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Figure S1. Schematic representation of the fully unrestrained NpT runs performed to
obtain a stable human P-gp homology model and variants. The murine template used are
colored as red (PDB ID:4Q9H), and the mutated structures in black.

Figure S2. Ramachandran plots of the initial and refined human P-gp models after 400
ns MD simulations. The outliers are represented as red crosses, allowed positions in
yellow and core angles in green.
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Figure S3. Root mean square deviation (RMSD) of the human P-gp v3 models during
MD simulations.

Table S1. Structural quality assessment of the human P-pg homology models
Assessment software

ERRAT
MOLPROBITY SwissModel PROCHEK

Score Percentile QMEAN6 Z-Score Morris G-factors

Crystal
(PDB ID: 4Q9H)

w/o linker 90.05 1.86 83 0.61 -1.75 1-2-2 0.18

Homology model
w/o linker 74.40 2.22 63 0.59 -1.89 1-2-3 -0.41
w/ linker 75.08 2.21 64 0.58 -2.05 1-2-3 -0.41

MD Refined
P-gp models

V3a 93.42 1.71 89 0.46 -3.39 1-2-2 -0.61
V3b 96.65 1.64 91 0.44 -3.52 1-2-2 -0.58
V3c 97.79 1.65 91 0.43 -3.68 1-2-2 -0.57

Cryo-EM
(PDB ID: 6QEX) w/o linker 85.54 1.78 86 0.70 -1.65 1-2-2 0.06

Figure S4. Evaluation of membrane insertion energies for the in-house P-gp model and
cryo-EM human P-gp model (PDB ID: 6QEX) obtained from QMEMBrane server.
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Figure S5. Root-mean square deviation (total RMSD: 8.003) between the template
(4Q9H, blue) and the final homology model (v3c, red) structures (top) and residue-by-
residue (bottom). RMSD values are depicted in angstroms.

Figure S6. Root-mean square deviation (total RMSD = 4.931) between the cryo-EM
(6QEX, green) and the final homology model (v3c, red) structures (top) and residue-by-
residue (bottom). RMSD values are depicted in angstroms.

Table S2. RMSD values for each TMH between the human WT P-gp model (v3c) and
6QEX human P-gp structure. The RMSD values of the TMHs 4 and 10 between the WT
model and human/mouse P-gp structures.
PDB TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8 TM9 TM10 TM11 TM12
6QEX 1.71 1.57 1.59 6.07 1.13 2.08 1.43 1.62 1.61 4.94 1.73 3.34
6FN4 4.87 4.89
6GDI 1.07 2.86
5KPI 1.51 2.61
4Q9H 1.58 2.72
4M1M 1.42 2.72
4M2S 1.42 2.66
4Q9L 1.64 2.76
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Figure S7. (top) Location of the selected mutations (in van der Waals, G185V, red;
G830V, green; F978A, blue; ∆F335, yellow) in the human WT P-gp model. Aminoacid
sequences with larger RMSF differences from WT model are depicted with the same
color code; (bottom), comparison of root-mean square fluctuations (RMSF) from
mutated P-gp models against WT (black).

Figure S8. Probability distribution function P(V) and cumulative distribution of the
DBP volumes in the human WT P-gp model and variants.
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Table S3. Variation in the axis distance (bun_dist) observed in the P-gp variants
transmembrane helices (compared to the WT; +, positive mean changes; –, negative
changes).

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8 TM9 TM10 TM11 TM12
G185V + –
G830V – –
F978A –
∆F335 –

Figure S9. Comparison of individual transmembrane axis distance from the bundle
center for all P-gp variants.

Figure S10. Variation in the transmembrane axis distance from the bundle center for all
P-gp variants (difference from WT).



7

Table S4. Variation in the transmembrane axis length (bun_len) observed in all P-gp
variants (compared to the WT; +, positive mean changes; –, negative changes).

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8 TM9 TM10 TM11 TM12
G185V – – –
G830V + – +
F978A – + –
∆F335 – –

Figure S11. Comparison of individual transmembrane axis length for all P-gp variants.

Figure S12. Variation in the transmembrane axis length for all P-gp variants (difference
from WT).
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Table S5. Variation in the z-shift of the axis mid-points (bun_z) observed in the P-gp
variants transmembrane helices (compared to the WT; +, positive mean changes; –,
negative changes).

