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Supporting Information for METHODS

Molecular Docking

To get the initial binding mode of 6 studied sNRIs (atomoxetine, maprotiline, (S, S)-reboxetine,
viloxazine, nisoxetine and talopram) to hNET, the molecular docking was carried out by the
Glide software! with default settings of standard precision mode. The 3D structures of these 6
sNRIs were retrieved from the PubChem database. Then, their structures were preprocessed by
LigPrep? using OPLS-2005 force field® and resulted in a low energy conformation. The ionized

state was assigned by Epik” at a pH value of 7.0 %2.0.

To prepare hNET structure for docking, reboxetine from the dDAT co-crystal structure (PDB
entry 4XNX®) was introduced to the hNET model by PyMOL’s® structure superimposition. Then,
the Protein Preparation Wizard module in Maestro’ was used to add hydrogen atoms, assign
partial charges using OPLS-2005 force field®, assign protonation states and minimize the
structure. The minimization was terminated when the root mean square deviation reached the
maximum value of 0.30A. The docking grid box was defined by centering on reboxetine in the
hNET model using the Receptor Grid Generation tool in the Glide. In molecular docking, the
protein was fixed while the ligands were flexible. In detail, 5000 poses were generated during the
initial phase of the docking calculation, out of which best 400 poses were chosen for energy

minimization by 100 steps of conjugate gradient minimizations.
Cross Docking

To guarantee the docking effective, the X-ray structures of dDAT in complex with reboxetine and
nisoxetine (PDB code 4XNX° and 4XNU® were used for cross docking by the Glide software®.
The ligands and protreins were firstly prepared in the same way as described above. Then, the
docking grid boxes were defined by centering on reboxetine or nisoxetine in dDAT using the
Receptor Grid Generation tool in the Glide'. Finally, the prepared reboxetine and nisoxetine
were cross docked into the corresponding nisoxetine and reboxetine bound dDAT structures
using the same parameter settings for 6 studied sSNRIs” molecular docking.

Protein-Ligand/Membrane System Setup

Coordinates of 6 obtained SNRIs-hNET structures were pre-oriented in OPM? with respect to the
Membrane Normal which is defined by the Z-axis. Then NRIs-hNET complexes were embedded
into the explicit POPC lipid bilayer using the Membrane Builder module of CHARMM-GUI°.

The TIP3P water® of 20A thickness was placed above and below the membrane and the salt
S2



concentration was kept at 0.15M by adding Na* and CI~. The overall system contained a total

of ~96,400 atoms per periodic cell. The box size was set as 834 x 834 x 1274,
MD simulation

MD simulation was performed within the AMBER14™ using GPU-accelerated PMEMD on 16
cores of an array of two 2.6GHz Intel Xeon E5-2650v2 processors and 4 pieces of NVDIA Tesla
NVIDIA Tesla K20C graphics card.

AMBER force field ff14SB*? and Lipid14™ were used for protein and lipids, respectively. The
ions parameters for TIP3P water were collected from Joung & Cheatham™. The force field
parameters for atomoxetine, maprotiline, reboxetine, viloxazine, nisoxetine, talopram and
cholesterol were described by the General AMBER Force Field (GAFF)* and the charges were
assigned using the Restrained Electrostatic Potential partial charges™® with Antechamber?’.
Geometry optimization and electrostatic potential calculations were performed with Gaussian09
at the HF/6-31G™ level'® .

