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13C NMRs of selected compounds  
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Homology modeling  
The homology model of human P-glycoprotein was constructed by multiple comparative modeling 

methods using the X-ray structures of murine Pgp: 4Q9H, 4XWK and 4M1M as templates (resolution 

3.4 Å, 3.5 Å and 3.8 Å, respectively). Out of 1000 models generated by MODELLER software,1 three 

models with the lowest DOPE scores (-154 032.45, -153 981.16, -153 884.80) were refined by 

minimization of energy in Schrodinger Suite software.2 Analysis of the Ramachandran plots for all 

three models allowed to choose the most beneficial homology model showing the highest number of 

residues in most favored regions (1077; 93.7%) and the lowest number of residues in disallowed 

regions (4; 0.3%), with the DOPE score -153 884.80 (Fig. S1a). Alignment of this model to individual 

templates performed in the Maestro module3 gave the following results: 

4Q9H Alignment Score:  0.031, RMSD: 0.868 Å 

4XWK Alignment Score:  0.043, RMSD: 1.020 Å 

4M1M Alignment Score:  0.444, RMSD: 2.946 Å 

The model was subjected to further structure validation using PROCHECK,4 ProSA5 and QMEAN6, 7 

software (Fig. S2 and Fig. S3). Incorporation of the linker region with a predicted secondary structure 

(amino acids 630-698) into the selected top ranked homology model allowed to improve its quality 

and decrease the number of residues found in disallowed regions (Fig. S1b).  
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a) B008 homology model, DOPE -153 884.80 

 

b) Optimized model B008 with a linker incorporated 

 

 

Fig. S1. a) Ramachandran plot for the most beneficial B008 homology model (DOPE -153 884.80); b) Ramachandran plot for the model B008 with a linker incorporated4 
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a) 

 

b) 

 

 

Fig. S2. Evaluation of the top-ranked hPgp homology model B008 by ProSA server5 
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Fig. S3. Evaluation of the top-ranked hPgp homology model B008 by QMEAN Swiss Model server6, 7
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Docking results 

a) Verapamil. Induced fit docking results2 to the selected homology model of the human Pgp showed 

similar poses for the neutral and charged forms of verapamil, although docking scores were generally 

lower for neutral forms of the drug. One of the top-ranked poses (with a docking score -7.471 for the 

neutral form of verapamil), was chosen as a reference for further investigations for its very good 

agreement with experimental data (Fig. S4, Table S1). Three hydrogen bonds were observed in this 

binding mode: two H-bonds formed by methoxy groups interacting with Tyr 307 and Tyr 953, and a 

H bond between Tyr 310 and the amine group of verapamil. A very similar binding mode was 

detected for the pose that showed the highest docking score among the docked protonated forms of 

verapamil (docking score -10.521, Table S1), with the difference that the hydrogen bond is formed 

between Tyr 310 and the nitrogen atom of the nitrile moiety (Fig. S4). Both described poses revealed 

comparable values of the binding energy expressed by the IFD score (Table S1). 
 

Table S1. Comparison of docking results for top-ranked poses of the neutral and protonated form of verapamil2 

Ligand Charge 
Docking 

score 
XP GScore IFD Score* 

Residues interacting with the 

ligand within 4 Å 

Verapamil 0 -7.471 -10.292 -2514.52 

Met 69, Phe 72, Ile 306, Tyr 307, 

Tyr 310, Phe 335, Phe 336, Leu 339, 

Leu 724, Gln 725, Phe 728, Phe 732, 

Leu 762, Asn 842, Tyr 953, Phe 957, 

Leu 975, Phe 978, Ser 979, Phe 983, 

Met 986 

 

Verapamil +1 -10.521 -10.526 -2512.16 

Met 68, Met 69, Phe 72, Ile 306, 

Tyr 307, Tyr 310, Phe 336, Leu 339, 

Phe 343, Gln 725, Phe 728, Phe 732, 

Phe 759, Met 949, Tyr 953, Phe 978, 

Val 982,   Phe 983,  Met 986 

* IFD score - a scoring function used for estimation of the binding energy for the output pose2 

