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Materials and Methods
1. Representative Structure Setup

To generate a representative set of PPAR, ligand-binding domain (PPAR,-LBD)
structures, four crystal structures were retrieved from RCSB Protein Data Bank: 1PRG
I (apo-active form, abbreviated to Apo-active), IFM6 ? (active form with full agonist
rosiglitazone (RSG) and coactivator peptide, abbreviated to Full), 3B3K 3 (active form
with partial agonist S-enantiomer of (2S)-2-(biphenyl-4-yloxy)-3-phenylpropanoic
acid (LRGS), abbreviated to Partial-1), and 3D6D 3 (active form with partial agonist
R-enantiomer of (2S)-2-(biphenyl-4-yloxy)-3-phenylpropanoic acid (LRGR),
abbreviated to Partial-2). Besides, apo-inhibition form of PPAR,-LBD with
corepressor peptide was conducted by the MODELER module # 3, with the templates
of PPAR,-LBD (1KKQ, in inhibition state) ¢ and 1PRG ! (abbreviated to Apo-
inhibited, see Figure S1). The reliability of homology model was evaluated by Profile-
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3D module ° and Procheck program 7. All the hetero-atoms were removed, and missing
hydrogen atoms were added using Discovery Studio >, based on the expected charge
distributions of amino acids at neutral pH. The energy minimizations of the five
structures were performed with Charmm27 force field 8, until converged to 0.01
kcal-mol-A-1,
2. Molecular Dynamics (MD) Simulation

The five energy-minimized structures were equilibrated by MD simulations, using
GROMACSS5.1.4 program ° and Charmm?27 force field 8. Details of the MD simulation
setup are in agreement with our previous works %12, In brief, each system was solvated
in a cubic box of SPC/E (simple-point-charge) water molecules extending at least 9.0
A from any solute atom. Na* counter-anions were placed to neutralize the system. To
mimic physiological conditions, the NPT ensemble was applied at constant pressure (1
atm) and 300 K 13. Particle-mesh Ewald (PME) method ' and LINCS algorithm '> were
applied to handle long-range electrostatics and constrain all covalent bonds. The cutoff
radii for coulomb and van der Waals interactions were set to 8.0 A. Free dynamics were
performed using a 2.0 fs time step, and coordinates were collected every 10.0 ps.
3. Extract Representative Conformations

Root mean-square difference (RMSD) conformational clustering was performed
using g cluster tool that implemented in GROMACS !¢, The resulting trajectory
conformations for each simulation were superimposed to remove overall rotation and
translation, and then clustered into batches of similar configurations using all backbone
atoms and a cutoff in the range 1.1-1.6 A. For each cluster, the conformation with the
smallest RMSD value was chosen as the representative. Except Full with four clusters,
one cluster was obtained for each structure. For each simulation, most dominant
conformation represented over 60 % of the ensemble.
4. Receptor-based Screening with Multiple Conformations

The ‘Drugs-Now’ and ‘TCM Database (@ Taiwan’ subsets of ZINC database
(downloaded on 28 August 2018) 7 were used in virtual screening, and firstly filtered
by rules formulated by Lipinski (Rule of Five) '® and Veber '°. There are over 7.4
million compounds with molecular weight between 150 and 500, LogP and polar
surface area less than 5 and 140 A2, as well as numbers of rotatable bonds, hydrogen
bond donors / acceptors (sum) being no more than 10, 5/10 (12). Geometry and partial
atomic charges of selected compounds were conducted throughout ‘Prepare Ligands’

and ‘Minimize Ligands’ tools ° using the Charmm force field 2, especially correct



ionization and low-energy conformers (converged to 0.001 kcal-mol-'-A-).

