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Table S1 - Inhibition constant, molecular weight, chemical formula and 2D structure of the 

23 studied ligands of thrombin. Their ID is given in the third column, while the second 

column refers to PDB ID of their complex with thrombin protein. 

 

No. 
PDB 

ID 

Ligand 

ID 

Inhibition 

constant 

Ki (nM) 

Molecular 

weight 

(g/mol) 

Chemical 

formular 
2D structure 

1 1SL3 170 0.0014 
1
 552.32 C21H17Cl2F2N9O3 

 

2 1C4V IH2 0.016 
2
 528.64 C30H36N6O3 
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3 1C4U IH1 0.043 
2
 581.48 C23H29BrN6O5S 

 

4 2ZO3 33U 0.1 
3
 469.58 C28H31N5O2 

 

5 1TA6 177 0.74 
4
 479.01 C24H35Cl N4O4 

 

6 1NT1 T76 1.3 
5
 505.01 C25H33ClN4O5 
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7 1BMN BM9 3.6 
6
 530.64 C25H34N6O5S 

 

8 1ETS MID 6 
7
 521.63 C27H31N5O4S 

 

9 2JH6 894 17 
8
 449.97 C17H24ClN3O5S2 
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10 3DHK 23U 47 
3
 461.98 C27H28ClN3O2 

 

11 3DUX 64U 100 
3
 391.94 C21H30ClN3O2 

 

12 2ZC9 22U 180 
3
 385.89 C21H24ClN3O2 

 

13 2ZGX 29U 180 
3
 331.41 C17H25N5O2 
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14 2JH5 895 367 
8
 447.96 C17H22ClN3O5S2 

 

15 1AWH GR3 830 
9
 542.70 C32H46O7 

 

16 1D6W 00R 1100 
2
 527.60 C24H29N7O5S 

 

17 3SHC B01 1900 
10

 386.88 C20H23ClN4O2 

 

18 3SHA P97 2600 
10

 386.88 C20H23ClN4O2 
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19 2ZFP 19U 6800 
3
 323.82 C16H22ClN3O2 

 

20 3F68 91U 8700 
3
 433.97 C23H32ClN3O3 

 

21 3EGK M18 22000 
11

 410.89 C20H27ClN2O5 

 

22 3P17 99P 33400 
10

 352.43 C20H24N4O2 

 

23 3SV2 P05 64000 
10

 352.43 C20H24N4O2 
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Table S2 - Inhibition constant, molecular weight, chemical formula and 2D structure of the 

23 studied ligands of factor Xa. Their ID is given in the third column, while the second 

column refers to PDB ID of their complex with factor Xa protein. 

 

No. 
PDB 

ID 

Ligand 

ID 

Inhibition 

constant 

Ki (nm) 

Molecular 

weight 

(g/mol) 

Chemical 

formula 
2D structure 

1 2P3T 993 0.005 
12

 565.68 C23H19Cl3N6O3S 

 

2 1MQ6 XLD 0.007 
13

 568.86 C23H20Cl3N5O4S 

 

3 3CS7 LG0 0.021 
14

 510.55 C28H29F3N4O2 

 

4 2FZZ 5QC 0.03 
15

 588.58 C31H27F3N6 O3 
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5 2BQ6 IIB 0.07 
16

 522.06 C27H28ClN5O2S 

 

6 2P16 GG2 0.08 
17

 459.50 C25H25N5O4 

 

7 1FJS Z34 0.11 
18

 526.49 C25H24F2N6O5 

 

8 2G00 4QC 0.18 
19

 533.54 C29H26F3N5O2 
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9 1Z6E IK8 0.19 
20

 528.46 C24H20F4N8O2 

 

10 2W26 RIV 0.4 
21

 435.88 C19H18ClN3O5S 

 

11 2P95 ME5 0.43 
22

 441.93 C22H20ClN3O3S 

 

12 1MQ5 XLC 1 
13

 537.89 C24H23Cl3N4O2S 

 



 

S10 

 

13 2J4I GSJ 1 
23

 559.10 C23H31ClN4O6S2 

 

14 2P93 ME1 1.5 
22

 401.87 C19H16ClN3O3S 

 

15 2BOH IIA 3 
16

 483.02 C25H27ClN4O2S 

 

16 2BQW IIE 3 
16

 452.98 C25H29ClN4O2 
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17 2J95 GSX 4 
24

 504.04 C19H22ClN3O5S3 

 

18 2J34 GS6 15 
25

 471.98 C19H22ClN3O5S2 

 

19 1FAX DX9 41 
26

 444.53 C26H28N4O3 

 

20 2J38 GS5 47 
25

 471.98 C19H22ClN3O5S2 
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21 2BQ7 IID 89 
16

 405.53 C25H31N3O2 

 

22 2UWP 894 154 
27

 449.97 C17H24ClN3O5S2 

 

23 2J94 G15 534 
24

 488.97 C17H21ClN6O5S2 

 

 

 

Table S3 - Inhibition constant, molecular weight, chemical formula and 2D structure of  23 

studied ligands of HIV-1. Their ID is given in the third column, while the second column 

refers to PDB ID of their complex with the HIV-1 protein. 

 

No. 
PDB 

ID 

Ligand 

ID 

Inhibition 

constant 

Ki (nM) 

Molecular 

weight 

(g/mol) 

Chemical 

formular 
2D structure 
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1 1HVK A79 0.011 
28

 794.98 C44 H58 N8 O6 

 

2 1HVL A76 0.112 
28

 794.98 C44 H58 N8 O6 

 

3 1EBY BEB 0.2 
29

 652.73 C38 H40 N2 O8 
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4 1C6Y MK1 0.31 
30

 613.79 C36 H47 N5 O4 

 

5 2BPX MK1 0.4 
31

 613.79 C36 H47 N5 O4 

 

6 1EC3 MS3 0.92 
29

 768.90 C42 H52 N6 O8 
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7 1EC1 BEE 1.2 
29

 778.98 
C40 H50 N4 O8 

S2 

 

8 2CEJ 1AH 2.4 
32

 681.62 
C34 H41 Br N4 

O6 

 

9 2UXZ HI1 3.3 
33

 709.67 
C36 H45 Br N4 

O6 
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10 1D4J MSC 4.4 
29

 663.13 
C36 H36 Cl F 

N2 O7 

 

11 2CEN 4AH 5 
32

 679.80 C39 H45 N5 O6 

 

12 1G35 AHF 7.3 
34

 664.76 
C35 H40 N2 O9 

S 
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13 2BQV A1A 9 
35

 588.69 C33 H40 N4 O6 

 

14 1SBG IM1 18 
36

 534.69 C31 H42 N4 O4 

 

15 2BPV 1IN 21.2 
31

 621.81 C35 H51 N5 O5 
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16 2BPY 3IN 39.8 
31

 727.34 
C37 H55 Cl N8 

O5 

 

17 2UPJ U02 41 
37

 558.66 C33 H38 N2 O6 

 

18 2UY0 HV1 120 
33

 723.65 
C36 H43 Br N4 

O7 
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19 2PWR G4G 260 
38

 647.76 
C32 H33 N5 O6 

S2 

 

20 2PWC G3G 270 
38

 591.74 
C30 H33 N5 O4 

S2 

 

21 1HBV GAN 430 
39

 585.78 C32 H51 N5 O5 
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22 3BGB LJG 900 
40

 525.73 
C24 H39 N5 O4 

S2 

 

23 3BGC LJH 9600 
40

 593.76 
C30 H35 N5 O4 

S2 

 

 

 

Table S4 - Inhibition constant, molecular weight, chemical formula and 2D structure of  23 

studied ligands of MCL-1. Their ID is given in the third column, while the second column 

refers to PDB ID of their complex with the mcl-1 protein. 