Prior to MD simulation, the prepared systems were subjected to initial energy minimization by
two steps. The first step is to apply harmonic restraints with a force constant of 10.0
kcal/(mol A% to the lipid and solute atoms, and the second step is to allow all atoms to move
freely. In each step, energy minimization was performed by the steepest descent method for the
first 5,000 steps and the conjugated gradient method for the subsequent 5,000 steps. After the
initial minimization, the system was heated through two sequential runs to 310K while keeping
the lipid and solute atoms fixed over 100ps in the NVT ensemble. Firstly, the system is heated to
100K and then gradually to 310K. Subsequently, 10 times unconstrained equilibration (5ns) at
310K were performed to equilibrate the system’s periodic boundary condition. Finally, 150ns
MD simulation was conducted in NPT ensemble under a temperature of 310K and a pressure of
1 atm. Temperature is controlled here using Langevin dynamics while pressure is controlled

using anisotropic Monte Carlo barostat included in AMBER14*,

In the MD simulations, periodic boundary conditions were employed and direct space interaction
was calculated by considering the long range electrostatic interaction (cutoff = 10.0A) using
particle-mesh Ewald method®. Here, the dimension of periodic box was measured using VMD
1.9.1%°. All bonds involving hydrogen atoms were constrained with the SHAKE algorithm?

allowing an integration time step of 2fs.

All MD trajectories analysis, such as the root mean square deviation between structure pairs and

the extraction of representative structures from trajectories, were performed using cpptraj®* as
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implemented in AMBER14". Visualization of structures was performed with PyMOL®.
Binding Free Energy Calculation

The relative binding free energies of sNRIs on the hNET were calculated using the
single-trajectory based method of molecular mechanics/generalized Born surface area
(MM/GBSA)* #. The mm_pbsa.pl under AMBER14" was used to carry out the MM/GBSA
calculation. A total of 500 snapshots were taken from the last 50ns equilibrium trajectory of each
complex. For each snapshot, all ions (except for the functional ions in the binding site), lipid, and
water molecules were removed. The MM/GBSA binding free energy calculated by excluding

entropic contribution is given by
AGMM/GBSA = AEyqw + AEge + AGpol + AGnonpol (1)

In Eq. (1), AE,qw and AE. represent the van der Waals and electrostatic components in gas
phase, and AGpe and AGpenpor Stand for polar and non-polar solvent interaction energies.
AE,qw and AE.;. were calculated using the AMBER force field ff14SB*, and the electrostatic
free energy of solvation (AG,,;) were calculated by the modified GB model (igb = 2) developed

25
I

by Onufriev et al®. The solute and solvent dielectric constants were set to 2 and 80, respectively.

The nonpolar solvation free energy (AGnonpo1) Was calculated from the solvent accessible area
(SASA) using the method of linear combination of pairwise overlaps (LCPO) (AGuonpor =

0.0072 x ASASA)?. The SASA here was determined with probe radii of 1.4A.
Per-residue Free Energy Decomposition Analysis

To quantitatively evaluate the contribution to sNRIs’ binding, the total binding free energy was

decomposed on a per-residue basis, which including contributions from the van der Waals term

(AEPG, "*191), the electrostatic term (AEE ~**'%“¢), the polar term (AGEg; "**'%"¢) and the

Gper—residue
nonpol

nonpolar term (A ) for the ligand and each residue, as shown in Eq. (2):

per—residue __ per—residue per—residue per—residue per—residue
AG'MM/GBSA - AEvdW + AEele + AGpol + AGnonpol (2)

per—residue per—residue per—residue .
where AE_ , AEg, and AG, were calculate using the same

approach in the Binding Free Energy Calculation section of the paper, while the non-polar term
was estimated as AGPS"~"es4ue — 0072 x ASASA based on the recursive approximation of a

nonpol

sphere around an atom, starting from an icosahedron (ICOSA)*.
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Supporting Information for RESULTS AND DISCUSSION

Analysis of Salt Bridge and Hydrogen Bond Interaction

Further analysis on energy contributions of sNRIs’ different chemical groups reveals a vital role
of chemical group R; in sSNRIs and hNET recognition’. R; interacts with hNET by salt bridge to
Asp75 and hydrogen bond to Phe72 and Phe317, which in total consists of 34.29%, 23.04%,
28.04% and 22.70% of binding free energies for atomoxetine, maprotiline, (S, S)-reboxetine and
viloxazine, respectively. To further understand these interactions anchoring different sNRIs into

the binding site, salt bridge and hydrogen bond were monitored along the entire MD simulation.

