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Section S1: Ligand selection

A large dataset of CYP3A4 inhibitors was extracted from the ChEMBL database and the
Lipophilic efficiency (LipE) and Ligand efficiency (LE) calculations were performed for the
selection of highly potent inhibitors of CYP3A4 subtype. The ligand efficiency metrics provide
an estimation of the lipophilicity, size and overall molecular properties that determine the
binding affinity of a drug towards its particular target [1]. The LipE parameter provides the
normalization of the potency (pICso) for a compound’s lipophilicity (clogP/logD) against a
particular target and is calculated by subtracting clogP/logD from the pICso (equationl). For
LipE profiling the clogP values were calculated using fragment based method implemented in
Bio-Loom software package [2].

LipE = LLE = plICs5,(pKi/pKd) - clogP (eq1)

The Ligand efficiency metric delivers a balance of potency and molecular size in terms of a
ligand binding to its target and is measured as the ratio of binding free energy (AG) to the
number of heavy atoms (HA) [3]. Free energies (AG) for CYP3A4 inhibitors were calculated
using equation 2 where, R is the gas constant and T is the absolute temperature. AG calculations
were performed by substituting ICso values for Kq, as anticipated by Hopkins et al which is also
approved by the experimental studies of Kuntz and co-workers [3, 4].

AG = —RTInK; (eq2)

A temperature of 310K was used to compute Ligand efficiencies of the CYP3A4 inhibitors in

kcal/mol/heavy atom using equation 3.

LE = (ag) = - 4G/ HA(non- hydrogen atom) (eq3)
Reynolds fitting procedure [5] was adopted to achieve a size independent fit quality score
(LigE Scale) for the CYP3A4 inhibitor dataset. This was accomplished using a modified
exponential function to fit top Ligand efficiencies against the number of heavy atoms (eq 4). The
Fit Quality (FQ) scoring function was formulated by finding the ratio of LE of ligands to the
normalized LE Scale (eq 5).

LE Scale = 1.5 * EXP(—0.053 x HA) eq4
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FQ = LE/LE _Scale eqS

Reynolds et al [5] put forward that high FQ score near 1 or above, is indicative of optimal
binding however, lower FQ scores show suboptimal binding. Overall, a LipE >5, clogP values of
~1-3, ICs0 ~10-150 nM, LE >0.29 (kcal/mol/heavy atom) and FQ >1 were used as a selection
criteria to identify highly efficient inhibitors of CYP3A4. Finally, five CYP3A4 inhibitors

fulfilling the selection criteria were further used for docking and molecular dynamic simulations.
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Figure S1. a) Ligand efficiency profiling and b) Fit quality plots of CYP3A4 inhibitors.



Figure S2. The docked clusters obtained using AutoDock for a) CYP3A4-YKI, b) CYP3A4-

YK2, ¢c) CYP3A4-YK3, d) CYP3A4-YK4 and e) CYP3A4-YKS. Here the selected minimum
energy poses for CYP3A4-YKI1-YKS are shown in cyan, red, green, blue and orange

respectively.



Section S2: RMSD analysis of MD replicates of the selected CYP3A4-
inhibitor complexes

The conformational analysis of the replicated MDs for the ligand bound complexes (CYP3A4-
YK1-YKS5) was performed. The average CoRMSD values for the replicated MDs of CYP3A4-
YK1-YK5 complexes differ by ~0.09 to 0.57 A as shown by the average CuRMSD values of
3.13(= 0.7) A (CYP3A4-YKI1-MDI1): 3.33(+ 0.4) A (CYP3A4-YKI-MD2), 2.23(+ 0.4) A
(CYP3A4-YK2-MD1): 2.80(= 0.6) A (CYP3A4-YK2-MD2), 2.11(x0.6) A (CYP3A4-YK3-
MD1): 2.65(x 0.5) A (CYP3A4-YK 3-MD2):, 2.09(= 0.3) A (CYP3A4-YK4-MD1): 2.18(+0.4)
A (CYP3A4-YK4-MD2) and 2.31(= 0.7) A (CYP3A4-YK5-MD1): 2.50(x 0.7) A (CYP3A4-
YKS5-MD2). The CoRMSD plots for the two MD runs of the selected CYP3A4 inhibitor bound
complexes are shown in Figure S3 Therefore, the initial run of MDs (MD1) with smaller average
CoRMSD and Rg values were considered final for further analysis.
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Figure S3. The C.RMSD of the two MD runs of the five selected CYP3A4-inhibitor

complexes (CYP3A4-YK1-YKS5) during the 50 ns MD simulations.
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Figure S4. The C,RMSD of the apo-state CYP3A4 (1TQN) and the five selected CYP3A4-

inhibitor complexes (CYP3A4-YK1-YKS5) during the 50 ns MD simulations.
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Figure S5. The Ca RMSF of the individual residues of the apo-state CYP3A4 (ITQN) and the
five selected CYP3A4-inhibitor complexes (CYP3A4-YK1-YKS) during the 50 ns MD

simulations
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Figure S6: The radius of gyration (Rg) for the apo-state CYP3A4 (1TQN) and the five
selected CYP3A4-inhibitor complexes (CYP3A4-YK1-YKS5) during the 50 ns MD simulations.
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Figure S7. The docked conformations of the selected minimum energy poses of a) CYP3A4-
YK1, b) CYP3A4-YK2, ¢) CYP3A4-YK3, d) CYP3A4-YK4 and e) CYP3A4-YKS5 complexes

with the distal and proximal binding sites shown as discussed by Tanaka et al.
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Figure S8. The two columns show the interaction pattern of the selected inhibitor complexes a) CYP3A4-YK1

docked pose, b) CYP3A4-YKI1 centroid structure ¢) CYP3A4-YK2 docked pose, d) CYP3A4-YK2 centroid
structure, ¢) CYP3A4-YK3 docked pose, f) CYP3A4-YK3 centroid structure, g) CYP3A4-YK4 docked pose, h)
CYP3A4-YK4 centroid structure, i) CYP3A4-YKS docked pose and j) CYP3A4-YKS centroid structure. The
dotted lines show hydrogen bonds (red), pi-pi stacking (yellow) pi-cation (green) and pi-H (blue)