No. 
PDB 

ID 

Ligand 

ID 

Inhibition 

constant 

Ki (nM) 

Molecular 

weight 

(g/mol) 

Chemical 

formular 
2D structure 
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1 6NE5 KJP 0.03 
41

 712.66 
C39 H39 Cl2 

N5 O4 

 

2 6OQC N0S 0.04 
42

 585.15 
C31 H37 Cl N2 

O5 S 

 

3 6OQB N0J 0.05 
42

 599.18 
C32 H39 Cl N2 

O5 S 
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4 6UDV Q51 0.051 
43

 599.18 
C32 H39 Cl N2 

O5 S 

 

5 6UD2 Q4D 0.062 
43

 820.38 
C40 H52 Cl F2 

N5 O7 S 

 

6 6UDI Q4S 0.1 
43

 715.30 
C36 H47 Cl N4 

O7 S 
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7 6UDT Q4V 0.1 
43

 595.13 
C33 H39 Cl N2 

O6 

 

8 6OQD N0M 0.14 
42

 587.17 
C31 H39 Cl N2 

O5 S 

 

9 5FDR 5X3 0.4 
44

 659.54 
C30 H28 Cl2 

N4 O7 S 
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10 6UDU Q4Y 0.5 
43

 539.06 
C30 H35 Cl N2 

O5 

 

11 6BW8 ECM 0.65 
45

 712.66 
C39 H39 Cl2 

N5 O4 

 

12 6B4U CN7 9 
46

 548.67 C35 H36 N2 O4 
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13 6BW2 ECY 21 
45

 639.18 
C37 H39 Cl N4 

O4 

 

14 5IEZ 6AL 23 
47

 619.54 
C33 H32 Cl2 

N4 O4 

 

15 6QYP JL5 46 
48

 567.10 
C29 H31 Cl N4 

O4 S 
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16 6QZ8 JL8 51 
48

 468.95 
C24 H21 Cl N2 

O4 S 

 

17 4HW2 19H 55 
49

 392.28 
C20 H19 Cl2 N 

O3 

 

18 5FC4 5WL 231 
44

 456.94 
C23 H21 Cl N2 

O4 S 
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19 4ZBI 4M6 310 
50

 385.45 C25 H23 N O3 

 

20 4HW3 19G 320 
49

 374.88 
C20 H19 Cl O3 

S 

 

21 6B4L CJY 340 
46

 345.39 C22 H19 N O3 
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22 5FDO 5X2 361 
44

 497.01 
C26 H25 Cl N2 

O4 S 

 

23 6QZB JLK 2400 
48

 417.52 
C24 H23 N3 O2 

S 

 

 

 

 

Table S5 - Inhibition constant, molecular weight, chemical formula and 2D structure of  23 

studied ligands of CDK-2. Their ID is given in the third column, while the second column 

refers to PDB ID of their complex with the cdk-2 protein. 

No. 
PDB 

ID 

Ligand 

ID 

Inhibition 

constant 

Ki (nM) 

Molecular 

weight 

(g/mol) 

Chemical 

formular 
2D structure 
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1 2FVD LIA 3 
51

 441.45 
C18 H21 F2 N5 

O4 S 

 

2 4BCK T3E 4 
52

 401.47 
C16 H15 N7 

O2 S2 

 

3 4BCN T9N 12 
52

 338.39 
C16 H14 N6 O 

S 
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4 1PF8 SU9 31 
53

 241.25 
C13 H11 N3 

O2 

 

5 5D1J 56H 38 
54

 380.53 
C17 H24 N4 

O2 S2 

 

6 1PXM CK5 60 
55

 298.36 
C15 H14 N4 O 

S 
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7 1PXN CK6 70 
55

 313.38 
C15 H15 N5 O 

S 

 

8 4BCM T7Z 123 
52

 485.58 
C21 H23 N7 

O3 S2 

 

9 4BCO T6Q 131 
52

 462.57 
C23 H26 N8 O 

S 
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10 4BCQ TJF 147 
52

 435.50 
C21 H21 N7 

O2 S 

 

11 4ACM 7YG 210 
56

 441.51 
C20 H23 N7 

O3 S 

 

12 1PXP CK8 220 
55

 325.43 C17 H19 N5 S 
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13 1PXL CK4 290 
57

 350.36 
C16 H13 F3 N4 

S 

 

14 1PYE PM1 386 
58

 377.34 
C21 H13 F2 N3 

O2 

 

15 4EOR 4SP 500 
59

 402.47 
C18 H22 N6 

O3 S 
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16 4BCP T3C 568 
60

 420.53 C21 H24 N8 S 

 

17 4EOS 1RO 890 
59

 351.44 
C18 H13 N3 O 

S2 

 

18 1E1X NW1 1300 
61

 251.28 
C11 H17 N5 

O2 
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19 1JSV U55 2000 
62

 265.29 
C10 H11 N5 

O2 S 

 

20 1OGU ST8 2400 
63

 370.41 
C18 H22 N6 

O3 

 

21 1PXJ CK2 6500 
57

 206.27 C9 H10 N4 S 

 



 

S36 

 

22 1E1V CMG 12000 
61

 247.30 C12 H17 N5 O 

 

23 1V1K 3FP 35000 
64

 465.44 
C22 H23 F4 N5 

O2 

 

 

 

Table S6 - Scale factor β for  thrombin complexes. 

No. Ligand PDB ID Complex PDB ID 𝛽 

1 170 1SL3 0.50 

2 IH2 1C4V 0.43 

3 IH1 1C4U 0.43 

4 33U 2ZO3 0.43 

5 177 1TA6 0.43 

6 T76 1NT1 0.43 

7 BM9 1BMN 0.37 

8 MID 1ETS 0.43 

9 894 2JH6 0.43 

10 23U 3DHK 0.43 

11 64U 3DUX 0.43 

12 22U 2ZC9 0.43 

13 29U 2ZGX 0.43 

14 895 2JH5 0.43 

15 GR3 1AWH 0.33 

16 00R 1D6W 0.43 

17 B01 3SHC 0.43 
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18 P97 3SHA 0.43 

19 19U 2ZFP 0.43 

20 91U 3F68 0.43 

21 M18 3EGK 0.43 

22 99P 3P17 0.43 

23 P05 3SV2 0.43 
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Table S7 - Scale factor β for  factor Xa complexes 

No. Ligand PDB ID PDB ID 𝛽 

1 993 2P3T 0.43 

2 XLD 1MQ6 0.43 

3 LG0 3CS7 0.43 

4 5QC 2FZZ 0.37 

5 IIB 2BQ6 0.43 

6 GG2 2P16 0.43 

7 Z34 1FJS 0.33 

8 4QC 2G00 0.43 

9 IK8 1Z6E 0.43 

10 RIV 2P95 0.43 

11 ME5 2W26 0.43 

12 XLC 1MQ5 0.43 

13 GSJ 2J4I 0.43 

14 ME1 2P93 0.43 

15 IIA 2BOH 0.43 

16 IIE 2BQW 0.43 

17 GSX 2J95 0.43 

18 GS6 2J34 0.43 

19 DX9 1FAX 0.37 

20 GS5 2J38 0.43 

21 IID 2BQ7 0.43 

22 894 2UWP 0.43 

23 G15 2J94 0.43 

 

 

Table S8 - Scale factor β for beta-lactamase complexes 

No. Ligand PDB ID PDB ID 𝛽 

1 HTC 1XGJ 0.33 

2 23C 2R9W 0.33 

3 NST 1XGI 0.37 

4 WH6 2R9X 0.33 

5 18U 4JXS 0.33 

6 1MW 4JXW 0.33 

7 STC 1L2S 0.37 

8 1MU 4JXV 0.33 

9 DK2 2PU2 0.33 

10 4A1 4KZ4 0.37 

11 NZ9 4KZA 0.37 

12 ZB6 4KZ6 0.37 

13 G14 3GRJ 0.37 

14 1U1 4KZ3 0.43 

15 1U6 4KZ8 0.37 

16 GF1 3GSG 0.37 
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17 GF4 3GR2 0.33 

18 3GV 3GVB 0.37 

19 1U5 4KZ7 0.37 

20 F12 2HDU 0.37 

21 GV9 3GV9 0.37 

22 1U3 4KZ5 0.37 

23 4A3 2HDR 0.33 

 

 

Table S9 - Scale factor β for HIV-1 complexes 

No. Ligand PDB ID PDB ID 𝛽 

1 A79 1HVK 0.33 

2 A76 1HVL 0.33 

3 BEB 1EBY 0.33 

4 MK1 1C6Y 0.33 

5 MK1 2BPX 0.33 

6 MS3 1EC3 0.33 

7 BEE 1EC1 0.33 

8 1AH 2CEJ 0.33 

9 HI1 2UXZ 0.33 

10 MSC 1D4J 0.33 

11 4AH 2CEN 0.33 

12 AHF 1G35 0.33 

13 A1A 2BQV 0.33 

14 IM1 1SBG 0.37 

15 1IN 2BPV 0.33 

16 3IN 2BPY 0.33 

17 U02 2UPJ 0.37 

18 HV1 2UY0 0.33 

19 G4G 2PWR 0.43 

20 G3G 2PWC 0.43 

21 GAN 1HBV 0.43 

22 LJG 3BGB 0.43 

23 LJH 3BGC 0.43 

 