Virtual screening process was performed via two programs, LibDock 2! and
cDocker 2. The former is a high-throughput algorithm using protein site features (polar
and apolar), and the latter is a grid-based method that the residues are held rigid and
ligands are allowed to flex during the filtering process. In our virtual screening protocol,
the compounds were firstly evaluated (LibDock) across MD-generated representative
conformation of Full, assigned with a sphere of 15.0 A binding site. The compounds,
that have LibDock Scores larger than those of full agonist RSG and partial agonist
LRGS (> 118), were selected for the second filter. In terms of cDocker algorithm, MD-
generated representative conformations of Full and Partial-1 were both adopted, and
the binding site sphere was assigned with a sphere of 10.0 A. The optimal orientations
of compounds within receptors were probed on the basis of interactions with binding
residues and geometrical matching qualities '> 23, and then energy-minimized with a
convergence criterion of 0.01 kcal-mol~'-A-!. The binding poses of best ten compounds
were selected and further refined by 100.0-ns explicit solvent MD simulations, using
above described methods in Section “Molecular Dynamics (MD) Simulation™.

5. Free energy calculation

The binding free energies (4Gy;ny) Were evaluated by the molecular mechanics
generalized born surface area method (g_mmpbsa) ?*. Details of parameters are similar
to those performed the previous works 1011,

AGpig Was estimated by using

AGping =AEyy +4Ggp + AGgy — TAS (D
where AE);, represents the molecular mechanical contribution consisting of internal
energy (AE; erma), €lectrostatic (4E,;,) and van der Waals (4E,,). 4Ggp and 4Gy, are
the polar and nonpolar contributions to solvation free energies. 74S represents the
entropic contribution, which can be neglected due to less difference in the same protein
system and high computational costs %1, All values were calculated in averages over
200 snapshots evenly extracted from the 60~100 ns MD trajectories.

6. Geometric analysis

Apart from the standard methods, the secondary structures, volumes and binding
pocket size of various PPAR,-LBD conformations were separately determined by the
defined secondary structure of proteins (DSSP) method (do_dssp) 2, Discovery studio
client > and Fpocket program 26 Structural plotting and visualization were

accomplished by Discovery studio client °.



Principal component analysis (PCA) was calculated using Bio3D package 27,
which can transform a series of potentially coordinated observations into a set of
orthogonal vectors called principal components (PCs). In this, the positional covariance
matrix between the C, atoms of any two residues generated by the fitted trajectory is
defined as follows 28:

o= <(x;— <x;>)(x;- <x;>)>(ij = 123,...3N) @)
where x,(x;) represents the Cartesian coordinate of the ith(jth) C, atom, <x;> or <
x;>1s the time average over all sampled conformations, and N is the number of the C,
atoms. The symmetrical covariance matrix ¢ is diagonalized to produce eigenvectors v,
(namely principal component PC,,) and the corresponding eigenvalues A,,.

The pairwise cross-correlation coefficient of residues were explored by the
dynamic cross-correlation map (DCCM) of C, atoms through GROMACS

implemented tools °. The cross-correlation coefficient C; between the C, atoms of the

ith and jth residues is given by

<Ar.Ar;>
C, = /
ij
\/< Ar;Ar;> <Ar;Ar;> 3)
where Ar; and Ar}' are the displacement vectors of the ith and jth residues. The angle

bracket <...> represents the time average over the trajectory. Positive value of C;;

shows that the motion of two correlated residues is in the same direction, while negative

value represents the opposite way.



Table S1. Docking results of top ten compounds (based on cDocker interaction

energies) ¢

Catalog Partial- Averag
ZINC No. Vendors number Full 1 e
ZINCO0377514 -
6 AK Scientific K529 79.54 -90.00 -84.77
ZINCO0383146 3B Scientific -
2 Corporation 3B2-0795 72.56 -85.44  -79.00
ZINC1512068 -
2 -- - 66.69 -80.88  -73.79
ZINC1238103 -
0 Vitas-M STK170412 64.54 -81.85 -73.19
ZINC1408774 -
3 BioSynth M-7200 73.78 -66.51 -70.14
ZINCO0387491 3B Scientific -
7 Corporation 3B3-013268 74.87 -65.16  =70.02
ZINC1771977 -
5 Acros Organics 44948 69.78 -70.11  -69.94
ZINC0387491 3B Scientific -
5 Corporation 3B3-013268 66.95 -72.31  -69.63
ZINC5858106 -
4 AK Scientific X7595 56.73 -81.55 -69.14
ZINC8556944 -
5 -- - 66.57 -71.10 -68.84
RSG?® Vitas-M STL350047 61.29 -51.57 -56.43
LRGS¢ -- - 50.01 —-66.62  -58.31