12



S

%13 =
g &
B Z 3
s E
52 i
£
z E
=
1 =
1
0 0
0 1o 20 Time us) 30 40 50 0 10 20 30 40 50
Time (ns)
3 4
@
= g 3
£ =
: :
:
z :?
= =
4 3
2 .
£ 2
5 s 1
z E
z

0 10 20 30 40 50
Time (ns)

>
(8]
IS

6 8 10
Time (ns)

'S

w

Number of hydrogen bonds
~

—

40 50

20 30
Time (ns)

Fi gure S9. The time dependent analysis of the number of hydrogen bonds formed between

CYP3A4 and the selected inhibitors in a) CYP3A4-YK1, b) CYP3A4-YK2, ¢) CYP3A4-YK3,
d) CYP3A4-YK4 and e) CYP3A4-YKS5 complexes.
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Figure S10. a) The correlation between the docking score for the complex predicted by

Autodock and the ICso values for YK1-5, b) The correlation between the docking score for the
complex predicted by Autodock and the I1Cso values with the data for YKS removed as it is a
significant outlier compared to the other compounds

14



o

(a

1
w
o

-10

-15

-20

-25

-30

-35

MM/PBSA Kcal/mol ~

-40

-45

(b)

MM/GBSA Kcal/mol

-70

10 A
1Cs0/ nM
10 15 20 I
®
I1Cs0/ nM

30 40

y=0.272x-33.188
R?=0.3846

30 35 40

y =0.1906x - 46.26
R?=0.0776

Figure S11. a) The correlation between the binding free energy of the complexes predicted

by MM/PBSA and the ICso values for YK1-5, b) The correlation between the binding free energy
of the complex predicted by MM/GBSA and the ICso values for YK1-5.
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Table S2: MM/PBSA and MM/GBSA based binding energy profiles (with energy
components) of CYP3A4-inhibitor bound complexes.

Energy CYP3A4-YK1 CYP3A4-YK2 CYP3A4-YK3 CYP3A4-YK4 CYP3A4-YK5
Components MM/GBS | MM/PBSA | MM/GBSA | MM/PBSA
MM/GBSA | MM/PBSA | MM/GBSA | MM/PBSA | MM/GBA MM/PBSA A

NEvdw -69.30£026 | —69.30:026 | -57.92:0.24 | -57.92:0.24 | - 59.57+0.23 -59.5740.23 | -5345:0.21 | -5345:0.21 | -52.31:0.24 | -52.31*0.24
AEduectrostatic 4366+0.59 | —43.66++0.59 | -18.13+0.56 | -18.13+056 | -41.72:0.45 —41.72:045 | —6.09:0.25 | -6.09:0.25 | -13.97:035 | -13.97+0.35
AFE GB/EPB 59.84+0.31 77.30:0.37 45.59+0.40 55.86+0.38 59.53+0.34 73.86+0.37 31.58:0.22 | 34.76:0.39 33.49:0.28 48.47:0.34
AHnonpolar -8.11 #0.02 -513+0.008 | -6.98%0.01 | -531£0.008 | -7.72+0.016 —494+0.007 | —650:0.02 | -6.09£0.01 -5.67:0.01 | -4.71£0.008
AGgas ~112.96+0.63 | -112.96+0.63 | -76.05£0.49 | -7605:0.49 | -101.2930.045 | -101.29+0.45 | —-59.54+035 | -59.54:0.35 | -66.28:0.30 | -66.28+0.30
AGsoly 51.73 0.31 72.17+0.37 38.61£0.40 50.56+0.38 51.81+0.34 51.84£0.38 25.08:0.21 | 28.67+0.34 27.8240.28 43.77£0.33
NGtotal —6122+043 | -4079+0.43 | -37.443024 | -2549+033 | -49.40+0.31 -3237:0.31 | -34.46:023 | -30.87+0.38 | -38.46:0.25 | -22.52+0.34

16




References

1. Hopkins, A.L., et al., The role of ligand efficiency metrics in drug discovery. Nature Reviews Drug
Discovery, 2014. 13(2): p. 105-121.
2. Jones, P.M. and A.M. George, Mechanism of ABC transporters: a molecular dynamics simulation

of a well characterized nucleotide-binding subunit. Proceedings of the National Academy of
Sciences, 2002. 99(20): p. 12639-12644.

3. Hopkins, A.L., C.R. Groom, and A. Alex, Ligand efficiency: a useful metric for lead selection. Drug
discovery today, 2004. 9(10): p. 430-431.

4, Kuntz, |., et al., The maximal affinity of ligands. Proceedings of the National Academy of
Sciences, 1999. 96(18): p. 9997-10002.

5. Reynolds, C.H., S.D. Bembenek, and B.A. Tounge, The role of molecular size in ligand efficiency.

Bioorganic & medicinal chemistry letters, 2007. 17(15): p. 4258-4261.

17



