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Supplementary Methods
MM/3D-RISM Calculation

The 3D-RISM calculations have been carried out via two steps. In the first step, bulk solvent (containing
water and salt ions) properties has been estimated in one dimension with the aid of 1D-RISM based on the
dielectrically consistent RISM (DRISM) theory. This gives the bulk solvent site-site pair correlation and
produces the intramolecular matrix in reciprocal space, ¥V (k). In the second step, with the results from 1D-
RISM, solute-solvent correlation function will be subsequently calculated via 3D-RISM method?*. In this
work, 3D-RISM calculations have been performed using rism1d and rism3d.snglpnt routine implemented
within AmberTools 16. The Kovalenko-Hirata (KH) closure® has been applicable to the mixture liquid and
utilized for the RISM calculations. For solvent calculation, TIP3P water model® and Joung-Cheatham LJ
parameters’ are adopted for Na+ and CI- (0.15 M NaCl concentration). The temperature is set to 298 K,
and the dielectric constant of bulk water is set as 78.497. The non-polar part of solvation is computed by
solving the Ornstein-Zernike (OZ) integral equation (thermo = ‘gf’) via averaging out the orientation
degrees of the freedom of solvent molecules, keeping the orientation of the solute macromolecule described
at the three-dimensional level. It is to be noted that the chemical potential calculated with the DRISM
method is approximate®. Considering MM/3D-RISM calculation is computationally demanding, only 100
snapshots sampled from the last 100 ns trajectories are utilized for the calculation of binding free energies.
Considering that the MM/3D-RISM method was more computationally demanding, only 100 snapshots
from the last 100 ns trajectory of simulation were sampled to calculate the binding free energy. The energy

was computed via the equation for each frame:
AGcaic = AEmm + AGgolvation 2)

In Equation (2), AEmm = AEvaw + AEgEL and AGsolvation = AGpol + AGapol. AEmm Was the change in the gas-
phase interaction energy on ligand binding. AEvaw and AEgeL were the change in van der Waals interactions
and electrostatics energy on ligand binding, respectively. AGpol and AGapol Were the change in polar and

non-polar part of solvation free energy as a result of ligand binding to the protein.



Supplementary Tables

Table S1. The calculated and experimental binding free energies of six studied complexes (AG is in kcal/mol and K; is in nM).

Calculated values

Experimental values

Complexes

AEcje AEyqw AGypo AGapol AGmm/csa?  AAGumM/Gesa?  AGexp® AAGexp? K9
Talopram-hNET -2452 +0.10 -52.13+0.11 2548 +0.09 -5.82+0.01 -56.99 +0.11 -6.90 -10.64 -4.74 16
Escitalopram-hSERT -25.47 £0.13  -50.07 £0.11 27.51 +0.11 -5.47 £0.00 -56.32 £0.11 -6.23 -10.48 -4.58 21
Ligand10-hNET -29.89 +£0.14 -46.18 +0.13 31.95+0.13 -5.97+0.01 -53.51+0.11 -3.42 -9.05 -3.15 233
Ligand10-hSERT -28.46 +£0.21 -56.01 £0.11 34.28 +0.17 -6.12+0.01 -53.29 +0.12 -3.20 -8.55 -2.65 542
Talopram-hSERT -23.86 +£0.21 -51.59 +0.11 27.63+0.16 -5.46+0.01 -51.40+0.11 -1.31 -6.21 -0.31 28108
Escitalopram-hNET  -24.73 £0.17 -50.47 £0.11 29.49 £0.15 -5.70 £0.01 -50.09 £0.10 0.00 -5.90 0.00 47140

2 Calculated MM /GBSA binding free energies in this work.
b AAG is defined as the change of binding free energy (AG) using the system of escitalopram-hNET as a reference.

¢ Estimated binding free energy based on experimental K; values by AGey, = RTIn(K;).

d Experimental K; values.



Table S2. The calculated entropic contributions of six studied complexes (unit is in kcal/mol).

