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TABLES

Table S1: Initial BRD4-1 set having PDB structures with ITC binding data

PDB ID c's“;:f’ C":;ter Ke(M)  AG (kcalimol) ITC Condition Ref.
3MXF 1 2 4.9E-08 -9.64 50 mM HEPES, 150 mM NaCl, and pH 7.4 1
3P50 3 3 9.5E-08 -9.59 20 mM HEPES, 100 mM NaCl, and pH 7.5 2
3U5J 3 3 0.00000246 -7.40 50 mM HEPES, 150 mM NaCl, and pH 7.4 3
3U5L 3 3 0.00000064 -8.16 50 mM HEPES, 150 mM NaCl, and pH 7.4 3

50 mM HEPES, 100 mM NaCl, 0.5 mM .
4E96 6 6 4.74E-08 -9.68 TCEP and pH 7.5

50 mM HEPES, 150 mM NaCl, 0.05% 5
4J3| 2 7 1.142E-06 -7.84 DMSO and pH 7.5

4MR4 2 7 0.00000893 -6.87 50 mM HEPES, 150 mM NaCl, and pH 7.5 6
4LYS 2 8 0.000046 -5.90 Not available 7
4LYW 11 9 2.37E-07 -9.00 Not available 7
4LZR 2 8 0.00002 -6.40 Not available 7
41.7S 11 9 0.000016 -6.60 Not available 7
40GI 1 12 3.7E-08 -9.79 50 mM HEPES, 150 mM NaCl, and pH 7.4 8
40GJ 1 13 1.64E-07 -8.94 50 mM HEPES, 150 mM NaCl, and pH 7.4 8
4QB3 1 14 0.0000033 -7.55 50 mM NazPO,, 150 mM NaCl, and pH 7.4 9
4XY9 2 15 4.651E-06 -7.03 50 mM HEPES, 150 mM NaCl, and pH 7.5 10
4XYA 2 15 0.00000137 -7.73 50 mM HEPES, 150 mM NaCl, and pH 7.5 10
5BT4 1 17 8.85E-07 -8.14 50 mM HEPES, 150 mM NaCl, and pH 7.5 11

50 mM HEPES, 150 mM NaCl, 0.5 mM 12
5CP5 6 6 1.234E-06 -8.06 TCEP and pH 7.5

50 mM HEPES, 150 mM NaCl, 0.5 mM 12
5CQT 6 6 1.24E-07 -9.42 TCEP and pH 7.5

50 mM HEPES, 150 mM NaCl, 0.5 mM 1
5CY9 6 6 2.18E-07 -9.09 TCEP and pH 7.5

50 mM HEPES, 150 mM NaCl, 0.5 mM 1
5D0C 6 6 0.00000234 -7.68 TCEP and pH 7.5
5D24 11 9 5.841E-06 -7.14 Not available 13
5D25 11 9 5.075E-07 -8.59 Not available 13
5D26 11 9 8.096E-07 -8.31 Not available 13
5D3H 11 9 0.00000793 -6.96 Not available 13
5D3J 11 9 5.733E-06 -7.15 Not available 13
5D3L 11 9 8.844E-07 -8.26 Not available 13
5D3N 11 9 9.202E-06 -6.87 Not available 13
5D3P 11 9 7.391E-06 -7.00 Not available 13
5D3S 11 9 1.272E-06 -8.04 Not available 13
5D3T 11 9 0.00001206 -6.71 Not available 13
5DW?2 2 7 6.95E-07 -8.00 50 mM HEPES, 150 mM NaCl, and pH 7.5 14

50 mM HEPES, 150 mM NaCl, 0.5 mM 12
5DX4 6 6 1.37E-07 -9.36 TCEP and pH 7.5
5EGU 1 1 0.0000014 -8.20 10 mM HEPES, 150 mM NaCl, and pH 7.5 15

20 mM HEPES, 150 mM NaCl, 0.5 mM 16
5FBX 1 33 5.43E-09 -10.90 TCEP and pH 7.5
51GK 1 34 4.18E-08 -9.73 50 mM HEPES, 150 mM NaCl, and pH 7.5 17
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Table S2: Initial binding enthalpy cal

culations

PDB ECompIex EWater

EReceptor

ELigand

AHwp

AHE)(p.

