
Supplementary Information 

 

 

Cryo-EM structure of the agonist-bound Hsp90-XAP2-AHR cytosolic complex  

 

Jakub Gruszczyk1,*, Loïc Grandvuillemin1, Josephine Lai-Kee-Him1, Matteo Paloni1, 

Christos G. Savva2, Pierre Germain1, Marina Grimaldi3, Abdelhay Boulahtouf3, Hok-

Sau Kwong1, Julien Bous4, Aurélie Ancelin1, Cherine Bechara5,6, Alessandro 

Barducci1, Patrick Balaguer3, William Bourguet1,* 

 

*Correspondence:  jakub.gruszczyk@cbs.cnrs.fr, william.bourguet@cbs.cnrs.fr 

 

Supplementary Figures 1-11 and legends 

Supplementary Tables 1-4 

























Supplementary Table 1 | Cryo-EM data collection, refinement and validation 
statistics. 
 
 Hsp90-XAP2-AHR with 

indirubin 
(EMDB-14971) 

(PDB 7ZUB) 

XAP2-AHR 
(EMDB-14972) 

 

Data collection and Processing   
Microscope Titan Krios G3 
Voltage (kV) 300 
Camera Gatan K3 
Magnification 81,000 
Pixel size (Å) 1.086 
Exposure rate on detector (e–/pix/sec) 15.0 
Exposure rate on specimen (e–/pix/sec) 16.5 
Number of frames 43 
Defocus range (μm) -2.7 to -1.5 
Automation software EPU 
Energy filter slit width (eV) 20 
Micrographs collected (no.) 9,300 
Total extracted particles (no.) 11,546,649 
   
For each reconstruction   
Final particle images (no.) 678,724 116,399 
Point group C1 C1 
Map resolution (masked) (Å) 2.76 4.00 
    FSC threshold  0.143 0.143 
Map resolution range (Å) 2.78-5.34 3.76-5.26 
3DFSC Sphericity 0.965 0.838 
Map sharpening B factor (Å2) -72.67 -192.52 
Map sharpening methods  RELION3.1.1 RELION3.1.1 
   
Model Refinement   
Initial model used (PDB code) 5FWP, 4F3L, 4ZPR, 2LKN, 4AIF 
Model resolution (Å) 2.88 
    FSC threshold 0.5 
Model composition   
    Non-hydrogen atoms 28,123 
    Protein residues 1,722 
    Ligands 2 MG, 2 MOO, 1 JY6, 2 ADP 
B factors (Å2)   
    Protein 64.56 
    Ligand 32.57 
R.m.s. deviations   
    Bond lengths (Å) (# > 4σ) 0.004 (0) 
    Bond angles (°) (# > 4σ) 0.946 (1) 
Validation   
    MolProbity score 5.44 
    Clashscore 1.62 
    Poor rotamers (%) 1.10 
Ramachandran plot   
    Favored (%) 95.72 
    Allowed (%) 4.28 
    Disallowed (%) 0.00 
 



Supplementary Table 2 | Non-bonded interaction parameters for the molybdate ion 
atoms adapted from phosphate ion parameters. 
 
 

Atom name Atom type s (nm) e (kJ mol-1) q (e) 

P p5 0.36940224 0.960228 0.828666 

O1 o 0.30481209 0.6121192 -0.707000 

O2 o 0.30481209 0.6121192 -0.707000 

O3 o 0.30481209 0.6121192 -0.707000 

O4 o 0.30481209 0.6121192 -0.707000 

 



Supplementary Table 3 | Bonded interaction parameters for the molybdate ion 
atoms. Equilibrium bond length and angle amplitude have been taken from the 
experimental structure of the molybdate ions. 
 
 
Bond Equilibrium bond length (nm) Harmonic constant (kJ mol-1 nm-2) 

p5 - o 0.14870 443085.60 

Angle Equilibrium angle amplitude (degrees) Harmonic constant (kJ mol-1 rad-2) 

o - p5 - o 115.8000496 715.4640 

 



Supplementary Table 4 | DNA sequences of the oligonucleotides used for the 
mutational studies.  
 