Salt bridge formed by the positively charged nitrogen of sNRIs and the carboxyl group of Asp75
was vital to the SNRIs-hNET’s recognition. As illustrated in SI, Figure S14A, S14B and S14C,
the salt bridge (N*---OD Asp75) in atomoxetine, maprotiline and (S, S)-reboxetine’s binding was
relatively stable, while the salt bridge in viloxazine’s binding fluctuates significantly during the
simulation (S, Figure S14D).

Hydrogen bond formed between 4 approved sNRIs and Phe72, Asp75 and Phe317 were also
monitored along the entire MD simulation. As shown in Table S2, hydrogen bond between
Asp75 and amine hydrogen of all 4 approved sNRIs was formed. Occupancy values further
demonstrated a stable hydrogen bond along the simulation with interaction distance of ~2.80A
and bond angle ranging from 155<to0 160 Hydrogen bond between Phe72 and amine hydrogen
was formed in atomoxetine, (S, S)-reboxetine and viloxazine, while hydrogen bond between

Phe317 and amine hydrogen could only be found in maprotiline and viloxazine.
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Supporting Information for TABLES

Table S1. The calculated and experimental binding free energies of 6 studied SNRIs binding to hNET (AG is in kcal/mol and K; value is in nM)

Calculated value

Experimental value

RIS AE e AE 4w AGyp, AGponpol ®  AGummcasa ° AAGi g’ AGexp  AAGexp K;

Atomoxetine  -40.75%0.19 -39.13+0.11 43.94+0.18 -547%0.01 -41.42+0.13 -3.94 -11.33 -1.60 5.00°
Maprotiline -26.94 +0.19 -42.03x0.11 33.85*0.16 -5.09+0.00 -40.21 +0.09 -2.73 -11.13 -1.39 7.00°
Nisoxetine -56.87 £0.18 -41.56 £0.13 52.37 £0.14 -5.85%0.01 -46.05 +0.13 -8.57 -12.00 -2.26 1.60°
Talopram -24.47 £0.19  -4343x0.11 2543 %0.15 -549+0.01 -42.47 %0.12 -4.99 -11.65 -1.91 2.90°9
Reboxetine -34.13 +0.19 -45.67 £0.13 38.44 +0.18 -6.30+0.01 -47.67 =0.12 -10.19 -13.78 -4.03 0.08"
Viloxazine -31.88 +£0.40 -36.08 £0.11 35.13+0.36 -4.65%0.01 -37.48 +0.12 0.00 -9.74 0.00 73.00°

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

b Calculated MM/GBSA binding free energies with the standard error of the mean (the standard deviation divided by the square root of the number

of snapshots) in this work.

¢ AAG is defined as the change of binding free energy (AG) using the viloxazine as a reference.

4" The medium experimental K; values

28-32
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Table S2. Hydrogen bond network analysis

Drugs Acceptor Donor Distance (A) 2 Angle (92 Occupancy (%) °
PHE72 (O) Atomoxetine (N1-H22) 2.80 154.50 62.40
Atomoxetine ASP75 (OD1) Atomoxetine (N1-H3) 2.78 155.30 29.58
ASP75 (OD2) Atomoxetine (N1-H3) 2.78 154.83 25.71
ASP75 (OD2) Maprotiline (N1-H23) 2.82 158.01 79.11
Maprotiline ASP75 (OD1) Maprotiline (N1-H23) 2.82 155.27 571
PHE317 (O) Maprotiline (N1-H24) 2.83 149.60 14.21
PHE72 (O) Reboxetine (N1-H23) 2.80 156.19 77.97
Reboxetine ASP75 (OD2) Reboxetine (N1-H24) 2.78 160.08 77.33
ASP75 (OD1) Reboxetine (N1-H24) 2.78 158.55 14.09
ASP75 (OD1) Viloxazine (N1-H20) 2.80 159.46 57.12
Viloxazine PHE317 (O) Viloxazine (N1-H19) 2.80 149.80 36.76
PHE72 (O) Viloxazine (N1-H19) 2.78 143.85 11.21

