
1 

 

SUPPLEMENTAL INFORMATION 

The effect of S427F mutation on RXRα activity depends on its dimeric partner 

 

Ioannis Galdadas1‡, Evangelos Bonis1‡, Paraskevi Vgenopoulou1‡, Michail Papadourakis1, 

Panos Kakoulidis1,2, Georgia Stergiou1,2, Zoe Cournia1,2,*, Apostolos Klinakis1,* 

 

1 Biomedical Research Foundation Academy of Athens, Athens, Greece. 

2 Data Science and Information Technologies, Department of Informatics and Telecommunication, 

National and Kapodistrian University of Athens, Athens, Greece. 

 

1. MD simulations - Protein structures preparation 

To better understand the effect of the S427F mutation on the structure and dynamics of the ligand 

binding domain (LBD) of RXRα when in complex with the LBD of RXRα, RARα, or PPARγ, we 

performed a series of independent molecular dynamics (MD) simulations under different mutation 

and ligated conditions. A list of all the performed simulations, along with the simulation time of 

each is given in Table S1.  

RXRα-RXRα homodimer 

The atomistic model of the LBD-LBD of the RXRα-RXRα homodimer was based on the crystal 

structure of the human RXRα LBD bound to the rexinoid agonist BMS649 (PDB ID 1MVC)1. To 

model the unresolved region Lys245-Asn262 of each RXRα monomer in the crystal structure, we 

used the Prime 4.2 tool of the Schrödinger suite (Schrödinger, LLC, New York, NY, 2015)2,3. 

Unresolved residues that correspond to highly flexible regions located at the C- and N-termini of 

the monomers were not modeled since their conformation could not be predicted with accuracy.  

The protonation state of each residue was determined using the PROPKA3.0 algorithm4 at pH 7, 

which assigned the usual charge states to all residues. The δ-nitrogen was protonated for residues 

His331, 338, and 406. We left all chain termini uncapped.  
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The co-crystalized agonist and any co-crystalized water molecule beyond 5 Å away from the 

protein surface were removed, and the natural RXRα agonist 9-cis retinoic acid (9-cis RA) was 

docked into both receptors using the default protocol of the Glide – Ligand Docking tool of the 

Schrödinger suite (Schrödinger, LLC, New York, NY, 2015), (holo simulations section, Table S1). 

The ligands, as well as the co-crystalized water molecules, were removed in the RXRα-RXRα 

complex (apo simulations section, Table S1). The co-crystalized coactivator peptide was also 

removed in both the apo and holo systems. 

RXRα-RARα heterodimer 

The atomistic model of the LBD-LBD of the RXRα-RARα heterodimer was based on the crystal 

structure of the human RARα LBD bound to its natural agonist all-trans retinoic acid (atRA), and 

the mouse RXRα LBD bound to the rexinoid antagonist LG10074 (PDB ID 3A9E)5. Given the 

high identity percentage of the human and mouse RXRα sequences (>99% as calculated through 

BLAST6), we are confident that our findings can be extended to the human RXRα-RARα 

heterodimer as well. The numbering of the residues of RXRα in the RXRα-RARα crystal structure 

was shifted such that the mutated serine is located at position 427. The co-activator peptide TIF-2 

that was bound to the activation function-2 (AF-2) surface of the active state of RARα in the crystal 

structure was kept in all of the MD simulations of the RXRα-RARα complex. To model the 

unresolved region Thr251-Ser264 of RXRα in the RXRα-RARα crystal structure, we used the 

Prime 4.2 tool of the Schrödinger suite (Schrödinger, LLC, New York, NY, 2015)2,3. Unresolved 

residues that correspond to highly flexible regions located at the C- and N-termini of the monomers 

were not modeled since their conformation could not be predicted with accuracy. The co-

crystalized water molecule in the vicinity of LG100754 that has been reported by Sato et al.5 to be 

involved in a hydrogen bond network between the carboxyl group of LG100754 and the amino 

group of Leu309 was also kept to its crystallographic position in the initial conformations of the 

simulations of the RARα/atRA-RXRα/LG100754 complex (holo simulations section, Table S1). 