 

Table S10 - Scale factor β for mcl-1 complexes 

No. Ligand PDB ID PDB ID 𝛽 

1 KJP 6NE5 0.37 

2 N0S 6OQC 0.37 

3 N0J 6OQB 0.37 

4 Q51 6UDV 0.37 

5 Q4D 6UD2 0.37 

6 Q4S 6UDI 0.37 

7 Q4V 6UDT 0.33 

8 N0M 6OQD 0.37 

9 5X3 5FDR 0.37 
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10 Q4Y 6UDU 0.33 

11 ECM 6BW8 0.37 

12 CN7 6B4U 0.37 

13 ECY 6BW2 0.37 

14 6AL 5IEZ 0.37 

15 JL5 6QYP 0.33 

16 JL8 6QZ8 0.33 

17 19H 4HW2 0.37 

18 5WL 5FC4 0.43 

19 4M6 4ZBI 0.37 

20 19G 4HW3 0.37 

21 CJY 6B4L 0.37 

22 5X2 5FDO 0.43 

23 JLK 6QZB 0.37 

 

 

Table S11 - Scale factor β for CDK-2 complexes 

No. Ligand PDB ID PDB ID 𝛽 

1 LIA 2FVD 0.43 

2 T3E 4BCK 0.43 

3 T9N 4BCN 0.37 

4 SU9 1PF8 0.43 

5 56H 5D1J 0.43 

6 CK5 1PXM 0.37 

7 CK6 1PXN 0.37 

8 T7Z 4BCM 0.43 

9 T6Q 4BCO 0.43 

10 TJF 4BCQ 0.43 

11 7YG 4ACM 0.43 

12 CK8 1PXP 0.43 

13 CK4 1PXL 0.43 

14 PM1 1PYE 0.43 

15 4SP 4EOR 0.43 

16 T3C 4BCP 0.43 

17 1RO 4EOS 0.43 

18 NW1 1E1X 0.43 

19 U55 1JSV 0.43 

20 ST8 1OGU 0.43 

21 CK2 1PXJ 0.43 

22 CMG 1E1V 0.43 

23 3FP 1V1K 0.37 

 

 

Table S12. SMD results obtained for 23 factor Xa complexes.   ∆𝐺𝑛𝑒𝑞
𝐽𝑎𝑟

, ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

, and ∆𝐺𝑏𝑖𝑛𝑑
‡

 

were obtained  using the Jarzynski’s equality. 

No. Ligand Complex ∆𝐺𝑒𝑥𝑝 𝐹𝑚𝑎𝑥  𝑊𝑝𝑢𝑙𝑙 ∆G𝑛𝑒𝑞
𝐽𝑎𝑟

 𝑡𝑚𝑎𝑥 ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

 ∆𝐺𝑏𝑖𝑛𝑑
‡

 



 

S41 

 

PDB ID PDB ID (kcal/mol) (pN) (kcal/mol) (kcal/mol) (ps) (kcal/mol) (kcal/mol) 

1 993 2P3T -15.5 1057 ± 38 115 ± 9 -95.0 ± 1.9 231 ± 12 73.6 ± 8.1 188.7 ± 14.0 

2 XLD 1MQ6 -15.3 1199 ± 101 140 ± 17 -90.5 ± 1.9 250 ± 20 101.4 ± 18.2 240.7 ± 34.4 

3 LG0 3CS7 -14.6 1108 ± 86 115 ± 11 -96.0 ± 1.9 232 ± 18 86.6 ± 14.5 200.7 ± 24.4 

4 5QC 2FZZ -14.4 1038 ± 106 117 ± 14 -83.4 ± 1.9 223 ± 17 71.9 ± 18.4 188.4 ± 31.0 

5 IIB 2BQ6 -13.9 928 ± 93 97 ± 12 -76.3 ± 1.9 191 ± 20 62.0 ± 12.0 158.3 ± 22.5 

6 GG2 2P16 -13.8 1150 ± 132 126 ± 19 -84.0 ± 1.9 237 ± 27 95.5 ± 20.7 221.0 ± 38.6 

7 Z34 1FJS -13.7 1132 ± 89 124 ± 14 -87.8 ± 1.9 240 ± 18 86.4 ± 16.6 210.3 ± 28.1 

8 4QC 2G00 -13.4 1056 ± 118 119 ± 18 -92.1 ± 1.8 217 ± 27 79.0 ± 17.6 197.6 ± 35.4 

9 IK8 1Z6E -13.3 990 ± 117 107 ± 14 -88.8 ± 1.7 213 ± 24 67.3 ± 19.0 174.1 ± 31.0 

10 RIV 2W26 -12.9 1079 ± 80 124 ± 16 -80.2 ± 1.9 230 ± 22 78.9 ± 13.2 202.7 ± 24.5 

11 ME5 2P95 -12.8 864 ± 31 82 ± 5 -72.0 ± 1.9 188 ± 7 51.3 ± 5.5 132.5 ± 6.8 

12 XLC 1MQ5 -12.4 911 ± 80 97 ± 9 -76.9 ± 1.9 197 ± 19 55.7 ± 12.2 152.2 ± 18.7 

13 GSJ 2J4I -12.4 1028 ± 133 120 ± 16 -86.1 ± 1.9 227 ± 26 68.5 ± 21.6 187.8 ± 37.3 

14 ME1 2P93 -12.1 844 ± 74 80 ± 6 -70.6 ± 1.7 176 ± 16 50.9 ± 9.1 130.5 ± 13.8 

15 IIA 2BOH -11.7 911 ± 50 91 ± 5 -77.9 ± 1.9 187 ± 10 59.7 ± 7.4 150.2 ± 10.8 

16 IIE 2BQW -11.7 1067 ± 112 111 ± 17 -82.3 ± 1.9 217 ± 22 82.4 ± 18.3 192.8 ± 35.6 

17 GSX 2J95 -11.5 816 ± 56 82 ± 6 -72.7 ± 1.7 172 ± 14 47.2 ± 7.0 129.1 ± 12.0 

18 GS6 2J34 -10.7 782 ± 68 80 ± 6 -67.5 ± 1.9 166 ± 11 42.7 ± 10.2 122.0 ± 14.9 

19 DX9 1FAX -10.1 868 ± 77 98 ± 9 -78.3 ± 1.9 193 ± 18 48.5 ± 14.9 145.9 ± 18.3 

20 GS5 2J38 -10.0 767 ± 66 73 ± 7 -62.1 ± 1.8 168 ± 12 39.2 ± 9.6 112.0 ± 15.5 

21 IID 2BQ7 -9.7 960 ± 125 92 ± 16 -66.2 ± 1.9 194 ± 28 67.7 ± 18.1 159.2 ± 34.0 

22 894 2UWP -9.4 822 ± 74 88 ± 9 -70.3 ± 1.8 182 ± 20 43.4 ± 13.4 130.7 ± 16.6 

23 G15 2J94 -8.6 695 ± 51 71 ± 5 -62.8 ± 1.9 174 ± 12 27.3 ± 7.5 98.2 ± 10.7 

 

 

 

 

Table S13. SMD results obtained for 23 HIV-1 complexes.   ∆𝐺𝑛𝑒𝑞
𝐽𝑎𝑟

, ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

, and ∆𝐺𝑏𝑖𝑛𝑑
‡

 

were obtained  using the Jarzynski’s equality. 