Normal mode
Complexes
-TAS 2 AGtrans. AGrota AGvibra

Talopram-hNET 21.18 +2.19 -12.79 +0.00 -10.26 +=0.00 1.87 £2.54
Escitalopram-hSERT 21.54 £2.20 -12.19 +0.00 -10.60 +0.00 193221
Ligand10-hNET 21.01 +3.83 -12.76 +0.00 -10.26 +0.00 2.01 +2.12
Ligand10-hSERT 21.28 +2.46 -12.76 +0.00 -10.28 +0.00 1.24 +2.46
Talopram-hSERT 21.31 £2.02 -12.79 +0.00 -10.24 +0.00 1.72 £2.02
Escitalopram-hNET 20.23 £2.33 -12.88 +0.00 -10.51 +0.00 3.16 +£2.31

2 The enthalpy contributions (-TAS) were calculated via normal mode analysis based on 10 frames extracted
from the last 100 ns trajectory.



Table S3. The calculated binding free energies of six systems on different windows (AG is in kcal/mol).

AGwmm/GBsa @

Complexes
100-200 ns 200-300 ns 300-400 ns 400-500 ns

Talopram-hNET -56.14 -55.98 -56.66 -56.99
Escitalopram-hSERT -56.41 -56.54 -56.27 -56.32
Ligand10-hNET -52.49 -52.93 -53.17 -53.51
Ligand10-hSERT -53.90 -53.58 -54.25 -53.29
Talopram-hSERT -52.24 -51.68 -51.69 -51.40
Escitalopram-hNET -52.52 -50.33 -51.50 -50.09

2 Calculated MM/GBSA binding free energies in this work, ignoring the entropy contributions.



Table S4. The energies of thermodynamic integration for each step in the mutations of ligand10 to escitalopram and talopram (AG is in kcal/mol).

AG @
Systems Mutations AG.Sum » AAGTI € FCxid AAGexp €
decharge  vdw-bonded recharge
ligands -4.27 1.47 -9.85 -12.65
Ligand10 — Escitalopram -3.28 202 -3.15
complex -3.27 -0.90 -11.76 -15.93
hNET
ligands -6.24 0.87 -6.88 -12.25
Ligand10 — Talopram 1.03 0.07 1.59
complex -3.28 1.59 -9.53 -11.22
ligands -5.94 -1.26 -14.72 -21.92
Ligand10 — Escitalopram 2.03 0.04 1.93
complex -3.97 -0.94 -14.98 -19.89
hSERT
ligands -6.05 1.48 -14.76 -19.33
Ligand10 — Talopram -1.57 52 -2.34
complex -4.98 -1.56 -14.36 -20.90

2 The energy calculated by thermodynamic integration for decharge, vdw-bonded and recharge based on A ranging from 0.0 to 1.0.
b AG Sum is the sum of the AGdecharge, AGvdw-bonded, and AGrecharge

¢ AAG is computed via the equation, AAG = AGcom .Sum - AGiig .Sum

d FCxi indicates the fold change of two ligands based on their Ki.

¢ AAGexp is the experimental binding free energy based on experimental Ki values by AAGexp = -RTIn(FCxy).



Table S5. The calculated binding free energies of six systems via MM/3D-RISM (AG is in kcal/mol).

Experimental Values  MM/3D-RISM
Complexes

Kid AGexp b AGtotal AEvaw AEEEL AGERisM AGgas AGsolv
Talopram-hNET 16 -10.64 -75.27 £2.22 -47.72+044 -51.87 +2.80 24.31+0.98 -99.59+2.75 24.32=+0.98
Escitalopram-hSERT 21 -10.48 -92.98 +£0.97 -55.63 £0.64 -4291+1.83 556 +1.11 -98.54 +£1.63 5.56 +1.11
Ligand10-hNET 233 -9.05 -80.81 +£1.95 -4595=+0.88 -67.96 +3.27 33.10 *=2.06 -113.91 +3.07 33.10 +=2.06
Ligand10-hSERT 542 -8.55 -86.45+1.11 -51.22+0.78 -4849=+1.95 13.26=%+145 -99.71+1.71 13.26+1.45
Talopram-hSERT 28108 -6.21 -99.80 £1.91 -54.00 £1.02 -53.89+1.59 8.09 +1.06 -107.89 =£1.93 8.09 +1.06
Escitalopram-hNET 47140 -5.90 -77.11+1.48 -47.68+049 -61.12+2.09 3169085 -108.80+1.95 31.69 +0.85

@ Experimental K; values.

b AGexp is the experimental binding free energy based on experimental Ki values by AGexp = RTIn(X)).



Table S6. Interaction fingerprints between 3 ligands and 13 residues in hNET and the interaction types.