The ligands, as well as the co-crystalized water molecules were removed in the RARα-RXRα 

complex (apo simulations section, Table S1). 

The protonation state of each residue was determined using the PROPKA3.0 algorithm4 at pH 7, 

which assigned the usual charge states to all residues, except for RXRα:Glu394, Glu247, which 

were predicted to be protonated. The δ-nitrogen was protonated for residues RXRα:His331 and 
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RARα:His190, His293, His367, while a p-protonation (both δ and ε protonations), was assigned 

for RXRα:His288, His338. We left all chain termini uncapped.  

RXRα-RPARγ heterodimer 

The atomistic model of the LBD-LBD of the RXRα-PPARγ heterodimer was based on the crystal 

structure of the human RXRα LBD bound to its natural agonist 9-cis RA, and the human PPARγ 

LBD bound to the agonist rosiglitazone (PDB ID 1FM6).7 The co-crystalized ligands, water 

molecules, as well as the co-activator peptide NCOA1 in the activation-function 2 (AF-2) domain 

were not included in our simulations (apo simulations section, Table S1) so that our results can be 

compared with the results reported by Halstead et al.8, where the co-crystalized ligands and the co-

activator peptides were removed to reduce the computational complexity and allow a potential 

transition to an inactive state during simulations.   

The protonation state of each residue was determined using the PROPKA3.0 algorithm4 at pH 7, 

which assigned the usual charge states to all residues. The δ-nitrogen was protonated for residues 

RXRα:His288, 315, 331, and 406. We left all chain termini uncapped. 

We introduced the single point mutation, S427F, in all of the mutant RXRα-RARα, RXRα-RXRα, 

and RXRα-PPARγ complexes using Maestro 15.4 (Schrödinger LCC) software. The optimum 

orientation of the side-chain of Phe after the mutation was predicted in each complex using the 

“Side-chain Prediction” tool of Prime 4.2.   

Prior to simulations, we minimized the potential energy of the prepared complexes using the 

OPLS3 force-field9, and we solvated the complexes with explicit TIP3P10 water molecules in a 

cubic box with periodic boundary conditions. The size of the box was such that ensured a minimum 

distance of 1.5 nm between the proteins and the edge of the simulation box. Sodium counterions 

were added to neutralize the net charges of each system, respectively. 

Ligand Parameterization 

To investigate the effect of the presence of ligands to the behavior of the RXRα-RXRα homodimer 

and RXRα-RARα heterodimer, we performed simulations of the wild-type and mutant complexes 

in the presence of the co-crystallized RXRα antagonist LG100754, the natural RXRα agonist 9-

cis RA, and the co-crystallized RARα agonist atRA (holo simulations section, Table S1).  
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The atomic charges for the atRA, 9-cis RA, and LG100754 were calculated by restrained 

electrostatic potential (RESP) fitting (RESP-A1A mode) at the Hartee-Fock level with a 6-31G* 

basis set, as applied in the R.E.D. IV server version 3.0.11–13 The general Amber force field 

(GAFF)14 was used for the bonded and non-bonded interactions of the ligands, and these 

parameters were combined with the quantum-mechanics-derived atomic charges using 

Antechamber as implemented in the CcpNmr ACPYPE too.l15 The validity of the parameters for 

the ligands was checked through a 20 ns MD simulation in vacuo in the NVE ensemble, where we 

ensured that the molecules maintained the right geometry. 

2. MD simulations - Simulation set-up 

The GROMACS v5.0.7 MD engine16 was used for the simulations of the RXRα-RARα complexes, 

while GROMACS v.2018.6 was used for the simulations of the RXRα-PPARγ complexes and 

GROMACS v.2020.4 was used for the simulations of the RXRα-RXRα. We used the Amber 

99SB*-ILDN force field17 to describe the protein dynamics of the RXRα-RXRα and RXRα-RARα 

complexes, and the Amber03 force field18 for the RXRα-PPARγ in accordance with the force field 

that was used by Halstead et al.8 

Prior to MD simulations, all structures were subjected to 10,000 steps of energy minimization 

using the steepest descent algorithm to remove possible atomic clashes and inconsistencies in the 

starting structures in terms of geometry and solvent orientation, followed by position restraint 

equilibration first in the NVT and then in the NPT ensemble for 150 ps, respectively. Once 

equilibrated at constant pressure, unbiased MD simulations were carried out in the canonical 

ensemble (NPT) with the atomic coordinates of the system saved every 10 ps.  