3MXF -194,542.80 £ 0.47 -19,123.03 + 0.07
3usL  -194,517.73+0.40 -19,123.03 £ 0.07
4LZR  -194,515.99 +0.64 -19,123.03 + 0.07
4QB3 -194,625.18 £0.71 -19,123.03 + 0.07
4XY9 -194,805.96 + 1.07 -19,123.03 + 0.07
5D0C -194,662.30+ 0.64 -19,123.03 £ 0.07
5D3S -194,622.99 +0.88 -19,123.03 + 0.07
spw2 -194,670.10 £0.58 -19,123.03 + 0.07
5FBX -194,559.37 £1.09 -19,123.03 + 0.07
5IGK  -194,782.42+0.58 -19,123.03 £ 0.07

-194,5652.58 £ 0.24
-194,552.58 + 0.24
-194,652.58 + 0.24
-194,652.58 £ 0.24
-194,652.58 £ 0.24
-194,5652.58 £ 0.24
-194,5652.58 £ 0.24
-194,5652.58 £ 0.24
-194,5652.58 £ 0.24
-194,552.58 + 0.24

-19,104.10 £ 0.09
-19,077.60 = 0.07
-19,076.84 + 0.07
-19,185.19 + 0.07
-19,369.69 + 0.07
-19,220.96 + 0.07
-19,184.16 + 0.07
-19,231.58 + 0.07
-19,113.12 £ 0.09
-19,337.15 £ 0.07

-9.15+£0.54
-10.57 £ 0.47
-9.60 £ 0.69
-10.43 £ 0.75
-6.71+£1.10
-11.78 £ 0.69
-9.28 £ 0.92
-8.96 + 0.63
-16.69 + 1.13
-15.71 £ 0.64

-8.42
-6.16
-9.00
-6.62
-6.09
-10.20
-9.77
-10.10
-15.57
-11.09

All values are in kcal/mol. Outliers are highlighted in bold. The error in AHyp is taken as the maximum value of

the error from the blocking analysis (Figure S2).
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Table S3: Binding enthalpy calculations for 3UL5, 4BQ3 and 5IGK with optimized
charges, differing buffer conditions and ZA-loop conformations.

PDB ECompIex EWater EReceptor ELigand AHMD AHExp.
3U5La  -194,482.19 + 0.41 -19,123.03 £ 0.07  -194,552.58 + 0.24 -19,038.78 + 0.07 -13.85+0.48 -6.16
4QB32  -194,507.71 £ 0.68 -19,123.03 £ 0.07  -194,552.58 + 0.24 -19,073.03 £ 0.07 -5.13+£0.72 -6.62
5IGKa  -194,492.98 + 0.53 -19,123.03 £ 0.07  -194,552.58 + 0.24 -19,049.07 + 0.07 -14.35 £ 0.59 -11.09
3U5L>  -202,904.22 + 1.82 -19,123.03 £ 0.07  -202,979.60 + 1.85 -19,038.78 + 0.07 -8.86 + 2.59 -6.16
5IGK>  -202,920.04 + 2.97 -19,123.03 £ 0.07  -202,979.60 + 1.85 -19,049.07 + 0.07 -14.39 £ 3.50 -11.09
3USLe  -194,474.86 + 0.58 -19,123.03 £ 0.07  -194,552.58 + 0.24 -19,038.78 + 0.07 -6.52 £ 0.64 -6.16
3U5LY  -194,479.27 + 3.21 -19,123.03 £ 0.07  -194,552.58 + 0.24 -19,038.78 + 0.07 -10.93 £3.22 -6.16
5IGKe  -194,485.25 + 0.60 -19,123.03 £ 0.07  -194,552.58 + 0.24 -19,049.07 + 0.07 -6.62 £ 0.66 -11.09
5IGK?  -194,489.92 + 3.06 -19,123.03 £ 0.07  -194,552.58 + 0.24 -19,049.07 + 0.07 -11.29 £ 3.07 -11.09

a Calculated by using simulations with optimized ligand parameters of 3UL5, 4BQ3, 5IGK

b Calculated by simulations with three ionization states of HEPES and NaCl

¢ Simulations were started using receptor with ZA2 conformation for complex simulations

d Calculated by using combined simulations data for both ZA1 and ZA2 from 40 simulations
All values are in kcal/mol.

