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Supplementary Methods 

Structures of protein-inhibitor complexes for HSP90 and HIV-1 protease were either obtained from crystal 

structures downloaded from the PDB database or modeled by analogy by introducing small substitutions 

into crystal structures of similar compounds complexed with the proteins.  The Protein Preparation wizard 

of the Schrodinger suite (Release 2015-4) was used to pre-process the structures of the bound complexes, 

to add missing side chains, to add disulphide bonds, and for optimizing the H-bond network to assign 

hydrogen atom positions. The protonation states were assigned at pH 7.0. Crystallographic waters were 

deleted after optimizing the H-bond network. To get rid of any bad contacts or steric clashes, all of the 

structures were subjected to the default energy minimization procedure in Schrodinger using the Impref 

module1 and the OPLS3 force field. The Impref minimization involves a two-step relaxation in which first 

the rotatable hydrogen atoms are minimized with all the torsional potentials removed, and then an all-

atom minimization is performed that is terminated either when the system is fully converged or when it 

reaches a heavy-atom RMSD from the initial structure of 0.30 Å. 

The force field parameters and topology files for all the systems were constructed using the LEap program 

of the Amber14 software2. ff14SB3 was used for the proteins and the inhibitor parameters were generated 

based on the general Amber force field (GAFF). The partial atomic charges of the inhibitors were calcu-

lated using the RESP4 program to fit the atom-centered charges to the molecular electrostatic potential 

grid computed using the GAMESS program5. Then, all the structures were energy minimized using the 

PMEMD module of the Amber14 software2. The energy minimization protocol involved 4 separate min-

imization procedures with gradually decreasing harmonic restraints on heavy atoms in the first 3 minimi-

zation procedures with a restraint force constant of 500 kcal mol-1 Å-2, 100 kcal mol-1 Å-2 and 5 kcal mol-

1 Å-2, respectively. In the final minimization procedure, no positional restraints were used. For each min-

imization procedure, 500 steps of steepest-descent minimization followed by 500 steps of conjugate-gra-

dient minimization were applied. Minimization was performed using implicit solvent and a distance de-

pendent dielectric constant (=4r) was used. The gCOMBINE program6 was used for the calculation of 

the Coulombic and LJ  interaction energies. The gCOMBINE program decomposes the total Coulombic 

and LJ energies into an array of energy terms with each energy term corresponding to the interaction 

energy between one of the amino acid residues of the protein and the bound inhibitor. The subsequent 

chemometric PLS analysis was also performed using gCOMBINE. 
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Figure S1: Schematic outline of the different steps involved in applying COMBINE analysis to derive a 

QSKR to predict drug-binding kinetics. 
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Figure S2. Interaction energies between N-HSP90 amino acid residues and inhibitors. Lennard-Jones and 

Coulombic interaction energies were computed between inhibitors and 207 residues in the N-terminal do-

main of HSP90 using the gCOMBINE program. The first 207 columns on the x-axis correspond to Lennard-

Jones energies (kcal/mol) for each residue and the last 207 columns correspond to Coulombic energies 

(kcal/mol) between each inhibitor and different residues. Each column has 66 data points corresponding to 

the 66 inhibitors used for the COMBINE analysis. Selected amino acid residues, whose interaction energies 

with the bound inhibitor show a high variance in the dataset, are labelled. 

  



 

 

vi 

 

 

Figure S3. Interaction energies between HIV-1 protease residues and inhibitors. Lennard-Jones and Cou-

lombic interaction energies were computed between the inhibitors and 198 amino acid residues of the prote-

ase dimer using the gCOMBINE program. The first 198 columns on the x-axis correspond to Lennard-Jones 

energies (kcal/mol) for each residue and the last 198 columns correspond to Coulombic energies (kcal/mol) 

between each inhibitor and different residues. Each column has 33 data points corresponding to the 33 in-

hibitors used for the COMBINE analysis. Selected amino acid residues, whose interaction energies with the 

bound inhibitor show a high variance in the dataset, are labelled. 
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Table S1. Summary of the models derived for different numbers of latent variables (LVs) for the COMBINE 

analysis for koff rate constants of N-HSP90 inhibitors. The models were derived using log10(koff) values (unit 

of koff rates in s-1) as response variable in the PLS analysis. The table lists the regression coefficient (R2) for 

the training set, the correlation coefficient for leave-one-out cross validation sets (Q2
LOO), average absolute 

errors (AAET and AAEV) and root mean squared errors (RMET and RMEV) for the training set and leave-

one-out validation sets, respectively, the correlation coefficient (R2
PRED) for the test-set (prediction-set), av-

erage absolute error (AAEP) and root mean squared error (RMEP) for the test-set. The model with 3 LVs 

displayed the best balance between predictive performance and number of LVs. 

 

No. of Latent 

Variables 
R2 Q2

LOO AAET AAEV RMET RMEV R2
PRED AAEP RMEP 

1 0.43 0.31 0.61 0.67 0.78 0.85 0.33 0.60 0.79 

2 0.75 0.66 0.39 0.45 0.51 0.60 0.71 0.44 0.52 

3 0.80 0.69 0.37 0.45 0.46 0.57 0.86 0.33 0.37 

4 0.82 0.72 0.35 0.44 0.44 0.55 0.87 0.32 0.35 

5 0.85 0.71 0.32 0.45 0.40 0.55 0.86 0.31 0.36 

6 0.87 0.71 0.30 0.45 0.38 0.56 0.89 0.26 0.33 

7 0.88 0.69 0.27 0.45 0.36 0.58 0.89 0.27 0.33 

8 0.89 0.66 0.26 0.47 0.34 0.60 0.86 0.32 0.36 

9 0.90 0.64 0.25 0.46 0.33 0.62 0.85 0.33 0.37 

10 0.91 0.55 0.23 0.51 0.31 0.70 0.69 0.48 0.54 
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Table S2. Comparison of log10(koff) values calculated by the COMBINE analysis model in PLS regression 

(column 5) and the experimental log10(koff) values from Kokh et al.7 (column 4) for different N-HSP90 inhib-

itors used for training the COMBINE analysis model. The log10(koff) values predicted from leave-one-out 

(LOO) cross-validation for the training set of inhibitors are given in the last column. 