Long-range electrostatic interactions were treated using the particle-mesh Ewald scheme19 with a 

grid spacing of 1.6 Å, while a cut-off 10 Å was applied for the Van der Waals interactions. All 

bonds were constrained using the LINCS algorithm allowing for a time-step of 2 fs. The non-

bonded potential energy functions were switched, with forces decaying between 0.8 and 1.0 nm. 

The Parrinello−Rahman barostat20 maintained a target pressure of 1 bar isotropically with a time 

constant of τP =2 ps and compressibility of 4.5 × 10-5 bar-1, while the Nosé-Hoover thermostat21 

was applied throughout all the simulations to keep the temperature at 310 K using a coupling 

constant of τT = 0.5 ps.  
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In replica systems, different initial velocities were generated from a Maxwell distribution with a 

random seed. According to the timeseries of the volume of the binding site of the mutant RXRα in 

the RXRα-RARα complex, the mutant-induced closure of the RXRα binding site takes place 

within the first 100 ns. Therefore, we run replica systems for 370 ns each, as such timescale is 

sufficient to monitor the motions that are related to the closure of the binding site.  

 

Table S1. List of simulated RXRα-RXRα, RXRα-RARα, and RXRα-PPARγ dimers. coA: 

coactivator peptide (SRC-1) bound in the AF2 groove.  

Liganted 

status 
Monomer A Monomer B Replica ID: Simulation Time (ns) 

ap
o
 

RXRαWT RXRαWT 

rep1: 2000 

rep2: 2000 

rep3: 2000 

RXRαS427F RXRαWT 

rep1: 2000 

rep2: 2000 

rep3: 2000 

RXRαS427F RXRαS427F 

rep1: 2000 

rep2: 2000 

rep3: 2000 

RXRαWT 
RΑRαWT 

+ SRC-1 coA 

rep1: 925 

rep2: 370 

rep3: 370 

RXRαS427F 
RARαWT 

+ SRC-1 coA 

rep1: 925 

rep2: 370 

rep3: 370 

RXRαWT PPARγWT rep1: 370 

RXRαS427F PPARγWT rep1: 370 

h
o
lo

 RXRαWT +  

9-cis RA (agonist) 

RXRαWT +  

9-cis RA 

(agonist) 

rep1: 370 
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RXRαWT +  

9-cis RA (agonist) 

RXRαS427F +  

9-cis RA 

(agonist) 

rep1: 370 

RXRαS427F +  

9-cis RA (agonist) 

RXRαS427F +  

9-cis RA 

(agonist) 

rep1: 370 

RXRαWT +  

LG100754 (antagonist) 

RARαWT 

+ SRC-1 coA +  

atRA (agonist) 

rep1: 925 

RXRαS427F +  

LG100754 (antagonist) 

RARαWT + 

SRC-1 coA + 

atRA (agonist) 

rep1: 925 

 

3. MD simulations - Representative structures 

To obtain the representative structure of the equilibrated RXRα-RARα and RXRα-PPARγ dimeric 

complexes, we clustered the conformations of each complex during the last 100 ns of each 

simulation, while we clustered the conformations of each RXRα-RXRα complex during the last 

500 ns of each simulation. The gromos algorithm22 of the gmx_cluster routine (GROMACS) was 

used with the root mean squared deviation (RMSD) clustering criterion on the Cα atoms as the 

distance between the structures and a cutoff value of 1.75 Å. The cutoff value was chosen so that 

to obtain balanced cluster sizes. In the most populated cluster, the central structure, i.e., the 

structure with the smallest distance to all of the other members of the cluster, was picked as the 

representative of the equilibrated system.  