@ Energy units in kcal mol™', obtained by the cDocker module;
b Rosiglitazone, control for full agonist;

¢ S-(2S)-2-(biphenyl-4-yloxy)-3-phenylpropanoic acid, control for partial agonist.



Table S2. Binding free energies and their components of compound-Full complexes ¢

# ZINC No. AE,, AE, 4, AGyy, AGgp AGping

1 ZINC03775146 —240.02+3.48 —42.00+1.07 —6.52+0.05 164.21£3.82 —124.17+1.49
2 ZINC03831462 —0.28+1.06 —58.90+0.73 —6.83+0.05 61.83+1.69 —4.16+1.03
3 ZINC15120682 —25.9845.69 —35.034+4.80 -3.76+0.52 64.16+8.68 —0.92+2.08
4 ZINC12381030 —17.9444.78 —34.7444.95 —3.86+0.51 71.37+10.38 14.60+1.07
5 ZINC14087743 —12.40+0.94 -59.64+0.71 —6.78+0.05 54.18+1.38 —24.58+0.97
6 ZINC03874917 —17.58+4.78 —27.98+5.12 —3.28+0.62 66.60+11.40 18.02+1.33
7 ZINC17719775 -10.314+0.98 —58.26+2.81 —6.51£0.32 45.47+£2.60 —29.5241.62
8 ZINC03874915 -17.06+1.27 —47.84+1.05 —5.84+0.05 105.81+0.96 35.25+0.99
9 ZINC58581064 —27.57+£1.07 —47.57+0.84 —5.03+0.05 86.88+0.97 6.69+1.05
10 ZINC85569445 —24.49+2.01 -48.93+0.63 —5.83+0.07 55.2942.47 24.85+1.64

@ All values are given in kcal mol™!, and behind “+” are their standard deviations (S.D.).



Table S3. Binding free energies and their components of compound-Partial-1 complexes ¢

# ZINC No. AE,, AE 4, AGgy,, AGgp AGping

1 ZINC03775146 —250.59+3.24 —43.75+0.75 —6.44+0.05 206.68+3.78 -93.90+1.70
2 ZINC03831462 —36.79+0.68 —60.68+0.61 —6.65+0.06 92.02+0.67 -12.09+£1.12
3 ZINC15120682 1.23+2.71 —29.8745.85 -3.03+0.62 47.08+£7.95 15.31+£2.15
4 ZINC12381030 —20.5145.37 —37.2843.86 —4.19+0.48 83.11+7.35 20.74+2.41
5 ZINC14087743 —30.84+1.50 —55.9940.69 —6.92+0.05 72.60+1.73 -21.29+1.04
6 ZINC03874917 —22.8744.60 —30.58+3.88 —4.10+0.48 86.44+10.06 29.13+1.76
7 ZINC17719775 -9.13+0.73 —62.16+0.60 —6.55+0.04 37.51+£0.96 —40.29+0.65
8 ZINC03874915 —53.24+£2.45 —42.65+0.97 —5.56+0.04 137.43£2.52 36.13+1.10
9 ZINC58581064 —41.10+£0.91 —45.754+0.55 —4.76+0.04 100.55+0.97 9.12+0.69
10 ZINC85569445 —25.46+1.24 —58.32+0.73 —6.15+0.05 119.80+1.42 29.74+1.30

@ All values are given in kcal mol™!, and behind “+” are their standard deviations (S.D.).