Compound 

Id 

N-HSP90 Binding 

site conformation: 

loop or helix 

PDB ID 

Experimental 

log10(koff (s-1))7 

 

Fitted  

log10(koff (s-1)) 

(PLS regression) 

 

Predicted  

log10(koff(s-1))  

(LOO cross-validation) 

 

1 loop 2VCI -4.00  0.00 -3.45 -2.57 

3 loop 2BSM -2.00  0.04 -2.54 -2.47 

5 loop 5J2X -1.85  0.07 -1.21 -1.16 

7 loop 6ELO -1.20  0.02 -0.77 -0.65 

8 loop 5J64 -0.68  0.07 -0.60 -0.65 

9 loop n.a. -0.08  0.03 -0.86 -1.13 

10 loop 6ELN -0.60  0.03 -1.12 -1.25 

11 helix 5J20 -3.48  0.03 -2.47 -2.37 

12 helix 5J86 -2.75  0.09 -2.80 -2.79 

13 helix 5J9X -2.77  0.12 -2.43 -2.41 

14 helix 6ELP -0.76  0.06 -1.91 -2.16 

15 helix 5J27 -2.19  0.03 -2.02 -2.00 

16 helix 5J86 -1.85  0.05 -2.09 -2.13 

17 helix 5LRZ -3.56  0.01 -3.99 -3.89 

18 helix 5LR7 -3.72  0.16 -3.18 -2.59 

20 helix 5LQ9 -3.87  0.01 -4.18 -4.11 

21 helix 5LS1 -3.31  0.12 -2.89 -2.80 

22 helix 5T21 -3.12  0.03 -2.61 -2.52 

23 helix n.a. -2.02  0.02 -1.80 -1.76 

24 helix n.a. -2.33  0.07 -2.06 -2.04 

27 helix n.a. -2.92  0.04 -2.53 -2.52 

28 helix n.a. -2.34  0.08 -2.59 -2.66 

29 helix n.a. -2.52  0.04 -2.43 -2.44 

31 loop n.a. -0.96  0.17 -1.26 -1.34 



 

 

xi 

33 loop n.a. -1.15  0.10 -0.64 -0.58 

36 helix 5LO6 -2.86  0.12 -3.21 -3.32 

37 helix 5LNZ -2.70  0.04 -3.13 -3.14 

38 helix 6EY8 -1.54  0.02 -2.09 -2.08 

39 helix 6EFU -1.65  0.02 -1.95 -1.93 

40 helix 6EY9 -1.76  0.01 -2.16 -2.13 

41 helix 6EY8 -0.63  0.04 -1.72 -1.87 

42 helix n.a. -2.30  0.08 -2.19 -2.17 

43 helix 5OCI -3.17  0.00 -2.81 -2.77 

44 helix n.a. -2.04  0.05 -1.93 -1.91 

46 helix n.a. -2.63  0.07 -2.76 -2.78 

47 helix n.a. -2.91  0.03 -2.76 -2.75 

48 helix n.a. -3.12  0.07 -2.98 -2.94 

50 helix 5ODX -3.53  0.02 -3.34 -3.28 

51 helix 5NYH -2.62  0.01 -2.60 -2.56 

52 helix n.a. -2.86  0.14 -2.78 -2.73 

55 helix n.a. -2.11  0.27 -2.10 -2.08 

56 helix n.a. -1.88  0.02 -2.62 -2.67 

57 helix n.a. -3.04  0.12 -2.78 -2.72 

58 helix n.a. -0.26  0.12 -0.45 -0.63 

59 helix n.a. -0.24  0.02 -0.45 -0.57 

60 helix 5OD7 -3.62  0.11 -3.85 -3.64 

62 helix 6EI5 -2.34  0.04 -2.11 -2.06 

63 helix n.a. -2.82  0.05 -2.83 -3.25 

64 helix n.a. -0.26  0.04 -0.21 -0.29 

66 helix n.a. -2.90  0.08 -2.26 -2.17 

67 helix 5LR1 -1.59  0.02 -0.73 -0.68 

68 helix 6EL5 -1.48  0.02 -2.04 -2.19 

70 helix 2YKJ -3.00  0.06 -2.65 -2.27 
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Table S3. Comparison of log10(koff) values predicted by the COMBINE analysis model and the experimental 

log10(koff) values7 for different N-HSP90 inhibitors used in the test set for validation of the COMBINE anal-

ysis model.  