 

No. 
Ligand 

PDB ID 

Complex 

PDB ID 

𝛥𝐺𝑒𝑥𝑝 

(kcal/mol) 

𝐹𝑚𝑎𝑥 

(pN) 

𝑊𝑝𝑢𝑙𝑙 

(kcal/mol) 

𝛥𝐺neq
𝐽𝑎𝑟

 

(kcal/mol) 

𝑡𝑚𝑎𝑥 

(ps) 

𝛥𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

 

(kcal/mol) 

𝛥𝐺𝑏𝑖𝑛𝑑
‡

 

(kcal/mol) 

1 A79 1HVK -15.04 1984 ± 229 359 ± 58 -280.2 ± 1.9 423 ± 44 272.7 ± 69.7 631.6 ± 127.3 

2 A76 1HVL -13.66 2065 ± 255 392 ± 71 -260.6 ± 1.9 446 ± 50 293.0 ± 80.6 684.9 ± 151.6 

3 BEB 1EBY -13.31 1782 ± 221 321 ± 52 -236.7 ± 1.9 397 ± 46 214.2 ± 62.0 534.6 ± 113.8 

4 MK1 1C6Y -13.05 1620 ± 248 281 ± 51 -183.4 ± 2.0 366 ± 45 174.4 ± 63.1 455.0 ± 114.0 

5 MK1 2BPX -12.9 1989 ± 240 386 ± 74 -250.3 ± 2.0 441 ± 58 259.4 ± 71.1 645.3 ± 144.8 

6 MS3 1EC3 -12.4 2244 ± 325 444 ± 102 -247.2 ± 2.0 470 ± 67 360.8 ± 106.0 804.1 ± 208.2 

7 BEE 1EC1 -12.24 1695 ± 217 302 ± 51 -206.1 ± 1.9 389 ± 49 183.9 ± 57.6 485.2 ± 108.8 

8 1AH 2CEJ -11.83 2011 ± 288 361 ± 78 -208.2 ± 2.0 432 ± 61 280.1 ± 83.2 640.6 ± 161.7 

9 HI1 2UXZ -11.64 1939 ± 174 337 ± 44 -243.0 ± 2.0 415 ± 35 258.0 ± 50.8 595.0 ± 95.3 
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10 MSC 1D4J -11.47 2082 ± 237 382 ± 66 -250.2 ± 2.0 442 ± 49 301.7 ± 66.8 683.6 ± 132.4 

11 4AH 2CEN -11.39 1838 ± 252 323 ± 63 -195.1 ± 2.0 401 ± 56 230.9 ± 61.7 554.0 ± 124.5 

12 AHF 1G35 -11.17 2090 ± 245 382 ± 72 -214.1 ± 2.0 451 ± 48 300.9 ± 74.2 682.0 ± 146.0 

13 A1A 2BQV -11.04 2037 ± 233 362 ± 61 -239.2 ± 2.0 433 ± 48 289.2 ± 69.0 650.8 ± 130.2 

14 IM1 1SBG -10.63 1485 ± 198 242 ± 34 -168.7 ± 2.0 325 ± 42 152.0 ± 41.2 393.6 ± 75.1 

15 1IN 2BPV -10.53 1713 ± 274 285 ± 64 -188.3 ± 2.0 373 ± 55 203.2 ± 67.8 487.9 ± 132.0 

16 3IN 2BPY -10.16 1532 ± 203 253 ± 37 -163.9 ± 2.0 337 ± 44 160.8 ± 42.2 413.4 ± 79.4 

17 U02 2UPJ -10.14 1394 ± 221 212 ± 44 -127.2 ± 2.0 322 ± 52 126.0 ± 41.3 337.8 ± 85.4 

18 HV1 2UY0 -9.5 1942 ± 232 344 ± 54 -231.2 ± 1.9 418 ± 46 260.4 ± 66.1 603.7 ± 120.4 

19 G4G 2PWR -9.04 1613 ± 262 253 ± 54 -146.2 ± 2.0 348 ± 54 182.0 ± 60.1 434.5 ± 113.8 

20 G3G 2PWC -9.02 1425 ± 188 213 ± 38 -134.3 ± 2.0 310 ± 44 143.6 ± 41.4 356.1 ± 79.6 

21 GAN 1HBV -8.74 1712 ± 328 291 ± 77 -125.7 ± 2.0 372 ± 71 209.4 ± 77.6 500.0 ± 154.3 

22 LJG 3BGB -8.3 1354 ± 200 206 ± 32 -146.3 ± 2.0 290 ± 45 130.2 ± 38.6 335.6 ± 70.3 

23 LJH 3BGC -6.89 1300 ± 211 207 ± 35 -130.0 ± 1.9 294 ± 43 113.5 ± 37.5 319.8 ± 72.8 

 

 

 

Table S14. SMD results obtained for 23 MCL-1 complexes.   ∆𝐺𝑛𝑒𝑞
𝐽𝑎𝑟

, ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

, and ∆𝐺𝑏𝑖𝑛𝑑
‡

 

were obtained  using the Jarzynski’s equality. 

No. 

Ligand 

PDB ID 

Complex 

PDB ID 

𝛥𝐺𝑒𝑥𝑝 

(kcal/mol) 

𝐹𝑚𝑎𝑥 

(pN) 

𝑊𝑝𝑢𝑙𝑙 

(kcal/mol) 

𝛥𝐺neq
𝐽𝑎𝑟

 

(kcal/mol) 

𝑡𝑚𝑎𝑥 

(ps) 

𝛥𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

 

(kcal/mol) 

𝛥𝐺𝑏𝑖𝑛𝑑
‡

 

(kcal/mol) 

1 KJP 6NE5 -14.44 1088 ± 111 120 ± 18 -81.7 ± 1.9 246 ± 24 77.7 ± 16.6 197.2 ± 34.3 

2 N0S 6OQC -14.27 1239 ± 147 135 ± 26 -84.8 ± 2.0 257 ± 32 111.5 ± 25.4 246.6 ± 51.6 

3 N0J 6OQB -14.14 1135 ± 100 119 ± 15 -77.8 ± 2.0 241 ± 21 90.6 ± 17.6 209.4 ± 32.5 

4 Q51 6UDV -14.13 1126 ± 106 118 ± 16 -76.0 ± 1.9 243 ± 22 88.0 ± 16.8 205.7 ± 32.5 

5 Q4D 6UD2 -14.01 1397 ± 155 180 ± 33 -79.9 ± 2.0 304 ± 35 130.5 ± 27.5 309.7 ± 60.4 

6 Q4S 6UDI -13.73 1408 ± 134 171 ± 28 -88.0 ± 2.0 299 ± 29 138.8 ± 26.3 309.3 ± 53.8 

7 Q4V 6UDT -13.73 1093 ± 214 116 ± 33 -61.8 ± 2.0 234 ± 45 86.7 ± 32.5 202.9 ± 65.3 

8 N0M 6OQD -13.53 999 ± 117 104 ± 16 -68.4 ± 2.0 214 ± 26 69.8 ± 17.4 173.4 ± 33.6 

9 5X3 5FDR -12.9 756 ± 90 73 ± 8 -57.4 ± 1.8 165 ± 19 40.3 ± 9.6 112.6 ± 17.6 

10 Q4Y 6UDU -12.77 1452 ± 152 174 ± 31 -95.1 ± 2.0 302 ± 31 151.5 ± 31.3 325.3 ± 62.8 

11 ECM 6BW8 -12.61 1108 ± 109 121 ± 20 -91.2 ± 1.8 237 ± 24 85.3 ± 16.3 205.7 ± 35.9 

12 CN7 6B4U -11.04 728 ± 97 67 ± 8 -52.1 ± 1.9 158 ± 21 38.8 ± 11.0 105.7 ± 18.8 

13 ECY 6BW2 -10.54 761 ± 142 77 ± 13 -46.6 ± 1.8 164 ± 30 42.1 ± 14.5 118.8 ± 27.5 

14 6AL 5IEZ -10.48 731 ± 73 74 ± 7 -58.4 ± 2.0 163 ± 16 37.6 ± 8.0 110.8 ± 15.2 

15 JL5 6QYP -10.07 712 ± 77 62 ± 8 -40.3 ± 2.0 152 ± 16 36.8 ± 7.9 98.1 ± 16.5 

16 JL8 6QZ8 -10.01 760 ± 87 62 ± 8 -45.3 ± 1.9 158 ± 20 43.3 ± 9.5 105.4 ± 18.1 

17 19H 4HW2 -9.96 833 ± 94 78 ± 12 -46.5 ± 2.0 181 ± 21 49.3 ± 10.5 127.5 ± 22.2 

18 5WL 5FC4 -9.11 537 ± 58 50 ± 7 -34.0 ± 2.0 125 ± 19 21.3 ± 4.8 71.0 ± 12.1 

19 4M6 4ZBI -8.93 800 ± 107 75 ± 10 -55.1 ± 1.9 173 ± 22 46.5 ± 11.5 121.1 ± 21.2 

20 19G 4HW3 -8.91 815 ± 124 76 ± 13 -49.2 ± 1.9 178 ± 28 47.5 ± 13.9 123.3 ± 27.2 

21 CJY 6B4L -8.88 773 ± 93 67 ± 11 -43.8 ± 2.0 165 ± 24 43.2 ± 9.0 110.0 ± 20.2 

22 5X2 5FDO -8.84 798 ± 110 76 ± 10 -57.2 ± 1.9 171 ± 25 45.3 ± 12.4 120.6 ± 22.0 

23 JLK 6QZB -7.71 613 ± 82 48 ± 7 -26.9 ± 2.0 131 ± 18 27.8 ± 7.5 75.0 ± 14.6 

 

