:' frontiers

Supplementary Material

1 Supplementary Information

1.1 Localized Volume-Based Metadynamics Entropic Correction

To remove the entropic contribution to binding free energy in LV-MetaD, it is necessary to apply a
correction to the final free energy difference (Capelli et al., 2019). In particular, we have:

AGO = AGMetaD + AGcorr

0

\%4
= AGpetap + RT log(=——)

VLV_Vprot

Where AGo is the standard binding free energy, AGwmetad IS the free energy difference computed via
LV-MetaD, and AGeorr is the correction term. The latter is basically given by the concentration
difference between the standard concentration (V° is the standard volume, 1660 A3) and the volume
accessible to the ligand in the localized volume (Vv is the localized volume, and Vprot the portion of
such volume occupied by the protein).

1.2 Molecular Mechanics-Generalized Born Surface Area (MM-GBSA)

Prior to the docking simulations, we retrieved the protein structure of mitoNEET (PDB: 6DE9) as a
homodimer from the Protein Data Bank (Geldenhuys et al., 2019). We used the standard parameters
for refinement implemented within the Protein Preparation Wizard (Schrédinger, 2019b). Furosemide
was prepared using the ligprep utility program implemented in Schrédinger 2019-4 (Schrédinger,
2019a). The pH of 7.0+£2.0 was chosen and the other standard parameters setting as default. We chose
the centroid of the furosemide bound to mitoNEET as the centroid of the 20x20x20 A3 bounding box.
according to (Bai et al., 2015). The van der Waals radius and charge scaling factors were set to 1.0
during grid generation. The docking was performed in Schrodingers’ glide SP mode with at most 200
top-scoring binding modes were reserved for post docking minimization. (Halgren et al., 2004; Sastry
et al., 2013) All settings were set to default, i.e. with the switches of the ligand flexible and the ring
conformation sampling turning on, and the scaling factor of van der Walls radii as well as the partial
charge cutoff for the ligand atoms setting as 0.8 and 0.15 respectively. We calculated the energies for
the refined binding modes with the MM-GBSA calculation module in Maestro 2019-4 using the OPSL-
2005 force field and the flexible distance set to 20 A (Shivakumar et al., 2010).
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2 Supplementary Figures and Tables

2.1 Supplementary Figures

Figure SI1. The ligand was parametrized using the Generalized AMBER Force Field (GAFF) (Wang
et al., 2004) obtaining the single-point charges using the semi-empirical AM1-BCC method.
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Figure SI2. Simulated annealing protocol. Line plots for pressure, volume, temperature and total
energy while heating the system to 298 K in 1 ns are shown.



Metadynamics of mitoNEET: Supplementary Material

Figure SI3. Localized Volume-based Metadynamics CVs definition: p, defined as the distance
between the center of mass of the ligand (ligand visualized with yellow sticks) and the protein (red and
blue cartoon representation), t, the parameter that defines the parabolic-solid shape of the volume
(Zhao et al., 2021), 6, defined as the azimuthal angle of its orthogonal projection on the x-y plane.
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Figure S14. The restraining volume which includes the binding pose observed in crystal structure
(yellow) and the neighboring regions (red).
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Figure SI5. Error calculation for the FES by means of block averaging. The error is represented as a
function of the size of the blocks.
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Figure S16. Left: RMSD of protein backbone shows convergence after 75 ns of MD. Right:
Comparison between the last MD snapshot and the X-ray structure (Last MD snapshot: protein in
green, ligand in blue; X-ray structure: protein in white, ligand in orange).
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Figure SI7. Free energy surfaces are projected along the distance between the center of mass of the
protein and the center of mass of the ligand at 600, 625 and 650 ns of simulation time. The position of
the minima and the profile appear converged.
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Figure S18. Time series for the two CVs (distance from the cluster on the left and number of H-
bonds/salt bridges between ligand and protein on the right) along which we projected the FES. We can
observe a diffusive behavior in the CV space that corroborates the idea that the simulation converged.
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Figure S19. The interconversion of pose Ib and Ic of basin | from unbiased MD simulations starting
from each pose. (A) Pose Ib (in red), pose Ic (in blue) and a frame from MD of pose Ib that is similar
to pose Ic (in yellow). (B) Pose Ib (in red), pose Ic ( in blue) and a frame from MD of pose Ic that is

similar to pose Ib (in purple).

Figure SI110. Pose la (in orange), crystallographic pose (in blue) and a frame from MD of pose la
that is similar to crystallographic pose (in green)
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Figure SI11. Overlap of pose la-c (B-D) structures of furosemide (blue, magenta, yellow, shown as

ball and sticks) with crystal structure of mitoNEET (A, green, comic, PDB ID 6DE9) and 2Fo—Fc map
(contoured at 0.8 o as black wireframe, reported in (10.2210/pdb6de9/pdb) showing the
experimentally-derived electron density of furosemide. The electronic density of the furan moiety is
not resolved (Geldenhuys et al., 2019). (E) Comparison of furosemide’s pose in the MD frame that
best reproduces the X-ray structure (la, grey, ball and stick, see Text) with the 2Fo—Fc map. The figure
shows that this binding pose reproduces also the experimental electronic density similarly to the pose
of the X-ray structure.
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Figure SI112. la-c, lla-b, 111 poses presented in Figure 2. H-bonds/salt bridges are drawn as dashed
lines in the 3D structures. The X-ray pose with PDB ID 6DE9 (Geldenhuys et al., 2019) is added to
each frame.