Compound 

Id 

N-HSP90 binding 

site confirmation: 

loop or helix 

PDB ID 

Experimental 

log10(koff(s-1))7 

 

Predicted 

log10(koff(s-1)) 

(COMBINE) 

 

2 loop 2UWD -2.70  0.03 -2.45 

4 loop 5NYI -4.00  0.00 -3.77 

19 helix 2YKI -3.55  0.07 -3.23 

25 helix n.a. -2.96  0.21 -2.45 

26 helix n.a. -2.00  0.07 -2.44 

32 loop n.a. -0.92  0.07 -1.32 

34 helix n.a. -2.38  0.05 -2.90 

35 helix 6EYA -2.27  0.03 -2.31 

45 helix n.a. -3.13  0.05 -2.67 

49 helix n.a. -2.86  0.06 -2.91 

53 helix n.a. -1.50  0.22 -1.96 

54 helix n.a. -1.79  0.10 -2.24 

61 helix n.a. -0.58  0.12 -0.42 

 

 

 

 

 

 

 

 

 

 

 



 

 

xiii 

Table S4. Summary of the models derived for different numbers of latent variables (LVs) for the COMBINE 

analysis for koff rate constants of HIV-1 protease inhibitors. The models were derived using log10(koff) ( unit 

of koff rates in s-1) as the response variable in the PLS analysis. The table lists the regression coefficient (R2) 

for the training set, the correlation coefficient for leave-one-out cross validation sets (Q2
LOO), average abso-

lute errors (AAET and AAEV) and root mean squared errors (RMET and RMEV) for the training set and 

leave-one-out validation sets, respectively. The model with 6 LVs displayed the best predictive performance 

and least sensitivity in different cross-validation methods used. 

 

 

No. of Latent 

Variables 
R2 Q2

LOO AAET AAEV RMET RMEV 

1 0.20 0.01 1.03 1.14 1.23 1.36 

2 0.38 -0.01 0.86 1.09 1.09 1.38 

3 0.56 0.06 0.70 1.02 0.91 1.33 

4 0.74 0.34 0.55 0.89 0.70 1.11 

5 0.83 0.38 0.46 0.83 0.57 1.08 

6 0.94 0.70 0.26 0.58 0.34 0.75 

7 0.96 0.77 0.23 0.52 0.27 0.66 

8 0.97 0.83 0.20 0.47 0.23 0.57 

9 0.98 0.83 0.18 0.47 0.20 0.56 

10 0.98 0.83 0.16 0.48 0.19 0.57 
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Table S5. Comparison of log10(koff) values calculated by the COMBINE analysis model in PLS regression 

(column 4) and the experimental log10(koff) values from Markgren et al.8 (column 3) for different HIV-1 pro-

tease inhibitors used for training the COMBINE analysis model. The log10(koff) values predicted from leave-

one-out (LOO) cross-validation for the training set of inhibitors are given in the last column. 

Compound Id PDB ID 

Experimental  

log10(koff(s-1))  

 

Fitted  

log10(koff(s-1)) 

(PLS regression) 

 

Predicted  

log10(koff(s-1))  

(LOO cross-validation) 

 

B435 1D4H -2.19  0.09 -1.48 -1.36 

A047 1G2K -1.16  0.10 -0.81 -0.74 

A023 n.a. -0.86  0.11 -0.66 -0.05 

A024 1G35 -1.16  0.10 -1.30 -1.44 

B429 n.a. -3.43  0.09 -3.71 -3.69 

B409 1EC1 -3.37  0.13 -3.21 -3.16 

B268 n.a. -2.44  0.05 -2.43 -2.49 

A045 n.a. -0.58  0.09 -0.90 -1.00 

B425 1D4I -0.63  0.00 -1.62 -2.06 

A021 n.a. -1.56  0.04 -1.16 -0.94 

saquinavir 3OXC -3.64  0.06 -4.00 -3.72 

indinavir 2BPX -2.80  0.04 -2.35 -0.77 

ritonavir 1HXW -2.67  0.06 -2.39 -1.69 

DMP323 1QBS 1.92  0.12 1.91 1.41 

nelfinavir 1OHR -3.18  0.04 -3.07 -2.08 

B369 1EBY -1.88  0.19 -2.09 -2.38 

B388 n.a. -1.64  0.15 -1.66 -1.67 

A038 n.a. -3.31  0.02 -3.01 -1.89 

A037 n.a. -3.44  0.04 -3.57 -3.05 

B440 n.a. -3.52  0.02 -3.54 -3.51 

B439 n.a. -2.79  0.06 -2.87 -2.89 

B408 n.a. -2.77  0.02 -2.52 -2.37 

B412 n.a. -3.09  0.19 -3.28 -3.29 

A008 n.a. 1.64  0.15 1.45 0.51 

B277 n.a. -2.31  0.17 -2.07 -1.96 

A030 n.a. -1.38  0.13 -1.00 -0.71 

A015 n.a. -0.03  0.37 -0.78 -1.35 



 

 

xv 

A016 n.a. -1.22  0.22 -1.37 -1.50 

A017 n.a. -0.75  0.09 -0.61 -0.71 

B322 n.a. -1.17  0.29 -1.43 -1.60 

B365 n.a. -1.51  0.06 -1.52 -1.60 

B347 n.a. -1.57  0.05 -1.31 -0.88 

A018 n.a. -0.32  0.20 -0.43 -1.28 
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Table S6. Summary of the models derived for different numbers of latent variables (LVs) for the COMBINE 

analysis for the KD of the N-HSP90 inhibitors. The models were derived using log10(KD) (unit of KD is M) as 

the response variable in the PLS analysis. For deriving the model for KD, the full dataset of 66 compounds 

was initially used for training. 3 outliers (compounds 17, 50 and 67) were later removed from the PLS anal-

ysis to improve the quality of the model. Therefore, the final model for KD was trained with 63 compounds. 

The table lists the regression coefficient (R2) for the training set, the correlation coefficient for leave-one-out 

cross validation sets (Q2
LOO), average absolute errors (AAET and AAEV) and root mean squared errors 

(RMET and RMEV) for the training set and leave-one-out validation sets, respectively. The model with 3 LVs 

displayed the best balance between predictive performance and number of LVs used for PLS. 