Residues Fingerprints 2 Interaction Type

F72 1000000 Hydrophobic

AT73 1000000 Hydrophobic

D75 1000000 Hydrophobic + H-bond (ligand donor) + lonic (ligand. charged +)
Al145 1000000 Hydrophobic

V148 1000000 Hydrophobic

Y151 1000000 Hydrophobic

Y152 1100000 Hydrophobic + Aromatic (face-to-face)
F323 1000000 Hydrophobic

S419 1000000 Hydrophobic

S420 1000000 Hydrophobic

M424 1000000 Hydrophobic

AA4TT 1000000 Hydrophobic

1481 1000000 Hydrophobic

a 15t position: Hydrophobic; 2"® position: Aromatic (face-to-face); 37 position: Aromatic (edge-to-face);
4™ position: H-bond (protein donor); 5t position: H-bond (ligand donor); 6 position: lonic (protein
donor); 7t position: lonic (ligand donor); 0: No; 1: Yes.



Table S7. Interaction fingerprints between 3 ligands and 15 residues in hSERT and the interaction types.

Residues Fingerprints 2 Interaction Type

Y95 1000000 Hydrophobic

A96 1000000 Hydrophobic

D98 1000000 Hydrophobic + H-bond (ligand donor) + lonic (ligand. charged +)
A169 1000000 Hydrophobic

1172 1000000 Hydrophobic

Al73 1000000 Hydrophobic

Y175 1100000 Hydrophobic + Aromatic (face-to-face)
Y176 1010000 Hydrophobic + Aromatic (edge-to-face)
F335 1000000 Hydrophobic

F341 1000000 Hydrophobic

S438 1000000 Hydrophobic

T439 1000000 Hydrophobic

L443 1000000 Hydrophobic

T497 1000000 Hydrophobic

V501 1000000 Hydrophobic

a 15t position: Hydrophobic; 2" position: Aromatic (face-to-face); 3" position: Aromatic (edge-to-face);
4™ position: H-bond (protein donor); 5™ position: H-bond (ligand donor); 6% position: lonic (protein
donor); 7t position: lonic (ligand donor); 0: No; 1: Yes.



Table S8. The binding free energy contributions from the backbones (b.b.) and side chains (s.c.) of the
residues around the P1 ~ P4 of ligands among the 3 systems including escitalopram-hNET, ligand10-hNET
and talopram-hNET (AG is in kcal/mol).

Systems Escitalopram-hSERT Ligand10-hSERT Talopram-hSERT
P1-P4 Residues  AGs.c2 AGbpt  AGtotal® AGs.c. AGpb. AGtotal AGs.c. AGpb. AGtotal
F316 -0.05 -0.15 -0.20 -0.07 -0.06 -0.13 -0.52 -0.23 -0.75
F317 -0.81 -0.34 -1.15 -0.53 -0.75 -1.28 -0.33 -0.23 -0.56
o1 diMet A477 -0.06 -0.04 -0.10 -0.02 -0.04 -0.06 -0.53 -0.26 -0.79

1481 -0.82 -0.02 -0.84 -0.08 -0.01 -0.09 -0.71 -0.03 -0.74
G320 -0.36 -0.54 -0.90 -0.32 -0.39 -0.70 -0.39 -0.41 -0.81
F323 -1.19 -0.01 -1.21 -1.77 -0.04 -1.81 -1.10 -0.03 -1.14
SUM -3.29 -1.10 -4.40 -2.79 -1.29 -4.07 -3.58 -1.19 -4.79
V148 -1.88 -0.35 -2.23 -2.03 -0.42 -2.46 -2.17 -0.50 -2.67
Y151 -0.41 -0.05 -0.47 -0.45 -0.06 -0.51 -0.57 -0.10 -0.66
P2-CN F317 -0.81 -0.34 -1.15 -0.53 -0.75 -1.28 -0.33 -0.23 -0.56
A4TT -0.06 -0.04 -0.10 -0.02 -0.04 -0.06 -0.53 -0.26 -0.79
1481 -0.82 -0.02 -0.84 -0.08 -0.01 -0.09 -0.71 -0.03 -0.74
SUM -3.98 -0.80 -4.79 -3.11 -1.28 -4.40 -4.31 -1.12 -5.42
Al45 -0.31 -0.32 -0.62 -0.30 -0.27 -0.58 -0.25 -0.20 -0.45
V148 -1.88 -0.35 -2.23 -2.03 -0.42 -2.46 -2.17 -0.50 -2.67
G149 -0.16 -0.37 -0.53 -0.17 -0.46 -0.63 -0.20 -0.38 -0.58