 

 

 

 

 

Table S15. SMD results obtained for 23 CDK-2 complexes.   ∆𝐺𝑛𝑒𝑞
𝐽𝑎𝑟

, ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

, and ∆𝐺𝑏𝑖𝑛𝑑
‡

 

were obtained  using the Jarzynski’s equality. 
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No. 

Ligand 

PDB ID 

Complex 

PDB ID 

𝛥𝐺𝑒𝑥𝑝 

(kcal/mol) 

𝐹𝑚𝑎𝑥 

(pN) 

𝑊𝑝𝑢𝑙𝑙 

(kcal/mol) 

𝛥𝐺neq
𝐽𝑎𝑟

 

(kcal/mol) 

𝑡𝑚𝑎𝑥 

(ps) 

𝛥𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

 

(kcal/mol) 

𝛥𝐺𝑏𝑖𝑛𝑑
‡

 

(kcal/mol) 

1 LIA 2FVD -11.7 1602 ± 230 230 ± 43 -153.0 ± 1.9 334 ± 44 194.0 ± 48.4 423.9 ± 107.7 

2 T3E 4BCK -11.53 1346 ± 207 200 ± 30 -159.8 ± 1.9 296 ± 42 149.9 ± 34.0 312.7 ± 70.2 

3 T9N 4BCN -10.87 1492 ± 124 226 ± 18 -154.6 ± 1.9 330 ± 31 151.7 ± 27.6 376.8 ± 39.0 

4 SU9 1PF8 -10.31 1285 ± 114 156 ± 28 -118.7 ± 1.9 281 ± 26 113.2 ± 21.8 264.6 ± 42.1 

5 56H 5D1J -10.18 1611 ± 131 219 ± 27 -158.7 ± 1.9 344 ± 27 173.5 ± 22.7 403.3 ± 53.5 

6 CK5 1PXM -9.91 999 ± 191 139 ± 51 -103.9 ± 1.8 220 ± 41 88.2 ± 22.1 226.9 ± 52.4 

7 CK6 1PXN -9.82 1630 ± 236 219 ± 57 -125.8 ± 2.0 344 ± 48 185.5 ± 52.9 409.8 ± 99.6 

8 T7Z 4BCM -9.48 1212 ± 94 191 ± 25 -145.5 ± 1.8 300 ± 47 91.2 ± 18.1 279.1 ± 36.9 

9 T6Q 4BCO -9.45 1394 ± 143 186 ± 26 -138.2 ± 1.9 303 ± 27 128.4 ± 25.8 324.8 ± 59.1 

10 TJF 4BCQ -9.38 1214 ± 152 153 ± 29 -90.0 ± 1.9 267 ± 31 101.7 ± 27.6 254.1 ± 53.5 

11 7YG 4ACM -9.17 1176 ± 192 178 ± 28 -120.5 ± 1.9 275 ± 47 92.7 ± 25.5 269.9 ± 49.2 

12 CK8 1PXP -9.14 1062 ± 237 140 ± 27 -97.0 ± 1.9 233 ± 48 96.5 ± 35.2 235.6 ± 60.3 

13 CK4 1PXL -8.97 1210 ± 164 144 ± 24 -102.1 ± 1.9 260 ± 32 105.4 ± 29.7 246.5 ± 46.0 

14 PM1 1PYE -8.8 990 ± 111 130 ± 21 -80.7 ± 1.9 220 ± 32 69.6 ± 15.4 198.6 ± 30.8 

15 4SP 4EOR -8.65 1372 ± 124 177 ± 24 -111.3 ± 1.9 305 ± 26 123.7 ± 24.5 300.3 ± 47.2 

16 T3C 4BCP -8.57 1458 ± 267 192 ± 34 -122.5 ± 1.9 311 ± 54 134.5 ± 40.0 360.8 ± 101.4 

17 1RO 4EOS -8.3 1239 ± 236 168 ± 44 -95.7 ± 1.9 285 ± 44 110.9 ± 43.1 276.6 ± 92.4 

18 NW1 1E1X -8.08 1084 ± 177 128 ± 28 -73.9 ± 1.9 244 ± 43 82.1 ± 23.9 201.2 ± 50.4 

19 U55 1JSV -7.82 1061 ± 234 131 ± 33 -90.2 ± 1.9 231 ± 41 96.0 ± 42.7 206.5 ± 73.6 

20 ST8 1OGU -7.71 1106 ± 171 123 ± 27 -78.6 ± 1.9 241 ± 34 87.7 ± 27.6 210.0 ± 53.9 

21 CK2 1PXJ -7.12 1207 ± 161 152 ± 41 -99.8 ± 1.9 260 ± 34 117.7 ± 40.3 261.2 ± 70.4 

22 CMG 1E1V -6.75 926 ± 191 128 ± 24 -75.8 ± 1.9 235 ± 52 84.1 ± 28.8 208.1 ± 45.8 

23 3FP 1V1K -6.12 946 ± 136 122 ± 19 -74.8 ± 1.9 227 ± 30 56.8 ± 17.0 174.9 ± 35.0 

 

 

Table S16 - Average polar  and non-polar  interaction energy in the bound and free state for 

23 factor Xa complexes. Absolute binding free energy  𝛥𝐺LIE was obtained for  α=1 (optimal 

value for a set of 23 compounds). 