4. MD simulations - RXRα binding site volume 

We used the Epock VMD-plug in23 to calculate the accessible volume of the RXRα, RARα and 

PPARγ binding sites. We described the binding site pocket of RXRα and RARα as the space 

defined by the Cα atoms of the residues that lie within 5 Å away from the LG100754 and atRA 

ligands respectively in the RXRα/LG100754 - RARα/atRA crystal structure.5 The same residues 

were used for consistency to define the binding site pocket of RXRα in the homodimeric form of 

RXRα, and the pocket in complex with PPARγ. Regarding the binding site of PPARγ, we used the 

Cα atoms of the PPARγ residues that lie within 5 Å away from the bound ligand rosiglitazone in 
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the RXRα/9-cis RA - PPARγ/rosiglitazone crystal structure.7 For the calculation, the protein grid 

mesh was created using a grid distance of 0.5 Å, as a lower distance has been reported to increase 

the execution time exponentially without improving the accuracy of the calculation. The probe 

radius for free space detection was set to 1.2 Å.  

 

5. MD simulations - RXRα H10 kink 

Kink Finder23 was used to measure angles in helices. Kink Finder fits a cylinder to every 6-residue 

segment of a helix by minimizing r,  

𝑟 = √
1

𝑚
∑(𝑑𝑖 − 𝑑̅)2
𝑚

𝑖=1

 

Where m is the number of backbone atoms in the segment, 𝑑𝑖 is the shortest distance from 

backbone atom i to the fitted helix axis, and 𝑑̅ is the mean of all distances. The calculation of a 

kink angle is done by first defining two-cylinder fits, one for the residues N-terminal of the kink 

position, and one for the set of six residues C-terminal to the kink. The angle of the kink is then is 

measured between the axes of the two cylinders. In our case, the kink position was predicted by 

Kink Finder to lie at position 422 (Leu422) of H10 of RXRα, right before Pro423, and the six 

residues before and after that position were used to fit the two cylinders for the calculation of the 

king angle over the course of the simulations. 

6. MD simulations – Dynamical Network Analysis 

 

The NetworkView VMD plug-in was used to perform the Dynamical Network Analysis method 

to construct network models obtained from our MD simulations. Through this method, the 

intramolecular interactions in a protein can be collectively represented in the form of a network, 

which is defined as a set of nodes (residues) with connected edges (links) that depend on the node 

interaction strength. This network can then elucidate potential allosteric regulation within a given 

protein. Apart from identifying allosteric pathways, the method also produces shortest paths 

between residues as the most dominant mode of their communication.  
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In our study, to create a network model for our protein, the nodes and edges need to be created 

using a similar protocol as in Sethi et al24. We used as nodes the Cα atoms of each RXRα residue. 

We chose to connect through edges only the nodes that are within a cutoff distance of 4.5 Å of 

another residue for at least 75% of the trajectory Namely, if a residue i is within 4.5 Å of another 

residue j for 75% of the MD simulation, a weight is assigned to their edge that defines the 

probability of information transfer across that edge; otherwise, the weight was set to zero.  

Finally, it is also important to identify residues that play a key role in transmitting the signal from 

one region of a protein to another. For this purpose, we define the path through which the signal 

is transmitted between the source of the allosteric signal (Trp305 of one RXRα monomer) and the 

end-point of the allosteric signal (Trp305 of the other RXRα monomer). According to del Sol et 

al. (2006), nodes that are key in preserving short paths in network communication, are crucial for 

the transmission of the signal. The shortest (optimal) path between two nodes in a network is 

determined using the Floyd-Warshall algorithm. 

 

In our calculations, these analyses have been applied for the last 500 ns of each simulation run.     