® The hydrogen bonds listed above are those with acceptor --donor atom distance less than 3.5A and acceptor --H-donor angle greater than 1202

b Occupancy (%): to evaluate the stability and the strength of the hydrogen bond.
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Table S3. The calculated and experimental changes in binding free energies of 6 sSNRIs-hNET complexes before and after hDAT-like mutations

(S145S-Y151F-1315V-F316C-S420A-A426S) in hNET® (AG is in kcal/mol)

Calculated value

Experimental value

SNRIs

studied AEg, AE, 4w AGpol AGponpol AGumcpsa ~ AAG.q®  Fold-change of potency® AAGeyp®
Talopram -30.59 +0.16  -41.23+0.14 3844 +0.14 -539+0.01 -38.77 +0.16 3.70 207.00 (151.00~284.00)  3.16 (2.98~3.35)
Nisoxetine 4377019  -41.00+0.13 4161017 -6.00%0.01  -43.16 +0.12 2.89 168.42 (107.73~251.88)  3.04 (2.78~3.28)
Atomoxetine  -33.25+0.13  -37.79+0.16  33.20+0.10 -5.42 +0.01  -40.27 +0.10 1.15 27.87 (18.47~40.15) 1.97 (1.73~2.19)
Reboxetine ~ -38.15+0.17  -4470%0.12 35.65+0.15 -5.63+0.01 -47.20 +0.12 0.47 10.27 (7.18~14.31) 1.38 (1.17~1.58)
Maprotiline ~ -33.52 +0.16  -37.24+0.11 33.00%0.13 -5.14+0.01 -37.76 +£0.10  2.45" - -
Viloxazine -36.45+0.14  -33.64+0.12 33.71+0.13 -485+001 -36.39+0.10  1.09° -4 -4

% AAGgy = AGutation — AGwild type (the AGyiiqype OF each studied sNRI was listed in Table 1 and Sl, Table S1).

® Fold-changes of potency measured by K; values (FCpotency = K

derived from the medium experimental values of both K

Imutation

fold-changes, while the second one indicated the maximum fold-changes.

imutation/Kiwild type)

and Kiwild type”

¢ AAGey, were derived from the FCpoency by the equation AAGey, = RTIn(FCpotency)-

 Not included in Andersen’s experimental study, but simulated in this work®.
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Table S4. The calculated and experimental changes in binding free energies of 8 SNRIS-hNET complexes (2 SNRIs against 4 single-point mutations) before

and after those mutations in hANET?' (AG is in kcal/mol)

sNRIs Sigigr:te Calculated value Experimental value

studied mEtation AE e AEqw AGypo AGponpol AGumcesa  AAG.q”  Fold-change of potency AAGepr
F72Y  -39.92+0.11 -39.43+0.17 37.90+0.10 -539+0.01 -41.45+0.10 -0.03 0.78 (0.55~1.14) -0.15 (-0.35~0.08)
N153S  -40.70 +£0.13 -39.21 +0.11 38.20+0.10 -5.50+0.01 -41.71 +0.10 -0.31 2.33(1.73~3.29) 0.50 (0.33~0.71)

Atomoxetine
F323Y  -37.86 £0.09 -37.69 +0.07 36.08+0.06 -5.06 +0.01 -39.47 +0.07 1.93 3.89 (2.45~6.14) 0.81 (0.53~1.08)
S419T  -38.16 £0.09 -39.15+0.07 37.18+£0.06 -5.26+0.01 -40.13 +0.10 1.27 12.67 (8.73~18.86) 1.51 (1.28~1.74)
F72Y -29.64 £0.20 -41.89+0.12 35.22+0.16 -523+0.01 -40.52+0.11 -0.31 0.59 (0.34~0.99) -0.31 (-0.64~-0.01)