S5



Table S4: Binding enthalpy calculations from specific ZA loop conformations

PDB ECompIex AI'IMD AHExp.
4LZR_ZA1 -194517.48 £ 0.22 -10.96 £ 0.25 -9.00
4QB3_ZA1 -194507.94 + 0.20 -5.23+0.23 -6.62
4XY9_ZA1 -194806.62 + 0.23 -7.25+0.25 -6.09
5DW2_ZA1 -194668.91 £ 0.23 -7.66 £ 0.25 -10.10
4LZR_ZA2 -194513.13 £ 0.32 -6.61+£0.34 -9.00
4QB3_ZA2 -194505.80 + 0.45 -3.09 £ 0.46 -6.62
4XY9 _ZA2 -194803.31 £ 0.31 -3.93+£0.33 -6.09
5DW2 ZA2 -194671.73 £ 0.31 -10.48 £ 0.33 -10.10

All values are in kcal/mol.



Table S5. Percentage occupation of ZA loop states

System ZA1 (%) ZA2 (%) Intermediate (%)
3MXF 92.70 3.02 4.28
3U5L 99.69 0.00 0.31
3U5L_ion 91.70 6.20 2.10
3U5L_gm 99.33 0.00 0.67
3U5L_ZA 0.00 93.22 6.78
4LZR 64.75 26.94 8.32
4QB3 66.79 28.70 4.51
4QB3_gm 80.89 15.95 3.16
4XY9 65.03 31.49 3.48
5D0C 99.79 0.00 0.21
5D3S 99.97 0.00 0.03
5DW2 58.97 31.98 9.06
5FBX 99.88 0.00 0.12
5IGK 99.97 0.00 0.03
5IGK_ion 99.97 0.00 0.03
5IGK_gm 99.96 0.00 0.04
5IGK_ZA 0.66 88.27 11.06
receptor(20)? 19.74 74.53 5.73
receptor(100)° 20.98 73.27 5.76
receptor_ion 49.38 42.21 8.41

_ion; contains 50 mM HEPES and 150 mM NaCl, and also optimized ligand parameters
_gm; performed using optimized ligand parameters

_ZA: ZA2 was used as a starting structure

a Percentages for the first 20 repeats

b Percentages for all 100 repeats

ZA1 state is defined as: If the Val90:H-Val87:0 and Lys91:H-Val87:0 hydrogen bond distances are more than 4 A
and 5 A respectively. ZA2 state is defined as: if the Val90:H-Val87:0 and Lys91:H-Val87:0 hydrogen bond

distances are both less than 3 A. Everything else is defined as intermediate.
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Table S6. Physical determinants of Binding Enthalpies

PDB Val Coul LJ

3MXF 0.38 -5.09 -4.35
3U5L_ZA1 1.63 -12.10 -3.21
3U5L_ZA2 -1.10 0.64 -5.90
4L7ZR -1.04 -7.25 -1.31
4QB3 4.95 -6.70 -3.04
4XY9 -0.94 -2.13 -3.04
5D0C 1.68 -9.24 -3.78
5D3S 1.77 -5.81 -4.99
5DW2 0.90 -6.10 -3.28
5FBX -0.94 -11.85 -3.90
51GK_ZA1 3.53 -16.00 -1.75
51GK_ZA2 1.06 -2.20 -5.37

Coul: Coulombic electrostatic contribution. Val: contribution from changes in bond-stretch, angle-bend, and

dihedral terms. LJ: Lennard-Jones contribution.
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Table S7. Binding enthalpies calculated by using three different force fields.

PDB Exp. AMBER CHARMM OPLS
3MXF -8.42 -10.18 £ 0.92 -2.93+1.24 -9.06 £ 0.93
3U5L -6.16 -11.61+£0.88 -3.02 + 1.58 -7.83 +£1.05
4LZR -9.00 -10.63 + 1.01 -3.54 £ 1.35 -2.28+1.15
4QB3 -6.62 -11.47 £ 1.06 -6.13 £ 1.36 -5.75+1.06
4XY9 -6.09 -7.75%+1.33 -7.00 £ 1.68 -7.39£1.41
5D0C -10.20 -12.82 £ 1.01 12.11 £ 1.21 -12.35+£1.05
5D3S -9.77 -10.31 £ 1.18 -3.53 +1.38 -5.42 +1.26
5DW2 -10.10 -10.00 £ 0.98 -5.47 £1.21 -8.91+£1.12
5FBX -15.57 -17.73+£1.35 -10.82 £ 1.69 -10.17 £ 0.95
5IGK -11.09 -16.75 £ 0.98 -10.97 £ 1.22 -10.73 £ 1.30

Binding enthalpies using AMBER are calculated without considering ZA-loop and ligand parameter optimization.