 

7. DNA binding properties of RXRαS427F 

To assess the effect of the S427F mutation on DNA binding, we expressed RXRα427F and RXRαWT 

in E. coli bacteria and purified the recombinant proteins. We used those in EMSA experiments 

with radiolabeled DR1-containing oligonucleotides. As Figure S2 indicates, both mutant and WT 

proteins bind the DR1 site with the same efficiency. In fact, we observe two different band shifts 

(shifts 1 and 2) possibly corresponding to dimeric and tetrameric complexes of RXRα. Bands 

disappear upon competition with unlabeled DR-containing oligonucleotides implying that the 

observed binding is absolutely specific. 
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Table S2. List of predicted binding free energies of 9-cis RA to each RXRα and RARα monomer 

and atRA to each RARα monomer obtained from docking calculations. 

Replica Monomer A 
Docking score 

9-cis (kcal/mol) 
Monomer B 

Docking score  

9-cis (kcal/mol) 

Docking 

score atRA 

(kcal/mol) 

1 RXRαWT -4.65 RARα -6.73 -7.35 

2 RXRαWT -6.62 RARα -6.68 -8.68 

3 RXRαWT -6.65 RARα -6.12 -7.91 

1 RXRαS427F >0 RARα -5.55 -5.28 

2 RXRαS427F >0 RARα -7.64 -6.65 

3 RXRαS427F -0.60 RARα -3.93 -4.90 

 

 

Table S3. List of average volume of the binding pocket for each RXRα monomer obtained from 

the MD simulations of the three replicas. 

Monomer A Volume (Å3) Monomer B Volume (Å3) 

RXRαWT 199.77±118.45 RXRαWT 203.91±118.91 

RXRαS427F 152.79±91.14 RXRαS427F 287.57±129.45 

RXRαS427F 249.52±104.62 RXRαWT 139.70±80.22 
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Table S4. List of the average volume of the binding pocket for each RXRα monomer obtained 

from the MD simulations. 

Replica Monomer A Volume (Å3) Monomer B Volume (Å3) 

1 RXRαWT 179.59±55.89 RXRαWT 193.33±51.94 

2 RXRαWT 288.40±91.14 RXRαWT 292.66±102.03 

3 RXRαWT 131.32±51.00 RXRαWT 125.73±31.15 

1 RXRαS427F 114.07±50.16 RXRαS427F 267.37±83.26 

2 RXRαS427F 182.97±63.14 RXRαS427F 259.90±76.49 

3 RXRαS427F 161.34±52.10 RXRαS427F 335.43±63.05 

1 RXRαS427F 248.73±65.05 RXRαWT 96.05±35.79 

2 RXRαS427F 259.61±49.93  RXRαWT 140.43±50.29 

3 RXRαS427F 240.23±64.97 RXRαWT 182.61±51.24 

 

 

 

Table S5. List of predicted binding free energies of 9-cis RA to each RXRα monomer obtained 

from docking calculations. 

Replica Monomer A 
Docking score 

(kcal/mol) 
Monomer B 

Docking score 

(kcal/mol) 

1 RXRαWT -7.44 RXRαWT -7.65 

2 RXRαWT -6.54 RXRαWT -7.92 

3 RXRαWT -4.99 RXRαWT -8.60 
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1 RXRαS427F -2.07 RXRαS427F >0 

2 RXRαS427F -1.64 RXRαS427F >0 

3 RXRαS427F >0 RXRαS427F >0 

1 RXRαS427F >0 RXRαWT -4.17 

2 RXRαS427F >0 RXRαWT -3.56 

3 RXRαS427F >0 RXRαWT -3.53 
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Figure S1. Cylinder representation of the overall structure of the LBD of RXRα in different 

states. The twelve helices (H1:H12) that define the receptor are numbered from N- to C-terminus. 