- N153S  -24.96 £0.17 -41.67 £0.11 2548 +0.14 -5.06 £0.01 -40.16 =0.10 0.05 2.34 (1.44~3.75) 0.50 (0.22~0.78)

Maprotilin F323Y  -26.99 £0.10 -39.27 £0.07 27.00%0.05 -4.70+0.01 -39.25=+0.10 0.96 4.97 (3.21~7,75) 0.95 (0.69~1.21)

S419T  -23.93+0.18 -40.81 £0.11 24.89+0.14 -499+0.01 -38.85+0.10 1.36 5.88 (3.61~9.43) 1.05 (0.76~1.33)

% AAGey = AGpytation — AGwilg type (the AGyiqype OF each studied sNRI was listed in Table 1 and Sl, Table S1).

® Fold-changes of potency measured by K; values (FCpotency = Kipnutation /K;)*’. Numbers out of the bracket indicated the fold-changes derived from the

medium experimental values of both K

one indicated the maximum fold-changes.

Imutation

and Kiwild type’

¢ AAGey, were derived from the FCporency by the equation AAGey, = RTIn(FCpotency)-
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Supporting Information for FIGURES

56 TM1
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B e it e S e SGKVDELLSVIGFAVDLANV#
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TM1 TM2 2 TM3

hNET - - PLFYMELALGQ KICPF FYYNVIIAN
4xnx - RFP %: P Pbmmwmn DEYYNVIIA
TM3 T™4
hNET - -E%mceﬂTDprLNGSVLGNHTKYSKYKFTmgﬁvmmq GIHDIG pm
4xnx - {LRF CNNIWNTENG---RPFEGHVEGFQSA-----—- S IﬂELNRﬁ;;;;;tI
TM4 TMS TM6
i e e
4xnx - -CLLIVYLICYFSLWKGISTSGKVVH AVLLILLIRGLTLPGSFLGIQYYLTPNFSATY DAAT
hNET - -GAGFGV] LGYMAHEHKVNIEDVATEGAGLVFILYPEAISTLS
4xnx - -GP TLGVRI PGLVFVVYP 3
s : AR DR ME f
4xXnx . .ASTFWALIFFMMLAT AT I TALSDE] FSLY s FYFFHLLORYAAGY
TM10 TM12
- S o R IR
4xnx - - AVFFEATAVSHIYGTNRFSEDIROMIGEPPGR YEPLTYADYVYPSHANA
T™12
hNET- ~MV¢ YGI@NEHHLVAQRDIRQFQLQHWLAI
4xnx - -C \' [EGSLRQRFTILTLR----==================-

Figure S1. Sequence alignment between hNET (from Arg56 to Pro594) and dDAT (from Arg25 to
Pro596). The 12 transmembrane (TM1 to TM12) alpha helices were labeled above the sequence.

The sequence of hNET was collected from the UniProt database (Accession number: P23975).
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hNET

Figure S2. Structural superimposition between the homology model of hNET and the crystal
structure of dDAT (PDB entry 4XNX®). The hNET and dDAT were displayed in wheat and cyan.
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Figure S3. Ramachandran plot of the ANET model.
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Figure S4. Structural superimposition between the cross-docking pose (light pink) of (A) nisoxetine
into the structure of reboxetine bound dDAT and (B) reboxetine into the structure of reboxetine

bound dDAT with their corresponding co-crystal poses (cyan) in dDAT.
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Extracellular