All values are in kcal/mol. Bold entry gives binding enthalpies within the 2 kcal/mol error limit for all cases.
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Table S8: Number of penalties (higher than 50) obtained from the CGenFF server.
PDB Partial Charge Parameter

3MXF® 3 22
3U5L 4 23
4LZR 8 25
4QB3¢ 0 0
4XY9¢ 3 3
5D0CP 0 3
5D3Sk 0 1
5DW2¢ 0 2
5FBX 4 22
5IGK® 2 12

% Provided accurate binding enthalpies.
P Ligand left the binding pocket in at least one simulation.
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Table S9. Absolute differences between calculated binding enthalpies and
experimental values for the 3U5L and 5IGK systems.

Simulation AMBER OPLS CHARMM
3U5L_ZA1 8.73 1.67 3.14
5IGK_ZA1 4.29 0.36 0.12
3U5L_ZA2 1.39 0.85 2.03
5IGK_ZA2 3.43 4.67 3.75
3USL_AII 5.81 0.48 0.72
5IGK_AIl 1.24 2.30 1.73

_ZA1: PDB structure was used as a starting structure.
_ZA2: ZA2 was used as a starting structure.
_All: Calculated by using combined simulations data for both ZA1 and ZA2 from 40 simulations



FIGURES
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Figure S1. Enthalpy-Entropy Compensation in BRD4-1 calorimetry data.
The plot indicates a clear correlation between AH and TAS components of the binding free
energy.
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Figure S2. The change in the average potential energy of cumulative simulation data from 20
replicates for all complexes along with the respective blocking analysis curves.
Grey shade represents the standard error of the mean.
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Figure S6. Pairwise RMSD for ZA-loop (76-106 residues) backbone atoms of the simulation in Figure
6A of the main manuscript.
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PDB ID

Figure S7. RMSD violin plots for ZA-loop (76-106 residues) backbone atoms of 3U5SL and
5IGK for simulations having ZA1 (blue) and ZA2 (purple) in the starting structure.
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Figure S8. A) The w (CA-C-N-CA) angle distribution of GIn84 (in the ZA loop) across 100

apo-receptor simulations.

Atoms are highlighted in green ball & stick in the inset cartoon. B) The angle change of the w

(CA-C-N-CA) GIn84 from the simulation in Figure 6A.
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lattice simulations.
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Figure S10. Difference (ZA1 — ZA2) of the average number of contacts between

conformations.

Note that SDW2 for which the ZA2 loop conformation gives the best agreement with
experiment exhibits substantial contact preferences for Asp88 and Tyr139.
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Figure S11. RMSD violin plots for ZA-loop (76-106 residues -see Fig. 1.) backbone atoms of
208SS apo-receptor and complex simulations after fitting whole protein backbone.
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Figure S12. The overall sampling distribution of the simulations by dihedral angle distributions.
Individual points from 40 simulations (ZA1+ZA2) are colored by the number of neighboring
points. Marginal density plots on the top and right of the base plot show the distribution of
dihedral angles in ZA1 (pink) and ZA2 (blue) simulations.
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Figure S$13. Convergence pattern of the calculated AH.

Red lines show convergence for the simulations with ZA1 (crystal-like conformation), blue
lines are for the ZA2, and green lines show the convergence for all simulations consisting of
ZA1 and ZA2 simulations. The dashed-line is the experimental AH and the dotted-lines
indicate the 2 kcal/mol error limit.
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Figure S14: OPLS introduced greater flexibility to the ZA loop of 5D3S.
(A) RMSF for backbone atoms of ZA loop region. Bold lines show the average RMSF. (B)
Convergence pattern of the calculated AH for 5D3S. The red dashed-line is the experimental

AH and the dotted-lines indicate the 2 kcal/mol error limit.
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