No. 
Factor Xa 

PDB ID 
𝛥𝐺exp ⟨𝑉elec⟩

bound
 ⟨𝑉elec⟩

free
 ⟨𝑉vdw⟩

bound
 ⟨𝑉vdw⟩

free
 

𝛥𝐺LIE 

𝛼 = 1 

1 2P3T -15.5 -43.1 ± 4.7 -37.1 ± 3 -118.9 ± 5.8 -37.1 ± 3.1 -84.4 ± 12.3 

2 1MQ6 -15.3 -41.7 ± 3.1 -31.3 ± 2.6 -135.4 ± 5.1 -35 ± 2.9 -104.8 ± 10.4 

3 3CS7 -14.6 -20.9 ± 2.1 -16.4 ± 1.6 -121.8 ± 5.5 -41.4 ± 2.5 -82.3 ± 9.6 

4 2FZZ -14.4 -38.6 ± 3.8 -29.6 ± 2.6 -121.2 ± 6.8 -40.7 ± 3.4 -83.8 ± 12.6 

5 2BQ6 -13.9 -25 ± 2.9 -20.1 ± 2.3 -119.6 ± 3.9 -38.6 ± 2.6 -83.1 ± 8.7 

6 2P16 -13.8 -30.8 ± 4.1 -27.9 ± 3 -111 ± 5.3 -34.8 ± 3.2 -77.4 ± 11.5 

7 1FJS -13.7 -50.4 ± 5.5 -49.1 ± 3.4 -104.5 ± 4.5 -27.7 ± 4.2 -77.2 ± 11.6 

8 2G00 -13.4 -29.3 ± 2.8 -26.6 ± 2.6 -114.2 ± 5.4 -38.4 ± 3.1 -76.9 ± 10.9 

9 1Z6E -13.3 -41.7 ± 5 -30.7 ± 2.9 -113.4 ± 4.4 -36 ± 3.1 -82.1 ± 10.9 

10 2W26 -12.9 -31.5 ± 3.1 -24.4 ± 2.5 -106.6 ± 3.4 -33.2 ± 2.5 -76.4 ± 8.3 

11 2P95 -12.8 -28.5 ± 2.5 -25.6 ± 2.3 -101.8 ± 3.3 -32.8 ± 2.7 -70.3 ± 7.9 

12 1MQ5 -12.4 -33.8 ± 3.5 -22.9 ± 2.2 -117.4 ± 6.4 -36 ± 2.8 -86 ± 11.6 

13 2J4I -12.4 -53.4 ± 4.6 -37.3 ± 2.5 -122.2 ± 5.3 -31 ± 2.9 -98.2 ± 11.2 

14 2P93 -12.1 -26.8 ± 2.7 -23 ± 2.2 -97.8 ± 3.9 -29.6 ± 2.9 -69.9 ± 8.9 

15 2BOH -11.7 -17.8 ± 2.8 -17.5 ± 1.9 -116.2 ± 3.8 -39.1 ± 2.6 -77.3 ± 8.4 

16 2BQW -11.7 -28.5 ± 2.4 -23.4 ± 2.3 -116.9 ± 4.5 -31.2 ± 2.9 -87.9 ± 9.5 
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17 2J95 -11.5 -39.6 ± 3.8 -26.8 ± 2.4 -114.6 ± 3.2 -29.4 ± 3 -90.7 ± 8.8 

18 2J34 -10.7 -32.4 ± 3.1 -28 ± 2.5 -106.8 ± 3.9 -31.7 ± 2.9 -76.9 ± 9.2 

19 1FAX -10.1 -56.7 ± 5.4 -42.2 ± 3.1 -100.3 ± 6.4 -28.9 ± 3.5 -76.8 ± 13 

20 2J38 -10.0 -29.1 ± 5.6 -25.7 ± 2.6 -97.8 ± 5.2 -29.6 ± 3.1 -69.6 ± 11.9 

21 2BQ7 -9.7 -19 ± 3.1 -18.8 ± 2.1 -105 ± 3.4 -30.8 ± 2.5 -74.3 ± 8.1 

22 2UWP -9.4 -38.1 ± 3.6 -26.9 ± 3 -101.6 ± 3.9 -28.2 ± 2.7 -78.2 ± 9.4 

23 2J94 -8.6 -42.8 ± 3.3 -37.9 ± 2.8 -105.2 ± 4.3 -31.1 ± 3.3 -76.2 ± 10.2 

 

 

 

Table S17 - Average polar  and non-polar  interaction energy in the bound and free state for 

23 Thrombin complexes. Absolute binding free energy 𝛥𝐺LIEwas  obtained for  α=0.16  

(optimal value for a set of 23 compounds). 

 

No. 
Thrombin 

PDB ID 
𝛥𝐺exp ⟨𝑉elec⟩

bound
 ⟨𝑉elec⟩

free
 ⟨𝑉vdw⟩

bound
 ⟨𝑉vdw⟩

free
 

𝛥𝐺LIE 

𝛼 = 0.16 

1 1SL3 -16.3 -48.4 ± 3.5 -33.1 ± 3.1 -114.3 ± 5.9 -34.9 ± 3.1 -20.3 ± 4.8 

2 1C4V -14.8 -47.5 ± 3.8 -38 ± 2.9 -114 ± 6 -35.5 ± 3.7 -16.7 ± 4.4 

3 1C4U -14.2 -52.7 ± 4.7 -35.1 ± 3.1 -62.4 ± 4.5 -17.3 ± 3.2 -14.8 ± 4.6 

4 2ZO3 -13.7 -47.4 ± 4.5 -40.4 ± 3.3 -96.9 ± 5.9 -32.1 ± 3.5 -13.3 ± 4.9 

5 1TA6 -12.5 -31.4 ± 3.7 -30.3 ± 2.7 -110.1 ± 5.5 -34.6 ± 2.9 -12.6 ± 4.1 

6 1NT1 -12.2 -39.4 ± 3.9 -30.9 ± 2.6 -110.6 ± 5.5 -33.8 ± 3 -15.9 ± 4.1 

7 1BMN -11.6 -43.4 ± 5.7 -47.7 ± 3.3 -110.4 ± 6.9 -28.8 ± 3.6 -11.5 ± 5 

8 1ETS -11.3 -50.1 ± 6.1 -41.2 ± 3.8 -103.5 ± 7.8 -31.9 ± 3.5 -15.3 ± 6.1 

9 2JH6 -10.7 -31.2 ± 4 -29.3 ± 3.6 -101.9 ± 4.7 -29.4 ± 3.3 -12.4 ± 4.5 

10 3DHK -10.0 -28.9 ± 4.1 -27.6 ± 2.4 -99.4 ± 4.8 -33.8 ± 2.7 -11 ± 4 

11 3DUX -9.6 -18.5 ± 3.3 -21.1 ± 2.4 -98.5 ± 5.4 -30.1 ± 2.6 -9.8 ± 3.7 

12 2ZC9 -9.2 -24.8 ± 3.9 -24.5 ± 2.5 -85.5 ± 5.5 -27.7 ± 2.5 -9.3 ± 4.1 

13 2ZGX -9.2 -30.2 ± 3.9 -35.8 ± 3 -85.2 ± 5 -22.1 ± 2.8 -7.7 ± 4.2 

14 2JH5 -9.0 -31.9 ± 3.3 -27.9 ± 2.9 -101.7 ± 5 -30.2 ± 2.9 -13.2 ± 3.9 

15 1AWH -8.3 -42.4 ± 4.1 -36.4 ± 2.9 -98.7 ± 6.3 -31.2 ± 3.6 -12.8 ± 3.9 

16 1D6W -8.2 -53.2 ± 5.4 -46.9 ± 3.2 -104 ± 7.1 -30.7 ± 3.4 -14.4 ± 5.4 

17 3SHC -7.8 -25.8 ± 3.3 -30 ± 2.8 -87.7 ± 4.6 -27 ± 3 -7.9 ± 3.8 

18 3SHA -7.7 -26.7 ± 3.3 -28.2 ± 2.9 -87.8 ± 5.3 -27 ± 2.8 -9.1 ± 4 

19 2ZFP -7.1 -24.8 ± 3.8 -21.8 ± 2.3 -74.8 ± 5.9 -22.8 ± 2.6 -9.6 ± 4 

20 3F68 -6.9 -21 ± 4.4 -19 ± 2.2 -100 ± 5.5 -32.4 ± 2.3 -11.7 ± 4.1 

21 3EGK -6.4 -21.4 ± 2.4 -20.8 ± 2.4 -90.5 ± 5.4 -32.4 ± 2.7 -9.5 ± 3.4 

22 3P17 -6.1 -24.3 ± 4 -31.9 ± 2.6 -79.7 ± 5 -25.5 ± 3.1 -5.4 ± 4.2 

23 3SV2 -5.8 -27.1 ± 4.3 -30.7 ± 2.6 -78.2 ± 5.1 -25.5 ± 3.2 -6.9 ± 4.3 

 

 

 

Table S18 - Average polar  and non-polar  interaction energy in the bound and free state for 

23 HIV-1 complexes. Absolute binding free energy 𝛥𝐺LIEwas  obtained for  α=0.16  (optimal 

value for a set of 23 compounds). 
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No. 
HIV-1 