 

No. of Latent 

Variables 
R2 Q2

LOO AAET AAEV RMET RMEV 

1 0.33 0.13 0.66 0.74 0.90 1.02 

2 0.55 0.34 0.58 0.68 0.73 0.89 

3 0.59 0.41 0.57 0.67 0.70 0.84 

4 0.64 0.39 0.52 0.67 0.66 0.85 

5 0.69 0.40 0.49 0.67 0.61 0.85 

6 0.70 0.32 0.48 0.68 0.60 0.90 

7 0.72 0.16 0.47 0.74 0.58 1.00 

8 0.74 0.09 0.45 0.76 0.56 1.04 

9 0.74 -0.17 0.44 0.82 0.55 1.18 

10 0.75 -0.75 0.44 0.91 0.54 1.44 

 

 

Table S7. Statistical measures of correlation for the COMBINE analysis model derived for KD of N-HSP90 

inhibitors. The table lists the cross-validated correlation coefficient (Q2), average absolute error (AAEV) and 

root mean squared error (RMEV) for different validation methods used. These statistical measures corre-

spond to a model derived with 3 latent variables in PLS analysis. 

 

Validation R2 Q2
 AAEV RMEV 

Leave-one-out (LOO) 0.59 0.41 0.67 0.84 

Leave-two-out (L2O) 0.59 0.41 0.68 0.84 

Leave-three-out (L3O) 0.59 0.38 0.70 0.86 

Random groups of 7 

(10 iterations) 
0.59 0.37 0.69 0.87 
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Table S8. Summary of the models derived for different numbers of latent variables (LVs) for the COMBINE 

analysis for KD for the HIV-1 protease inhibitors. The models were derived using log10(KD) (unit of KD is M) 

as the response variable in the PLS analysis. For deriving the model for KD, the full dataset of 36 compounds 

was initially used for training. 3 outliers (compounds B435, A037 and B249) were later removed from the 

PLS analysis to improve the quality of the model. Therefore, the final model for KD was trained with 33 

compounds. The table lists the regression coefficient (R2) for the training set, the correlation coefficient for 

leave-one-out cross validation sets (Q2
LOO), average absolute errors (AAET and AAEV) and root mean 

squared errors (RMET and RMEV) for the training set and leave-one-out validation sets, respectively. The 

model with 6 LVs displayed the best balance between predictive performance and number of LVs used for 

PLS. 

 

No. of Latent 

Variables 
R2 Q2

LOO AAET AAEV RMET RMEV 

1 0.30 0.08 1.04 1.22 1.23 1.42 

2 0.39 0.16 0.95 1.13 1.15 1.35 

3 0.55 0.27 0.78 1.05 0.99 1.26 

4 0.64 0.37 0.68 0.96 0.88 1.17 

5 0.69 0.45 0.63 0.85 0.82 1.09 

6 0.78 0.53 0.50 0.79 0.69 1.02 

7 0.80 0.53 0.47 0.78 0.65 1.01 

8 0.83 0.53 0.45 0.76 0.60 1.01 

9 0.86 0.43 0.41 0.89 0.54 1.11 

10 0.89 0.24 0.39 1.01 0.50 1.28 

 

 

Table S9. Statistical measures of correlation for the COMBINE analysis model derived for KD of HIV-1 

protease inhibitors. The table lists the cross-validated correlation coefficient (Q2), average absolute error 

(AAEV) and root mean squared error (RMEV) for different validation methods used. These statistical 

measures correspond to a model derived with 6 latent variables in PLS analysis. 

 

Validation R2 Q2
 AAEV RMEV 

Leave-one-out (LOO) 0.78 0.53 0.79 1.02 

Leave-two-out (L2O) 0.78 0.46 0.81 1.08 

Leave-three-out (L3O) 0.78 0.44 0.81 1.10 

Random groups of 5 

(10 iterations) 
0.78 0.48 0.83 1.06 
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Table S10. Statistical measures of correlation for the COMBINE analysis model derived for the KD for the 

resorcinol series of inhibitors of HSP90. The models were derived using log10(KD) (unit of KD is M) as the 

response variable in the PLS analysis. For deriving the model for KD, a smaller dataset of 25 compounds 

belonging to the resorcinol series was used for training. 3 outliers (compounds 23, 28, 30) were later removed 

from the PLS analysis to improve the quality of the model. Therefore, the final model for KD was trained 

with 22 compounds. The table lists the cross-validated correlation coefficients (Q2), average absolute error 

(AAEV) and root mean squared error (RMEV) for different validation methods used. These statistical 

measures correspond to a model derived with 4 latent variables in PLS analysis. 

 

Validation R2 Q2
 AAEV RMEV 

Leave-one-out (LOO) 0.79 0.49 0.47 0.57 

Leave-two-out (L2O) 0.79 0.45 0.47 0.59 

Leave-three-out (L3O) 0.79 0.47 0.46 0.58 

Random groups of 5 

(10 iterations) 
0.79 0.43 0.49 0.61 
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Table S11. List of the SMILES strings for the HSP90 inhibitors. 

