free thermal shift assay (nanoDSF). Melting temperatures (Tm) determined for 

wtRXRα (C) and 2mRXRα LBDs (D) in the absence of ligand (DMSO) or in the presence of the 

indicated compounds. 

  

 

 

 

 

 

 

 

 

  



 

Supplementary Figure 3: Far-UV circular dichroism spectra of wt, 2m- and 3mRXRα at room 

temperature in purification buffer. 

 

 

  

 

 

 

 

 

 

 



 

Supplementary Figure 4: Representative mass spectra of the (A) wtRXRα, (B) 3mRXRα and (C) 

2mRXRα in complex with BMS649 with no IS-CID energy. Folded monomer signal is spread between 

4 different charge states (+12, +11, +10 and +9). The intensities of the bound (green triangles) and free 

(blue circles) forms are measured in function of the IS-CID energies to generate the graph presented in 

the Figure 3. 



 

Supplementary Figure 5: 3mRXRs respond exclusively to benzoic acid-containing synthetic 

compounds. (A) COS cells were transiently co-transfected with the reporter (DR1)-tk-Luc and either 

RXRβ (light grey) or 3mRXRβ (black) (left panel) or RXRγ (light grey) or 3mRXRγ (black) (right 

panel). All error bars are expressed as s.e.m. (B) Label-free thermal shift assay (nanoDSF). Melting 

temperatures (Tm) determined for 3mRXRα LBD in the absence of ligand (DMSO) or in the presence 

of the indicated compounds. 

 

  



 

 

Supplementary Figure 6: Structures of 2m- and 3mRXRα in complex with LG268 and BMS649. 

Ligands are displayed as orange sticks. The coregulator binding groove made of helices H3 and H4 is 

highlighted in green. The activation helix H12 in the transcriptionally active position is colored in 

yellow. The TIF-2 coactivator-derived peptide is displayed in magenta. The electron densities shown 

are unbiased omit Polder maps contoured at 2.0σ, with model bias reduction and exclusion of solvent 

density. 

 

  



 
 

Supplementary Figure 7: Interaction of RXRα with the corepressor NCoR. (A) Interactions of RXRα-

RARα heterodimers with the corepressor NCoR using mammalian two-hybrid assays with (17m)5x-

βGlob-Luc reporter in COS cells and with chimeras containing the GAL4 DNA-binding domain fused 

to the nuclear receptor interaction region of NCoR (Gal-NCoR) as bait and RARα LBD fused to the 

activation domain of VP16 (VP16-RAR) as prey in combination with RXRα, RXRαΔH12, 

RXRαV167RΔH12 or RXRαML/AA in the presence (light gray) or absence (dark grey) of the RAR 

selective agonist TTNPB (10nM). All error bars are expressed as s.e.m. In the presence of wtRXRα, 

addition of TTNPB is sufficient to dissociate NCoR from the heterodimer, indicating that RXRα plays 

little role in the association. Upon RXRα H12 deletion (RXRαΔH12), TTNPB fails to dissociate the 

complex, suggesting that a new interaction surface for NCoR is present in RXRαΔH12. When 

preventing the interaction between RXRαΔH12 and NCoR by introducing an additional mutation in the 

corepressor-binding site of RXRα (RXRαV167RΔH12) (Hu and Lazar 1999), the dissociation capacity 

of TTNPB is restored, confirming that the groove formed by RXR helices H3 and H4 can serve as a 

corepressor binding surface, provided that helix H12 is not masking it (Supplementary Fig. 1). In the 

same line, the double mutation M454A/L455A (RXRαML/AA) yields a similar interaction pattern than 

that observed with RXRαΔH12, indicating that the introduced mutations in helix H12 (Supplementary 

Fig. 1) cause the release of the RXRα hydrophobic groove and NCoR recruitment. (B) Titration of 

fluorescein-labeled NCoR peptide by wtRXRα, 2mRXRα or 3mRXRα LBDs. Assays were performed 

in triplicate and data are expressed as mean (± s.e.m). Altogether, these observations suggest that RXRα 

helix H12 may adopt a fatty acid-dependent conformation that prevents NCoR binding to RXRα, so that 

in a physiological context, transcriptional activation of the heterodimer is controlled by the partner 

receptor. 

 

 

 

 

  



 
 

Supplementary Figure 8: 2mRXRs and 3mRXRs retain their DNA-binding and dimerization 

capabilities. (A) Full-size native gel from Figure 5A. (B) Full-size SDS-PAGE gel from Figure 5B. 

Molecular weight protein standards are indicated on each gel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 1: Data collection and refinement statistics 

 

 3mRXRα 2mRXRα RXRα-RARα 

PDB code 

 

Wavelength 

7PDT 

 

0.97242 

7PDQ 

 

0.99998 

7QAA** 

 

0.918 

Resolution range 42.83-3.30 (3.41-3.30)* 48.39-1.58 (1.64-1.58)* 19.47-2.76 (2.86-2.76)* 

Space group P 21 21 21 P 43 21 2 P 61 2 2 

Unit cell 63.39 68.53 109.72  

90 90 90 

68.43 68.43 105.61 

90 90 90 

116.60 116.60 207.80 

90 90 120 

Total reflections 36709 (3841) 761965 (19995)  

Unique reflections 7562 (749) 34564 (2903)  

Multiplicity 4.9 (5.1) 22.0 (6.9)  

Completeness (%) 98.94 (99.47) 98.25 (83.90)  

Mean I/sigma (I) 10.77 (3.40) 32.76 (2.04)  

Wilson B-factor 83.50 19.68  

R-merge 0.122 (0.548) 0.0604 (0.668)  

R-meas 0.137 (0.610) 0.06176 (0.7216)  

R-pim 0.06108 (0.2639) 0.01247 (0.2585)  

CC1/2 0.994 (0.749) 1 (0.812)  

CC* 0.999 (0.926) 1 (0.947)  

 

Refl. used in refinement 

 

7530 (750) 

 

34557 (2902) 

 

19728 (2041) 

Refl. used for R-free 761 (81) 1708 (130) 1009 (96) 

R-work 0.1946 (0.2670) 0.1713 (0.2599) 0.1947 (0.2221) 

R-free 0.2098 (0.2786) 0.1967 (0.2954) 0.2450 (0.3012) 

Non-hydrogen atoms 3491 2120 3654 

  macromolecules 3428 1756 3479 

  ligands 56 27 54 

  solvent 7 337 121 

Protein residues 437 220 447 

RMS (bonds) 0.003 0.016 0.005 

RMS (angles) 0.66 1.47 0.99 

Ramach. favored (%) 97.18 98.60 96.00 

Ramach. allowed (%) 2.82 1.40 3.56 

Ramach. outliers (%) 0.00 0.00 0.44 

Rotamer outliers (%) 0.00 0.00 0.00 

Clash score 10.14 6.14 10.71 

Average B-factor 70.22 23.70 47.51 

  macromolecules 70.46 21.81 47.60 

  ligands 56.95 15.36 38.70 

  solvent 55.71 34.20 48.00 

Number of TLS groups 12 5 0 

*Values in parentheses are for highest resolution shell 

**Structure deposited at the PBD without data collection statistics (data collected 25 years ago and lost since) 

 

 