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8 TM9 TM10 TM11 TM12
G185V + +
G830V – – – – + + +
F978A – + – + –
∆F335 –

Figure S13. Comparison of individual transmembrane z-shifts, from the axis mid-points,
for all P-gp variants.

Figure S14. Variation in the transmembrane z-shift of the axis mid-points for all P-gp
variants (difference from WT).
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Table S6. Variation in the axis total tilt (bun_tilt) observed in the P-gp variants
transmembrane helices (compared to the WT; +, positive mean changes; –, negative
changes).

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8 TM9 TM10 TM11 TM12
G185V + +
G830V – + – + – +
F978A +
∆F335

Figure S15. Comparison of individual transmembrane axis total tilt, against z axis, for
all P-gp variants.

Figure S16. Variation in the transmembrane axis total tilt, against z axis, for all P-gp
variants (difference from WT).
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Table S7. Variation in the axis lateral tilt (bun_tiltl) observed in the P-gp variants
transmembrane helices (compared to the WT; +, positive mean changes; –, negative
changes).

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8 TM9 TM10 TM11 TM12
G185V + + + –
G830V + + – – – +
F978A + + – –
∆F335 + + +

Figure S17. Comparison of individual transmembrane axis lateral tilt, against z axis, for
all P-gp variants.

Figure S18. Variation in the transmembrane axis lateral tilt, against z axis, for all P-gp
variants (difference from WT).
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Table S8. Variation in the axis radial tilt (bun_tiltr) observed in the P-gp variants
transmembrane helices (compared to the WT; +, positive mean changes; –, negative
changes).

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8 TM9 TM10 TM11 TM12
G185V +
G830V + + + –
F978A + + +
∆F335 +

Figure S19. Comparison of individual transmembrane axis lateral tilt, against the
bundle axis, for all P-gp variants.

Figure S20. Variation in the transmembrane axis radial tilt, against the bundle axis, for
all P-gp variants (difference from WT).
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Identification of Drug-Binding Sites in human P-gp variants

Table S9. Top-ranked binding energies (∆G) in kcal.mol-1 obtained for each site within the DBP of the human WT P-gp model and variants.

SUBSTRATES M-site R-site H-site M-site R-site H-site M-site R-site H-site M-site R-site H-site M-site R-site H-site
Actinomycin D

Amprenavir -8,6 -8,5 -9,0 -8,2 -8,2
Bromocriptine -10,0 -8,9 -8,4 -10,4 -9,5 -11,0 -10,0 -9,6 -10,5 -8,9 -8,9
Calcein-AM -7,9 -7,8 -8,2 -8,4 -8,7 -8,0 -8,0 -7,7

Calcein -6,9 -7,7 -7,1 -7,6 -7,2 -9,4 -7,5 -7,3 -7,7 -7,9
Chloroquine -7,2 -6,8 -7,2 -7,7 -6,8 -7,3
Colchicine -8,7 -7,4 -6,8 -10,8 -7,0 -8,7 -7,8 -7,7 -8,1 -6,8

Cyclosporine
Daunorubicin -8,5 -8,3 -8,2 -9,1 -8,8 -8,0 -8,2 -9,2 -9,2 -7,9

Dexamethasone -8,5 -8,1 -8,2 -9,3 -8,4 -9,2 -8,9 -8,7 -7,5
Digoxigenin -8,3 -8,0 -9,0 -8,4 -7,9 -10,3 -9,4 -8,8 -7,8 -7,7

Monotoxoside -9,8 -8,9 -8,6 -10,1 -9,5 -10,6 -10,3 -9,2 -9,8 -8,6 -8,9
Digitoxoside -9,1 -10,4 -9,1 -10,3 -9,6 -11,3 -11,1 -10,3 -10,2 -10,0

Digoxin -9,9 -9,9 -9,6 -11,0 -11,6 -12,0
Diphenhydramine -7,5 -6,7 -7,3 -7,0 -6,8 -6,1

Doxorubicin -8,4 -8,3 -8,7 -8,6 -8,0 -10,1 -9,2 -9,2 -8,0 -9,2 -8,5
Erythromycin -7,7 -7,9 -7,4 -8,3 -8,4 -7,6