 

Com-

pound Id 

SMILES 

1 CCNC(=O)c1noc(-c2cc(C(C)C)c(O)cc2O)c1-c1ccc(C[NH+]2CCOCC2)cc1 

2 CCNC(=O)c1noc(-c2cc(Cl)c(O)cc2O)c1-c1ccc(OC)cc1 

3 CCNC(=O)c1[nH]nc(-c2cc(Cl)c(O)cc2O)c1-c1ccc(OC)cc1 

4 CCNC(=O)c1noc(c2cc(Cl)c(O)cc2O)c1c3ccc(C[NH+]4CCOCC4)cc3 

5 O=c1[nH]nc(-c2cc(Br)c(O)cc2O)n1-c1ccccc1F 

6 COc1ccc(-c2c(C#N)c(N)nc3sc(C(N)=O)c(N)c23)cc1OCCCC(=O)O 

7 CCc1cc(-c2n[nH]c(C)c2-c2ccccc2F)c(O)cc1O 

8 O=c1[nH]nc(-c2ccc(O)cc2O)n1-c1ccccc1F 

9 Cc1n[nH]c2cc(O)c(-c3ccnn3-c3ccccc3)cc12 

10 COc1ccc(-c2c(-c3ccc(O)cc3O)n[nH]c2C)cc1 

11 CN(Cc1ccco1)C(=O)c1cc(-c2n[nH]c(=O)n2-c2ccccc2F)c(O)cc1O 

12 Cc1ccccc1-n1c(-c2cc(C(=O)N(C)Cc3cccs3)c(O)cc2O)n[nH]c1=O 

13 CCCCN(C)C(=O)c1cc(-c2n[nH]c(=O)n2-c2ccccc2F)c(O)cc1O 

14 Oc1cc(O)c(-c2ccnn2-c2ccccc2Cl)cc1CCc1ccccn1 

15 CCCN(C)S(=O)(=O)c1cc(-c2n[nH]c(=O)n2-c2ccccc2F)c(O)cc1O 

16 CC(C)N(C)S(=O)(=O)c1cc(-c2n[nH]c(=O)n2-c2ccccc2F)c(O)cc1O 

17 Brc1cnc2[nH]cnc2c1C(=O)NC1c2ccccc2-c2c(-c3cnc4ccccc4c3)cccc21 

19 O=C(NC1c2ccccc2-c2c(-c3nc4ccncc4[nH]3)cccc21)c1ccnc2[nH]ccc12 

20 Cc1nn(-c2ccc(C(N)=O)c(N[C@H]3CC[C@H](O)CC3)c2)c2cccc(-c3cnc4ccccc4c3)c12 

21 Cc1cn(-c2ccc(C(N)=O)c(N[C@H]3CC[C@H](O)CC3)c2)c2c1C(=O)CC(C)(C)C2 

22 Cc1cn(-c2ccc(C(N)=O)c(NC3CCC(=O)CC3)c2)c2c1C(=O)CC(C)(C)C2 

23 CC(C)N(C)S(=O)(=O)c1cc(-c2n[nH]c(=O)n2-c2ccccc2Cl)c(O)cc1O 

24 CCCN(C)C(=O)c1cc(-c2n[nH]c(=O)n2-c2ccccc2C)c(O)cc1O 

25 Cc1ccccc1-n1c(-c2cc(C(=O)N(C)Cc3ccccc3)c(O)cc2O)n[nH]c1=O 



 

 

xx 

26 CCCCCCN(C)C(=O)c1cc(-c2ccnn2-c2ccccc2C)c(O)cc1O 

27 Cc1cccc(CN(C)C(=O)c2cc(-c3n[nH]c(=O)n3-c3ccccc3C)c(O)cc2O)c1 

28 Cc1ccccc1-n1c(-c2cc(C(=O)N(C)CC3CCCO3)c(O)cc2O)n[nH]c1=O 

29 CCCCN(C)C(=O)c1cc(-c2n[nH]c(=O)n2-c2ccccc2)c(O)cc1O 

30 Cc1ccccc1-n1nccc1-c1cc(C(=O)N(C)Cc2ccco2)c(O)cc1O 

31 Cc1ccccc1-n1c(-c2ccc(O)cc2O)n[nH]c1=O 

32 O=c1[nH]nc(-c2ccc(O)cc2O)n1-c1ccccc1Cl 

33 CCc1ccccc1-n1c(-c2ccc(O)cc2O)n[nH]c1=O 

34 CCCN(C)C(=O)c1cc(-c2n[nH]c(=O)n2-c2ccccc2F)c(O)cc1O 

35 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccc5c(c4)OCO5)cc23)c1 

36 C[NH+]1CCC(c2ccc(N(C)C(=O)c3cc4c(CCC(C)(C)C)n[nH]c4cc3O)cc2)CC1 

37 CCCCN(C)C(=O)c1n[nH]c2cc(O)c(C(=O)N(C)c3ccc(N4CCOCC4)cc3)cc12 

38 CN(Cc1ccc(Cl)cc1)C(=O)c2cc3c(Cc4ccccc4)n[nH]c3cc2O 

39 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)Cc4ccccc4)cc23)c1 

40 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)Cc4ccc(Cl)cc4)cc23)c1 

41 Oc1cc2[nH]nc(Cc3ccccc3)c2cc1-c1ccnn1-c1ccccc1 

42 Cc1ccc(N(C)C(=O)c2cc3c(Cc4cccc(C)c4)n[nH]c3cc2O)cc1 

43 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(N5CCOCC5)cc4)cc23)c1 

44 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccccc4)cc23)c1 

45 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(N5CCCCC5)cc4)cc23)c1 

46 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(N(C)C)cc4)cc23)c1 

47 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(N5CC[NH2+]CC5)cc4)cc23)c1 

48 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(N5CCN(C)CC5)cc4)cc23)c1 

49 CO[C@H]1CCN(C(=O)c2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(N5CCOCC5)cc4)cc23)C1 

50 CO[C@H]1CCCN(C(=O)c2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(N5CCOCC5)cc4)cc23)C1 

51 CN(C(=O)c1cc2c(C(=O)N3CCCC3)n[nH]c2cc1O)c1ccc(N2CCOCC2)cc1 

52 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(N5CCOCC5=O)cc4)cc23)c1 



 