PF S420 -0.63 -0.66 -1.29 -0.46 -0.51 -0.98 -0.24 -0.39 -0.62
G423 -0.30 -0.63 -0.92 -0.38 -0.84 -1.22 -0.24 -0.50 -0.74
M424 -0.40 -0.23 -0.63 -0.37 -0.27 -0.65 -0.05 -0.08 -0.13
SUM -3.68 -2.56 -6.22 -3.71 -2.77 -6.52 -3.15 -2.05 -5.19
F72 -2.75 -0.21 -2.96 -3.26 -1.20 -4.47 -2.30 -1.57 -3.87
AT73 -0.18 -0.40 -0.58 -0.27 -0.67 -0.94 -0.38 -1.06 -1.45
P4-Met D75 -2.34 -0.15 -2.49 -3.62 -0.28 -3.90 -3.31 -0.33 -3.64

S318 -0.34 -0.65 -0.99 -0.20 -0.62 -0.82 -0.04 -0.31 -0.35
G320 -0.36 -0.54 -0.90 -0.32 -0.39 -0.70 -0.39 -0.41 -0.81
5419 -0.62 -0.14 -0.76 -0.78 -0.41 -1.18 -1.24 -0.26 -1.50
SUM -6.59 -2.09 -8.68 -8.45 -3.57 -12.01 -7.66 -3.94 -11.62
Total -24.09 -27.00 -27.02

2 AGs.. indicates the energy contribution of the side chains to the ligands binding to hNET.
b AGn.. refers to the energy contribution of the backbones to the ligands binding to hNET.
¢ AGtrotat means the total energy contribution of side chains and backbones to ligands binding to hNET.



Table S9. The binding free energy contributions from the backbones (b.b.) and side chains (s.c.) of the
residues around the P1 ~ P4 of ligands among the 3 systems including escitalopram-hSERT, ligand10-
hSERT and talopram-hSERT (AG is in kcal/mol).

Systems Escitalopram-hSERT Ligand10-hSERT Talopram-hSERT
Pipe Residues  AGsc?  AGon?  AGuow  AGee  AGhn.  AGow  AGee  AGon.  AGrow
F335 -0.60 -0.16 -0.77 -0.53 -0.20 -0.73 -0.64 -0.51 -1.15
P1-diMet G338 -0.32 -0.53 -0.85 -0.32 -0.60 -0.92 -0.39 -0.50 -0.89
F341 -1.25 0.01 -1.24 -1.34 -0.04 -1.38 -1.24 0.00 -1.24
SUM -2.17 -0.68 -2.86 -2.19 -0.84 -3.03 -2.27 -1.01 -3.28
1172 -2.80 -0.41 -3.21 -2.64 -0.38 -3.02 -2.58 -0.33 -2.91
Y175 -0.38 -0.06 -0.44 -0.17 -0.08 -0.25 -0.22 -0.07 -0.29
P2-CN F335 -0.60 -0.16 -0.77 -0.53 -0.20 -0.73 ---d ---d --d

T497 -0.22 -0.32 -0.54 -0.38 -0.05 -0.43 -0.51 -0.08 -0.59
V501 -0.73 -0.04 -0.77 -0.37 -0.03 -0.39 -0.72 0.02 -0.69
SUM -4.73 -0.99 -5.73 -4.09 -0.73 -4.82 -4.03 -0.46 -4.48
Al69 -0.18 -0.19 -0.37 -0.28 -0.20 -0.48 -0.14 -0.14 -0.28
Al73 -0.25 -0.32 -0.56 -0.18 -0.27 -0.46 -0.28 -0.22 -0.49
P3-F T439 -0.72 -0.47 -1.19 -0.50 -0.46 -0.96 -0.38 -0.40 -0.77
G442 -0.38 -0.95 -1.33 -0.36 -1.00 -1.36 -0.25 -0.49 -0.73
L443 -0.61 -0.22 -0.82 -0.48 -0.17 -0.65 -0.20 -0.10 -0.30