Intracellular

Figure S5. Superimposition of the docked poses of 6 studied sSNRIs atomoxetine (cyan), maprotiline (light pink), nisoxetine (red), talopram (blue),
reboxetine (orange) and viloxazine (green) in the binding site of modeled hNET with the pose of the co-crystallized reboxetine (yellow) in dDAT
(PDB entry 4XNX®). The binding site is primarily surrounded by TM1, TM3, TM6 and TM8. TM1 and TM3 were highlighted in pale yellow and
TM6 and TM8 are highlighted in light blue. The 6 sSNRIs accommodate the binding site with a similar orientation to the pose of the co-crystallized

reboxetine.
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Figure S6. RMSDs of protein backbone atoms (black), ligand heavy atoms (blue) and binding site
residue backbone atoms (red) as a function of time in MD simulations. All 6 systems reached
equilibration state after 100ns with only little fluctuation (within 1A) in the monitored RMSDs.
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Figure S7. RMSDs of protein backbone atoms (black), ligand heavy atoms (blue) and binding site
residue backbone atoms (red) of 6 studied sNRIs in complex with the hDAT-like hNET*? as a

function of time in MD simulations.
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Figure S8. Structural superimposition of (A) atomoxetine, (B) maprotiline, (C) nisoxetine, (D) talopram, (E) viloxazine and (F) (S, S)-reboxetine
binding to the wild type and hDAT-like hNET®, The mutant residues and sNRIs were shown as a stick representation in wild type (cyan) and mutant

(light pink) models, and sNRIs in the pocket were highlighted by a black dash circle.
S17



(A) 2.0 (E) 20

. Protein Binding Site ——Ligand Atomoxetine_F72Y Protein Binding Site Ligand Maprotiline_F72Y
= 1.5 °<: 1.5
2 10 o 2 1.0
= r""m’hmmﬂﬂ b Y = !
o~ 0.5 lﬁhl.w\vwm‘ww, e / A Yl i ”H ) = 0.5 ”]mwwwrwm
0.0 4 . . . . 0.0+ . . . 3
0 5 10 15 20 5 10 15 20
(B) 2.0 (F) 20,
215 Protein Binding Site Ligand Atomoxetine_N1535 2 s Protein Binding Site Ligand Maprotiline_N1535
9 1.0 g
E 0.5 ¥ ‘MM K Lt 1 mﬂn) i | y | E_
. |y‘|l‘"_ i h oA “W‘l‘ (T i .W mlmw IW mm*w‘mm WMW‘W m‘WWMWN P
0.0 : . . ] .
0] 5 10 15 20 5 10 15 20
(@ 20, ) (G) 2.0, 3
s Protein Binding Site Ligand Atomoxetine_F323Y r Protein Binding Site Ligand Maprotiline_F323Y
T L T gt e s
5 10 b
E 0 5 4
=20
0.0
0 5 10 15 20
(D) 2.0,
151 Protein Binding Site Ligand Atomoxetine_5419T 15 Protein Binding Site Ligand Maprotiline_S419T
2! g
1.0 m 1.0
8 e ) i ]
12! b bt Al m.\u.n ~ ‘ 2]
E 0.5 1t lm.Mh\wﬁmrwuu\_'l‘rh".‘lﬂ‘w W lw 'L‘“,‘ﬁﬂl m 'fl”“qu ! ‘('ﬂl.nrr bbb 4’“,11 A ‘WH"" y ‘“WIM A IH" A E 0.5
0.0 4 . . T S 0.0 . : . g
0 5 10 15 20 5 10 15 20

Simulation Time (ns)

Simulation Time (ns)

Figure S9. RMSDs of protein backbone atoms (black), ligand heavy atoms (blue) and binding site residue backbone atoms (red) of atomoxetine and

maprotiline in complex with mutational hNET of 4 single-point mutations (S419T, F323Y, F72Y and N153S)?’ as a function of time in MD

simulations.
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Figure S10. Structural superimposition of (A-D) atomoxetine and (E-H) maprotiline before and after single-point mutations (F72Y, N153S, F323Y
and S419T) in hNET. Hot spot residues and sNRIs were shown as a stick representation in wild type (cyan) and mutant (light pink) models. The