No. Primer Sequence 
1 AHR P275A, forward ctgtttgcaattgccacaccgctgcaacctgcaagcattctggaaattcgtaccaaaaat 
2 AHR P275A, reverse atttttggtacgaatttccagaatgcttgcaggttgcagcggtgtggcaattgcaaacag 
3 AHR S276A, forward tttgcaattgccacaccgctgcaacctccggcaattctggaaattcgtaccaaaaatttc 
4 AHR S276A, reverse gaaatttttggtacgaatttccagaattgccggaggttgcagcggtgtggcaattgcaaa 
5 AHR I277A, forward gcaattgccacaccgctgcaacctccgagcgcactggaaattcgtaccaaaaatttcatc 
6 AHR I277A, reverse gatgaaatttttggtacgaatttccagtgcgctcggaggttgcagcggtgtggcaattgc 
7 AHR L278A, forward attgccacaccgctgcaacctccgagcattgcagaaattcgtaccaaaaatttcatcttc 
8 AHR L278A, reverse gaagatgaaatttttggtacgaatttctgcaatgctcggaggttgcagcggtgtggcaat 
9 AHR E279A, forward gccacaccgctgcaacctccgagcattctggcaattcgtaccaaaaatttcatcttccgc 
10 AHR E279A, reverse gcggaagatgaaatttttggtacgaattgccagaatgctcggaggttgcagcggtgtggc 
11 AHR I280A, forward acaccgctgcaacctccgagcattctggaagcacgtaccaaaaatttcatcttccgcacc 
12 AHR I280A, reverse ggtgcggaagatgaaatttttggtacgtgcttccagaatgctcggaggttgcagcggtgt 
13 AHR R281A, forward ccgctgcaacctccgagcattctggaaattgcaaccaaaaatttcatcttccgcaccaaa 
14 AHR R281A, reverse tttggtgcggaagatgaaatttttggttgcaatttccagaatgctcggaggttgcagcgg 
15 AHR T282A, forward ctgcaacctccgagcattctggaaattcgtgcaaaaaatttcatcttccgcaccaaacat 
16 AHR T282A, reverse atgtttggtgcggaagatgaaattttttgcacgaatttccagaatgctcggaggttgcag 
17 AHR H291A, forward cgtaccaaaaatttcatcttccgcaccaaagcaaaactggattttaccccgattggttgt 
18 AHR H291A, reverse acaaccaatcggggtaaaatccagttttgctttggtgcggaagatgaaatttttggtacg 
19 AHR F295A, forward atcttccgcaccaaacataaactggatgcaaccccgattggttgtgatgcaaaaggtcgt 
20 AHR F295A, reverse acgaccttttgcatcacaaccaatcggggttgcatccagtttatgtttggtgcggaagat 
21 AHR S365A, forward accaaaaataaccgttggacctgggttcaggcaaatgcacgtctgctgtataaaaacggt 
22 AHR S365A, reverse accgtttttatacagcagacgtgcatttgcctgaacccaggtccaacggttatttttggt 
23 AHR Q383A, forward aacggtcgtccggattacattattgttaccgcacgtccgctgaccgatgaagaaggcacc 
24 AHR Q383A, reverse ggtgccttcttcatcggtcagcggacgtgcggtaacaataatgtaatccggacgaccgtt 
25 AHR F404A, forward catctgcgtaaacgtaataccaaactgccggcaatgttcaccaccggtgaagcagttctg 
26 AHR F404A, reverse cagaactgcttcaccggtggtgaacattgccggcagtttggtattacgtttacgcagatg 
27 AHR F406A, forward cgtaaacgtaataccaaactgccgtttatggcaaccaccggtgaagcagttctgtatgaa 
28 AHR F406A, reverse ttcatacagaactgcttcaccggtggttgccataaacggcagtttggtattacgtttacg 
29 AHR Y414A, forward tttatgttcaccaccggtgaagcagttctggcagaagcaaccaatccgtttccggcaatt 
30 AHR Y414A, reverse aattgccggaaacggattggttgcttctgccagaactgcttcaccggtggtgaacataaa 
31 AHR I423A, forward ctgtatgaagcaaccaatccgtttccggcagcaatggacccgctgccgctgcgcaccaaa 
32 AHR I423A, reverse tttggtgcgcagcggcagcgggtccattgctgccggaaacggattggttgcttcatacag 
33 XAP2 Y248A, forward tgtcagtgtaaactggtggtggaagagtatgcagaagttctggatcattgtagcagcatc 
34 XAP2 Y248A, reverse gatgctgctacaatgatccagaacttctgcatactcttccaccaccagtttacactgaca 
35 XAP2 W279A, forward ttcaaacgcggtaaagcacatgcagcagttgcaaatgcacaagaagcacaggcagatttt 
36 XAP2 W279A, reverse aaaatctgcctgtgcttcttgtgcatttgcaactgctgcatgtgctttaccgcgtttgaa 
37 XAP2 D317A, forward caggcactggaagcacgtattcgtcagaaagcagaagaagataaagcccgttttcgcggt 
38 XAP2 D317A, reverse accgcgaaaacgggctttatcttcttctgctttctgacgaatacgtgcttccagtgcctg 
39 XAP2 D320A, forward gaagcacgtattcgtcagaaagatgaagaagcaaaagcccgttttcgcggtatttttagc 
40 XAP2 D320A, reverse gctaaaaataccgcgaaaacgggcttttgcttcttcatctttctgacgaatacgtgcttc 
41 XAP2 F324A, forward cgtcagaaagatgaagaagataaagcccgtgcacgcggtatttttagccattaactcgag 
42 XAP2 F324A, reverse ctcgagttaatggctaaaaataccgcgtgcacgggctttatcttcttcatctttctgacg 
43 XAP2 I327A, forward gatgaagaagataaagcccgttttcgcggtgcatttagccattaactcgagcatgcatct 
44 XAP2 I327A, reverse agatgcatgctcgagttaatggctaaatgcaccgcgaaaacgggctttatcttcttcatc 
45 XAP2 F328A, forward gaagaagataaagcccgttttcgcggtattgcaagccattaactcgagcatgcatctaga 
46 XAP2 F328A, reverse tctagatgcatgctcgagttaatggcttgcaataccgcgaaaacgggctttatcttcttc 
47 XAP2 S329A, forward gaagataaagcccgttttcgcggtatttttgcacattaactcgagcatgcatctagaggg 
48 XAP2 S329A, reverse ccctctagatgcatgctcgagttaatgtgcaaaaataccgcgaaaacgggctttatcttc 

 


