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Figure S1. Chemical structures of ATAD2’s BRD ligands. ICs, values are taken from experimental affinity
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Figure S2. Superposition of selected PDB structures to highlight differences in ZA loop positioning, and
illustration of the ZA dihedral measurement criteria among the Ca-atoms of specific proline residues

(PDBs: 3dai, 4qgsp, 4qsx, 4qut, 4tt2, 4tu6, 5a5n, 5a5r, 5a81, 5a82, 5a83)
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Figure S3. Superposition of selected PDB structures to show alternate conformations (“in” and “out”) of the BC
loop, which can be distinguished by the side-chain conformations of Aspl1066 (D1066) pointing,
respectively, within and outside the binding pocket. Left: apo form structures (PDBs: 3dai and 4tu6), right:
peptide-bound structures (PDBs: 4quu, 4qut and 4tt2).
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Figure S4. Dihedral angle evolution in three independent MD simulations.
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Figure S5. Sitemap prediction of the helix binding region. Yellow surface: hydrophobic region, red surface:
acceptor region, blue surface: donor region. Yellow dash line represents thehydrogen bond and the green dash
line pi-pi stacking interaction.

docking score: > -6.0 kcal/mol

Figure S6. Blind docking results of the SPECS building blocks library.
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Figure S7 Evolution of the dihedral ¥, in two additional independent simulations.
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Figure S8. Residue Asp1066 in all the currently available fragment- and inhibitor- bound complexes of ATAD2's
BRD. (PDBs: 4gsp, 4qsq, 4qsr, 4gss, 4gst, 4qsu, 4qgsv, 4gsw, 4qsx, 4tte, 4tu4, 4tyl, 4tz2, 4tz8, 5a5n, 5a50, 5a5p,
5a5q, 5a5r, 5a81, 5a82, 5a83, 5epb, 5f36, 5f3a, 51j0)
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Figure S9. Docking poses of ligands in the BC loop “in” and “out” conformations.



PDB:4tu6 (state 8) PDB:5a81 (state 11)
Figure S10. Impact of Asn1064 (N1064) flipping event on the binding pocket geometry
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Figure S11. Free energy difference as a function of simulation time. Red: free energy difference between state
1 and state 11 (G1-G44); Blue: free energy difference between sate 8 and state 11 (Gg — Gy1).
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Figure S12. The distance from the path (Z,w) vs. the progress along the path (Spatn).
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Figure $13. Evolution of the dihedral (N-CA-C-O) Asp1066. Blue: BC-out (unbiased MD simulation, 0-200 ns);
Green: BC-in (unbiased MD simulation, 0-200 ns); Red: path metadynamics simulation (600-800 ns).
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Figure S14. Schematic representation of the thermodynamic cycle for free energy calculations. The interactions
(the van der Waals interaction A G4, and electrostatic interaction A Gge) of the ligand (cyan) with the solvent

as well as with the protein are gradually decoupled with restrain ( A Gest).
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Table S1: ZA dihedral values from the currently available crystal structures of ATAD2’s BRD