4

© mitoNeet @ X-ray @ MM-GBSA Pose#1

Figure SI13. The lowest energy MM-GBSA pose (purple ball and sticks, #1) as calculated with
Schradinger Suite (A). As all of the other top 10 poses, it differs largely from that in the X-ray structure
(orange sticks, RMSD=8.9 A) and calculated by metadynamics (RMSD ranges from 7.3 A from Ib, to
9.4 A from Ic, poses not shown). The pose which is similar to that in the X-ray pose, is ranked as #121.
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These results support the usefulness of going beyond simple (yet fast) docking approaches to study the
binding of furosemide to mitoNEET.

2.2 Supplementary Tables

Table SI1. Energies calculated with the Schrodinger MM-GBSA suit (Shivakumar et al., 2010) (see
Section 1.2 and Figure SI13). The binding energies - much larger (in absolute value) than the
experimental (Geldenhuys et al., 2016) and calculated values of the binding free energies (this work) -
are used here to rank the poses.

Pose la

Pose Ib

Energies (kcal/mol) Highest Ranked Pose Pose #121 (X-ray-like)
Ligand Strain 1.9 0.5
MMGBSA AG Bind -39.2 -23.3
MMGBSA AG Bind (NS) -37.2 -22.7

Table S12. H-bonds/salt bridges and hydrophobic contact distances in I-111.

Lig. - Atom  Prot.- Res.
021 LYS55
020 LYS55
020 HIS87
016 LYS68
C13 PRO100
C10 PRO100

C3 GLY85

Cl THRS88
C12 VALT70
Cl1 ILE102
020 LYS55
021 LYS55
020 HIS87
018 C83
020 T88

Prot.- Atom  Distance (A)
NZ 2.9
NZ 2.9
NE2 2.8
3.0-2.8
NZ (016-OW-NZ)
CG 4.4
CG 4.2
CA 3.3
CG2 3.7
CGl1 5.1
CD 4.7
NZ 2.9
NZ 2.9
NE2 2.9
o 2.7-2.8
(018-OW-0)
0G1 2.7-2.6

(020-OW-0OG1)

Interaction

Salt bridge

Salt bridge
H-bond

water mediated H-bond

Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic

Salt bridge

Salt bridge

H-bond

water mediated H-bond

water mediated H-bond

10



Pose Ic

Pose lla

Pose I1b

Cl
C2
C3
C3
C6
C13
C13
C8-C13
020
020
020
Cl
Cl
C2
C2
C2
C2
C3
C3
C8-C13
020
021
C13
C6
Cl1
C12
C6
C3
C2
Cl
020
016
018

016

C2
C3
C10
C10

VALS57
VALS57
VALS57
ILE102
ILE102
PRO100
VAL70
H87
LYS55
HIS87
THR88
PRO100
ILE102
PRO100
ILE102
VAL70
VAL70
VAL70
VALT70
H87
LYS68
LYS104
ILE102
ILE102
ALA59
ALA59
VAL70
VAL70
VAL70
VAL70
LYS55
VALS57
ASN53

ASN53

PRO54
PRO54
VALS57
VALS57

Metadynamics of mitoNEET: Supplementary Material

CG2
CG2
CG1
CD
CD
CG
CG1
CG-ND
NZ
NE2
0G1
CG
CD
CG
CD
CG1
CG2
CG1
CG2
CG-ND
NZ
NZ
CG1
CG1
CB
CB
CG2
CG2
CG2
CG2
NZ

ND2

OD1

CB

CB

CB
CG2

3.6
4.0
3.6
4.2
4.1
4.1
4.4
5.2
2.8
3.3
2.5
4.4
4.4
4.4
4.2
3.5
4.1
3.7
4.4
5.3
2.8
2.9
3.8
4.0
3.8
4.0
4.1
3.6
3.9
3.8
2.7
3.2
3.0

2.7-2.8
(016-OW-OD1)
3.5
4.0
4.3
3.6

Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
n-n-Stack.
Salt bridge
H-bond
H-bond
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
n-n-Stack.
Salt bridge
Salt bridge
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Salt bridge
H-bond
H-bond

water mediated H-bond

Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
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Pose Il 018 VALS57 N 2.9 H-bond
018 VALS57 0 2.7
(018-OW-0) water mediated H-bond
3.2-2.8
N17 VALS57 O
(N17-OW-0) water mediated H-bond
3.1-3.0
016 LYS55 NZ
(016-OW-NZ) water mediated H-bond
C3 PRO54 CD 4.2 Hydrophobic
C6 PRO54 CD 3.5 Hydrophobic
C6 PRO54 CG 4.4 Hydrophobic
C10 PRO54 CD 4.4 Hydrophobic
C13 PRO54 CD 4.0 Hydrophobic

Table SI3. Free binding energy calculated from LV-MetaD simulation (AG? is the standard binding
free energy, AGwmetap IS the free energy difference computed via LV-MetaD, and AGcorr IS the correction
term) and emerging from affinity measurements in vitro (AGexp).

AGMetaD AGcorr AGO AGeXp
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)

(Geldenhuys et al., 2016)

5.9+0.8 1.8 7.7+0.8 5.8
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