(A) active conformation (PDB ID 1MVC)1 with a coactivator peptide (coA, orange) bound to the 

coactivator cleft generated by H3, H4 and H12, (B) inactive conformation (PDB ID 3R29)24 with 

a corepressor peptide (coR, cyan) bound to the cleft, (C) inactive conformation (PDB ID 1DKF)25 

with H12 bound to the cleft. The chemical structures of the RXRα, RARα, and PPARγ ligands 

used in the simulations (Table S1) are depicted in the boxes underneath.  
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Figure S2. Radiograph of a representative EMSA experiment with mutant and wild-type 

RXRα with an oligonucleotide containing a DR1 site. Competition was performed with 5X and 

25X excess of the indicated sequences. Note that unlabeled DR1 oligonucleotides compete in a 

dose-dependent manner the radiolabeled DR1 eliminating the observed shift, while half sites, 

which cannot be bound by RXRα, cannot compete at all. Identical results were obtained when WT 

or mutant RXRα were used alone or in combination with one another in two different ratios.  
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Figure S3. Time series of the Ser427 and Phe427 interactions in apo RXRαWT-RARα and apo 

RXRαS427F-RXRα. Time series of the interactions that Ser427(OG) and Phe427(centre of mass of benzyl 

ring) engage in over the course of the simulations of the apo RXRαwt-RARα and apo RXRαS427F-

RXRα. Residues Arg348(CZ) and Pro423(O) belong to RXRα, while residues Ser386(OG) and 

Arg385(NH1 or CZ) belong to RARα. Thick traces represent moving averages, whereas thin traces 

represent original, unsmoothed values. Dashed horizontal lines indicate distance values in the 

corresponding crystal structures (PDB ID 3A9E).  
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Figure S4. Comparison of the most frequently sampled conformation of the apo RXRαWT 

from the RXRαWT-RARα simulations, with the crystal structure of the RXRαWT bound to 

the antagonist, LG100754. Comparison of the most frequently sampled conformation of the apo 

RXRαWT (dark green) from the RXRαWT-RARα simulations, with the crystal structure of the 

RXRαWT bound to the antagonist, LG100754 (cyan, PDB ID 3A9E), and with the crystal structure 

of the RXRαWT bound to the agonist, oleic acid (pink, PDB ID 1DKF). The simulations started 

from the antagonist conformation where H12 (brown) points to the solvent and soon converge 

towards an antagonist-like conformation where H12 binds to the co-factor binding site. The 

position of the S427F mutation is depicted through a red sphere. 
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Figure S5. Ligand Interaction diagram of 9-cis and atRA bound to each RXRα and RARα 

monomer of the RXRαWT-RXRαWT, RXRαS427F-RXRαS427F and RXRαS427F-RXRαWT 

homodimers. 
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Figure S6. Distribution of the RXRα H10 kink angle in the RXRα-RARα, RXRα-RXRα, and 

RXRα-PPARγ dimers over the course of the simulations. (A) Distribution of the RXRα H10 

kink angle in the RXRα-RARα, RXRα-RXRα, and RXR-PPARγ dimers over the course of the 

simulations. In the case of RXRα-RARα and RXRα-RXRα, only the results of rep1 (Table S1) are 

presented here for clarity but the results for the rest of the replicas are almost identical. In the case 

of RXRα-RXRα, the different color pairs correspond to homodimer with the wild-type (red) 

variant in both monomers, RXRαS427F variant in one of the monomers (blue), and RXRαS427F 

variant in both of the monomers (green). The position of the maximum pick of the different 

distributions is given in the tables below the graphs. (B) Graphical representation of the measured 

angled. The higher the value of the angle the more straight the underlying helix is. The position of 

the kink (Leu422) of H10 is shown in spheres.  
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Figure S7. Comparison of the most frequently sampled conformations of the holo 

RXRαWT/LG100754 (dark green) and RXRαS427F/LG100754 (grey) from the RXRα-RARα 

simulations. Comparison of the most frequently sampled conformations of the holo 

RXRαWT/LG100754 (dark green) and RXRαS427F/LG100754 (grey) from the RXRα-RARα 

simulations, with the crystal structure of the RXRαWT bound to the agonist, oleic acid (pink, PDB 

ID 1DKF). H12 (brown) in the crystal structure and RXRαWT assume an auto-inhibitory position, 

where H12 binds to the co-activator’s binding site. The simulations started from the antagonist 

conformation where H12 points to the solvent (PDB ID 3A9E, Figure S4).  
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Figure S8. Time series of the Ser427 and Phe427 interactions in the RXRα homodimer. 