 

xxi 

53 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4ccc(F)cc4)cc23)c1 

54 COc1cccc(N(C)C(=O)c2cc3c(Cc4cccc(C)c4)n[nH]c3cc2O)c1 

55 Cc1cccc(Cc2n[nH]c3cc(O)c(C(=O)N(C)c4cccc(C)c4)cc23)c1 

56 CN(C(=O)c1cc2c(cc1O)[nH]nc2C(=O)N1CCOCC1)c1ccc(N2CCOCC2)cc1  

57 CN(C(=O)c1cc2c(C(=O)N3CCCCC3)n[nH]c2cc1O)c1ccc(N2CCOCC2)cc1 

58 Nc1nc(C(=O)N2Cc3ccc(O)cc3C2)c2ccccc2n1 

59 Nc1nc(C(=O)N2Cc3ccccc3C2)c2cc(O)ccc2n1 

60 C[NH+]1CCN(S(=O)(=O)c2ccccc2-c2ccc3nc(N)nc(C(=O)N4Cc5ccccc5C4)c3c2)CC1 

61 Cc1ccc2nc(N)nc(C(=O)N3Cc4ccccc4C3)c2c1 

62 CNCc1ccccc1-c1ccc2nc(N)nc(C(=O)N3Cc4ccccc4C3)c2c1 

63 Nc1nc(C(=O)N2Cc3ccccc3C2)c2cc(-c3cc(F)c(F)cc3CCc3nnn[nH]3)ccc2n1 

64 Nc1nc(C(=O)N2Cc3ccccc3C2)c2ccccc2n1 

65 Nc1nc(C(=O)N2Cc3ccccc3C2)c2cc(-c3ccccc3O)ccc2n1 

66 COc1c(C)cnc(Cn2cc(C#CCC(C)(C)O)c3c(Cl)nc(N)nc32)c1C 

67 Cc1cnc(Cn2ccc3c(Cl)nc(N)nc32)c(C)c1Cl 

68 C#CCCCn1c(Cc2cc(OC)c(OC)c(OC)c2Cl)nc2c(N)nc(F)nc21 

69 N#Cc1ccc(N2CCN(CCCc3c[nH]c4cc(O)c(C#N)cc34)CC2)cc1 

70 Nc1cc(C(=O)NC2c3ccccc3-c3c(-c4nc5ccncc5[nH]4)cccc32)ccn1 
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Table S11. List of the SMILES strings for the HIV-1 protease inhibitors. 

 

Compound 

Id 

SMILES 

B435 
O[C@H]([C@@H](O)[C@@H](OCc1ccccc1)C(=O)NC2[C@H](O)Cc3ccccc23)[

C@@H](OCc4ccccc4)C(=O)NCc5ccccc5 

A047 
CNC(=O)c1cccc(CN2[C@H](COc3ccccc3)[C@H](O)[C@@H](O)[C@@H](COc

4ccccc4)N(Cc5ccccc5)S2(=O)=O)c1 

A023 
OCCc1cccc(CN2[C@H](COc3ccccc3)[C@H](O)[C@@H](O)[C@@H](COc4ccc

cc4)N(Cc5cccc(CCO)c5)S2(=O)=O)c1 

A024 
COC(=O)c1ccc(CN2[C@H](COc3ccccc3)[C@H](O)[C@@H](O)[C@@H](COc4

ccccc4)N(Cc5ccc(CO)cc5)S2(=O)=O)cc1 

B429 
CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccc(cc1)c2ccccn2)[C@H](O)[C@@H](

O)[C@@H](OCc3ccc(cc3)c4ccccn4)C(=O)N[C@@H](C(C)C)C(=O)NC)C(C)C 

B409 
CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccc(cc1)c2ccsc2)[C@H](O)[C@@H](O

)[C@@H](OCc3ccc(cc3)c4ccsc4)C(=O)N[C@@H](C(C)C)C(=O)NC)C(C)C 

B268 
CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccccc1)[C@H](O)[C@@H](O)[C@@H

](OCc2ccccc2)C(=O)N[C@@H](C(C)C)C(=O)NC)C(C)C 

A045 
CNC(=O)c1cccc(CN2[C@H](COc3ccccc3)[C@H](O)[C@@H](O)[C@@H](COc

4ccccc4)N(Cc5cccc(c5)C(=O)NC)S2(=O)=O)c1 

B425 
O[C@H](C[C@@H](OCc1ccccc1)C(=O)NC2[C@H](O)Cc3ccccc23)[C@@H](O

Cc4ccccc4)C(=O)NC5[C@@H](O)Cc6ccccc56 

A021 
OCc1ccc(CN2[C@H](COc3ccccc3)[C@H](O)[C@@H](O)[C@@H](COc4ccccc4

)N(Cc5ccc(CO)cc5)S2(=O)=O)cc1 

saquinavir 
CC(C)(C)NC(=O)[C@@H]1C[C@@H]2CCCC[C@@H]2CN1C[C@@H](O)[C

@H](Cc3ccccc3)NC(=O)[C@H](CC(=O)N)NC(=O)c4ccc5ccccc5n4 

indinavir 
CC(C)(C)NC(=O)[C@@H]1CN(Cc2cccnc2)CCN1C[C@@H](O)C[C@@H](Cc3

ccccc3)C(=O)N[C@@H]4[C@H](O)Cc5ccccc45 

ritonavir 
CC(C)[C@H](NC(=O)N(C)Cc1csc(n1)C(C)C)C(=O)N[C@H](C[C@H](O)[C@H]