Figure S1. (A) PPAR,-LBD with corepressor (1KKQ chainA ©), (B) apo-inhibition
form of PPAR,-LBD (Apo-inhibited) and (C) contrast of Apo-inhibited with the two
templates (1IKKQ ¢ and 1PRG !). Apo-inhibited is in ribbon and conducted by the
MODELER module #°, with the templates of 1PRG chainB (purple) ! and PPAR,-LBD
with corepressor (1KKQ chainA, gray). The colors of the ribbons distinguish between
helices (red), B-sheets (cyan), hydrogen-bonded turns (green), and random coils
(white). The homology modeling structure is almost entirely accord with the two
templates, associated with 92 % residues exhibiting reasonable folding (Profile-3D
program 3) and 91% residues being in allowed region of Ramachandran plot (Procheck

program 7). Structural plotting and visualization are accomplished by Discovery studio



client 3.
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Figure S2. Variation of the potential energy, backbone-atom root-mean-square
deviations (RMSD) and backbone radius of gyration (Rg) for various PPAR,-LBD

structures during 100-ns MD simulations.
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Figure S3. Variation of the potential energy, backbone-atom root-mean-square
deviations (RMSD) and backbone radius of gyration (Rg) for various PPAR,-LBD

structures during 600-ns MD simulations.



Figure S4. The speculative locations of coactivator peptide within PPAR,-LBD (Full)
during 600-ns MD simulations. The location of coactivator peptide is represented by ball
model. The origin location of coactivator peptide within the crystal structure is in red, and
the shifting locations during the MD simulations are in blue, with the odds being
represented by the depths of blue colour (gradually decrease from blue to white).

Structural plotting and visualization are accomplished by Discovery studio client °.
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Figure S5. Top ten compounds (compound 1-10) superposed in two PPAR,-LBD
conformations (A) Full and (B) Partial-1 and views of their interactions with the key
residues. Key residues are represented by stick models. Compounds are represented by
ball and stick™tdls. The & C, S aoms are cotored4n red, e, Sgreen and dark
yellow. The infTPoTtant H-boTaMg interactONssare labeted i the greemdated lines.
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Figure S6. Backbone-atom RMSD of the docked complexes and heavy-atom RMSD of

the compounds in 100 ns MD simulation.

RMSD (A)

RMSD (&)

Compounds within Full

MD simulation time (ns)

Compounds within Partial-1

M ‘n"‘"’”f'mm Ay,

Lol

Wil
‘M\.“"MM ‘
“ / “r‘ T Y W’w m‘“"

MD simulation time (ns)




—1
50 1 Fu 5
—3
N —
= —6
E —7
) —8
Eﬁ 307 ‘M‘ I -
S R
E 0o '\!!:WMHwmwmm i s"mmmw WNWW% "w
AN
I i VA tyon 0 LKA
-150
(I) 2I0 4I0 6I0 8I0 l(I)O
MD simulation time (ns)
—1
50 Partial -
—3
2 —
= —6
E —7
2 —38
5 307 PRI 3
= ? ..WWM H ”m ‘Wjﬂw " :l‘“*"“ﬂmmz*w'““lw
5 oo b"“'w u“#“""l»‘ﬂw iy A "'.'V"WW‘ M bl W% |
‘Q‘E h 1 “1 MJ 'erpw nmwwl TM'MJH“H‘MW W it

-150

T
0 20 40 60 80 100

MD simulation time (ns)

Figure S7. Profiles of interaction energies (short-range energy components) between
PPAR,-LBD conformations (Full and Partial-1) and top ten compounds during the 100

ns MD simulation.
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Figure S8. Dynamic cross-correlation

maps (DCCM) reveal the extent of correlation for the PPAR,-LBD in the (A)
ZINCO03775146-Full, (B) ZINC03831462-Partial-1, (C) ZINC14087743--Full and (D)
ZINC17719775-Partial-1 complexes. The color-map covers correlation values between
-0.591 and 3.61. Motion occurring along the same direction is represented by positive
correlation (blue), while anti-correlated motion occurring along the opposite direction is
represented by negative correlation (red). Dynamics cross-correlation matrices (DCCM)

are calculated using GROMACS implemented tools °.
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