Timeseries of the interactions that Ser427(OG) and Phe427(center of mass of benzyl ring) engage in over the 

course of the simulations of the apo RXRαWT-RXRαWT, apo RXRαWT-RXRαS427F and apo 

RXRαS427F-RXRαS427F. Residues Arg348(CZ) and Pro423(O) belong to the same RXRα monomer, 

while residues Ser427(OG), Leu430(CD1) and Arg426(CZ) belong to a different RXRα monomer. 

Thick traces represent moving averages, whereas thin traces represent original, unsmoothed 

values. Dashed horizontal lines indicate distance values in the corresponding crystal structures 

(PDB ID 1MVC).  
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Figure S9. Interaction energy between RXRα monomers over the course of the RXRα-RXRα 

simulations. The reported energy corresponds to the sum of the intermolecular Coulombic and 

Lennard Jones potentials.  
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Figure S10. Ligand Interaction diagram of 9-cis RA bound to each RXRα monomer of the 

RXRαWT-RXRαWT, RXRαS427F-RXRαS427F and RXRαS427F-RXRαWT homodimers. 
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Figure S11. Suboptimal path of Trp305-Trp305 resulted from the dynamical network 

analysis performed on RXRαWT-RXRαWT (A), RXRαS427F-RXRαS427F (B) and RXRαS427F-

RXRαWT (C) homodimers. 
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Figure S12. RMSD plot as a function of time of the RXR homodimer over the course of the 

RXRα-RXRα simulations. 
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Figure S13. Plot of the volume of the binding site for each RXRα monomer as a function of 

time over the course of the RXRα-RXRα simulations.  The left RXRα monomer (chain A) is 

colored with blue and right RXRα monomer is colored in orange. 
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Figure S14. Plot of the volume of the binding site for each RXRα monomer as a function of 

time over the course of the RXRα-RXRα simulations. The RXRα monomer that belongs to 

chain A is colored with blue while the RXRα monomer that belongs to chain B is colored in 

orange. 

 

 

Figure S15. Interaction energy between RXRα monomers and its homodimeric and 

heterodimeric partners over the course of the simulations. The reported energy corresponds to 

the sum of the intermolecular Coulombic and Lennard Jones potentials.  
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Figure S16. Timeseries of the interactions that Ser427 and Phe427 engage in over the course 

of the simulations of the apo RXRαWT-PPRAγ,  and apo RXRαS427F-PPARγ. Timeseries of the 

interactions that Ser427(OG) and Phe427(centre of mass of benzyl ring) engage in over the course of the 

simulations of the apo RXRαWT-PPRAγ,  and apo RXRαS427F-PPARγ. Residues Arg348(CZ) belong 

to the RXRα monomer, while residues Tyr477(centre of mass of benzyl ring), and Leu430(CD1) belong 

PPARγ. Thick traces represent moving averages, whereas thin traces represent original, 

unsmoothed values. Dashed horizontal lines indicate distance values in the corresponding crystal 

structures of RXRαWT-PPRAγ (PDB ID 1FM6) and RXRαS427F-PPRAγ (PDB ID 5JI0).  
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Figure S17. Sequence alignment of helices 10 to 12 of RXRα and its heterodimer partners 

RARα and PPARγ. Sequence alignment of helices 10 to 12 of RXRα and its heterodimer partners 

RARα and PPARγ (UniProt code | Receptor_Organism (HS: homo sapiens) Sequence). Residues 

that belong to a helix are annotated with a “h” on top of them. Of the three RXRα dimer partners, 

only PPARγ has an aromatic Tyr residue at the C-terminus that is able to form a π-stacking 

interaction with S427F mutation of RXRα. 

 

 

 

Figure S18. Superposition of H10 of RXRα, RARα, and PPARγ. The Q444PPARγ-R426RXRα 

and Q451PPARγ-E434RXRα interactions found on the interface of the RXRα-PPARγ heterodimer 

(close up) are expected to keep H10 of the two monomers closer together with respect to the 

RXRα- RARα and RXRα-RXRα. 
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