 

 

 
Fig. S4. Comparison of the induced fit docking results for the reference pose of verapamil in the neutral form and 

in the protonated form (top view). The neutral form of verapamil and surrounding residues (side chains only) are 

marked in pink, the protonated form of the drug and surrounding residues are marked in  green. H-bonds 

between the protein and the ligands are marked by the dashed line. 
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b) Imidazolone derivatives. Out of docking poses obtained for the neutral forms of compounds, top-

ranked poses detected for at least two out of three docked imidazolones were collected in three 

clusters. The docking scores for individual poses obtained for the compounds 11, 12 and 18 are 

presented in Table S2: 

Table S2. Comparison of the induced fit docking results for top-ranked poses of the imidazolone derivatives 

11, 12 and 18 (in the neutral form)2 

Ligand Docking 

score 

XP  

GScore 

IFD  

Score 

Residues interacting with the ligand 

within 4 Å 

pose 1: cmpd 18 -12.179 -13.394 -2518.72 Met 68, Met 69, Phe 72, Met 75, 

Tyr 118, Tyr 307, Tyr 310, Phe 336, 

Gln 725, Pro 726, Phe 728, Ala 729, 

Phe 732, Ser 733, Phe 759, Tyr 953, 

Phe 957, Leu 975, Phe 978, Ser 979, 

Phe 983,   Met 986 

 

pose 1: cmpd 12 -12.170 -12.581 -2501.41 Leu 65, Met 68, Met 69, Phe 72, 

Tyr 307, Tyr 310, Phe 336, Gln725, 

Phe 728, Ala 729, Phe 732, Ser 733, 

Phe 759, Asn 842, Tyr 953, Phe 957, 

Leu 975,   Phe 978,    Ser 979,    

Phe 983 

 

pose 2: cmpd 11 -11.201 -11.612 -2520.30 Met 68,  Met 69, Phe 72, Tyr 118, 

Ile306,  Tyr 307, Tyr 310, Leu 332, 

Phe 335, Phe 336, Leu 339, Phe 728, 

Ala 729, Phe 732, Ser 733, Ile736, 

Phe 759, Tyr 953, Phe 957, Leu 975, 

Phe 978,    Ser 979,   Phe 983,   Met 986 

 

pose 2: cmpd 18 -10.478 -11,694 -2518.44 Met 68, Met 69, Phe 72, Met 75, 

Tyr 118, Tyr 307, Tyr 310, Phe 335, 

Phe 336, Phe 728, Ala 729, Phe 732, 

Ser 733, Ile736, Phe 759, Tyr 953, 

Phe 957, Leu 975, Phe 978, Ser 979, 

Phe 983 

 

pose 2: cmpd 12 -10.357 -10.768 -2519.14 Met 68, Met 69, Phe 72, Ile 306, 

Tyr 307, Tyr 310, Phe 336, Leu 339, 

Ala 729, Phe 732, Tyr 953, Leu 975, 

Phe 978,   Ser 979,    Phe 983,   Met 986 

 

pose 3: cmpd 11 -11.869 -12.280 -2498.99 Phe 303, Tyr 307, Tyr 310, Ala 311, 

Phe 314, Trp 315, Thr 318, Asn 721, 

Leu 724, Gln 725, Phe 728, Phe 732, 

Ile 735, Ile 736, Ser 756, Phe 759, 

Ser 766, Phe 770, Gln 838, Phe 983, 

Met 986 

 

pose 3: cmpd 18 -10.222 -11.437 -2499.17 Phe 303, Tyr 307, Tyr 310, Phe 314, 

Phe 336, Asn 721, Gln 725, Phe 728, 

Ile 731, Phe 732, Ile 735, Phe 759, 

Ser 766, Phe 770, Gln 838, Phe 983, 
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Met 986 
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