PDB ID 
𝛥𝐺exp ⟨𝑉elec⟩

bound
 ⟨𝑉elec⟩

free
 ⟨𝑉vdw⟩

bound
 ⟨𝑉vdw⟩

free
 

𝛥𝐺LIE 

𝛼 = 0.43 

1 1HVK -15.04 -72.8 ± 6.4 -85.8 ± 4.0 -103.5 ± 10.9 -48.6 ± 4.7 -19.3 ± 10.2 

2 1HVL -13.66 -73.8 ± 6.2 -82.5 ± 4.4 -101.8 ± 10.8 -49.3 ± 4.7 -19.7 ± 10.1 

3 1EBY -13.31 -63.7 ± 6.4 -81.3 ± 2.5 -88.4 ± 11.8 -39.9 ± 3.4 -15.0 ± 9.5 

4 1C6Y -13.05 -55.4 ± 5.2 -73.8 ± 4.3 -84.1 ± 8.5 -40.9 ± 5.1 -12.5 ± 9.0 

5 2BPX -12.9 -70.2 ± 6.9 -68.3 ± 3.9 -78.3 ± 7.7 -41.3 ± 4.0 -16.5 ± 8.6 

6 1EC3 -12.4 -87.9 ± 8.0 -83.4 ± 4.4 -110.5 ± 11.6 -50.3 ± 3.9 -27.4 ± 10.7 

7 1EC1 -12.24 -65.8 ± 6.1 -86.4 ± 3.6 -94.1 ± 9.6 -49.4 ± 4.4 -12.4 ± 9.2 

8 2CEJ -11.83 -57.5 ± 8.3 -71.8 ± 3.6 -71.7 ± 8.1 -40.1 ± 3.1 -8.9 ± 8.7 

9 2UXZ -11.64 -57.6 ± 4.3 -77.7 ± 3.2 -81.6 ± 7.7 -40.7 ± 5.1 -11.0 ± 8.0 

10 1D4J -11.47 -65.4 ± 5.0 -76.3 ± 3.5 -76.9 ± 9.1 -42.3 ± 3.7 -11.3 ± 8.3 

11 2CEN -11.39 -57.3 ± 6.7 -77.5 ± 3.4 -89.0 ± 9.2 -41.7 ± 4.0 -13.7 ± 9.0 

12 1G35 -11.17 -68.7 ± 5.6 -71.4 ± 3.4 -73.1 ± 7.6 -40.8 ± 3.7 -13.0 ± 7.8 

13 2BQV -11.04 -55.8 ± 5.8 -69.5 ± 3.2 -75.6 ± 7.3 -36.7 ± 3.1 -12.2 ± 7.5 

14 1SBG -10.63 -42.9 ± 6.6 -64.3 ± 3.2 -73.9 ± 8.6 -32.7 ± 3.2 -9.8 ± 8.7 

15 2BPV -10.53 -58.7 ± 4.9 -74.7 ± 3.2 -83.1 ± 9.7 -42.9 ± 4.0 -12.0 ± 8.6 

16 2BPY -10.16 -71.8 ± 5.4 -82.9 ± 3.8 -89.2 ± 9.6 -48.7 ± 4.2 -13.7 ± 9.0 

17 2UPJ -10.14 -60.7 ± 7.0 -61.9 ± 3.8 -64.0 ± 6.1 -41.5 ± 3.5 -9.2 ± 8.1 

18 2UY0 -9.5 -45.7 ± 7.0 -80.8 ± 3.5 -82.4 ± 7.9 -41.5 ± 3.9 -6.0 ± 8.5 

19 2PWR -9.04 -61.9 ± 6.4 -66.5 ± 3.8 -89.9 ± 8.2 -35.9 ± 3.8 -21.2 ± 9.6 

20 2PWC -9.02 -53.0 ± 5.9 -61.1 ± 2.9 -79.2 ± 8.4 -29.4 ± 3.8 -17.9 ± 9.0 

21 1HBV -8.74 -70.6 ± 8.4 -64.0 ± 4.5 -74.6 ± 8.6 -38.8 ± 4.0 -18.2 ± 11.0 

22 3BGB -8.3 -48.7 ± 5.1 -63.1 ± 2.9 -76.7 ± 6.5 -34.2 ± 4.0 -12.1 ± 8.0 

23 3BGC -6.89 -47.4 ± 7.4 -69.0 ± 3.4 -86.2 ± 8.3 -35.0 ± 5.2 -12.7 ± 10.4 

 

 

 

 

Table S19 - Average polar  and non-polar  interaction energy in the bound and free state for 

23 MCL-1 complexes. Absolute binding free energy 𝛥𝐺LIEwas  obtained for  α=0.16  (optimal 

value for a set of 23 compounds) and α=0.11 (optimal value for a combined set of  69 

compounds). 

 

No. 
MCL-1 

PDB ID 
𝛥𝐺exp ⟨𝑉elec⟩

bound
 ⟨𝑉elec⟩

free
 ⟨𝑉vdw⟩

bound
 ⟨𝑉vdw⟩

free
 

𝛥𝐺LIE 

𝛼 = 1 

1 6NE5 -14.44 -130.1 ± 3.0 -140.8 ± 7.6 -60.5 ± 2.0 -35.2 ± 4.0 -21.3 ± 10.0 

2 6OQC -14.27 -45.4 ± 2.6 -56.5 ± 5.8 -69.4 ± 1.4 -39.2 ± 3.5 -26.1 ± 8.0 

3 6OQB -14.14 -45.9 ± 2.8 -57.0 ± 5.8 -69.4 ± 1.6 -40.6 ± 3.3 -24.7 ± 8.0 

4 6UDV -14.13 -53.9 ± 3.2 -61.8 ± 6.2 -69.4 ± 2.0 -40.8 ± 3.8 -25.7 ± 9.2 

5 6UD2 -14.01 -57.2 ± 7.7 -71.8 ± 9.8 -89.5 ± 1.6 -57.1 ± 3.9 -27.1 ± 12.0 

6 6UDI -13.73 -49.4 ± 4.7 -62.4 ± 7.8 -75.3 ± 1.8 -47.5 ± 3.7 -22.9 ± 10.1 

7 6UDT -13.73 -46.3 ± 5.8 -51.3 ± 7.4 -64.6 ± 2.7 -39.8 ± 3.6 -23.1 ± 10.6 

8 6OQD -13.53 -45.4 ± 2.6 -57.8 ± 5.9 -67.2 ± 1.5 -39.9 ± 3.5 -22.7 ± 8.1 
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9 5FDR -12.9 -86.0 ± 2.6 -96.4 ± 7.4 -54.4 ± 1.9 -35.6 ± 4.5 -15.0 ± 10.0 

10 6UDU -12.77 -48.0 ± 10.0 -49.5 ± 5.8 -62.1 ± 1.9 -35.8 ± 3.4 -25.8 ± 10.5 

11 6BW8 -12.61 -53.6 ± 1.9 -62.4 ± 6.1 -68.9 ± 1.6 -42.7 ± 3.8 -22.9 ± 8.3 

12 6B4U -11.04 -32.4 ± 6.4 -51.2 ± 5.6 -59.3 ± 2.7 -36.8 ± 3.6 -15.5 ± 10.7 

13 6BW2 -10.54 -49.6 ± 3.9 -65.9 ± 6.0 -63.7 ± 3.3 -40.2 ± 3.4 -17.4 ± 10.4 

14 5IEZ -10.48 -73.3 ± 2.7 -75.7 ± 8.0 -53.6 ± 1.6 -34.8 ± 4.1 -17.9 ± 9.7 

15 6QYP -10.07 -52.1 ± 3.6 -52.6 ± 5.3 -50.8 ± 2.0 -36.3 ± 3.3 -14.3 ± 8.2 

16 6QZ8 -10.01 -48.3 ± 3.6 -54.0 ± 5.8 -44.8 ± 1.4 -26.4 ± 3.2 -16.5 ± 7.8 

17 4HW2 -9.96 -41.2 ± 1.7 -45.0 ± 4.7 -42.6 ± 1.7 -24.4 ± 2.8 -16.8 ± 6.9 

18 5FC4 -9.11 -53.0 ± 2.5 -58.6 ± 5.5 -43.7 ± 2.2 -29.9 ± 3.0 -11.4 ± 8.7 

19 4ZBI -8.93 -30.2 ± 2.2 -37.2 ± 4.9 -46.8 ± 1.2 -27.0 ± 2.7 -17.2 ± 6.6 

20 4HW3 -8.91 -24.1 ± 2.7 -31.6 ± 4.7 -45.9 ± 2.0 -26.1 ± 2.8 -17.0 ± 7.6 

21 6B4L -8.88 -34.0 ± 3.0 -48.9 ± 5.7 -42.0 ± 1.4 -23.0 ± 2.9 -13.4 ± 7.6 

22 5FDO -8.84 -50.7 ± 2.6 -58.4 ± 5.1 -53.5 ± 1.2 -34.0 ± 3.4 -16.2 ± 7.9 

23 6QZB -7.71 -31.2 ± 4.2 -35.8 ± 7.8 -44.0 ± 1.3 -28.5 ± 3.1 -13.8 ± 8.8 

 

 

 

 

Table S20 - Average polar  and non-polar  interaction energy in the bound and free state for 

23 CDK-2 complexes. Absolute binding free energy 𝛥𝐺LIEwas  obtained for  α=0.16  (optimal 

value for a set of 23 compounds) and α=0.11 (optimal value for a combined set of  69 

compounds). 