SUM -2.14 -2.15 -4.27 -1.80 -2.10 -3.91 -1.25 -1.35 -2.57
Y95 -3.58 -1.40 -4.97 -3.01 -1.37 -4.39 -3.41 -1.16 -4.57
A96 -0.35 -0.36 -0.70 -0.33 -1.24 -1.57 -0.26 -0.68 -0.95
D98 -5.30 -0.24 -5.54 -4.00 -0.32 -4.33 -3.01 -0.20 -3.21
Pa-Met S336 -0.32 -0.87 -1.18 -0.37 -0.80 -1.17 -0.34 -0.64 -0.98
G338 -0.32 -0.53 -0.85 -0.32 -0.60 -0.92 -0.39 -0.50 -0.89
S438 -0.74 -0.10 -0.85 -0.82 -0.12 -0.94 -0.54 -0.27 -0.81
SUM -10.61 -3.50 -14.09 -8.85 -4.45 -13.32 -7.95 -3.45 -11.41
Total -26.95 -25.08 -21.74

2 AGs.. indicates the energy contribution of the side chains to the ligands binding to hSERT.

b AGp.b. refers to the energy contribution of the backbones to the ligands binding to hSERT.

¢ AGrota means the total energy contribution of side chains and backbones to ligands binding to hSERT.
4 NA. Due to the long distance between F335 and P2 of talopram.



Supplementary Figures
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Figure S1. The visualization of sequence alignment result between target hANET (Entry code: P23975°,
from Q54 to N596) and template hSERT (PDB entry: 5171, from G77 to T616) via ESPript!'. Sequence
alignment was performed in ClustalX!2. The 12 transmembrane (TM1-12) domains were marked in purple
or light purple color on sequence, and the TM1, 3, 6, 8 and 10 were stressed in purple color. The calculated
sequence identity between hNET and hSERT was 54%. The residues colored in red and yellow represent
fully identical and very similar, respectively.
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® 93.1% (501/538) of all residues were in favored (98%) regions.
® 98.0% (527/538) of all residues were in allowed (>99.8%) regions

® There were 11 outliers (phi, psi): 78P (-124.4, 159.1), 150V (-65.6, -120.0), 151W (-0.8, -24.6), 1541 (-58.1, -136.8),155C (-66.7, 92.1), 211P (-54.6,
-178.4), 250L (-101.6, -148.8), 392V (64.7, -170.2), 400E (-60.0, -85.2), 453D (-71.7, -116.6), 454F (-65.2, 20.6)

Figure S2. MolProbity Ramachandran analysis of the modeled hNET structure. 93.1% of all the residues
were located in favored regions and 98.0% of all the residues were in allowed regions.
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Figure S3. Structural superimposition of the modeled hNET (in blue cartoon) and the modified hSERT
crystal structure (in cyan cartoon). Both hNET and hSERT covered the 12 transmemebrane helixes (TM1-
12) domains, intracellular and extracellular loops. The three parts in red dashed boxes indicated the subtle
displacements between hNET and hSERT.
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Figure S4. The RMSD values (A) of protein (in cyan), ligand (in red), binding site (around ligands < 6.0 A) (in green), transmembrane domains (TM1-12)
(in purple), loop regions (in blue) and TM1, 3, 6, 8 and 10 (in light blue) of the six studied complexes against simulation time (ns) with respect to the
corresponding initial structure.



Figure S5. The superimposition of the representative snapshots and the initial poses of the 6 systems. A)-
C) shown the comparison of the conformations of escitalopram, 10 and talopram binding to hNET and the
conformations of proteins before (ligands in grey stick and hNET in grey cartoon) and after (escitalopram
in dark stick, ligand10 in orange stick, talopram in green stick and hNET in blue cartoon) MD simulations.
A’)-C’) shown the comparison of the conformations of escitalopram, ligand10 and talopram binding to
hSERT and the conformations of proteins before (ligands in grey stick and hSERT in grey cartoon) and
after (escitalopram in dark stick, ligand10 in orange stick, talopram in green stick and hNET in cyan cartoon)
MD simulations. The binding sites of hNET and hSERT were marked by ligands in surface and circled by
the dashed lines. The residue names and their transmembrane domains were labeled on the corresponding
sites. The salt bridges between the residues (D75 in hNET and D98 in hSERT) and the positively charged
amine groups were displayed in red dotted.
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Figure S6. The binding free energies calculated based on different simulation windows (100 - 200 ns, 200
- 300 ns, 300 - 400 ns, and 400 - 500 ns, 1000 snapshots) during the whole 500 ns simulation.
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Figure S7. The correlation coefficient (R?) between the calculated and experimental values (AAG) using T
method.
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Figure S8. The correlation coefficient (R2) between the difference of the calculated and experimental values
(AAG) using MM/3D-RISM method.
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