Etoposide -8,4 -8,2 -8,0 -8,9 -9,3 -9,9 -8,8 -9,0
Hoechst 33258 -9,9 -9,4 -8,4 -9,5 -9,3 -10,4 -9,5 -10,2 -9,2 -10,9
Hoechst 33342 -9,7 -8,6 -9,4 -9,1 -10,6 -8,7 -9,7 -9,2 -9,9 -8,4

Indinavir -9,4 -8,9 -10,2 -10,4 -9,2 -9,6 -9,0
Itraconazole -10,1 -9,5 -10,5

Ketoconazole -9,5 -9,2 -9,5 -8,7 -10,7 -8,8 -9,2 -9,3 -9,0
LDS-751 -7,6 -7,5 -7,9 -7,0 -8,8 -8,1 -8,1 -7,7 -7,9 -7,8

Methotrexate -7,8 -7,7 -7,4 -8,3 -8,0 -8,9 -8,2 -8,7 -8,4 -7,9
Midazolan -9,1 -7,6 -7,0 -9,6 -9,1 -8,6 -7,5 -8,8
Prazosin -7,7 -7,6 -6,8 -8,0 -7,3 -8,8 -7,4 -7,6 -7,5 -8,1 -7,1

Progesterone -8,5 -7,9 -8,4 -9,5 -10,3 -9,3 -9,3
Quercetin -7,9 -7,7 -7,2 -8,1 -7,6 -7,8 -8,1 -7,1 -7,7 -8,3 -7,5
Quinidine -8,3 -8,1 -7,8 -8,1 -9,1 -7,9 -8,8

R-propranolol -7,1 -6,5 -7,8 -6,9 -7,2 -7,0
R-verapamil -7,3 -6,9 -7,8 -8,7 -7,0 -7,5
Reserpine -8,7 -9,2 -9,0 -8,2 -10,2 -8,9 -8,8 -9,3 -8,6

Rhodamine-123 -8,8 -7,1 -8,4 -7,5 -9,1 -7,6
Ritonavir -8,3 -8,3 -7,7 -9,5 -8,7 -9,2 -9,1 -8,8

S-propranolol -6,8 -6,9 -8,1 -6,7 -6,5 -7,5 -7,2
S-verapamil -7,5 -6,9 -6,9 -7,7 -8,4 -7,7 -7,6

Taxol (Paclitaxel) -9,1 -8,9 -8,9 -9,0 -8,4 -9,8 -9,8 -9,6 -10,6 -9,8
Trimethoprim -7,4 -6,5 -6,8 -6,9 -6,5 -6,5 -6,9 -6,3
Vinblastine -7,2 -6,8 -8,9 -8,6 -7,4 -7,3 -7,3 -9,2 -8,8
Yohimbine -8,9 -8,3 -7,8 -9,0 -9,4 -8,9 -8,2 -9,0 -8,0 -7,6

-7,9

-10,1 -10,5 -11,1

-8,1

-9,0

-7,9 -9,0 -9,1 -9,6 -8,9

-10,7 -11,6

P-gp WT (ΔG; kcal.mol-1) G185V (ΔG; kcal.mol-1) G830V (ΔG; kcal.mol-1) F978A (ΔG; kcal.mol-1) ΔF335 (ΔG; kcal.mol-1)

-11,2 -11,5 -11,3 -12,4 -11,7
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Figure S21. Comparison of total number of contacts at each ICH-NBD interface for the
WT model and all P-gp variants (obtained with gmx hbond).

Figure S22. Variation in the total number of contacts found at each ICH-NBD interface,
for all P-gp variants, when compared to the WT.
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Table S10. Contact frequencies between ICH-NBD residues in the human WT P-gp
model and variants.

The variation percentage is estimated based on the mean frequencies of the three replica systems for each
P-gp variant against the WT.
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Figure S23. Graphical representation of the molecular surface for the H-site in the
human WT P-gp model and variants. Polar regions are defined as pink, hydrophobic
regions are colored green.

Figure S24. Docking results for taxol molecule in the 6QEX (green, top-ranked pose; yellow,
cryo-EM taxol molecule) and in 6QEX (red) and homology (green) models (green, top-ranked
pose; yellow, cryo-EM taxol molecule) models.

SUPPORTING PDB FILE

Name all_models.pdb
Chain ID A, WT

B, G185V
C, G830V
D, F978A
E, ΔF335