No. 
CDK-2 

PDB ID 
𝛥𝐺exp ⟨𝑉elec⟩

bound
 ⟨𝑉elec⟩

free
 ⟨𝑉vdw⟩

bound
 ⟨𝑉vdw⟩

free
 

𝛥𝐺LIE 

𝛼 = 1 

1 2FVD -11.7 -39.3 ± 5.4 -61.1 ± 7.6 -55.3 ± 3.2 -29.7 ± 4.4 -16.1 ± 13.2 

2 4BCK -11.53 -56.7 ± 6.8 -63.2 ± 8.8 -43.2 ± 4.1 -27.2 ± 4.5 -13.3 ± 15.3 

3 4BCN -10.87 -40.2 ± 5.1 -43.9 ± 6.2 -41.7 ± 3.5 -37.0 ± 3.8 -3.3 ± 11.6 

4 1PF8 -10.31 -20.9 ± 3.4 -37.3 ± 6.3 -35.0 ± 2.4 -19.7 ± 3.6 -8.2 ± 10.2 

5 5D1J -10.18 -36.3 ± 4.8 -41.5 ± 6.4 -48.0 ± 3.5 -33.1 ± 3.9 -12.7 ± 12.2 

6 1PXM -9.91 -32.6 ± 5.3 -36.3 ± 5.7 -37.6 ± 3.6 -23.3 ± 3.5 -12.9 ± 11.2 

7 1PXN -9.82 -37.4 ± 5.1 -41.3 ± 6.6 -39.9 ± 3.5 -23.9 ± 3.5 -14.6 ± 11.4 

8 4BCM -9.48 -32.3 ± 6.0 -54.4 ± 7.0 -58.0 ± 3.7 -37.9 ± 4.0 -10.5 ± 13.3 

9 4BCO -9.45 -40.6 ± 5.9 -57.4 ± 7.0 -61.0 ± 3.8 -36.7 ± 4.0 -17.1 ± 13.4 

10 4BCQ -9.38 -47.2 ± 6.7 -53.5 ± 7.0 -45.0 ± 3.8 -32.4 ± 4.1 -9.9 ± 13.8 

11 4ACM -9.17 -61.4 ± 8.9 -72.5 ± 8.4 -54.2 ± 4.5 -33.5 ± 4.6 -16.0 ± 16.6 

12 1PXP -9.14 -19.7 ± 4.4 -34.6 ± 5.5 -47.4 ± 3.3 -27.6 ± 3.1 -13.4 ± 10.6 

13 1PXL -8.97 -25.4 ± 3.8 -24.3 ± 4.6 -43.8 ± 3.1 -33.0 ± 3.0 -11.2 ± 9.8 

14 1PYE -8.8 -31.9 ± 5.3 -44.5 ± 6.5 -39.2 ± 3.3 -26.4 ± 4.1 -7.3 ± 12.5 

15 4EOR -8.65 -53.6 ± 8.3 -57.5 ± 8.0 -48.8 ± 4.1 -28.5 ± 4.1 -18.6 ± 15.2 

16 4BCP -8.57 -66.6 ± 7.3 -67.5 ± 7.7 -48.4 ± 4.1 -32.3 ± 5.2 -15.7 ± 15.8 

17 4EOS -8.3 -24.9 ± 5.2 -30.8 ± 5.8 -43.5 ± 3.7 -30.2 ± 3.5 -10.8 ± 12.0 

18 1E1X -8.08 -24.8 ± 5.6 -32.8 ± 7.4 -34.6 ± 3.0 -23.8 ± 3.7 -7.4 ± 12.3 

19 1JSV -7.82 -57.5 ± 7.4 -55.1 ± 9.2 -30.0 ± 4.0 -16.6 ± 4.4 -14.5 ± 15.6 
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20 1OGU -7.71 -35.2 ± 5.7 -42.3 ± 6.9 -49.2 ± 3.6 -29.3 ± 3.6 -16.8 ± 12.6 

21 1PXJ -7.12 -24.5 ± 3.6 -25.6 ± 5.2 -30.6 ± 2.4 -16.5 ± 2.8 -13.6 ± 9.0 

22 1E1V -6.75 -27.0 ± 3.7 -39.6 ± 6.1 -33.0 ± 3.2 -23.1 ± 3.3 -4.5 ± 10.7 

23 1V1K -6.12 -44.0 ± 6.0 -46.4 ± 6.7 -50.6 ± 3.9 -35.6 ± 4.4 -14.1 ± 12.9 

  

 

Table S21 - Minimum value of RMSED and αmin for all studied data sets. Correlation 

coefficient R at αmin is given in the last column. 

 
Dataset min RMSED 

(kcal/mol) 

αmin  R at αmin 

Beta-lactamase 2.9 0.16 0.53 

Factor Xa 3.7 0.12 0.17 

Thrombin 3.1 0.13 0.80 

HIV-1 4.2 0.35 0.23 

MCL-1 1.4 0.61 0.78 

CDK-2 46.4 0 0 

All six sets 7.5 0.19 0.28 

Combined set of thrombin, factor 

Xa, beta-lactamase, and MCL-1 

6.3 0.15 0.35 

Combined set of HIV-1 and CDK-2 5.9 0.40 0.47 

Combined set of thrombin, factor 

Xa, beta-lactamase 

4.4 0.13 0.85 
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Figure S1 - Time dependence of the force, pulling work, and Jarzynski's binding free energy 

for six reference ligands of thrombin. Results were obtained in one SMD run.  
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Figure S2 - Correlation between the experimental binding free energy 𝛥𝐺𝑒𝑥𝑝 and the rupture 

force Fmax, pulling work Wpull,  rupture time tmax,  binding ∆𝐺𝑏𝑖𝑛𝑑
‡

 and unbinding ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

 

barriers and Jarzynski's binding free energy ∆𝐺𝑛𝑒𝑞
𝐽𝑎𝑟

, obtained in the SMD simulation for the 

factor Xa complexes.  Correlation coefficient R is also shown. 
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Figure S3 - Correlation between the experimental binding free energy 𝛥𝐺𝑒𝑥𝑝 and the rupture 

force Fmax, pulling work Wpull,  rupture time tmax,  binding ∆𝐺𝑏𝑖𝑛𝑑
‡

 and unbinding ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

 

barriers and Jarzynski's binding free energy ∆𝐺𝑛𝑒𝑞
𝐽𝑎𝑟

, obtained in the SMD simulation for the 

HIV-1 complexes.  Correlation coefficient R is also shown. 
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Figure S4 - Correlation between the experimental binding free energy 𝛥𝐺𝑒𝑥𝑝 and the rupture 

force Fmax, pulling work Wpull,  rupture time tmax,  binding ∆𝐺𝑏𝑖𝑛𝑑
‡

 and unbinding ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

 

barriers and Jarzynski's binding free energy ∆𝐺𝑛𝑒𝑞
𝐽𝑎𝑟

, obtained in the SMD simulation for the 

MCL-1 complexes.  Correlation coefficient R is also shown. 
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Figure S5 - Correlation between the experimental binding free energy 𝛥𝐺𝑒𝑥𝑝 and the rupture 

force Fmax, pulling work Wpull,  rupture time tmax,  binding ∆𝐺𝑏𝑖𝑛𝑑
‡

 and unbinding ∆𝐺𝑢𝑛𝑏𝑖𝑛𝑑
‡

 

barriers and Jarzynski's binding free energy ∆𝐺𝑛𝑒𝑞
𝐽𝑎𝑟

, obtained in the SMD simulation for the 

CDK-2 complexes.  Correlation coefficient R is also shown. 
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Figure S6 - The time dependence of  polar and non-polar interaction energy between the 

ligand and protein in the absence of water for the 1SL3 complex from the thrombin set. The 

data were obtained by  averaging over 20 trajectories. 
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Figure S7 - Dependence of RMSED on α for six data sets and the combination of all 6 sets. 
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Figure S8. Correlation between the binding free energies of Jarzynski  (upper panel) and LIE 

(lower panel) with the experimental binding free energy for 3 combined data sets including 

beta-lactamase, thrombin, and factor Xa. ΔGLIE was obtained using α=0.11.  
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