(Cc2ccccc2)NC(=O)OCc3cncs3)Cc4ccccc4 

DMP323 
OCc1ccc(CN2[C@H](Cc3ccccc3)[C@H](O)[C@@H](O)[C@@H](Cc3ccccc3)N(

Cc3ccc(CO)cc3)C2=O)cc1 

 

nelfinavir 
Cc1c(O)cccc1C(=O)N[C@H](CSc1ccccc1)[C@H](O)CN1C[C@H]2CCCC[C@H

]2C[C@H]1C(=O)NC(C)(C)C 
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B369 
O[C@H]([C@@H](O)[C@@H](OCc1ccccc1)C(=O)NC2[C@@H](O)Cc3ccccc23

)[C@@H](OCc4ccccc4)C(=O)NC5[C@H](O)Cc6ccccc56 

B388 
CC(C)C(N(C)C(=O)[C@H](OCc1ccccc1)[C@H](O)[C@@H](O)[C@@H](OCc2

ccccc2)C(=O)NC3[C@@H](O)Cc4ccccc34)C(=O)O 

A038 

CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccc(cc1)C2=C(O)C(=O)CCC2)[C@H](

O)[C@@H](O)[C@@H](OCc3ccc(cc3)C4=C(O)C(=O)CCC4)C(=O)N[C@@H](

C(C)C)C(=O)NC)C(C)C 

A037 

CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccc(\C=C\C(=O)OC)cc1)[C@H](O)[C

@@H](O)[C@@H](OCc2ccc(\C=C\C(=O)OC)cc2)C(=O)N[C@@H](C(C)C)C(=

O)NC)C(C)C 

B440 
CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccc(cc1)c2nccs2)[C@H](O)[C@@H](O

)[C@@H](OCc3ccc(cc3)c4nccs4)C(=O)N[C@@H](C(C)C)C(=O)NC)C(C)C 

B439 

CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccc(CCc2ccccc2)cc1)[C@H](O)[C@@

H](O)[C@@H](OCc3ccc(CCc4ccccc4)cc3)C(=O)N[C@@H](C(C)C)C(=O)NC)C

(C)C 

B408 
CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccc(Br)cc1)[C@H](O)[C@@H](O)[C@

@H](OCc2ccc(Br)cc2)C(=O)N[C@@H](C(C)C)C(=O)NC)C(C)C 

B412 

CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccc(cc1)c2cccc(c2)[N+](=O)[O-

])[C@H](O)[C@@H](O)[C@@H](OCc3ccc(cc3)c4cccc(c4)[N+](=O)[O-

])C(=O)N[C@@H](C(C)C)C(=O)NC)C(C)C 

U75875 

CC[C@@H](C)[C@H](NC(=O)[C@H](C(C)C)[C@@H](O)[C@H](O)[C@H](C

C1CCCCC1)NC(=O)[C@H](Cc2c[nH+]c[nH]2)NC(=O)COc3cccc4ccccc34)C(=O

)NCc5ccccn5 

 

A008 
OCc1ccc(CN2C(COc3ccccc3)[C@H](O)[C@@H](O)C(COc4ccccc4)N(Cc5ccc(C

O)cc5)C2=O)cc1 

B277 
CCCO[C@H]([C@H](O)[C@@H](O)[C@@H](OCCC)C(=O)N[C@@H](C(C)C)

C(=O)NC)C(=O)N[C@@H](C(C)C)C(=O)NC 

A030 
C\C(=N/O)\c1cccc(CN2[C@H](COc3ccccc3)[C@H](O)[C@@H](O)[C@@H](C

Oc4ccccc4)N(Cc5cccc(c5)\C(=N\O)\C)S2(=O)=O)c1 

A015 
CN(C(Cc1ccccc1)C(=O)O)C(=O)[C@H](OCc2ccccc2)[C@H](O)[C@@H](O)[C

@@H](OCc3ccccc3)C(=O)N(C)C(Cc4ccccc4)C(=O)O 

A016 
CN(C(Cc1ccc(O)cc1)C(=O)O)C(=O)[C@H](OCc2ccccc2)[C@H](O)[C@@H](O)

[C@@H](OCc3ccccc3)C(=O)N(C)C(Cc4ccc(O)cc4)C(=O)O 

A017 
CC(O)C(N(C)C(=O)[C@H](OCc1ccccc1)[C@H](O)[C@@H](O)[C@@H](OCc2

ccccc2)C(=O)N(C)C(C(C)O)C(=O)O)C(=O)O 
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B322 
CCC(C)C(N(C)C(=O)[C@H](OCc1ccccc1)[C@H](O)[C@@H](O)[C@@H](OCc

2ccccc2)C(=O)N(C)C(C(C)CC)C(=O)O)C(=O)O 

B365 
CC(C)C(N(C)C(=O)[C@@H](C[C@@H](O)[C@@H](OCc1ccccc1)C(=O)N(C)C

(C(C)C)C(=O)O)OCc2ccccc2)C(=O)O 

B347 
CC(C)C(N(C)C(=O)[C@H](OCc1ccccc1)[C@@H](O)[C@H](O)[C@@H](OCc2

ccccc2)C(=O)N(C)C(C(C)C)C(=O)O)C(=O)O 

A018 
CSCCC(N(C)C(=O)[C@H](OCc1ccccc1)[C@H](O)[C@@H](O)[C@@H](OCc2c

cccc2)C(=O)N(C)C(CCSC)C(=O)O)C(=O)O 

B249 
COC(=O)C(NC(=O)[C@H](OCc1ccccc1)[C@H](O)[C@@H](O)[C@@H](OCc2

ccccc2)C(=O)NC(C(C)C)C(=O)OC)C(C)C 

B376 
CNC(=O)[C@@H](NC(=O)[C@H](OCc1ccccc1)[C@H](O)[C@@H](O)[C@@H

](OCc2ccccc2)C(=O)N[C@H](C(=O)NC)c3ccccc3)c4ccccc4 
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Formulas for statistical measures of correlation 