mutation residues were highlighted by a black square.
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Figure S11. Structural alignment of the docked poses (cyan) and their corresponding representative snapshots (light pink) from MD simulation for 6
studied sNRIs in hNET. The salt bridge interaction was displayed in red dashed line and the hydrogen bond interaction was in green. (A) atomoxetine:
the positively charged nitrogen and the attached hydrogen formed salt bridge and hydrogen bond with the carboxyl oxygen of Asp75 and carbonyl
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oxygen of Phe72, respectively. Besides, two hydrophobic arms insert into the two hydrophobic pockets of the binding site with different orientations.
The aromatic ring with o-methyl interacts with hydrophobic pocket consisted of the residues Phe72, Phe323, Ser419, Ser420 and Gly423, and other
aromatic ring interacted with the hydrophobic residues Alal45, Val148, Gly149, Tyrl52 and Phe317. (B) maprotiline: the polar nitrogen interacted
with the carboxyl oxygen of Asp75 through the salt bridge. Meanwhile, the hydrogen attached to the positively charged nitrogen formed hydrogen
bond with the carbonyl oxygen of Phe317. The bridge ring and two aromatic rings inserted into the hydrophobic region composed of by residues
Alal45, Val148, Gly149, Tyr152, Phe323, Ser419 and Ser420. (C) (S, S)-reboxetine: the positively charged nitrogen and the attached hydrogen form
salt bridge and hydrogen bond with the carboxyl oxygen of Asp75 and carbonyl oxygen of Phe72 respectively. The spatial configuration determined
by two aromatic rings and morpholine ring made it less flexibility than atomoxetine. The aromatic ring without substituted group forms T-shaped n-n
interactions with residues Tyr152 and Phe323 and n-m stacking interactions with Phe317. The aromatic ring with 0-ethoxyl group interacts with
residues Vall148, Ser419, Ser420 and Gly423. (D) viloxazine: the morpholine ring provided the nitrogen, which was positively charged to form a salt
bridge with the carboxyl oxygen of Asp75. The charged nitrogen forms cation-rm interaction with Phe317 due to the charge-induced dipole.
Meanwhile, the o-ethoxyl substituted aromatic ring was surrounded by the hydrophobic residues Val148, Ser419, Ser420 and Gly423, and formed
T-shaped n-w interactions with the side chain of Tyr152. (E) nisoxetine: the positively charged nitrogen of amine formed salt bridge with the carboxyl
of Asp75, meanwhile, the hydrogen attached to the charged nitrogen engages in a hydrogen bond with the oxygen of carbonyl. Two aromatic rings
inserted into the hydrophobic pocket. The aromatic ring without substituted group interacts with the residue Alal45, Val148, Tyr152, Phe317 and
Phe323 via hydrophobic interaction. The aromatic ring with the o-ethoxyl group mainly interacts with Ser419 and Ser420. (F) talopram: the salt
bridge was formed between the carboxyl of Asp75 and the positively nitrogen of amine in the ligand. The two aromatic rings stretched into the
hydrophobic pocket. The aromatic ring without substituted group mainly interacted with the Alal45, Val148, Ph317 and Phe323. Another aromatic
ring interacted with the Tyr152 via n-m stack interaction. The Ser419, Ser420 and Phe72 interacted with the aromatic ring of spiro ring through

hydrophaobic interaction.
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Atomoxetine

Reboxetine

Viloxazine

Figure S12. Superimposition of the approved sNRIs accommodating in the pock defined by 11 hot spot

residues after MD simulations. Atomoxetine, maprotiline, reboxetine and viloxazine were represented in

stick mode and colored by cyan, light pink, orange and green, respectively.
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Figure S13. Binding mode (A) (R, R)-reboxetine and (B) (S, S)-reboxetine in the binding site of hNET.

The reboxetine and binding site residues were shown in cyan and light pink, respectively. The salt bridge

interaction was displayed in red dashed line and the hydrogen bond interaction was in green.
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complexes during the 150ns MD simulation.
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