PDBID . . o Crystallization
Ligand ZA dihedral (°) method
3dai apo 71.6 Soaking
4qsp acetyl-lysine 71.2 Soaking
4qsq DMSO 69.9 Soaking
4qsr MPD 71.3 Soaking
4qss N-Methyl-2-pyrrolidone 69.1 Soaking
4qst 1-methylquinolin 2-one 68.6 Soaking
4qgsu Thymine 69.3 Soaking
4qsv 2'-Deoxythymidine 70.5 Soaking
4gsw 5-methyluridine 69.5 Soaking
4qsx 3'-deoxy thymidine 72.1 Soaking
4qut H4-K(ac)12 75.5 Soaking
4quu H4-K(ac)5 73.8 Soaking
4tt2 H4(1-20)K5Ac 66.5 Co-crystallization
4tt4 H3(1-21)K14Ac 74.2 Co-crystallization
4tt6 apo 71.5 Co-crystallization
4tte methyl 3-amino-5-(3,5-dimethyl-1,2- 71.6 Co-crystallization
oxazol- 4-yl)benzoate
4tud 3—(3,5-d|methyl—l,2‘—oxazol—4—}ll)—5'— 68.8 Co-crystallization
[(phenylsulfonyl)amino]benzoic acid
4tub apo 73.6 Co-crystallization
atyl 5-amino—1,3,6—’Frimethyl—l,S—dihydro-2H— 710 Soaking
benzimidazol- 2-one
4tz2 3-(5-phenyl-4H-1,2,4-triazol-3-yl)aniline 73.8 Soaking
2-amino-7,7-dimethyl-5,6,7,8-
4128 tetrahydro-4H- [1,3]thiazolo(5,4- 71.1 Soaking
clazepin-4-one
5a5n (25)—2,6—diacetamid'o—N—methyI— 74.9 Soaking
hexanamide
5a50 3-METHYL-1,2-DIHYDROQUINOLIN-2- 70.8 Soaking
ONE
8-{[2-(dimethylamino)ethyl]amino}-3- .
>3sp met(hyl- 1,2—»<I:IihydroLuin\glin—Z-one 705 Soaking
3-methyl-8-[(piperidin-4-yl)Jamino]-1,2- .
2354 dihy»::lro— (1?7?naphthyz(j)in—2—one 704 Soaking
5-(5-methoxypyridin-3-yl)-3-methyl-8-
5a5r [(piperidin- 4-yl)amino]-1,2-dihydro-1,7- 65.3 Soaking
naphthyridin- 2-one
8-[[(3R,4R)-3-[[1,1-
bis(oxidanylidene)thian- 4- .
>a82 yI]methoxy]pip\(/eridin-4-yl]amino]—3- 68.8 Soaking
methyl- 1H-1,7-naphthyridin-2-one
8-[[(3R,4R)-3-[[1,1- .
>a83 bis(oxidanylidene)thian- 4- 66.7 Soaking
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yllmethoxy]piperidin-4-ylJamino]-3-
methyl- 5-(5-methylpyridin-3-yl)-1H-
quinolin-2-one
~{N}-[(2~{S})-2-morpholin-4-ylpropyl]-4-
Sepb oxidanylidene- 3,5-dihydro-2~{H}-1,5- 65.9 Soaking
benzothiazepine-7-carboxamide
[(2~{R})-1-[(4-ethanoyl-1,3-thiazol-2-
5f36 yl)amino]- 1-oxidanylidene-propan-2- 68.1 Soaking
yllazanium
~{N}-(4-ethanoyl-1,3-thiazol-2-
yl)azetidin- 1-ium-3-carboxamide
51j0 8-(((3R,4R,5S)-3-((4,4-
difluorocyclohexyl)methoxy)- 5-
methoxypiperidin-4-yl)Jamino)-3-methyl- 67.3 Soaking
5- (5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)- one

5f3a 70.6 Soaking

Table S2: Comparison of dihedrals from simulations and the crystal structure data
MD simulation PDB structure PDB ID
() ()

Fragment- 80.0+6.2 70.8 5a50
unbinding
Apo 79.6+5.4 71.6 3dai
Fragment-binding 69.2 £6.3 70.8 5a50
Ligand 1-binding 69.8 £4.2 66.7 5a83
Peptide-binding 69.9+4.6 66.5 4tt2
Ligand 2-binding 69.8 £ 6.3 68.7 5a81

Table S3: Per-residue contribution obtained from the Glide docking score. All values are in kcal/mol.
Vdw represents the van der Waals interaction and ele the electrostatic interaction
V1013 D1016 E1017 V1018 D1020 Y1021
vdw ele vdw ele vdw ele vdw ele vdw ele vdw @ ele

L'gi”d 334 -1.01 -0.18 -0.17 -4.67 -433 -3.86 002 -0.15 -0.57 -2.03 -0.7
Ligand
; 215 -0.74 -0.04 -0.04 -057 -071 -2.31 -004 -0.15 -0.08 -2.09 -0.7

Peptide -0.52  -1.21 -0.12 -19 -3.66 -3.22 -0.31 -0.03 -0.67 -4.07 -1.33 -2.24
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