1. Regression coefficient (R2): 

 

𝑅2 =  
[∑ (𝑦𝑖 − 𝑦̅𝑁

𝑖=1 )(𝑦̂𝑖 − 〈𝑦̂〉)]2

∑ (𝑦𝑖 − 𝑦̅)2 ∑ (𝑦̂𝑖 − 〈𝑦̂〉)2𝑁
𝑖=1

𝑁
𝑖=1

 

 

Where, 
 𝑦̅ is the average value of the experimental activities (𝑦1, 𝑦2, . .  𝑦𝑁) 

𝑦̅  =
1

𝑁
 ∑ 𝑦𝑖

𝑁

𝑖=1

 

 

  〈𝑦̂〉 is the average value of the calculated activities (𝑦̂1, 𝑦̂2, . . 𝑦̂𝑁) 

    

 〈𝑦̂〉 =  
1

𝑁
 ∑ 𝑦̂𝑖

𝑁

𝑖=1

 

  

2. Cross-validated correlation coefficient (Q2): 

 

𝑄2 =  1 −
∑ (𝑦𝑖 −𝑁

𝑖=1 𝑦̂𝑖)2

∑ (𝑦𝑖 − 𝑦̅)2𝑁
𝑖=1

 

 

3. Average absolute error (AAE): 

𝐴𝐴𝐸 =  
1

𝑁
∑|𝑦̂𝑖 − 𝑦𝑖|

𝑁

𝑖=1

 

 

4. Root mean squared error (RME) 

𝑅𝑀𝐸 = √
∑ (𝑦̂𝑖 − 𝑦𝑖)2𝑁

𝑖=1

𝑁
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Data files for performing COMBINE analysis 

 

Data files for HSP90 COMBINE analysis:  

(ml8b00397_si_002.zip, size:21.1 MB) 

The following 5 files in this zipped folder were used to generate the COMBINE analysis model for the off rate and 

KD of HSP90 inhibitors: 

 

1. hsp90_energy_minimized_pdb_files.zip 

This zipped file contains 70 energy-minimized structures of N-HSP90-inhibitor complexes in PDB 

format.  

 
2. hsp90_amber_topology_files.zip 

This zipped file contains 70 topology (.top) files for N-HSP90-inhibitor complexes generated by 

the LEaP program of Amber 14 using ff14SB and GAFF force fields for protein and inhibitors, 

respectively. These topology files are required for performing the PLS analysis with the gCOM-

BINE program. The gCOMBINE program is available under a free academic license and can be 

used for non-profit or non-commercial use. The source files for gCOMBINE can be downloaded 

from https://ub.cbm.uam.es/drug_design/combine.php  

 
3. hsp90_amber_coordinate_files.zip 

This zipped file contains 70 coordinate (.crd) files for N-HSP90-inhibitor complexes generated by 

the LEaP program of Amber 14 and they are also required by the gCOMBINE program. 

 
4. hsp90_gCOMBINE_output_models.zip 

This zipped file contains output of 3 different COMBINE models generated in this study using 

gCOMBINE program. These files can be directly loaded into gCOMBINE program (using the 

Load model option) to visualize the results of PLS analysis. 

• hsp90_output_model_koff 

COMBINE analysis model generated for koff rates of HSP90 inhibitors. 

• hsp90_output_model_KD  

COMBINE analysis model generated for KD (binding affinity) of HSP90 inhibitors. 

• hsp90_output_model_KD_resorcinol 

COMBINE analysis model generated for KD (binding affinity) of resorcinol class of HSP90 

inhibitors. 

 
5. Nomenclature_files.xlsx 

The nomenclature of PDB, coordinate and topology files for protein-inhibitor complexes provided 

in the zipped files above, is different from the nomenclature of inhibitors used in the manuscript. 

This Excel spreadsheet provides the mapping between inhibitor names mentioned in the manuscript 

and their corresponding file names in the zipped folders. 

 

https://ub.cbm.uam.es/drug_design/combine.php
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Data files for HIV COMBINE analysis: 

(ml8b00397_si_003.zip, size:10.5 MB) 

The following 5 files in this zipped folder were used to generate the COMBINE analysis model for the off rate and 

KD of HIV-1 protease inhibitors: 

 

1. hiv_energy_minimized_pdb_files.zip 

This zipped file contains 36 energy-minimized structures of HIV-1 protease-inhibitor complexes 

in PDB format.  

 
2. hiv_amber_topology_files.zip 

This zipped file contains 36 topology (.top) files for HIV-1 protease-inhibitor complexes generated 

by the LEaP program of Amber 14 using ff14SB and GAFF force fields for protein and inhibitors, 

respectively.  

3. hiv_amber_coordinate_files.zip 

This zipped file contains 36 coordinate (.crd) files for HIV-1 protease-inhibitor complexes gener-

ated by the LEaP program of Amber 14. 

 
4. hiv_gCOMBINE_output_models.zip 

This zipped file contains output of 2 different COMBINE models generated in this study using 

gCOMBINE program. These files can be directly loaded into gCOMBINE program (using the 

Load model option) to visualize the results of PLS analysis. 

• hiv_output_model_koff 

COMBINE analysis model generated for koff rates of HIV-1 protease inhibitors. 

• hiv_output_model_KD  

COMBINE analysis model generated for KD (binding affinity) of HIV-1 protease inhibitors. 

 
5. Nomenclature_files.xlsx 

The nomenclature of PDB, coordinate and topology files for protein-inhibitor complexes provided 

in the zipped files above, is different from the nomenclature of inhibitors used in the manuscript. 

This Excel spreadsheet provides the mapping between inhibitor names mentioned in the manuscript 

and their corresponding file names in the zipped folders. 

 

 

 


